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external beam radiotherapy/radiation therapy

ECE

extracapsular extension

ECG

electrocardiogram

ECOG

Eastern Cooperative Oncology Group

EDRN

Early Detection Research Network

EDTA

ethylenediaminetetraacetic acid

EDV

end-diastolic blood flow velocity

eGFR

estimated glomerular filtration rate

EM

electromagnetic

EMA

epithelial membrane antigen

EORTC

European Organisation for Research and Treatment of
Cancer

EPIC

Expanded Prostate Cancer Index Composite

ERC

endorectal coil

ERG

ETS-related gene

ERSPC

European Randomized Study of Screening for Prostate
Cancer study

ESR

electron spin resonance

ESUR

European Society of Urogenital Radiology

FACT

Functional Assessment of Cancer Therapy

FDA

Food and Drug Administration

FDG

fludeoxyglucose

FH

fumarate hydratase

fINM

fluorescent intravital microscopy

FISH

fluorescent in situ hybridization

FITC-dextran

fluorescein isothiocyanate-dextran

FLA

focal laser ablation

FLT

fluorothymidine

FNA

fine-needle aspiration

FNAB

fine-needle aspiration biopsies

fPSA

free prostate-specific antigen

FSE

fast spin echo

FSH

focal salvage high-intensity focused ultrasound

FT

focal treatment

G

gauge

GFR

glomerular filtration rate

GOR

Grade of Recommendation

GRE

gradient echo

GS

Gleason score

HDR

high-dose rate

H&E

hematoxylin and eosin

HGPCa

high-grade prostate cancer

HGPIN

high-grade prostatic intraepithelial neoplasia

HIF

hypoxia-inducible factor

HIF-1α

hypoxia-inducible factor 1-alpha

HIFU

high-intensity focused ultrasound

hK2

human kallikrein 2

hK

human kallikrein

HLRCC

hereditary leiomyomatosis and renal cell carcinoma

HOCT

hybrid oncocytic/chromophobe tumours

HPRCC

hereditary papillary renal cell carcinoma

HRCCS

hereditary renal cell carcinoma syndrome

HS

histoscanning

HSH

hemi-salvage high-intensity focused ultrasound

Hsp27

heat shock protein 27

HT

hormone therapy

HU

Hounsfield unit

ICC

intraclass correlation coefficient

ICUD

International Consultation on Urological Diseases

IGRT

image-guided external beam radiotherapy

IHC

immunohistochemistry

IIEF

International Index of Erectile Function

IMRT

intensity-modulated radiotherapy

iPSA

intact prostate-specific antigen

IPSS

International Prostate Symptom Score

IQR

interquartile range
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XX

IRE

irreversible electroporation

ISUP

International Society of Urological Pathology

IT

information technology

IV

intravenous

K

lysine

KDM5C

lysine-specific demethylase 5C

KDIGO

Kidney Disease: Improving Global Outcomes

KT

knowledge transfer

LA

laparoscopic ablation

LCA

laparoscopic cryoablation

LDI

light density index

LDR

low dose rate

LDRB

low dose rate brachytherapy

LEDC

Low-energy direct current

LHRH

luteinizing hormone releasing hormone

LITT

laser interstitial thermotherapy

LOE

Level of Evidence

LPN

laparoscopic partial nephrectomy

LRFA

laparoscopic radiofrequency ablation

LUTS

lower urinary tract symptoms

MAG3

mercaptoacetyltriglycine

MDCT

multidetector computed tomography

MDRD

Modification of Diet in Renal Disease

medRCC

medullary renal cell carcinoma

MFS

metastasis-free survival

MFSR

metastasis-free survival rate

MIB1

methylation-inhibited binding protein 1

miRNA

microribonucleic acid

MIS

minimally invasive surgery

MiT

micropthalmia transcription factor

mp

multiparametric

mp-MRI

multiparametric magnetic resonance imaging

mp-US

multiparametric ultrasound

MR

magnetic resonance

mRCC

metastatic renal cell carcinoma

MRI

magnetic resonance imaging

MRI-TBx

MRI-targeted biopsy

mRNA

messenger ribonucleic acid

MRS

magnetic resonance spectroscopy

MRSI

magnetic resonance spectroscopic/spectroscopy imaging

mtDNA

mitochondrial deoxyribonucleic acid

mTHPC

m-tetrahydroxyphenylchlorin

mTOR

mechanistic target of rapamycin

MTSC

mucinous tubular and spindle cell carcinomas

MTT

mean transit time

MVD

microvessel density

MW

microwave

MWA

microwave ablation

NADH

nicotinamide adenine dinucleotide

NCCN

National Comprehensive Cancer Network

NePhRO

scoring system made up of the (Ne)arness to collecting
system, (Ph)ysical location of the tumor in the kidney,
(R)adius of the tumor, and (O)rganization of the tumor

NGAL

neutrophil gelatinase-associated lipocalin

NICE

National Institute for Health and Care Excellence

NPV

negative predictive value

NR

not reported

NS

nephrometry score

NSS

nephron-sparing surgery

NVB

neurovascular bundle

OAR

organs at risk

OCT

optimal cutting temperature

OPN

open partial nephrectomy

OR

odds ratio

OS

overall survival

PA

percutaneous ablation

PACE

Preoperative Assessment of Cancer in the Elderly
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PACS

picture archiving and communication systems

PADUA

preoperative aspects and dimensions used for an anatomical
score

PAP

prostatic acid phosphatase

PBRM1

polybromo 1

PBx

prostate biopsy

PC

PADUA classification

PCa

prostate cancer

PCA

percutaneous cryoablation

PCA3

prostate cancer gene 3

PCNA

proliferative cell nuclear antigen

PCOS

Prostate Cancer Outcomes Study

PDGFR

platelet-derived growth factor receptor

PDS

power Doppler sonography

PDT

photodynamic therapy

PFS

progression-free survival

PELICAN

Project to Eliminate Lethal Prostate Cancer study

PET

positron emission tomography

PET/CT

positron emission tomography with computed tomography

PFVP

percent functional volume preservation

PHI

Prostate Health Index

PHS

prostate histoscanning

PI

primary intervention

PIN

prostatic intraepithelial neoplasia

PI-RADS

Prostate Imaging Reporting and Data System

PIVOT

Prostate Cancer Intervention Versus Observation Trial

PLCO

Prostate, Lung, Colorectal, and Ovarian trial

PLIN2

perilipin 2

PN

partial nephrectomy

PNET

primitive neuroectodermal tumor

PPV

positive predictive value

PRCC

papillary renal cell carcinoma

PRF

proton resonance frequency

PRFA

percutaneous radiofrequency ablation

PRIAS

Prostate Cancer Research International Active Surveillance
study

PRISMA

Preferred Reporting Items for Systematic Reviews and
Meta-Analyses

PROMIS

PROstate MRI Imaging Study

proPSA

proenzyme PSA

PSA

prostate-specific antigen

PSAD

prostate-specific antigen density

PSADT

prostate-specific antigen doubling time

PSAV

prostate-specific antigen velocity

PSMA

prostate-specific membrane antigen

pT

pathological stage

PTEN

phosphatase and tensin homologue

PZ

peripheral zone

QOL

quality of life

RAPN

robot-assisted partial nephrectomy

RE

reversible electroporation

REDEEM

REduction by Dutasteride of clinical progression Events in
Expectant Management study

R.E.N.A.L.

(R)adius (tumour size as maximal diameter), (E)xophytic/
endophytic properties of the tumour, (N)earness of tumour
deepest portion to the collecting system or sinus, (A)nterior
(a)/posterior (p) descriptor and the (L)ocation relative to the
polar line

RCC

renal cell carcinoma

RCN

renal cortical neoplasm

RCT

randomized controlled trial

RF

radiofrequency

RFA

radiofrequency ablation

RFS

recurrence-free survival

RI

resistive index

RIS

radiology information system

RITA

radiofrequency interstitial tissue ablation

RMB

renal mass biopsy

RN

radical nephrectomy

RNA

ribonucleic acid
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ROC

receiver operating characteristic

ROI

region of interest

RON

renal oncocytic tumour

ROS

reactive oxygen species

RP

radical prostatectomy

RPN

robotic partial nephrectomy

RPPA

reverse-phase protein array

RR

relative risk

RRP

radical retropubic prostatectomy

RT

radiotherapy

RT-PCR

reverse transcription polymerase chain reaction

RTB

renal tumour biopsy

RVS

real-time virtual sonography

SABR

stereotactic ablative radiation therapy

SARR

surgical approach renal ranking

SAVP

surgeon assessment of volume preservation

SB

systematic biopsies

SBRT

stereotactic body radiotherapy

SCT

sickle cell trait

SDH

succinate dehydrogenase

SE

spin echo

SEER

Surveillance, Epidemiology, and End Results

SETD2

SET domain containing 2

SHIM

Sexual Health Inventory for Men

SIR

Society of Interventional Radiology

SNR

signal-to-noise ratio

Sp

specimen

SPCG

Scandinavian Prostate Cancer Group

SPCG-4

Scandinavian Prostate Cancer Group Number 4 trial

SPECT/CT

combined functional imaging with single-photon emission
computed tomography (SPECT) with the anatomic imaging
of computed tomography (CT)

SPOP

speckle-type POZ protein

SR

structured report

SRM

small renal mass

SRS

stereotactic radiosurgery

SWOG

South Western Oncology Group

SV

seminal vesicle

SVI

seminal vesicle invasion

SW

shear wave

SWE

shear wave elastography

T

Tesla

T1W

T1-weighted

T2W

T2-weighted

TB

targeted biopsies

TBx

targeted biopsy

TC

tubulocystic carcinoma

TCC

transitional cell carcinoma

TCM®

Tissue Change Monitoring software

TEAE

treatment emergent adverse events

TFE3

transcription factor 3

TIC

time–intensity curve

TMB

template-guided mapping biopsy

TMT

targeted molecular therapy

TNM

tumor-node-metastasis

TP53

tumour protein 53

TTMB

transperineal template-guided mapping biopsy

tPSA

total prostate-specific antigen

TR

repetition time

TRCC

translocation renal cell carcinoma

TRUS

transrectal ultrasound

TSC

tuberous sclerosis complex

TSG

tumor suppressor gene

TTF-1

thyroid transcription factor 1

TULSA

transurethral ultrasound therapy

TURP

transurethral resection of prostate

TZ

transitional zone
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UC

ulcerative colitis

UCA

ultrasound contrast agent

UCLA-PCI-SF

University of California, Los Angeles Prostate Cancer Index
Short Form

uPSA

ultrasensitive prostate-specific antigen

URF

Urethrorectal fistula

US

ultrasound

UTE

ultrashort echo time

UTI

urinary tract infection

VAS

visual analog score

VEGF

vascular endothelial growth factor

VEGF-A

vascular endothelial growth factor A

VEGFR

vascular endothelial growth factor receptor

VHL

von Hippel-Lindau

VHLD

von Hippel-Lindau disease

V-MAT

volumetric-modulated arc therapy

VOA

vascular occluding agents

VTP

vascular targeted photodynamic therapy

WHO

World Health Organization

WiR

wash-in rate

WWD

weighted mean difference

WW

watchful waiting

Preface
The worldwide adoption of the term focal therapy represents a paradigm shift,
from the days when the objective of cancer therapy was to cure at all costs to a
more recent rationalized approach that takes into account important variables such
as comorbidities, quality of life, and avoidance of complications.
This particularized and more rational treatment for both prostate and renal
carcinomas was introduced and refined following great developments in medical
imaging. The aim of this Consultation was to clearly state the role of image-guided
ablative techniques for the treatment of prostate and renal cancers.

Rafael Sanchez-Salas
France

The quest for an effective and less aggressive treatment for prostate and renal
tumours is not new. On the prostate side, we have witnessed an enormous
evolution, from open surgery to classic and robotic-assisted laparoscopic
techniques that have completely changed the evaluation of outcomes in prostate
cancer. This, in turn, produced a positive impact on the morbidity and quality of
life results of the surgical intervention. Radiotherapy has also evolved to remain
efficacious in controlling cancer, with less associated collateral damage.
In kidney cancer, the wave of improvements has been similar. From the original
open procedures offered to patients in the past, we have moved forward to
controlling the cancer using safe, reliable, minimally invasive nephron-sparing
renal surgery.

Mihir Desai
United States

Simultaneously, we have become aware of the indolent nature of some kidney
and prostate tumours that can eventually undergo active surveillance based on
a patient’s particular characteristics. Furthermore, several needle-based ablative
techniques have been coined that effectively treat tumours in a less invasive fashion.
Today, the cancer diagnostic and treatment pathways for both prostate and
renal carcinomas feature different therapeutic options, from active surveillance
to more radical interventions, like surgery. Focal therapy represents a middleground treatment option. It should be strongly supported by high-quality imaging,
cutting-edge radiological technology, and above all, radiologists with dedicated
experience in urology who are able to reliably obtain adequate information from
imaging. That is, tumours are to be identified and biopsied with imaging, and the
ablative treatment and follow-up strategy to be supported by these techniques.
Urology has always been a technologically bound surgical specialty. As the imaging
tools have become of the utmost importance in the diagnosis and treatment of
urological malignancies, the urologist’s role remains that of the cornerstone of the
multispecialty team involved in the assessment of the disease.
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This Consultation represents a unique effort from a large international faculty,
working in nine committees, as part of the SIU-ICUD on Image-Guided Therapies
for Prostate and Renal Carcinomas held in Melbourne, Australia in October 2015,
chaired by Mihir Desai and Rafael Sanchez-Salas. Each chapter consists of the
report of one committee, and the book was completed based on the scientific
report of the Consultation Scientific Committee, which consists of the chairs of
the Consultation together with the chairs of all the committees.
The scientific report will be submitted separately for publication in the World
Journal of Urology. The report from the Consultation Scientific Committee not only
reflects the importance of imaging in urological oncology, but also reflects other
important elements, such as the evolution of oncological staging and the essential
role of pathology in the diagnostic and treatment pathways.
This project attempts to add a valuable piece of information on the subject of
image-guided therapies for prostate and renal tumours through the academic
philosophy of the previous International Consultation on Urological Diseases
initiated and promoted by Dr. Paul Abrams since 1993.
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Introduction
This consultation summarizes a state-of-the-art literature review and its reco
mmendations on various aspects of image-guided therapy for prostate and renal
cancers—truly a “hot-topic” in the world of urology.

Rafael Sanchez-Salas
France

On behalf of the International Consultation on Urological Diseases (ICUD), and its
steering committee representing the major urological associations in the world
(EAU, SIU, AUA, UAA, CAU, ICS), it is a great pleasure to thank the chairmen and
committee members of each of the nine chapters for their hard work in producing
this impressive update on this exciting and rapidly evolving field. As co-chairmen,
we would like to express our immense gratitude to the SIU leadership for entrusting
us with this important project. We would like to especially acknowledge the wise
guidance and solid contribution that Paul Abrams provided us on every step of the
planning and execution of the consultation.
Urology has been at the forefront of adopting sophisticated cutting-edge technology
in the diagnosis and treatment of various conditions. With the increasing detection
of early stage cancers, image-guided ablative therapies—both needle-based and
extracorporeal—are likely to play an increasing role in the management of prostate
and kidney cancers.

Mihir Desai
United States

We constructed this consultation by defining specific clinical questions or
scenarios, such as goals of initial evaluation, diagnosis and imaging, available
ablation energies and, surveillance and treatment of recurrence. This consultation
explores a relevant yet controversial topic in urology and will hopefully contribute
to its further expansion and refinement. Our consultation follows on a tradition
that was first set in 1996 and includes a broad area of expertise such as urology,
pathology and radiology. In this regard, we would like to thank the radiology
and pathology chairs and committee members that went over and beyond in
creating this comprehensive document. After creating a committee for each of
the 9 chapters, the chairs presented a summary of their exhaustive review during
the 35th Congress of the Société Internationale d’Urologie in Melbourne, Australia,
from October 15th to 18th, 2015. We recorded the discussion and comments
during these sessions and the final manuscripts were created accordingly.
Last but not the least, none of this would be possible without the incredible SIU
team of Christine Albino, Anna Johansen and Valerie Guillet. Their hard-work and
patience have been critical to the successful execution of this project.
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Evidence-Based Medicine
Overview of the Main Steps
for Developing and Grading
Guideline Recommendations
P. Abrams, S. Khoury, A. Grant

Introduction
The International Consultation on Urological Diseases (ICUD) is a non-governmental organization registered
with the World Health Organisation (WHO). In the last ten years, consultations have been organized on BPH,
prostate cancer, urinary stone disease, nosocomial infections, erectile dysfunction and urinary incontinence.
These consultations have looked at published evidence and produced recommendations at four levels: highly
recommended, recommended, optional and not recommended. This method has been useful but the ICUD
believes that there should be more explicit statements of the levels of evidence that generate the subsequent
grades of recommendations.
The Agency for Health Care Policy and Research (AHCPR) have used specified evidence levels to justify recommendations for the investigation and treatment of a variety of conditions. The Oxford Centre for Evidence-Based
Medicine have produced a widely accepted adaptation of the work of AHCPR. (June 5th 2001, www.cebm.net).
The ICUD has examined the Oxford guidelines and discussed with the Oxford group their applicability to the
consultations organized by ICUD. It is highly desirable that the recommendations made by the consultations
follow an accepted grading system supported by explicit levels of evidence.
The ICUD proposes that future consultations should use a modified version of the Oxford system which can be
directly “mapped” onto the Oxford system.

1. 	First Step 
Define the specific questions or statements that the recommendations are supposed to address.

2.	Second Step
Analyze and rate (level of evidence) the relevant papers published in the literature.
The analysis of the literature is an important step in preparing recommendations and their guarantee of quality.
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2.1 What papers should be included in the analysis?
 Papers published, or accepted for publication in
the peer-reviewed issues of journals.
 The committee should do its best to search for papers accepted for publication by the peer-reviewed
journals in the relevant field but not yet published.
 Abstracts published in peer-reviewed journals should
be identified. If of sufficient interest, the author(s)
should be asked for full details of methodology
and results. The relevant committee members can
then “peer review” the data, and if the data confirms
the details in the abstract, then that abstract may be
included, with an explanatory footnote. This is a
complex issue – it may actually increase publication
bias as “uninteresting” abstracts commonly do not
progress to full publication.

 Papers published in non-peer-reviewed supplements will not be included. An exhaustive list
should be obtained through:
I.
The major databases covering the last ten
years (e.g. Medline, Embase, Cochrane Library,
Biosis, Science Citation Index).
II. The table of contents of the major journals of
urology and other relevant journals, for the last
three months, to take into account the possible delay in the indexation of the published
papers in the databases.

It is expected that the highly experienced and expert committee members provide additional assurance that no
important study would be missed using this review process.

2.2 How are papers analyzed?
Papers published in peer-reviewed journals have differing quality and level of evidence. Each committee will
rate the included papers according to levels of evidence (see below).
The level (strength) of evidence provided by an individual study depends on the ability of the study design to
minimize the possibility of bias and to maximize attribution.
It is influenced by:
The type of study, whose hierarchy is outlined below:
 Systematic reviews and meta-analysis of random
ized controlled trials
 Randomized controlled trials
 Non-randomized cohort studies

 Case-control studies
 Case series
 Expert opinion

How well the study was designed and carried out
Failure to give due attention to key aspects of study methodology increases the risk of bias or confounding
factors, and thus reduces the study’s reliability.
The use of standard checklists is recommended to insure that all relevant aspects are considered and that a
consistent approach is used in the methodological assessment of the evidence.
The objective of the checklist is to give a quality rating for individual studies.
How well the study was reported
The ICUD has adopted the CONSORT statement and its widely accepted checklist. The CONSORT statement
and the checklist are available at www.consort-statement.org.
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2.3 How are papers rated?
Papers are rated following a level of evidence scale.
ICUD has modified the Oxford Centre for Evidence-Based Medicine levels of evidence.
The levels of evidence scales vary between types of studies (i.e. therapy, diagnosis, differential diagnosis/
symptom prevalence study) the Oxford Centre for Evidence-Based Medicine Website: www.cebm.net.

3. Third Step: Synthesis of the Evidence
After the selection of the papers and the rating of the level of evidence of each study, the next step is to
compile a summary of the individual studies and the overall direction of the evidence in an Evidence Table.

4.	Fourth Step: Considered Judgment (Integration of Individual Clinical Expertise)
Having completed a rigorous and objective synthesis of the evidence base, the committee must then make a
judgment as to the grade of the recommendation on the basis of this evidence. This requires the exercise of
judgment based on clinical experience as well as knowledge of the evidence and the methods used to generate it. Evidence-based medicine requires the integration of individual clinical expertise with the best available
external clinical evidence from systematic research. Without the former, practice quickly becomes tyrannized
by evidence, for even excellent external evidence may be inapplicable to, or inappropriate for, an individual
patient. On the other hand, without current best evidence, practice quickly becomes out of date. Although it
is not practical to lay our “rules” for exercising judgment, guideline development groups are asked to consider
the evidence in terms of quantity, quality, and consistency, as well as applicability, generalizability and clinical
impact.

5. Fifth Step: Final Grading
The grading of the recommendation is intended to strike an appropriate balance between incorporating the
complexity of type and quality of the evidence, and maintaining clarity for guideline users.
The recommendations for grading follow the Oxford Centre for Evidence-Based Medicine. The levels of
evidence shown below have again been modified in the light of previous consultations. There are now four
levels of evidence instead of five.
The grades of recommendation have not been reduced and a “no recommendation possible” grade has been
added.

6. 	Levels of Evidence and Grades of Recommendation for Therapeutic Interventions
All interventions should be judged by the body of evidence for their efficacy, tolerability, safety, clinical effectiveness and cost-effectiveness. It is accepted that, at present, little data exists on cost-effectiveness for most
interventions.

6.1 Levels of evidence
Firstly, it should be stated that any level of evidence may be positive (the therapy works) or negative (the
therapy doesn’t work). A level of evidence is given to each individual study.
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Level of
Evidence

I

Criteria
Incorporates Oxford 1a, 1b

Usually involves:


 meta-analysis of trials (randomized controlled trials [RCTs]) or,
 a good-quality RCT or,
 “all or none” studies in which treatment is not an option (e.g. in vesicovaginal fistula)

Incorporates Oxford 2a, 2b and 2c

Includes:

II

III

 low-quality RCT (e.g. <80% follow-up),
 meta-analysis (with homogeneity) of good-quality prospective cohort studies
May include a single group when individuals who develop the condition are compared with others from

within the original cohort group.
There can be parallel cohorts, where those with the condition in the first group are compared with those

in the second group
Incorporates Oxford 3a, 3b and 4

Includes:


 good-quality retrospective case-control studies, where a group of patients who have a condition
are matched appropriately (e.g. for age, sex, etc.) with control individuals who do not have the condition
 good-quality case series, where a complete group of patients, all with the same condition, disease or
therapeutic intervention, are described without a comparison control group

Incorporates Oxford 4

Includes expert opinion, where the opinion is based not on evidence but on “first principles”

(e.g. physiological or anatomical) or bench research.

IV

The Delphi process can be used to give expert opinion greater authority:


 involves a series of questions posed to a panel
 answers are collected into a series of “options”
 these “options” are serially ranked; if a 75% agreement is reached, then a Delphi consensus statement
can be made

6.2 Grades of recommendation
The ICUD will use the four grades from the Oxford system. As with levels of evidence, the grades of evidence
may apply either positively (procedure is recommended) or negatively (procedure is not recommended). Where
there is disparity of evidence, for example if there were three well-conducted RCTs indicating that Drug A was
superior to placebo, but one RCT whose results show no difference, then there has to be an individual judgment as to the grade of recommendation given and the rationale explained.
Grade A recommendation usually depends on consistent level I evidence and often means that the recommendation is effectively mandatory and placed within a clinical-care pathway. However, there will be occasions
where excellent evidence (level I) does not lead to a Grade A recommendation, for example, if the therapy is
prohibitively expensive, dangerous or unethical. Grade A recommendation can follow from Level II evidence.
However, a Grade A recommendation needs a greater body of evidence if based on anything except Level I
evidence.
Grade B recommendation usually depends on consistent level 2/3 studies, or “majority evidence” from RCTs.
Grade C recommendation usually depends on level 4 studies or “majority evidence” from level 2/3 studies or
Delphi processed expert opinion.
Grade D “No recommendation possible” would be used where the evidence is inadequate or conflicting and
when expert opinion is delivered without a formal analytical process, such as by Delphi.
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7.	Levels of Evidence and Grades of Recommendation for Methods of
Assessment and Investigation
From initial discussions with the Oxford group, it is clear that application of levels of evidence/grades of recommendation for diagnostic techniques is much more complex than for interventions. The ICUD recommends
that, as a minimum, any test should be subjected to three questions:
1. Does the test have good technical performance?
3. Does the test have good therapeutic perforFor example, do three aliquots of the same urine
mance, that is, does the use of the test alter
sample give the same result when subjected to
clinical management? Does the use of the test
dipstick testing?
improve outcome?
2. Does the test have good diagnostic performance,
ideally against a “gold standard” measure?
For the third component (therapeutic performance) the same approach can be used as for section 6.

8.	Levels of Evidence and Grades of Recommendation for Basic Science and
Epidemiology Studies
The proposed ICUD system does not easily fit into these areas of science. Further research needs to be carried
out in order to develop explicit levels of evidence that can lead to recommendations as to the soundness of data
in these important aspects of medicine.

Conclusion
The ICUD believes that its consultations should follow the ICUD system of levels of evidence and grades of
recommendation, where possible. This system can be mapped to the Oxford system.
There are aspects to the ICUD system that require further research and development, particularly diagnostic
performance and cost-effectiveness, and also factors such as patient preference.
Summary of the International Consultation on Urological Disease Modified Oxford Centre for
Evidence-Based Medicine Grading System for Guideline Recommendations
Levels of
Evidence

Description

I

Meta-analysis of RCTs or high-quality RCT

II

Low-quality RCT or good-quality prospective cohort study

III

Good-quality retrospective case-control study or cohort study

IV

Expert opinion

Abbreviation: RCT=randomized controlled trial
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Summary of the International Consultation on Urological Disease Modified Oxford Centre for
Evidence-Based Medicine Grading System for Guideline Recommendations
Grades of Recommendation
A

Usually consistent with level I evidence

B

Consistent level II or III evidence or “majority evidence” from RCTs

C

Level IV evidence or “majority evidence” from level II or III studies

D

No recommendation possible because of inadequate or conflicting evidence

RCT=randomized controlled trial
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Description

Scientific Committees

CONSULTATION
CHAIR

CONSULTATION
CHAIR

Rafael Sanchez-Salas
France

Mihir Desai
United States
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COMMITTEE 1

Diagnosis of Prostate Cancer and Selection for Focal Therapy

CHAIR
Jochen Walz, France

CO-CHAIR
Rafael Sanchez-Salas, France

MEMBERS
Fernando Bianco, United States
Alberto Bossi, France
Jochen Walz
France

Ernesto Cordeiro, Argentina
Roman Ganzer, Germany
Massimo Lazzeri, Italy
Guillaume Ploussard, France
Jose Rubio, Spain
Arjun Sivaraman, France
Chi-hang Yee, China

XXXVIII

COMMITTEE 2-I

Imaging in Localized Prostate Cancer:
I. Multiparametric Ultrasound

CHAIR
Eric Barret, France

CO-CHAIR
Olivier Rouvière, France

MEMBERS
Jean Michel Correas, France
Jean de la Rosette, The Netherlands
Eric Barret
France

Tim Idzenga, The Netherlands
Petr Macek, Czech Republic
Olivier Hélénon, France
Arnoud Postema, The Netherlands
Arjun Sivaraman, France
Hessel Wijkstra, The Netherlands
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COMMITTEE 2-II

Imaging in Localized Prostate Cancer:
II. Multiparametric Magnetic Resonance Imaging

CHAIR
Eric Barret, France

CO-CHAIR
Olivier Rouvière, France

MEMBERS
Flavio Barchetti, Italy
Joyce G. R. Bomers, The Netherlands
Eric Barret
France

Peter L. Choyke, United States
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1.1

Introduction

One of the key aspects of focal therapy is selection of the right patient with the right cancer characteristics that will allow satisfying treatment results. For patient selection, several tools could be
used to estimate cancer volume, extension, and aggressiveness. One of these tools is the biomarker
prostate-specific antigen (PSA), which is associated with advanced disease in univariate analysis but
loses its significance to estimate disease aggressiveness when adjusted for age, Gleason grade, and
stage. Prostate-specific antigen velocity >2 ng/mL/year is associated with a shorter time to prostate
cancer death, high Gleason score (GS), and advanced pathology. Prostate-specific antigen used to
be associated with cancer volume in older studies, but lost this ability recently due to screening or
early detection strategies. Despite this, each increase per unit (ng/mL) of PSA increases the cancer
volume by 0.322 cc. None of the currently available studies specifically explored PSA as a tool for
patient selection for focal therapy. Based on consensus meetings, PSA levels <15 ng/mL are accepted
as a selection criterion for focal therapy. Another biomarker is prostate cancer gene 3 (PCA3), where
several cutoffs (25–30–39) allow for differentiating GS >7 from GS <7. Another cutoff (35) allows for
estimating cancer volume >0.5 cc, and mean values are different between patients with unifocal (48)
versus multifocal disease (88). Proenzyme PSA (proPSA) is yet another biomarker, where the Prostate
Health Index (PHI) provides the highest area under the curve (AUC) for differentiating GS >7 from
GS <7. Moreover, PHI significantly increases the predictive accuracy of models predicting cancer
volume <0.5 cc. Proenzyme PSA and its derivate are significantly higher in T3 disease. Similarly to
PSA, PCA3 and proPSA were not specifically evaluated for their use for patient selection for focal
therapy. No clear recommendations can be given.
The ideal patient characteristics for focal therapy are based on consensus meetings. Patients should
have a life expectancy of >10 years and not <5 years. Exclusion of individual patients should be based
on good clinical judgment, being mindful of all comorbidities, and performance status. The ideal
cancer characteristics for focal therapy are also based on consensus meetings. Initially, focal therapy
was applied to prostate cancers with GS of 3+3. Currently, it is accepted for treating GS 3+4 prostate
cancers. Multifocality is the main limitation of focal therapy; of note, 80% of secondary lesions are of
low volume (<0.5 cc). Based on consensus meetings, all lesions with GS 3+3 >5-mm core length, GS
3+4 >5-mm core length, and any GS 4+3 should be treated. It is unclear whether all GS 3+4 <3-mm
core length should be treated. Bilateral disease should not preclude focal therapy. The main aim of
focal therapy is the treatment of the index lesion. This index lesion can be localized by either biopsy
strategies or imaging. The hypothesis behind the index lesion is that such an index lesion is, in background of multifocal prostate cancer, the dominant lesion that will influence biological behaviour of
the disease, clinical course, and eventually lethality. It is also the largest-volume lesion that is likely
to harbour the highest Gleason grade, both being strong prognostic factors. The index lesion is also
the large-volume lesion where the most lethal clone may inhabit its vicinity. It is of note that currently
no direct evidence is available to support this hypothesis. Some studies show that metastasis derives
from a single tumour clone (the index lesion); others show that metastasis derives from different cell
clones. More research is necessary to understand the clonal origin of prostate cancer metastasis as
well as to understand the risk for progression of nonsignificant lesions to high-grade lesions over
time. No clear recommendations regarding the ideal patient and cancer characteristics for selection
could be given.
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Localized prostate cancer can be managed with several options where the currently available standards are active surveillance (AS), radical prostatectomy (RP), and radiotherapy (RT). Regarding
active surveillance, it is clear that a candidate for active surveillance does not need any treatment due
to low-risk characteristics and/or high comorbidities, and therefore focal therapy should not be an
alternative in these patients. Radical prostatectomy and radiotherapy are indicated in intermediaterisk and high-risk prostate cancer patients. In the intermediate-risk patients, focal therapy could be
considered as an alternative for these two standards. High grades of recommendation could be given
for all three standard treatment options. No true comparison to focal therapy is available so far.

1.2

Role of Biomarkers in the
Diagnosis of Prostate Cancer

1.2.1

Prostate-specific antigen (PSA)

Since the discovery of prostate-specific antigen (PSA) in late 1970s,1 it has been a notable marker in
prostate cancer. Being a protein product of human kallikrein gene KLK3 on chromosome 19, it is
released in zymogen form from the prostatic epithelium and is found in seminal fluid as well as in
serum. The expression of KLK3 is induced by androgens, and the activation of PSA is a multi-step
enzymatic process. While PSA circulates in both bound and unbound forms, most PSA is complexed
to the antiproteases alpha 1-antichymotrypsin (ACT), alpha 2-macroglobulin and alpha 1-protease
inhibitor (API).2 Up to 70% of PSA that enters the serum is bound to these proteins, and the majority
of PSA is found to be complexed with ACT, which remains detectable with immunological assays.
The unbound free PSA is inactive and without proteolytic activity. Together with the bound PSA in
the serum, a total PSA level in serum is a function of prostate pathology, and it also varies with age,
race, and prostate volume. Prostate cancer cells do not make more PSA than normal prostatic tissue.
On the contrary, prostate cancer cells make less PSA than normal prostatic tissue.3 Prostate cancer
is histologically characterized by loss of the basal cell layer, derangement of the basal lamina, diminished epithelial polarity, and lack of connection of the glandular acini.4 The elevated serum PSA levels
in prostate cancer patients are postulated to be the result of disruption of the cellular architecture
within the prostate gland.5 When the barrier afforded by the basement membranes is breached, it can
result in a leak of PSA into intercellular compartments, which are drained by lymphatic vessels into
the circulation. While such postulation is common, the exact molecular mechanism by which PSA
level is increased in prostate cancer patients remains unclear.4
1.2.1.1
Role of PSA in estimating cancer aggressiveness
By the mid-1980s, Stamey et al. showed that PSA was more sensitive than prostatic acid phosphatase
(PAP) in the detection of prostatic cancer, and was likely to be more useful in monitoring responses
and recurrence after therapy.5 In the same study, it was demonstrated that PSA appeared to increase
with advancing clinical stage. Since then, effort has been made to use PSA to estimate cancer aggressiveness. The Scandinavian Prostate Cancer Group (SPCG) attempted to identify the small proportion of patients who are destined to develop lethal prostate cancer by using PSA levels.6 By using PSA
4
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monitoring data from the watchful waiting arm of the SPCG Number 4 (SPCG-4) trial,7 the role of
PSA in predicting a fatal outcome, namely metastases or death, was studied. The cohort included
267 men diagnosed with early localized prostate cancer between 1989 and 1999, with PSA value of
<50 ng/mL. Upon log-linear regression, PSA level at baseline was statistically significantly associated
with lethal prostate cancer in the age-adjusted analysis (relative risk [RR], 1.24; 95% confidence interval [CI], 1.00–1.54; p=0.05). However, PSA has lost its statistical significance after adjusting for all
other covariates of age, Gleason score (GS), and tumour stage (RR, 1.17; 95% CI, 0.95–1.45; p=0.15).
Similar results were shown by Pinsky et al.8 Data from the Prostate, Lung, Colorectal, and Ovarian
(PLCO) Cancer Screening Trial were analyzed. Prostate-specific antigen levels of a group of men who
were diagnosed with prostate cancer and who previously had undergone multiple screening tests in
the PLCO Cancer Screening Trial were studied in association with the final prostatectomy pathological stage. It was found that PSA was associated with advanced pathological stage in univariate
analysis. However, such association disappeared when the analysis controlled for clinical stage and
biopsy GS. Tseng et al. from The Johns Hopkins Hospital also failed to demonstrate PSA levels being
associated with disease progression on multivariate analysis.9 Thus, other perspectives have been
employed to increase the predictive value of PSA as a means to assess prostate cancer aggressiveness.
Prostate-specific antigen dynamics has been proposed as an alternative. Carter et al. introduced the
concept of PSA velocity (PSAV) in 1992, which was defined as the annual rate of increase in serum
PSA value.10 Their initial analysis worked on the data of 54 men in the Baltimore Longitudinal Study
of Aging. The authors found that PSAV was significantly greater in those who were subsequently
diagnosed with prostate cancer than in those who would develop benign prostatic hyperplasia (BPH).
Indeed, the rate of rise in PSA levels before prostate cancer treatment was noted to be correlated
with prostate cancer outcome in some studies. D’Amico et al.11 investigated 1,095 men with localized
prostate cancer, and found that an annual PSAV of >2.0 ng/mL was associated with a significantly
shorter time to death from prostate cancer and death from any cause compared with an annual
PSAV of ≤2.0 ng/mL. Such correlation was independent of PSA level and biopsy GS. Furthermore,
the same study suggested that a higher PSAV would be more likely to imply a higher GS as well as a
more advanced pathological stage. While these findings were generated from patients of RP, a similar
observation was noted from patients of external radiation therapy.12 It may imply that the dynamics of the early PSA change may reflect the biological behaviour of the tumour. A high PSAV at the
beginning of a newly diagnosed prostate cancer case may characterize a lethal tumour that warrants
intensive treatment. On the other hand, a low PSAV may indicate a slowly progressing disease that
may not require any radical local therapy.6
Various other studies on pretreatment PSAV for predicting disease aggressiveness have been published,
with mixed results. Eighty-two patients who underwent radical retropubic prostatectomy (RRP) had
PSAV documented by Thiel et al.13 In men with pathologically organ-confined disease, PSAV was 1.12
ng/mL/year, while that with non-organ-confined cases was 1.88 ng/mL/year. However, there was no
statistically significant relationship between PSAV and final pathological stage. In a log-linear model,
Fall et al. found that PSAV was associated with the development of lethal prostate cancer.6 In spite
of this, the authors found that in the receiver operating characteristic (ROC) analysis, the accuracy
of classifying the disease as either indolent or destined to progress was low, regardless of the cutoff
point chosen for PSAV. Similarly, Pinsky et al. reported that PSAV was not predictive for advanced
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pathological stage when the analysis was controlled for biopsy GS and clinical stage.8 In an analysis
by Memorial Sloan-Kettering Cancer Center, O’Brien et al. investigated the usefulness of pretreatment PSAV as well as PSA doubling time (PSADT) in predicting the outcome of prostate cancer
treatment.
Twenty-two published definitions of PSA dynamics were analyzed, and the cohort included 2,938
patients before going for RP. While PSADT and PSAV presented a higher predictive accuracy for
biochemical recurrence and metastasis over PSA alone, the improvements in predictive accuracy
were small. The authors concluded that there was yet to be any justification for adopting PSA dynamics in predicting treatment outcome for prostate cancer. This conclusion was consistent with the finding from a systematic review published by the same group of authors.15 Potential reasons for such lack
of accuracy in the performance of PSA dynamics, especially with respect to PSAV, may be accounted
for by the long observation period needed to obtain a valid calculation of PSAV that is not disturbed
by considerable short-term fluctuations. This may not be easy to achieve in clinical practice.
Apart from PSAV, PSA density has also been studied to assess its association with prostate cancer
aggressiveness. Kundu et al. tested such association with a screened and an unscreened cohort of
patients with clinically localized prostate cancer treated with RP.17 The analysis of 1,662 patients
revealed a significant trend for worsening clinicopathological prognostic features as PSA density
increased. Increasing from a PSA density of 0.1 ng/mL/cc to 0.19 ng/mL/cc and beyond, there was a
decreasing chance of patients having an organ-confined disease with clear surgical margins, and an
increasing chance of patients having a Gleason sum greater than 7. Despite such positive finding, the
need for transrectal ultrasound and its associated inter-examiner variability may have deterred PSA
density from gaining wide acceptance in the risk assessment of prostate cancer.
1.2.1.2
Role of PSA in estimating cancer volume
In the classical study published by Stamey et al. in 1987, multivariate regression was performed to
assess the factors correlated with pretreatment PSA levels.5 Variables taken into account in the analysis included cancer volume, prostate weight, seminal-vesicle invasion, GS, age, hyperplastic tissue in
BPH, and capsular invasion. The results showed that the log of cancer volume was the best predictor
for the log of PSA (regression coefficient, 0.59; p<0.001). In light of such strong relationship between
PSA level and cancer volume, the authors investigated the usefulness of the pretreatment PSA level to
predict cancer volume, and demonstrated a positive result (t=5.9; p<0.001). Similarly, Blackwell et al.,
published in 1994, reported that median serum PSA level was significantly different between cancers
that were organ confined, those that had capsular perforation or seminal vesicle invasion, and those
with positive lymph node (p<0.001).18 Bivariate analysis also showed that there was a positive correlation of PSA level with cancer volume (r=0.56; p<0.001), and multivariate analysis showed that cancer
volume was the major contributor to serum PSA level.
However, in another report by Stamey et al. in 2002, the authors showed that there were serious limitations in the relationship between serum PSA level and prostate cancer volume.19 From the analysis of 875 men who underwent RP between 1984 and 1997, the Pearson correlation between cancer
volume and pre-operative PSA level was weak (Pearson correlation R2=0.27), and was driven by large
cancers with PSA level greater than 22 ng/mL. These findings led the authors to conclude that the
relationship between prostate cancer and serum PSA was tenuous at best, especially with serum PSA
6
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less than 10 ng/mL and perhaps even less than 22 ng/mL. A subsequent report from the same centre
on 1,317 consecutive radical prostatectomies over 20 years suggested that serum PSA was related to
prostate cancer in their early series.20 However, the data from their last 5 years of RP demonstrated
that serum PSA has only been related to BPH. Such phenomenon was attributed to aggressive prostate cancer screening and earlier detection. Other authors have also reported similar findings on the
relationship between serum PSA levels and tumour volume.21
While it is a common observation that the relationship between serum PSA and tumour volume
decreased from early treatment years to recent years, Ochiai et al. demonstrated that the association
remained at a significant level.22 From the prostatectomy database of the M. D. Anderson Cancer
Center, the authors randomly selected 200 men from 1991 to 1994 (early group) and 200 men from
2000 to 2003 (recent group). A significant relationship was observed between log PSA level and log
tumour volume (r=0.486; p<0.001, and r=0.237; p<0.01) in both the early and recent groups. Multiple
regression analyses revealed that in the recent group, log non-cancerous prostate tissue volume had
the most significant association with log PSA level, whereas in the early group, log tumour volume
had the most significant association. In another report on this subject with the same time frame,
Kato et al. found similar positive correlations.23 Analyses of 735 prostatectomy patients from 1997
to 2002 revealed that there were positive correlations between serum PSA levels and tumour volume
and the relative tumour volume as a percentage. The authors further suggested that for each ng/mL
unit increment of serum PSA, there was a 0.302 cc increase in total tumour volume and a 0.7%
increase in relative tumour volume. From their data, total tumour volume could be calculated using
the formula Volume (cc) = 3.476 + 0.302 x PSA (ng/mL).
Some factors have been suggested to affect the relationship between PSA levels and the tumour itself.
Stamey et al. reported 3 cases of transition zone cancers from 7 to 86 cc in volume.24 These tumours
from transition zones presented a clinical syndrome of a highly elevated PSA level, BPH on digital
rectal examination, a non-diagnostic transrectal ultrasound, and frequently negative transrectal or
perineal needle biopsies. Such observation accounted for some cases with an extraordinarily high
serum PSA level and organ-confined cancer at prostatectomy. One postulation was that central
tumours have more neighbouring epithelial tissue than peripheral ones.25
The factor of obesity has also been looked into for its impact on PSA operating characteristics for
the diagnosis and prognostication of prostate cancer. Data from Bañez et al. showed that in men
undergoing RP, a higher body mass index (BMI) was associated with a higher plasma volume.26
Hemodilution might therefore be responsible for the lower serum PSA concentrations among obese
men with prostate cancer. As a result, there had been concerns that the PSA level might be less
effective for predicting the outcomes in men with obesity. A later publication from the same group
concluded that although hemodilution existed, it was unlikely to affect the ability of pretreatment
PSA to predict the pathological features, including Gleason scores, positive surgical margins, extracapsular extension, and seminal vesicle invasion.27 Further evaluation on the relationship between
BMI, PSA, and tumour volume by Mitchell et al. concluded that pretreatment PSA correlated significantly with the tumour volume, and no significant correlation was found between BMI and pre-operative PSA level.28 On multivariate analysis, controlling for BMI, the pretreatment PSA level remained
a significant predictor for the tumour volume.
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1.2.1.3
Role of PSA in selecting patients for focal therapy
Focal therapy was first reported in 2002 by Onik et al., who proposed the idea of nerve-sparing cryotherapy.29 Such an idea stemmed from the concept of nerve-sparing RP, in an attempt to increase the
potency rate after cryotherapy. In the pilot study reported by Onik et al., patients were selected based
on their biopsy results showing a unilateral tumour as well as the patient’s potency status. Prostatespecific antigen level, biopsy Gleason scores, and clinical stage were not taken into account in patient
selection. The same selection criteria of an organ-confined, unilateral tumour without PSA consideration were also adopted by Bahn et al. in their early series of cryotherapy.30 Those authors reported a
biochemical disease–free status, according to the American Society for Radiation Oncology (ASTRO)
definition, by 92.8% at a mean follow-up of 70 months. A negative biopsy rate of 96.0% was observed.
After the introduction of extensive transperineal three-dimensional template mapping biopsies to
improve the diagnostic localization of cancer foci and focal therapy ablation templates, Onik et al.
updated the results of their focal therapy series in 2007.31 In the updated series, PSA was taken into
account not as an inclusion/exclusion criterion, but as a means of determining the extent of tissue
ablation. In such context, PSA greater than 10 ng/mL would call for greater tissue ablation because of
the increased risk for recurrence.
In general, before 2010, patients with “low-risk” prostate cancer were considered to be candidates for
focal therapy. There is a broad agreement between clinicians that by definition of “low-risk”, it means
parameters of PSA less than 10 ng/mL, GS less than 7, and clinical stage less than T2b. The inclusion criterion of PSA less than 10 ng/mL for focal therapy was supported by the Task Force panel in
200832 and the panel of multidisciplinary experts in a consensus workshop on focal therapy in 2010.33
Besides PSA levels, the Task Force panel also included a PSA density of less than 0.15 ng/mL/g as an
inclusion criterion,32 considering it to be helpful in controlling for the prostate volume.
Multifocality and heterogeneity are usually observed in prostate cancer, but Liu et al. demonstrated
that despite common genomic heterogeneity in primary cancers, most metastatic cancers arise from
a single precursor cancer cell.34 Previous studies had also demonstrated that only index tumour
volume, but not total tumour volume, was found to be an independent predictor for progression.35,36
There is increasing evidence that the natural history of the disease is ultimately driven by the largest
and most undifferentiated focus within the prostate, i.e., the index lesion.37 This concept of index
lesion made an impact on the approach in selecting the appropriate candidates for focal therapy.
Changing from previously only including patients with low-risk disease, the approach of more and
more experts is now accepting the idea of focal therapy being proposed to patients with intermediaterisk disease. Trials have expanded to include patients with a PSA level of 15 ng/mL or less.38
In a report from a consensus meeting on focal therapy in 2014, the panel of experts agreed with a
high level of consensus that focal therapy should be recommended for intermediate-risk patients.39
This implied the inclusion of patients with PSA 10–20 ng/mL. The panel also agreed on the use
of focal therapy in low-risk patients, i.e., PSA less than 10 ng/mL. However, such agreement was
reached with a lower level of consensus. Such a change in focal therapy inclusion criteria reflected the
growing confidence in the technique and promising medium-term follow-up results. Within similar
recommendations, in the criteria for focal therapy proposed by Marien et al., PSA 3–10 ng/mL or
8
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10–20 ng/mL was put forward.40 In an international multidisciplinary consensus meeting on focal
therapy trial design, PSA less than 15 ng/mL was recommended as an inclusion criterion.41 For PSA
more than 15 ng/mL, it was advised that patients should be counselled with caution.
Brachytherapy is a therapy that requires different patient selection. Langley et al. published the selection criteria for focal therapy with low-dose rate seed implants.42 In their recommendation, PSA less
than or equal to 15 ng/mL was proposed.
1.2.1.4
Future research priorities for PSA
Despite PSA still being a common factor to be considered in assessing tumour volume, tumour
aggressiveness, and plausibility of treatment options, there are certain limitations and uncertainties.
Some aggressive prostate cancers do not demonstrate a rapid rise of total PSA.43 Furthermore, the
effect of previous BPH treatment, e.g., 5-alpha-reductase inhibitors (5-ARIs), on PSA kinetics for
tumour progression remains mostly unpredictable. Keetch et al. reported that finasteride appeared
to lower total and percent-free PSA (free PSA, or fPSA) levels equally in men with BPH and did not
appear to change the ratio of free-to-total serum PSA.44 While free PSA to total serum PSA level has
been used to assess the risk for prostate cancer in patients with PSA level less than 10 ng/mL,45 there
has not been much investigation on its role in the pathological prediction for tumour characteristics.
In the analysis of 581 men who underwent RP, Graefen et al. did not detect any statistically significant association between free PSA and organ-confined status or posttreatment PSA outcome.46 On
the contrary, Shariat et al. found that pre-operative free PSA was associated with adverse pathological features, biochemical progression, and features of aggressive disease progression in patients with
total PSA level less than 10 ng/mL.47 One report by Larsen et al. looked into the predictive ability of
free PSA.48 The authors demonstrated that free PSA was strongly associated with prostate cancer risk,
and free PSA below the median value 20% had a 2.4-fold increased risk for aggressive prostate cancer
within 14 years, compared with men with more than 20% free PSA. Further studies are needed to
define the role of free PSA in the estimation of tumour characteristics, and furthermore, its relationship to patient selection and treatment failure with respect to focal therapy.
In the process of finding an appropriate biomarker for the diagnosis of prostate cancer, it is more and
more apparent that it takes a panel of markers rather than just a single one to achieve better specificity and sensitivity. The same may be applied to finding an appropriate test for estimating tumour
characteristics, in order to select the best candidate for focal therapy. A biomarker may reflect disruption of a biochemical pathway by a particular mechanism. Given the complexity of the molecular
abnormalities associated with prostate cancer, it is likely that more than a single marker is needed to
accurately classify tumours into distinct prognostic categories.
There are three molecular forms of free PSA in the serum, each contributing to roughly one-third of
free PSA, namely proPSA, benign PSA (BPSA), and intact PSA (iPSA).50 Studies have shown that not
only a higher level of proPSA is associated with a higher risk for prostate cancer,49 but also that elevated
proPSA-to–free PSA ratios have been associated with aggressive pathological features and decreased
biochemical disease–free survival after prostatectomy.50 Prostate Health Index adopts a mathematical
formula that improves the clinical diagnostic performance of PSA by combining the results of three
automated blood tests (total PSA, free PSA, and [-2]proPSA).51 Such mathematical formula was also
found to be applicable to assessing tumour aggressiveness. The risk of detecting a clinically aggressive
Diagnosis of Prostate Cancer and Selection for Focal Therapy
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cancer was shown to be increased in men with higher PHI readings.52 Furthermore, the PHI value
was suggested to correlate with tumour volume.53 Apart from PHI, there are other panels of biomarkers used for prostate cancer screening. The use of assays for several kallikreins in combination is
an example—specifically, these include a panel of four kallikrein markers: free PSA, single-chain
iPSA, total PSA, and human kallikrein-related peptidase-2 (hk2).54 All these are potential panels of
biomarkers for cancer profiling, indicating the tumour volume and behaviour. More data is needed
to verify their values in the context of focal therapy for prostate cancer.
1.2.1.5
Level of evidence and grade of recommendation
Role of PSA in estimating cancer aggressiveness
No studies available that specifically use PSA to estimate cancer aggressiveness in the setting of focal
therapy. Outside of this context, the data summarizes as:
Level of evidence: 3b
Grade of recommendation: D
Role of PSA in estimating cancer volume
No studies available that specifically use PSA to estimate cancer volume in the setting of focal therapy. Outside of this context, the data summarizes as:
Level of evidence: 3b
Grade of recommendation: D
Role of PSA in selecting patients for focal therapy
No studies available that systematically evaluate PSA to select patients for focal therapy. Outside of
this context, the data summarizes as:
Level of evidence: 3a
Grade of recommendation: C

1.2.2

Prostate cancer gene 3 (PCA3)

1.2.2.1
Introduction
Following the recommendations of the Oxford Centre for Evidence-Based Medicine, which are
accepted by the International Consultation on Urological Diseases (ICUD),55 we define as first step
the specific statement to address in this document: the role of PCA3 as a biomarker of prostate
cancer (PCa) in a focal treatment strategy. For that purpose, we analyze and rate the relevant papers
published in the literature in the major databases covering the last 10 years.
For a diagnostic test such as PCA3, the ICUD recommends, that, as a minimum, it should be subjected
to three questions: a) Does the test have good technical performance, for example, do three aliquots
of the same urine sample give the same result when subjected to testing?; b) Does the test have good
diagnostic performance, ideally against a “gold standard” measure?; and c) Does the test have good
therapeutic performance, that is, does the use of the test alter clinical management, and does the use
of the test improve outcome?
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Focusing on focal treatment (FT), we adapt these objectives regarding PCA3 as a biomarker in PCa
diagnosis in answering these four questions:
What is the role of the biomarker in esti- What might be the role of the biomarker in
mating cancer aggressiveness? This will be
selecting patients for focal therapy? This will
answered by finding out the relation of PCA3
be answered by assessing PCA3 in relation to
to the Gleason score, both at biopsy (Bx)
multifocality and multi-parametric magnetic
tissue and specimen (Sp) tissue, pathological
resonance imaging (mpMRI) data.
stage (pT) and extracapsular extension at Sp, What are future research priorities? This
will be answered by analyzing a combination
and validation as a marker for indolent versus
of PCA3 and mpMRI strategies.
significant PCa in both Bx and Sp.
What is the role of the biomarker in estimating cancer volume? This will be analyzed
by focusing on the number of affected cores at
Bx and tumour volume at Sp.
1.2.2.2
Material and methods
Electronic searches of the word “PCA3” in papers in English or Spanish at MEDLINE, the Cochrane
Database of Systematic Reviews, and the National Institute for Health and Care Excellence (NICE)
websites (all accessed 1st of June 2015) with no time frame limits. Papers offering any relevant data
to those previously presented were considered. This included randomized and quasi-randomized
trials, non-randomized cohort studies, case-controlled studies, longitudinal studies, and case series
or reports. Those papers considered for inclusion were assessed for quality where relevant, in terms of
sequence generation, allocation concealment, blinding, handling of incomplete data, selective reporting, and freedom from other biases. A level of evidence [LOE] was then assigned to all included studies
according to the ICUD-modified version of the Oxford Centre for Evidence-Based Medicine system.55
Where quality was considered to be poor, the LOE was reduced accordingly. Recommendations
(graded A–D) were made on the basis of consistent or “majority evidence” identified.
1.2.2.3
Results
Using the term “PCA3”, 320 published papers were found; 231 ie, were discharged due to title or
abstract, repeated series, not related to topic, or focused on molecular biology. Eighty-nine were
selected for full paper analysis and after a second triage, 56 were discharged due to the same reasons.
Finally, 36 were fully analyzed as valid papers related to PCA3 and its role in focal treatment strategies.
1.2.2.4
Technical performance and analytical validity
The analytical validity of PCA3 has been recently reviewed by the NICE Guidelines, finding no gold
standard for analytical validity that could be used as a reference standard in the studies. The authors
found that the limited evidence on analytical validity often lacked detailed information, which made
formal quality assessment difficult, but uncertainty in the precision of the PCA3 assay at a lower
cutoff point was pointed out.
It has been recommended to obtain the urine after digital rectal examination (DRE), as urine taken
by micturition or catheterization gives similar but always slightly lower informative rates.56,57 The
variability of PCA3 scores on repeated measures confirmed the risk class for about 80% of patients;
of the remaining 20% of patients, the risk class was upgraded in two-thirds and downgraded in
Diagnosis of Prostate Cancer and Selection for Focal Therapy
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one-third.58 In other studies, accuracy varied from 90% to 118% for PCA3.56,59 Knowing that as
in every biomarker, PCA3 is most informative when taken as a continuous variable, all these data
should alert clinicians to use with caution those PCA3 scores that are near the given cutoff points,
as suggested by different authors in order to differentiate indolent and significant prostate cancers.60
Another aspect to be taken into account when analyzing the PCA3 literature is the source of the
sample, as most of the published results have been performed with whole urine following a commercially available test (PROGENSA , Gen Probe, San Diego, USA), but urine sediments have also been
used. The advantage of urine sediments over a whole urine sample may be that clinical data can be
correlated to all the cells and cell fragments that were present in the collected urine, but the whole
urine technically simplifies the procedure. These different sources have been argued to explain different prognostic results.61

®

1.2.2.5
Role of PCA3 in estimating cancer aggressiveness
Prostate cancer gene 3 has been analyzed separately in initial and repeated Bx, but the focus in this
chapter is to analyze its prognostic role in both as a potential informative marker of PCa aggressiveness. In Table 1-1, the reader can take a quick look at the statistically significant relations of PCA3 to
different variables related to PCa prognosis in both Bx and RP specimens.
A European, multicentre study showed that the PCA3 score was significantly higher in men with
biopsy high-grade prostate cancer (HGPCa; GS ≥7).62 Different cutoffs have been proposed to differentiate between GS ≤7 or >7; 28.1 versus 45.3,63 31.8 versus 49.5,64 and 40 versus 72.62 Related to PCA3
statistics to diagnose HGPCa, it has been published that a cutoff of 25 PCA3 has an AUC of 0.638,
with a sensitivity of 76.5 (95% CI, 60.0–87.6) and a specificity of 51.6 (95% CI, 46.9–6.3).65
Regarding Gleason score and FT, an interesting issue is to know how many HGPCa we miss within a
screening strategy if PCA3 is used. In a prospective, randomized study where patients were all biopsied if PCA3 was ≥35 and randomized 1:1 to Bx or observation if PCA3 was <35, the authors found
3% of Gleason PCa ≥7 based on usual PSA kinetics as criteria for Bx at 10.1 months of follow-up.66
Other authors showed that at a PCA3 cutoff of 20, missed HGPCa was 2%, and none was significant
PCa.62 Different researchers propose a cutoff of 39, showing that no PCa with a GS higher than 4+3
was missed.67 But the most powerful value of a biomarker is when it demonstrates improvement of a
basal nomogram based in clinicopathological variables. Hansen et al. constructed such a nomogram
which included PCA3;68 when it was applied at probability thresholds ≤30%, only a few patients
with HGPCa (≤2%) would be missed while avoiding up to 55% of unnecessary biopsies, and this
nomogram has been externally validated in three series,69–71 showing ≤6% of missed HGPCa while
avoiding up to 48% of unnecessary biopsies.69
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TABLE 1-1 Statistically significant relation between PCA3 and PCa aggressiveness*
Reference

n

T

Biopsy information
No/%
affected
cores

GS

Whitman et al.75

72

Sp

Nakanishi et al.72

57/96

I/Sp

Hessels et al.

330/70

A/Sp

Liss et al.57

100

Sp

Vlaeminck-Guillem
et al.88

102

Sp

Auprich et al.76

305

Sp

de la Taille et al.62

516

I

Ploussard et al.

106

Sp

348/175

A/Sp

+

+

Durand et al.74

160

Sp

+

+

Pepe et al.

38

Sp

Cornu et al.89

291

I

Augustin et al.73

127

Sp

Chevli et al.

3,073

I

Ferro et al.78

78

Cantiello et al.91

156

61

79

van Poppel et al.60

77

90

MF

Radical prostatectomy specimen information
Ind/
Sig

TV

GS

+
-

-

+

+

-

MF

Ins

Sg

+

+

+

-

+

-

-

-

-

-

-

-

+

-

-

+

-

-

+

-

+

+

+

+

+

+

+

+

+

+

+
+

+/-

+
+

pT

+/+

+
-

-

-

Sp

+

+

+

Sp

+

-

+

-

+

+

*Empty scoring means that issue was not available, + means that this particular variable showed statistically significant differences
related to PCA3 values; - means that this particular variable was analyzed but showed no statistically significant relation to PCA3
values; +/- means that this particular variable showed statistically significant differences at the univariate analysis but not in the
multivariate one.
Abbreviations: %, percentage; A, all; ECE, extracapsular extension; GS, Gleason score; Ind/Sig, indolent versus significant
prostate cancer (different criteria used); I, initial biopsy; MF, multifocality; pT, pathological stage; R, repeated biopsy; Sg,
pathologically significant tumour; Sp, radical prostatectomy specimen; T, used tissue for analysis; TV, tumour volume.

Prostate cancer aggressiveness is finally summarized labelling it as an indolent or a significant
cancer on biopsy, and this is crucial for choosing between FT or active surveillance (AS). Prostate
cancer gene 3 values have been related to this, with median values of 31 versus 57.62 Haese et al. also
reported significant differences in the median PCA3 scores for indolent versus significant cancers
(21 vs. 42).63 In other series, the median/average PCA3 score in men with low-volume/low-grade
cancer and significant cancer was 17.8/24.5 and 42.4/56.5, respectively.72 Grouping different data in
the literature, the median PCA3 score was ~20 (range, 18–32) in men with indolent PCa and ~50
(range, 42– 57) in men with significant PCa.
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When PCA3 was analyzed in RP series, results were also controversial regarding its prognostic role,
as is shown in Table 1-1.60,61,72–75 In the largest series, the addition of PCA3 to multivariable intermediate- and high-risk PCa models did not improve prediction, but the authors observed that at lower
values of PCA3, it was associated with low-volume tumours and insignificant PCa at the Sp.76 The
addition of PCA3 resulted in an improved multivariable AUC ranging from +3.0% to 3.9%, with
the highest predictive AUC obtained (0.922) for the detection of insignificant PCa at the Sp, using a
PCA3 cutoff threshold of 24 combined with Gleason score at the Bx and percentage of positive cores.76
Other authors have confirmed these results in shorter series.72,77 This could be important when facing
a patient with a low-risk tumour, as a low PCA3 is an additive tool that could help the patient to
initially choose an AS program instead of FT, or a patient with an intermediate-risk tumour, where a
low PCA3 could help the patient to choose an FT instead of radical treatment, taken together with the
rest of clinicopathological and magnetic resonance imaging (MRI) information in both scenarios.
1.2.2.6
Role of PCA3 in estimating cancer volume
Cancer volume is capital to planning FT; its calculation can be clinically induced by taking into
account the number of affected cores or its percentage related to the obtained cores. Prostate cancer
gene 3 has been related to a percentage >33% versus ≤33% positive biopsy cores, with a median PCA3
score of 78 and 39, respectively.62 When tumour volume is calculated in RP specimens by different
methods, its relation to PCA3 shows controversial results, as shown in Table 1-1, but there are more
series confirming a relation between higher PCA3 values and higher tumour volume (Table 1-1).
Durand et al. showed in a multicentric French study on 160 RP specimens that a PCA3 score of
>35 was an independent predictor in a multivariate analysis for tumour volume >0.5 mL (odds ratio
[OR], 2.7; p=0.04),74 confirming similar results in other series.72,75,77,78 Others have also shown a relation of PCA3 to the dominant tumour volume, what can be additionally important within an FT
strategy, but it has not been compared with mpMRI analyzing RP specimens.72
In a series analyzing only low-risk PCa, the authors identified the value of 25 as predictive for a
tumour volume <0.5 cm3 that bore witness to insignificant disease. The risk of having a cancer
≥0.5 cm3 and significant PCa was increased by three fold in men with a PCA3 score of ≥25 compared
with men with a PCA3 score of <25 with most AS biopsy criteria used; this data might help the clinician to recommend AS instead of FT in doubtful cases with normal mpMRI.79
1.2.2.7
Role of PCA 3 in selecting patients for focal therapy
Radical prostatectomy specimens show the “truth” about PCa characteristics. Extrapolation of their
data when examined by pathologists experienced with prostate disease and blinded to PCA3 score
results tells us the relation of this biomarker to multifocality and its complementarity to mpMRI
results. In a case series study, Vlaeminck-Guillem et al. found that patients with multifocal disease
had a significantly higher mean PCA3 score than patients with unifocal disease (88 vs. 46), pointing
out in their multivariate analysis that multifocality was an independent factor influencing PCA3
score.80 In the context of FT, the finding that PCA3 score can predict multifocality at surgery potentially is quite interesting. Whether it could be used to help decide on FT remains to be determined
in larger studies.

14

SIU-ICUD JOINT CONSULTATION ON IMAGE-GUIDED THERAPIES FOR PROSTATE AND KIDNEY CANCERS

More important is the combination of any new biomarker with mpMRI in order to optimize FT
strategies and to establish their complementarity. Sciarra et al. showed in a study in repeat Bx where
patients were randomized to standard Bx or Bx following an mpMRI, that the use of mpMRI for
indicating sites suitable for re-biopsy can significantly improve the sensitivity of the PCA3 test in the
diagnosis of PCa, but no significant difference (p=0.089) in the predictive value of the PCA3 score
was found with respect to distinguishing PCa cases on the basis of the GS ≤ 7 (3+4) versus ≥ 7 (4+3).81
Leyten et al. showed in a retrospective study of their patients with PCA3 and mpMRI in their diagnoses process that patients with a suspicious region for PCa on mpMRI had a significantly higher PCA3
score than patients with no suspicious region (median, 54 vs. 29; p= 0.002), but nearly all patients
(23/25 patients) with PCA3 scores <35 and prostate cancer upon biopsy had a suspicious region for
prostate cancer upon mpMRI.82 In other series analyzing PCA3 and mpMRI in 106 low-risk PCa
patients at biopsy, both factors were independently predictive for significant disease at the RP specimen, but only a suspected T3 disease on mpMRI was significantly predictive for a pT3 disease in RP
specimen (OR, 5.3; p=0.020).79
This issue is actually under research in controlled trials, but two Italian publications analyzing the
combined approach in a repeat Bx scenario led the NICE Guidelines to publish that if mpMRI is
included in initial PCa characterization, biomarkers such as PCA3 or PHI do not have noticeable
impact on outcomes. Firstly, Busetto et al. showed that the base model AUC was improved up to
0.742 (95% CI, 0.664–0.821) with the addition of PCA3, but the best discrimination (AUC, 0.808; 95%
CI, 0.742–0.874) was obtained using the full model (base clinical model plus mpMRI and PCA3) or
just the base clinical model plus mpMRI, with an AUC of 0.781 (95% CI, 0.664–0.821).83 Secondly,
Porpiglia et al. confirmed this hypothesis in the repeat Bx scenario, showing in their multivariate
logistic regression analysis in the full model that only mpMRI was a significant independent predictor for PCa diagnosis. Prostate cancer gene 3 was an independent predictor only in the absence of
mpMRI.84
These unicentric studies have to be taken as hypothesis generating, due to the selection bias, participation of specialized uro-radiologists, different mpMRI devices and software solutions, and generalization questioned due to the same reasons and known mpMRI irregular availability and bad
homogenization. The role of PCA3 and the complementarity of PCA3 with mpMRI must be evaluated in prospective studies—not only in the repeat Bx scenario but also in the initial Bx one for the
characterization of PCA3 within AS or FT protocols. The sensitivity, specificity, positive predictive
value (PPV), negative protective value (NPV), and cutoff value of PCA3 that will give an optimal
balance between sensitivity and specificity to predict MRI outcome should be evaluated prospectively, and all this information is awaiting ongoing protocols such as PROstate MRI Imaging Study
(PROMIS; ClinicalTrials.gov number NCT01292291) to shed some light on this point and finally
optimize AS and FT protocols.
1.2.2.8
Future research priorities for PCA3
Analytical validity should be refined, mostly 2. Prospective studies focusing on the combiif the biomarker is stressed to guide AS or FT
nation and complementarity between PCA3
protocols.
and mpMRI are urgently needed, as availability and easy interpretation are qualities
of the biomarker that should be stressed in

1.
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well-done clinical and prospective studies
to determine whether it is useful to select
which patients need an initial mpMRI. This
is a research field for which it is desirable to
optimize mpMRI use if possible.
3.

Analysis of the clinical utility of PCA3 pathways to evaluate how the addition of PCA3
might affect patient outcomes, including

long-term outcomes such as mortality and
morbidity from PCa treated by different
approaches (AS, FT, RP, etc.).
4.

Combination
of
PCA3
with
the
TMPRSS2:ERG fusion gene has shown in
many series better prognostic value,85–87 and
the combination test needs to be prospectively tested in FT strategies.

1.2.2.9
Conclusions
In summary, the main potential sources of bias in the included studies relating different scenarios
where PCA3 has been tested are patient selection and lack of reported details on the intervention
test, comparators, and biopsies. No meta-analyses were carried out because of the heterogeneity in
the included studies.
As the reader can intuitively think, PCA3 has been linked to PCa aggressiveness, but the evidence
for that is weak and controversial, as most of it comes from retrospective case series [LOE 3b] with a
grade of recommendation [GOR] of B following ICUD recommendations.55 The association between
PCA3 score and PCa aggressiveness needs further evaluation in controlled studies to confirm the
utility in selecting men with clinically insignificant PCa. While this biomarker has been translated
into an FT strategy characterization, it should be clear that it has not been analyzed in its outcomes,
and that all the information is extrapolated from series of RP and with diagnostic purposes, so there
is a clear lack of information on this issue. Additionally, the combination of PCA3 with a diagnosis
pathway including mpMRI is not fully analyzed in the literature [LOE 3b, GOR B], and it should
be further and prospectively investigated with the intention to select patients for initial mpMRI if
possible, as generalization of mpMRI before the initial Bx is not possible at the moment in many
countries and there still lack of standardization. Once PCa has been diagnosed, it is clearly evident
that an mpMRI is needed for planning FT or other treatments, but it seems that PCA3 could be less
useful at this point.
Level of evidence and grade of recommendation
1.2.2.10
Role of PCA3 in estimating cancer aggressiveness
No studies available that specifically use PCA3 to estimate cancer aggressiveness in the setting of
focal therapy. Outside of this context, the data summarizes as:
Level of evidence: 3b
Grade of recommendation: D
Role of PCA3 in estimating cancer volume
No studies available that specifically use PCA3 to estimate cancer volume in the setting of focal
therapy. Outside of this context, the data summarizes as:
Level of evidence: 3b
Grade of recommendation: D
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Role of PCA3 in selecting patients for focal therapy
No studies available that systematically evaluate PCA3 to select patients for focal therapy. Outside of
this context, the data summarizes as:
Level of evidence: 4
Grade of recommendation: D

1.2.3

Proenzyme PSA (proPSA)

1.2.3.1
Abstract
Prostate-specific antigen is recognized as an organ-specific marker, with low specificity and sensitivity in discriminating prostate cancer from benign conditions, such as prostatic hyperplasia or chronic
prostatitis. [-2]proPSA (p2PSA), a precursor of PSA, and two of its derivatives, namely p2PSA/fPSA
(%p2PSA), and the Beckman Coulter Prostate Health Index (PHI), have been investigated as new
markers to accurately detect PCa. Several papers have addressed the clinical validity and utility of
p2PSA and its derivatives for early diagnosis of PCa. Those studies suggest that p2PSA is the most
cancer-specific form of PSA, as it is preferentially expressed in PCa tissue and significantly elevated
in serum of men with PCa. [-2]proPSA, %p2PSA, and PHI measurements improve the specificity
of the available tests (PSA and derivatives) in detecting PCa, avoiding unnecessary biopsies. When
investigators selected PHI, its levels appeared to correlate with more aggressive diseases. At pathological assessment, PHI correlates with the PCa volume and would be indicative of low-volume cancer,
which could be treated by focal therapy. The p2PSA and PHI tools were considered as prognostic and
predictive for biochemical recurrence.
1.2.3.2
Introduction
Since the late 1980s, the diagnosis and follow-up of prostate cancer have relied on the use of PSA, a
blood laboratory measurement that was shown to be associated with pathological diagnosis of cancer
and had both diagnostic and prognostic clinical validity and utility. In 1986, the US Food and Drug
Administration (FDA) approved the test to monitor those men already diagnosed with cancer, and
in 1994 it went further, authorizing the test to help detect cancer in men aged 50 years or older.
Over time, PSA has provided significant advancements in diagnosis and prognosis of PCa, although
it was counterbalanced by its low sensitivity and specificity.92 Prostate-specific antigen levels are
indeed affected by biologic variability, which may be related to differences in androgen levels, prostate manipulation or ejaculation, or benign conditions.93 Prostate-specific antigen clinical availability
led to a frenzied hunt for the tumour, but its indiscriminate use allowed critics of the testing, once
regarded as heretics, to gain credibility. In 2004, the World Health Organization (WHO) arranged
an international consultation to assess new markers recognizing the limitation of PSA testing,94 and
recently, PSA has been thrust into public spotlight after several publications showed the risk for overdiagnosis and overtreatment, especially of low-risk PCa that would not have affected the longevity
or the quality of life had PSA testing not been performed. Such shortcomings led urologists to investigate some isoforms of PSA, p2PSA first, and to develop novel algorithms for the diagnosis of PCa.
1.2.3.3
[-2]proPSA biology and PHI
Prostate-specific antigen is an androgen-regulated chymotrypsin-like serine protease that is part of
the family of proteases known as kallikreins, encoded by a cluster of genes located on human chromosome 19q13.4,95,96 and it is also known as human kallikrein (hK) 3. It is produced in high levels
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within the prostatic ductal and acinar epithelium, with a 17-amino acid leader sequence (preproPSA)
that is cleaved cotranslationally to generate an inactive 244-amino acid precursor protein (proPSA),
with seven additional amino acids compared with mature PSA.95,97,98 Generally, proPSA is normally
secreted from the prostate luminal epithelial cells, and after its release into the lumen, the pro-leader
part is removed and converted to its active form by the effect of hK 2 and hK 4, which have a trypsinlike activity and are expressed predominantly by prostate secretory epithelium.99 Cleavage of the
N-terminal seven amino acids from proPSA generates the active enzyme (PSA), which has a mass of
33 kDa. Normally the enzymatically active PSA is confined to the prostate gland by a tight and orderly
prostatic glandular architecture, and only a few PSA molecules leak into the circulation, and PSA
serum concentration is a million-fold lower than that in the seminal plasma (0.5–5 g/L).100 The measurable serum total PSA (tPSA) comprises either a complexed form (cPSA, 70–90%), bound by protease inhibitors (primarily alpha1-antichymotrypsin) and a non-complexed form (free PSA [fPSA]).101
Recently, fPSA was discovered to exist in at least three molecular forms: proPSA, benign PSA (BPSA),
and inactive intact PSA (iPSA), covering approximately 33%, 28%, and 39% of fPSA, respectively.49,102
Benign PSA is a degraded form of PSA that is identical to the native, mature PSA with 237 amino
acids, but contains two internal peptide bond cleavages at Lys182 and Lys145. Immunohistochemical
studies have shown that BPSA is expressed preferentially in the transitional zone of the prostate and
is associated with pathological BPH.103 Intact PSA is similar to native PSA, but is inactive due to
structural or conformational changes. The partial removal of the leader sequence of the preproPSA
leads to other truncated forms of proPSA. Thus, theoretically, seven isoforms of proPSA should exist,
although only [-1], [-2], [-4], [-5], and [-7]proPSA have been found; there is still no evidence of [-3] and
[-6]proPSA. All these forms of proPSA are enzymatically inactive, but they might play a role in
cancer detection, especially [-2]proPSA.104 Notably, in vitro experiments have shown that the p2PSA
form cannot be activated by either hK2 or trypsin.105 Once it is formed, p2PSA is resistant to activation into the mature PSA form, and consequently could be the most reliable test for cancer detection. Mikolajczyk et al.,106 using a monoclonal antibody recognizing p2PSA, found increased staining in the secretions from malignant prostate glands. In particular, p2PSA is differentially elevated
in peripheral gland cancer tissue; conversely, transition zone tissue contains little or no proPSA.
Mikolajczyk et al. found that p2PSA was specifically higher in patients with PCa. Analyzing a small
number of patients with biopsy positive for PCa and tPSA of between 6 and 24 ng/mL, those authors
found that p2PSA comprised a high fraction of the fPSA (25–95%), which was greater than in patients
with a negative biopsy. However, the molecular basis for the proPSA elevation in PCa is uncertain,
although decreased cleavage by hK 2 could be the cause.106
1.2.3.4
Role of proPSA in estimating cancer aggressiveness
1.2.3.4.1 [-2]proPSA
Sokoll et al. were the first to study the role of p2PSA in the early detection of PCa.107 Their study
involved archival serum from 119 men (31 PCa, 88 non-cancer), obtained before biopsy and in
the tPSA range of 2.5–4.0 ng/mL. The serum levels of the tPSA, fPSA, proPSA isoforms ([-2], [-4],
and [-7]proPSA) and the proPSA/fPSA ratio were analyzed: PSA and %fPSA values were similar
between the non-cancer and PCa groups, but %proPSA was relatively higher in the PCa group (50.1
± 4.4%) compared with the non-cancer group (35.5 ± 6.7%; p=0.07). The AUC for %proPSA was 0.688
compared with 0.567 for %fPSA. At a fixed sensitivity of 75%, the specificity was significantly greater
for %proPSA, at 59%, compared with %fPSA, at 33% (p<0.0001).107 In a follow-up study of the same
group, on multivariate logistic regression analyses, at a fixed sensitivity of 90%, the combination
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of proPSA ([-2], [-4], and [-7]proPSA) with tPSA and %fPSA showed significantly higher specificity (44%) for early prostate cancer detection than did the individual variables (13%, 23%, and 33%,
respectively).108
Catalona et al. confirmed these results in a later study analyzing serum specimens from 1,091 ie,
patients (635 benign, 456 cancer) who underwent prostatic biopsies.50 In men with a PSA of 2–4 ng/
mL, at a threshold of 1.8%, %proPSA detected 90% of cancers including 100% (16/16) of extracapsular
tumours and 96.6% (28/29) of tumours with Gleason scores ≥7, avoiding 19% of unnecessary biopsies. This is the first evidence of the potential correlation between p2PSA and cancer aggressiveness.
In 2004, Mikolajczyk et al. retrospectively evaluated the serum samples of 380 men (238 cancer, 142
non-cancer) with tPSA of 4–10 ng/mL.109 In agreement with previous studies, %proPSA ([-2], [-4],
[-5], and [-7]) had a higher AUC than did %p2PSA, fPSA, and complexed PSA (AUC of 0.69, 0.64,
0.63, and 0.57, respectively). In men with %fPSA >25%, %p2PSA had the highest accuracy (AUC,
0.77). At a threshold of 2.5, %p2PSA had a sensitivity of 90%, and 36% of prostate biopsies could be
avoided. However, in patients with %fPSA <15%, at 90% sensitivity, %proPSA had a higher accuracy
(AUC, 0.703; specificity, 36%) than %p2PSA (AUC, 0.669; specificity, 21%).
Further studies identified p2PSA as the more cancer-specific PSA isoform. Sokoll et al. evaluated the
relationship between p2PSA and PCa, using serum samples of 123 men (51% PCa, 49% non-cancer)
enrolled in the Early Detection Research Network (EDRN) study.110 Overall, the %fPSA was significantly lower, while p2PSA and %p2PSA were higher in PCa patients. Also, in the PSA range of 2–10
ng/mL, p2PSA and %p2PSA continued to be significantly associated with PCa: %p2PSA AUC was
0.73, compared with 0.53 for %fPSA. Later, the same authors investigated the potential correlation
between p2PSA and PCa aggressiveness, and found that %p2PSA performed significantly better than
%fPSA at lower (2–4 ng/mL) PSA levels.111
Stephan et al. studied 475 patients (264 PCa, 211 non-cancer) with tPSA 2–10 ng/mL, showing that
the multivariable model including %p2PSA, %fPSA, tPSA, and age (but not prostate volume) reached
the highest AUC (0.84) and specificity (53.1%) compared with tPSA (22.7%), %fPSA (45.5%), and
%p2PSA (41.7%) alone at fixed sensitivity (90%).112
[-2]proPSA level changes over time were suggested to be a potential predictor for PCa development
and aggressiveness. In 2012, Rhodes et al. reported that p2PSA increased with advancing age and
prostate volume; however, the greatest p2PSA level changes were seen in men who subsequently
developed PCa (+8.1%/year) compared with those who did not (+3.5%/year) after a median followup of 7 years.113 The same group found a different racial expression of p2PSA. The baseline p2PSA
levels in black men were slightly higher than those in white men (median, 6.3 vs. 5.6 pg/mL, respectively) and more interestingly, white men (from the Olmsted County Study of Urinary Symptoms and
Health Status among Men cohort) with higher baseline p2PSA levels had an almost eight-fold higher
risk for subsequent PCa diagnosis (hazard ratio [HR], 7.8; 95% CI, 2.2–27.8). Thus, baseline p2PSA
and p2PSA changes over time might be useful predictors for PCa development and aggressiveness.114
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1.2.3.4.2 PHI
[-2]proPSA (p2PSA) appears, however, to have the highest predictive accuracy for aggressive cancer
when it is associated with other variables. Beckman Coulter Inc. developed a mathematical algorithm, defined as: (p2PSA/fPSA) ∙ √tPSA, and named it Prostate Health Index (PHI).
Le et al. evaluated the predictive ability of PHI in a prospective PCa screening setting.115 The study
involved 2,034 men undergoing PCa screening: 322 patients were advised to undergo prostate biopsy
for elevated PSA level (>2.5 ng/mL) and/or suspicious DRE, but only 74 patients received a prostate
biopsy; of these, 63 had a tPSA level of 4–10 ng/mL and a normal DRE. Prostate Health Index had
the highest predictive ability (AUC, 0.77), followed by %p2PSA (AUC, 0.76) and %fPSA (AUC, 0.68),
while tPSA alone lacked in sensitivity and specificity in the 2.5–10 ng/mL range (AUC, 0.50). At a
sensitivity of 88.5%, PHI and %p2PSA outperformed %fPSA or tPSA (specificity, 64.9 and 48.6 vs.
40.5 and 24.3%, respectively).
Jansen et al. retrospectively evaluated serum samples of 405 patients enrolled in the Rotterdam arm
of the European Randomized Study of Screening for Prostate Cancer (ERSPC) and 351 samples from
Innsbruck Medical University.116 The authors found significantly higher PCa predictive value and
specificity for PHI and %p2PSA. Unfortunately, they had limited additional value in identifying
aggressive PCa (GS, ≥7).
In a multicentre, double-blind, case-controlled clinical trial to validate PHI in the 2.0–10.0 ng/mL
PSA range, with about 1,372 men enrolled in eight medical centres from October 2003 to June 2009,
PHI was found to have the greatest PCa predictive accuracy (AUC, 0.703) compared with %fPSA
(AUC, 0.648), fPSA (AUC, 0.615), p2PSA (AUC, 0.557), or tPSA (AUC, 0.525), directly correlating
with GS (p=0.013), with an AUC of 0.724 for GS ≥4+3 disease.51 Moreover, men with PHI >55.0 had
a 52% likelihood of being diagnosed with PCa on biopsy compared with 26% of men with PHI <25.0.
In particular, compared with PHI <25.0, the relative risk for PCa detection was 1.6-, 3.0-, and 4.7-fold
higher at PHI 25.0–34.9, 35.0–54.9, and ≥55.0, respectively. At a PHI cutoff of 21.3, GS was ≥7 in
25% of missed cancers, thus the authors suggested a careful surveillance. The same group recently
published two other studies. In one involving 892 men from a prospective, multicentre study undergoing prostate biopsy, the AUC for PHI (0.704) was significantly higher than that for %fPSA (0.649;
p=0.005) and tPSA (0.527; p<0.001) in men with PSA 1.6–7.8 ng/mL WHO calibration (corresponding to 2–10 ng/mL Hybritech calibration).117 Higher PHI values were associated with higher PCa risk
and GS. In the second study, Loeb et al. confirmed that PHI may distinguish men at highest risk
for clinically significant cancer.118 The authors investigated, by a multicentre prospective trial, 658
men aged 50 years or older with tPSA ranging from 4 to 10 ng/mL and normal DRE. Focusing on
significant PCa, PHI had the highest AUC for GS ≥7 (AUCs, PHI 0.707; %fPSA 0.661; p2PSA 0.558;
PSA 0.551). Furthermore, the authors found that at the 90% sensitivity, using a cutoff for PHI of 28.6,
30.1% of patients could have been spared an unnecessary biopsy for benign disease or insignificant
prostate cancer compared with 21.7% using %fPSA.
Similar results were reported in Europe by Guazzoni et al.119 In 2011, the authors conducted an observational prospective study of 268 consecutive men with PSA 2–10 ng/mL and normal DRE who were
undergoing prostate biopsy. %p2PSA and PHI were the strongest predictors for positive prostatic
biopsy outcome. Prostate Health Index and %p2PSA improved the accuracy of a base multivariate
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model (including tPSA, fPSA, prostate volume, and age) by 11% and 10%, respectively (p<0.001).
Similarly, in patients with tPSA 4–10 ng/mL, the inclusion of PHI and %p2PSA significantly increased
multivariate predictive accuracy from 72% to 83% (+11%) in both models (p<0.001). Lazzeri et al.
extended and confirmed the data in a clinical cohort of men with previous negative biopsies, but
persistent suspicion of PCa.120 %p2PSA and PHI were the most accurate predictors for disease. In
multivariable logistic regression models, %p2PSA and PHI achieved independent predictor status,
and significantly increased the accuracy of multivariable models by 8% to 11% (p≤0.034). At a PHI
cutoff of 28.8, 116 (52.25%) biopsies could have been avoided, missing PCa in 6 patients, but none
with a Gleason score ≥7, demonstrating a real clinical utility.
Lazzeri et al. validated previous results in an observational, prospective, multicentre, European
cohort (PROMEtheuS Project).121 This study involved 646 patients from five European countries
with tPSA 2–10 ng/mL who were subjected to initial prostate biopsy for suspected PCa. [-2]proPSA,
%p2PSA, and PHI significantly increased the accuracy of the base multivariable model by 6.4%, 5.6%,
and 6.4%, respectively (p<0.001). At 90% sensitivity, the PHI cutoff of 27.6 could avoid 100 (15.5%)
biopsies, missing 26 (9.8%) cancers (23 with GS 6, 3 with GS 3+4).
Stephan et al. presented a European, multicentre study involving 1,362 patients with tPSA 1.6–8.0
ng/mL (668 PCa, 694 non-cancer), where the serum concentrations of tPSA and fPSA were both
calibrated against a WHO reference material.122 %p2PSA and PHI were significantly higher in all
PCa subcohorts (positive initial or repeat biopsy result or negative DRE) (p<0.0001) compared with
patients without PCa. Prostate Health Index had the largest AUC (0.74) and provided significantly
better clinical performance for predicting PCa compared with %p2PSA (AUC, 0.72; p=0.018), p2PSA
(AUC, 0.63; p<0.0001), %fPSA (AUC, 0.61), or tPSA (AUC, 0.56). Significantly higher PHI was
observed for patients with Gleason score ≥7 (PHI, 60) compared with Gleason score <7 (PHI, 53;
p=0.0018), confirming its relationship with PCa aggressiveness.
Recently, Boegemann et al. presented a multicentre study showing that %p2PSA and PHI have a
superior diagnostic performance for detecting prostate cancer in young men (<65 years) with a tPSA
range of 1.6–8.0 ng/mL compared with tPSA and %fPSA at initial and repeat biopsy and for predicting significant prostate cancer.123 Those results are very similar to ones by Fossati et al. published
some months before.124 In 238 patients, who were aged <60 years, PCa was found in 67 subjects
(28.1%) and, on univariate analysis, %p2PSA (AUC, 0.704) and PHI (AUC, 0.7) were the most accurate predictors, and these significantly outperformed tPSA (AUC, 0.549), fPSA (AUC, 0.511), and
%fPSA (AUC, 0.557) in the prediction of PCa at biopsy (p≤0.001). In multivariate logistic regression models, %p2PSA and PHI achieved independent predictor status and significantly increased the
accuracy of multivariate models by 6.3% and 7.6%, respectively (p≤0.05).
Two recent Asian studies confirmed previous results in another population setting. Ito et al. reported
data of 239 consecutive men with a tPSA of 2.0–10.0 ng/mL who were undergoing prostate biopsy.125
When PHI was used as a biopsy indicator and sensitivity was fixed at 95%, unnecessary biopsies
could be avoided in 28% of men. Accordingly, Ng et al. retrospectively analyzed archived serum
samples from 230 Asian patients more than 50 years of age who had undergone their first prostate
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biopsy with PSA 4–10 ng/mL and a negative DRE. Prostate Health Index was the best predictor for
the prostate biopsy results.126 At a sensitivity of 90%, the use of PHI could have avoided unnecessary
biopsies in 104 (45.2%) patients.
Finally, Lughezzani et al. developed and validated in more than 729 patients a PHI-based nomogram to predict PCa at extended prostate biopsy. Including PHI in a multivariable logistic regression
model, based on patient age, prostate volume, DRE, and biopsy history significantly increased predictive accuracy by 7% from 0.73 to 0.80 (p<0.001).127 Decision-curve analysis showed that using the
PHI-based nomogram resulted in the highest net benefit for detecting clinically significant prostate
cancer. This nomogram was also externally validated in a recent, multicentre, European study.128
Overall, studies to date suggest that %p2PSA and PHI are more accurate than standard reference tests
in predicting clinically significant prostate cancer at initial and repeat biopsy.
1.2.3.5
Role of proPSA in estimating cancer volume
Guazzoni et al. investigated the relationship between p2PSA and its derivatives, namely %p2PSA,
PHI, and PCa characteristics at final pathology in a contemporary population of patients treated with
RP for clinically localized PCa.129 The authors conducted an observational, prospective study of 350
consecutive men diagnosed with clinically localized PCa who underwent RP. Pre-operative %p2PSA
and PHI were significantly higher in patients with pT3 disease, pathological GS ≥7, and those with
GS upgrading (p<0.001). These results showed that %p2PSA and PHI are related to both PCa volume
and aggressiveness.
In the PSA era, mean tumour volume is drastically decreased, and evidence suggests that smaller
tumours are less aggressive and less frequently associated with progression.130 Although the volume
threshold for clinically significant PCa is still controversial, data from autopsy series, cystoprostatectomy, and RP series support the concept that the 0.5–mL threshold volume with no GS of 4 or 5 can
be used for the definition of clinically insignificant tumours.
Guazzoni et al. found that PHI, but not %p2PSA, significantly increases the predictive accuracy of
a basic model including patient age, tPSA, fPSA, f/tPSA, clinical stage, and biopsy Gleason sum for
tumour volume <0.5 mL.129 In Guazzoni’s series, only 15% of patients with a PCa volume <0.5 mL
had Gleason sum 7 disease (no one GS >7), indicating that PHI, as a biomarker, could be a subject of
interest and discussion in further studies. Fossati et al. used the PROMETHEUS database to validate
the hypothesis that p2PSA, %p2PSA, and PHI might correlate with pathologic cancer features and
be able to discriminate indolent from aggressive phenotypes in a large prospectively collected, multicentre, European, contemporary cohort of patients who underwent RP for clinically localized PCa.131
The authors reported that median pre-operative p2PSA (17.6 vs. 12.4 pg/mL), %p2PSA (2.52 vs. 2.02),
and PHI (64.9 vs. 42.9) were significantly higher in patients with pT3 disease and pathologic GS
≥7, compared with patients without adverse pathologic characteristics (all p<0.0001). Unfortunately,
Fossati and coworkers did not evaluate the tumour volume as a pathologic outcome because these
data were not available for three of the six institutions involved in the study.
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Heidegger et al. found that p2PSA values were highly different (p<0.001) between GS ≥8 and GS ≤7
already 3 years before diagnosis, and that pre-operative p2PSA values were significantly higher in
men with ≥pT3a compared with ≤pT2c PCa up to 4 years before diagnosis (p <0.01).132 [-2]proPSA
was shown to have a high PPV concerning GS ≥8 and GS ≤7, as well as extraprostatic extension.
1.2.3.6
Role of proPSA in selecting patients for focal therapy
Currently, there is a wide debate about the role of new tools for defining candidates for focal therapy.
No overall consensus exists in defining the ideal candidate for primary focal therapy, despite a number
of consensus statements from a number of groups. This reflects different schools of thought with
respect to the role of focal therapy in the current spectra of disease risk.133 In 2007, the International
Task Force on Prostate Cancer and the Focal Lesion Paradigm proposed very conservative clinical
and biopsy criteria for selecting focal therapy patients and the PSA cutoff was <10 ng/mL.132 Other
consensus groups have attempted to introduce greater flexibility in these criteria by essentially
allowing intermediate- and some higher-risk prostate cancers, setting the PSA cutoff higher than
10 ng/mL.134 Unfortunately, no one considered p2PSA and PHI as selection criteria for patient candidates for focal therapy.
Some papers dealt with the role of p2PSA and PHI in patient selection for active surveillance. Makarov
et al. found that the ratio p2PSA/%fPSA in serum was significantly higher at diagnosis in men developing unfavourable biopsies (0.87 ± 0.44) compared with those with favourable biopsies (0.65 ± 0.36;
p=0.02).135 Moreover, p2PSA/%fPSA (HR, 2.53; p=0.02) was significantly associated with unfavourable biopsy in Kaplan-Meier and Cox analyses. Tosoian et al. reported data from 167 men scheduled
in a single-institution AS program.136 Risk for biopsy reclassification was significantly associated with
lower %fPSA (p=0.002), and higher %p2PSA (p<0.0001) and PHI (p<0.0001) at baseline. Finally,
Hirama et al. evaluated the predictive impact of baseline p2PSA and related indices on the pathological reclassification at 1 year in 67 patients enrolled over 134 candidates for AS.137 %p2PSA and PHI
at baseline were significantly different between the reclassification and non-reclassification groups
(2.44 vs. 1.88, p=0.003; 60.3 vs. 47.8, p=0.01; respectively). By multivariate logistic regression analysis,
baseline %p2PSA and PHI (both p=0.008) were the only independent predictive factors for pathological upgrade at 1 year during AS.
New biomarkers could be used in the follow-up after focal therapies. Although PSA outcomes are
accepted as a valid outcome in standard therapies, the clinical utility of PSA kinetics in tissue preservation is yet to be determined. Unfortunately, no PSA or p2PSA and PHI outcome measures have
been validated in focal therapy yet.
Future research priorities for proPSA
1.2.3.7
An ideal biomarker for PCa should be able to hold as much information as possible for the target
disease. It means that an ideal biomarker should be able to discriminate men with or without PCa,
discriminate men with indolent from men with clinically significant PCa, and it should guide the
treatment. Furthermore, a biomarker should assist physicians in defining prognosis and in following
up patients. In other words, a biomarker for PCa should live with the patient throughout his life.
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Lughezzani et al. tested the hypothesis that pre-operative PHI levels could help to predict early
biochemical recurrence (BCR) in men after RP.138 In 313 patients treated by RP for clinically localized prostate cancer at a single institution between 2010 and 2011, the authors found that the 2-year
BCR-free survival rate was 92.5% in the overall population and 96.7% in patients with organ-confined
disease. The most significant PHI cutoff value for discriminating between patients with and without
BCR was 82. In this interim analysis of a study, whose final data are expected within the next year,
the 2-year BCR-free survival rate was 97.7% in patients with a pre-operative PHI level <82 relative
to 69.7% in patients with a PHI level ≥82 (log-rank test p<0.001). In multivariable Cox regression
analyses, PHI level emerged as an independent predictor for BCR in both the pre-operative and postoperative settings, and was more accurate than several established BCR predictors.
Recently, two different papers, by Tilki et al. and Kang et al., addressed the role of ultrasensitive PSA
(uPSA) for early detection of BCR after radical prostatectomy for localized PCa.139,140 In their systematic review, Tilki and coworkers concluded that uPSA might be useful in the early diagnosis of PCa
recurrence after radical prostatectomy. Unfortunately, its specificity was poor, the PPVs were low, and
no ideal cutoff could be established. Furthermore, those authors failed to find evidence that earlier
detection of recurrence translates into clinical utility. On the contrary, Kang and colleagues revealed
that a first post-operative uPSA of 0.03 ng/mL or greater was the optimal threshold to identify recurrence. They performed a multivariate analysis, which confirmed that only a first post-operative ultrasensitive value of 0.03 ng/mL or greater showed the highest risk (HR, 8.5; p<0.0001) and identified
BCR with greater sensitivity than undetectable first conventional PSA (70% vs. 46%). The median
lead-time advantage was 18 months over the conventional definition of PSA 0.2 ng/mL or greater.
Those two papers open a new horizon about the role of biomarkers in the diagnosis and management
of BCR after RP.
The sensitivity for detecting BCR, which remains the main surrogate for disclosing a treatment failure, is directly related to the sensitivity of the PSA assay. The historical detection limit of commercial
first-generation PSA assays ranged from 0.3 to 0.5 ng/mL, but the new generation of uPSA is able to
reach a detection limit of 0.001 ng/mL, which has been shown to detect BCR months to years earlier
when compared with conventional assays. Nevertheless, the uPSA test is not yet incorporated in
clinical practice, as acceptable performance characteristics have not been defined.
One of the main clinical issues to address remains the post-treatment follow-up in men who receive
radical treatment for localized PCa in order to identify either patients in whom the therapy failed
requiring adjuvant/salvage treatments or patients with BCR who are not at risk for clinical progression. Although RP offers a high overall cancer control rate, even in appropriately selected men, up
to a third of men undergoing RP will experience failure manifested by a rising serum PSA without
clinical or radiological evidence of disease.141 The natural clinical course of patients with BCR is
highly variable, as some patients may experience rapid clinical progression to local and systemic
disease, while in others it may pose no threat to their health. Pound et al. found that the 5-year risk
for clinical progression in men with BCR ranged from 27% to 60%; clinical progression-free BCR
might reflect the recurrence of indolent prostate cancer, incorrect pathological evaluation, or a PSA
being produced by benign prostate tissue, which was left behind after RP (benign positive surgical margin).142,143 Prostatic cancer–specific mortality at 15 years was shown to be equivalent in men
with or without BRC.144 As not all men with PSA failure develop clinically evident local or distant
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recurrence, not all patients with clinical progression die of prostate cancer, and some men would
receive radiotherapy unnecessarily. Furthermore, as radiotherapy is associated with well-recognized
toxicity, a quandary emerges regarding the role of traditional and ultrasensitive PSA in determining
the need for secondary adjuvant therapy and identifying clinically significant BCR. There is a need,
or priority, for additional tests to increase the probability of detecting clinically significant recurrent
PCa at an early stage in order to offer an accurate secondary therapy, reduce the side effects of late
treatments, and avoid unnecessary secondary therapy.
As p2PSA is normally expressed in pg/mL, it could be more sensitive and accurate than tPSA and
uPSA for detecting early BCR in patients after RP and might guide adjuvant treatments, avoiding
unnecessary secondary treatments. In a preliminary study published as a congress abstract, Ceriotti
et al. found that by assessing the Limit of Detection (LoD) for p2PSA using sera from patients with
proven recurrent PCa after RP, the analyzer is able to detect reliably p2PSA starting from a concentration of as low as 0.8 pg/mL, and this concentration might be considered the cutoff sufficient to
detect and monitor biochemical recurrence of PCa.370 Recently, also in a published congress abstract,
Lazzeri investigated the hypothesis that p2PSA is more sensitive than total PSA for early detection
of BCR after RP for localized PCa. The study was an observational, ongoing, prospective, cohort
study in a contemporary cohort of 134 consecutive patients with localized PCa (pT2-3/N0), who had
undergone RP.371 After a median follow-up of 22 months, 22 (16.5%) patients showed BCR; 18 of 22
had p2PSA ≥0.8 pg/mL. Five patients showed a contemporary increase of PSA and p2PSA, and 13
developed p2PSA >0.8 pg/mL before BCR. The mean lead-time advantage was 11.5 months over the
conventional definition of PSA BCR.
The goal of recent research has been to improve the laboratory assay sensitivity in order to decrease
the follow-up time necessary to either pronounce a patient free of disease with reasonable certainty or
introduce an adjuvant therapy as early as possible. With the introduction of uPSA, several attempts to
identify earlier those patients who will develop BCR have been made. [-2]proPSA (normally expressed
in pg/mL) might be a valid tool for defining early BCR, and it might be introduced in clinical practice
to identify patients who have BCR, earlier than other current laboratory assays can do. Use of p2PSA
might be a useful tool for either evaluating the potential advantages of early treatment [hormone
therapy (HT) or radiotherapy (RT)] for patients at very high risk for BCR after RP or for ruling out
patients in whom adjuvant therapy would result unnecessary. Finally, a correlation between postoperative p2PSA and specific pathological outcomes (i.e., positive surgical margins [R1] after RP)
might help clinicians in the decision-making process.
1.2.3.8
Conclusion
[-2]proPSA and PHI are simple, non-invasive blood tests which have been shown to be more accurate
than PSA in detecting prostate cancer and reducing unnecessary biopsies in men with tPSA values
from 2–10 ng/mL. Several authors have found that higher PHI values are associated with increased
probability of clinically significant (aggressive) prostate cancer. A correlation with the pathological
and clinical outcome was found by different authors, and preliminary results suggest a role for p2PSA
for follow-up after PCa treatment.
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1.2.3.9
Level of evidence and grade of recommendation
Role of proPSA in estimating cancer aggressiveness
No studies available that specifically use proPSA to estimate cancer aggressiveness in the setting of
focal therapy. Outside of this context, the data summarizes as:
Level of evidence: 3b
Grade of recommendation: D
Role of proPSA in estimating cancer volume
No studies available that specifically use proPSA to estimate cancer volume in the setting of focal
therapy. Outside of this context, the data summarizes as:
Level of evidence: 3b
Grade of recommendation: D
Role of proPSA in selecting patients for focal therapy
No studies available that systematically evaluate proPSA to select patients for focal therapy. Outside
of this context, the data summarizes as:
Level of evidence: 4
Grade of recommendation: D

1.3

Selection for Focal Therapy

1.3.1

The ideal patient characteristics

1.3.1.1
Introduction
In light of the continuous development and refinement of diagnostic and therapeutic approaches for
focal therapy, appropriate patient selection becomes an issue of paramount importance. Currently,
no international consensus exists for defining the ideal candidate for focal therapy despite various
statements published in the literature. Recommendations for patient selection are mainly based on
recently published papers by expert consensus panels. However, these recommendations have not
been validated so far due to lack of oncologic long-term follow-up data of focal therapy studies. It
is therefore important to emphasize that the majority of current recommendations of numerous
national and international expert panels are based on level five evidence [LOE 5]. This chapter will
summarize the current status for patient selection criteria, focussing on life expectancy, risk factors,
comorbidity, and sexual activity.
1.3.1.2
Life expectancy
In May 2013, a consensus meeting by 13 focal therapy experts was held during the 6th International
Symposium on Focal Therapy and Imaging in Prostate and Kidney Cancer.41 The panel discussion
followed multiple rounds of questionnaires based on the Delphi approach that were processed by
48 experts in the field from Europe, United States, and Asia. The primary goal of the panel was
to define an international multidisciplinary consensus on trial design in focal therapy for prostate
cancer. The panel concluded that patients should have a life expectancy of >10 years to be included in
focal therapy trials.
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Four years earlier, in 2009, an expert panel conducted by de la Rosette came to comparable results
that patients eligible for focal therapy should have a life expectancy of 10 or more years.33
Results of another consensus meeting of 15 experts were published by Donaldson et al. in 2015.39
The panel’s conclusion concerning life expectancy differed slightly, saying that age is not a primary
determinant of focal therapy. However, the experts considered that there is uncertainty in patients
younger than 40 years of age and in those older than 80 years of age. Focal therapy would be best
suited in patients with a life expectancy of >10 years, and it should not be offered to patients with life
expectancy of less than 5 years.
1.3.1.3
Comorbidity
Only very few statements on comorbidity in patients eligible for focal therapy can be found in the
literature. Patient selection based on comorbidity was discussed by two expert panels:39,41
In the 2013 consensus meeting by van den Bos et al., no specific statement on exclusion criteria based
on comorbidity can be found. The group concluded that “exclusion of individual patients should be
based on good clinical judgment, being mindful of all comorbidities and performance status (e.g.,
heart disease, concurrent cancers).” Renal insufficiency as well as a history of chronic prostatitis were
not considered to be exclusion criteria.41
The 2014 consensus panel by Donaldson et al. gives more specific recommendations. It is considered
that patients with a WHO performance status of 0 or 1 are suitable candidates for focal treatment,
but patients with a WHO performance status of 3 or 4 should not be offered focal therapy. There is
uncertainty however in patients with a performance status of 2.39
1.3.1.4
Risk factors
Over the last years, there has been a paradigm shift to expand the inclusion criteria for patients for
focal therapy. Due to lack of early oncologic results, focal therapy was considered primarily as an
alternative to active surveillance. Based on growing evidence of satisfying early oncologic results, it
is considered more and more as an alternative to radical prostatectomy.
In 2007, an international multidisciplinary expert group (International Task Force on Prostate Cancer
and the Focal Lesion Paradigm) performed a literature review on the rationale and concerns about
focal therapy and proposed study design parameters.145 The group took a conservative approach to
patient risk criteria and recommended focal therapy exclusively to patients with very low–risk disease
based on cancer criteria as an alternative to active surveillance. According to the 2010 consensus
group by de la Rosette et al., focal therapy should be offered to patients with low-risk disease as an
alternative to active surveillance, but the panelists extended their inclusion criteria to patients with a
non-dominant Gleason score 4 pattern found on template biopsy. Patients with a dominant Gleason
pattern 4 found on standard biopsy were to be excluded. Only patients with clinical stage not higher
than T2a, N0, M0 were considered suitable.33 This is foiled by other experts saying, “any man with
localized prostate cancer suitable for curative therapy should be regarded as suitable for some form
of focal therapeutic intervention.”146 According to the 2014 consensus on focal therapy trial design by
van den Bos et al., patients with clinical stage T2a, PSA of <15 ng/mL, and GS not higher than 3+4=7
were considered eligible in focal therapy studies.41
Diagnosis of Prostate Cancer and Selection for Focal Therapy
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Donaldson et al. put more focus on patient risk classification. A high level of consensus was reached
to include patients with intermediate-risk prostate cancer according to the National Comprehensive
Cancer Network (NCCN) classification.147 A shift from low to intermediate risk was justified by
promising medium-term follow-up results from recent studies.38,148 A low level of consensus was
achieved for low-risk patients. In patients with well-characterized low-risk disease, focal treatment
is considered as overtreatment. These patients are better served with active surveillance.39 In 2011,
the Transatlantic Consensus Group on active surveillance and focal therapy for prostate cancer
proposed different trial designs in the assessment of focal therapy for prostate cancer. Among them
they proposed phase 3 studies of low- to high-risk patients comparing focal therapy with radical
whole-gland treatment with the outcome of freedom from metastasis.149 However, up to now, no such
prospective study has been initiated.
In a recent review by Valerio et al. summarizing 25 studies of focal therapy in the primary setting, a
total of 1,109 (56%) patients were low risk, 704 (36%) were intermediate, and 164 (8%) were high risk.
In 13 series, there were no risk categories available.150
1.3.1.5
Sexual activity
Despite the fact that preserving sexual function is one of the key goals to achieve with focal therapy
in prostate cancer, only few comments on pre-treatment sexual function can be found in the current
literature. Only the 2013 consensus by van den Bos et al. gives the statement that significant erectile
dysfunction and urinary incontinence are not exclusion criteria for focal therapy.41
1.3.1.6
Conclusion
One of the main aspects of focal therapy in prostate cancer is appropriate patient selection. Current
recommendations are mainly adopted from recent papers of expert panel meetings. This chapter
illustrates that current expert panel recommendations are heterogeneous in several aspects. Only
future studies with long-term follow-up will have the potential to clarify ideal patient characteristics
and to help separate patients suitable for active surveillance from those that are best served with focal
therapy or even radical treatment.
1.3.1.7
Level of evidence and grade of recommendation
The ideal patient characteristics
Life expectancy: No studies available that systematically evaluate life expectancy in the selection of
patients for focal therapy.
Level of evidence: 4
Grade of recommendation: C
Comorbidities: No studies available that systematically evaluate comorbidities in the selection of
patients for focal therapy.
Level of evidence: 4
Grade of recommendation: C
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Risk factors: No studies available that systematically evaluate risk factors in the selection of patients
for focal therapy.
Level of evidence: 4
Grade of recommendation: C
Sexual activity: No studies available that systematically evaluate sexual activity in the selection of
patients for focal therapy.
Level of evidence: 4
Grade of recommendation: C

1.3.2

The ideal cancer characteristics

1.3.2.1
Abstract
A comprehensive literature review was performed to establish selection criteria for focal therapy as
a treatment alternative for localized prostate cancer. Recent data have demonstrated a significant
pathologic stage migration toward early-stage disease. The cancer volume of the clinically significant tumour (index lesion) has been proposed as a driving force of PCa progression, and therefore
should be identified and treated at an early stage, whereas most of secondary lesions appear to be
non-clinically significant to the patient. Clinical stage, baseline PSA, pre-operative extensive transperineal three-dimensional (3D)–template-guided mapping biopsies (TMBs), along with multi-parametric MRI (mpMRI), with precise mapping of the spatial distribution of PCa within the prostate
remain important selection criteria for FT. Current understanding of the tumour biology of earlystage disease has led to the pre-operative identification of unifocal lesions. However, the detection
of unilateral lesions seems to be a more feasible option with subsequent hemiablative treatment of
the prostate.
1.3.2.2
Introduction
Current screening strategies have led to earlier diagnosis of PCa at lower clinical stages, lower grades,
and smaller volumes—ultimately, to less-aggressive PCa.151 As a result, men with localized PCa and
physicians who advise them face a difficult therapeutic dilemma: surveillance versus radical wholegland therapy—namely, the anxiety associated with delayed treatment, and consequent overtreatment of clinically insignificant tumours in combination with the significant morbidity of established
therapies, respectively.152 The advent of novel FT modalities may shed light on the dilemma and could
fill the gap between these two poles, by providing new treatment alternatives for those patients. A
wide variety of ablative methods have been introduced and applied in recent years as FT modalities
with which cancer foci can be eradicated within the prostate gland, thus greatly reducing the associated side effects of radical treatment. Although FT is not yet the standard for organ-confined PCa, its
therapeutic potential is highly promising.153 To date, the consensus definition states that FT is ‘‘any
approach able to preserve part of the prostatic tissue, whether by targeted ablation, hemiablation, and
zonal ‘hockey stick’ ablation.’’41,150 The ultimate goal of FT is to achieve “trifecta” outcomes: cancer
control, fewer complications, and preservation of genitourinary function, along with maintenance of
quality of life (QOL). Across the international literature, it has been suggested that FT may achieve
this ambitious goal in selected patients. However, the complex challenge of patient selection remains.
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1.3.2.3
Selection for focal therapy
The largest challenge of implementing FT in clinical practice remains candidate selection. In selecting candidates for focal ablative therapy, the urologist must primarily consider the goal of therapy.
Based on this, appropriate methods for risk stratification and disease mapping should be used. The
method of treatment is then selected, based on the mapping strategy.154 Such strategy relies heavily
on the ability to identify disease location with great accuracy. The better the mapping ability, the
more focal the therapy can be. Theoretically, precise destruction of a lesion would necessitate image
guidance or accurate disease localization by mapping template biopsy. In this context, in order to
improve the diagnostic localization of cancer foci and FT ablation templates, extensive transperineal
3D-TMBs were proposed as a solution to the undersampling of standard transrectal ultrasound of the
prostate (TRUS)-guided biopsies and the consequent possibility of undertreatment.155,156 This biopsy
method allows for systematic sampling of the entire gland by applying the same transperineal grid
used for brachytherapy seed placement, and has led experts to define 3D-TMB as the gold standard
for patient selection for FT.157,158 In addition, during the last decade, mpMRI has been extensively
developed—and revolutionized PCa detection. In fact, it has allowed not only detection but also
characterization of PCa. The addition of diffusion-weighted images and dynamic contrast-enhanced
(DCE) images to standard anatomical T2 images permits functional assessment of the prostatic
tissue. Thus, fusion of mpMRI images with real-time TRUS ones (MRI/TRUS fusion guided) has
led to targeted biopsies with higher accuracy in identifying and quantifying intracapsular clinically
significant tumour foci.159
In this context, destruction of the dominant tumour foci may be adequate to alter the clinical course
of PCa; the smaller, low-volume, low-grade satellite tumours that go undetected (organ-confined
cancer <0.5 mL, no Gleason grade 4 or 5 component) should have no impact on the clinical course
of the PCa that remains.37,160,161 The conceptual paradigm of FT directed to the index lesion or dominant focus is potentially further validated by observations that among men with metastatic PCa, all
metastatic sites are typically derived from one genotypic clonal cell population.162,163 This observation
is highly suggestive of the potential efficacy of FT broadly directed to the correct dominant tumour
focus. Therefore, it is essential that such an approach relies on the identification of the dominant
focus through biopsy and imaging.
There has been an evolution of the concept of FT that strictly correlates with the improvement of
cancer detection and characterization. In the beginning of the 1990s, FT was associated with wholegland treatment of localized PCa. In the 2000s, FT is aimed at treating unilateral disease with hemiablation and/or targeted ablation techniques, focusing on ablating just the index lesion(s), namely
the largest and most undifferentiated cancer foci. This reflects the constant evolving nature of FT
and how it can impact patient selection.164 However, to date, overall consensus for defining the ideal
candidate for primary FT constitutes a difficult task, despite several consensus statements. Indeed,
during the first consensus conference on FT, experts recognized the constantly evolving nature of FT
and how it can impact patient selection. Across this chapter, we aim to describe the ideal candidate
for FT by presenting the evolution of the concept of FT and its impact on patient selection criteria.
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1.3.2.4
Ideal cancer grade
In 2007, the International Task Force on Prostate Cancer and the Focal Lesion Paradigm first
proposed very conservative criteria for selecting patients, essentially deeming FT an alternative to
active surveillance in very low–risk disease.145 These criteria were PSA level <10 ng/mL, the absence
of Gleason grade 4 and 5, the use of extended biopsy schemes, and very restricted biopsy criteria,
including maximum length of cancer in each core of 7 mm and maximum percentage of total cores
with cancer of 33% (Table 1-2).
TABLE 1-2 International Task Force on Prostate Cancer and the Focal Lesion Paradigm:
Proposed clinical, biopsy, and imaging criteria for focal therapy patient
selection.145
Reference
Clinical

Biopsy

Imaging

Clinical stage T1 or T2A

Zelefsky et al.363

PSA <10 ng/mL

D’Amico et al.11

PSA density <0.15 ng/mL/mL

Goto et al.180

PSA velocity <2 ng/mL yearly in the year prior to diagnosis

D’Amico et al.11

Minimum of 12 cores

Graefen et al.364

No Gleason score 4 or 5

Zelefsky et al.363

Maximum percentage of cancer in each core (e.g., 20%)

Tsuzuki et al.365

Maximum length of cancer in each core (e.g., 7 mm)

Naya et al.366

Maximum percentage of total cores with cancer (e.g., 33%)

Kestin et al.367

Single lesion with a maximum size (e.g., 12 mm)
Maximum length of capsular contact (e.g., 10 mm)
No evidence of extraprostatic extension or seminal vesicle invasion

PSA, prostate-specific antigen.

In 2009, a second consensus meeting was held with the objective of eradicating all measurable disease
and reducing treatment-related side effects.33 The second panel considered the presence of Gleason
pattern 4 disease as non-exclusionary, based upon the observation that many men with low-risk
features on biopsy are found to have non-dominant Gleason 4 disease at radical prostatectomy, with
very little impact on the clinical course. In addition, the panel agreed to using a template-guided
approach as the standard to qualify a patient for FT. Also, overall agreement was reached on the
use of (MRI/TRUS fusion-guided) techniques for tumour localization whenever possible at expert
centres (Table 1-3).
In recent years, other consecutive consensus groups have attempted to introduce greater flexibility in
these criteria by essentially allowing intermediate-risk and some higher-risk PCa, effectively deeming
FT an alternative strategy for those men who would normally be advised to have radical therapy.42,149
Diagnosis of Prostate Cancer and Selection for Focal Therapy

31

The shift in the indication of FT regarding risk strata over time, from low-risk patients to now treating intermediate- and even high-risk patients, is likely due in part to the growing confidence gained
through the years in the technique and the promising medium-term follow-up results.39
TABLE 1-3 International Workshop on Focal Therapy and Imaging in Prostate & Kidney
Cancer Consensus Panel.33
1. Candidates for focal therapy should ideally undergo transperineal template mapping biopsies, although a state-of-the-art
multifunctional MRI with TRUS biopsy at expert centres may be acceptable.
2. Candidates for focal therapy should have a life expectancy of 10 or more years.
3. Patients with previous prostate surgery should be counselled with caution.
4. Patients with previous radiotherapy to the prostate or pelvis should not be treated until more data are available, although the
panel accepts that focal salvage therapy may be a possibility in the future.
5. The effects of focal therapy on men with lower urinary tract symptoms are not well known. These men should be counselled
with caution.
6. There will be specific attributes that are more related to the energy source than to focal therapy in general. Issues such as
prostate size, presence of prostatic calcification, cysts, TUR cavity, access to rectum, and concurrent inflammation of rectal
mucosa may need to be taken into consideration when selecting the optimal therapy.
7. Focal therapy should be limited to patients of low to moderate risk.
8. Focal therapy should be limited to men with clinical T2a or less N0M0 disease.
9. Focal therapy should be limited to men with radiologic ≤T2b N0M0 disease.
10. Defining the topography of the cancer is important. Disease that is predominantly apical or anterior in deposition may be
technically difficult to manage with existing treatment modalities.
11. The long-term effects of focal therapy on potency/erectile functions are not known. Men should be counselled in this regard
before therapy.
Abbreviations: MRI, magnetic resonance imaging; TRUS, transrectal ultrasound of the prostate; TUR, transurethral resection.

The concept of the index lesion and its impact on the prognosis of PCa have thus led to the development of a novel approach in selecting the candidates. If once FT was proposed for mainly patients
with low-risk disease, current consensus meetings are expanding inclusion criteria to intermediaterisk patients.33 Ongoing trials are also expanding criteria to include patients with a PSA value of up
to 15 ng/mL, Gleason score of up to 4+3, and clinical stage of up to T2, and targeting unifocal as well
as multifocal disease.38
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1.3.2.5
Ideal cancer volume
Regarding the ideal prostate cancer volume to be treated and acknowledging that some energy
sources have limitations in their ability to treat some anatomic regions—e.g., high-intensity focused
ultrasound (HIFU) is limited to treating anterior lesions in small prostates only165—while others do
not, it was agreed that prostate cancer volume should not be a primary determinant of eligibility for
focal therapy.
However, the ideal cancer volume to be treated poses a more complex scenario. Historically, the
threshold for clinically significant disease, capable of metastatic progression, has been set at 0.5 mL,
with some Gleason grade component ≤4.166 It has been shown that in >80% of patients with an index
lesion of cancer, the aggregate volume of secondary tumours is <0.5 mL. As most metastatic cancers
originate from a single clonal cancer cell, it would be reasonable and effective to identify and target
this potentially lethal lesion with FT.167 Thus, selective treatment of clinically significant disease, with
acceptance of residual, insignificant disease may serve as a meaningful treatment paradigm.167
Recent consensus meetings did not agree on a maximum tumour volume beyond which FT is
deemed not suitable. However, they highlighted other factors that need to be considered, including
the size of the prostate, the grade of the lesion, and the boundaries and morphologic characteristics
of the lesion.39
1.3.2.6
Multifocality
The concept of multifocality has generally been regarded as a major limitation in the rationale for
FT in PCa. Several areas of evidence suggest that multifocality is not necessarily a limiting factor
for tissue preservation. In fact, there has been increasing debate and gradual acceptance that not all
tumours in the prostate behave similarly.168 There is strong evidence that the vast majority of metastases find their origin in the same prostate cancer cell clone, derived from the same lesion, called
the index lesion.34,37 Histopathological features of the index lesion predict the clinical behaviour of
the entire gland despite multiple synchronous tumours in >90% of patients. While PCa is typically
multifocal with clonal heterogeneity of prostate cancer within the gland, not all tumours within a
single gland have the potential for lethality.34,37
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The index-lesion concept proposes that it is only the dominant lesion which drives the natural history
of the disease.160,161 In this context, only some lesions are clinically significant and may have an impact
on the patient’s health, whereas others are clinically insignificant. Thus, men who have only clinically
insignificant disease have little to no chance of disease progression within their lifetime, and some
have proposed they would have no certain benefit to being treated with active therapies.168,169
Current trials have differed in the approach to ablative strategies. Most investigators aim to treat all
known areas of cancer in a hemiablative fashion for unilateral-confirmed disease, while others have
deliberately allowed for ablation of the index lesion alone even when multifocal disease is found.150
The most recent consensus panel agreed that it was acceptable not to treat lesions of Gleason grade
3+3 up to a maximum cancer core length of 5 mm. In addition, the panel agreed that it is not acceptable to leave untreated lesions with Gleason grade 3+4 with a maximum cancer core length of 5 mm
or any 4+3 disease of any length. However, the panel did not reach consensus on whether lesions with
Gleason grade 3+4 with a maximum cancer core length of 3 mm could be left untreated.39
1.3.2.7
Unilateral/bilateral disease
Patients with unifocal, unilateral, or low-volume PCa are most suitable for FT; however, a great challenge persists in identifying patients with multifocal, clinically significant cancer foci who require
aggressive whole-gland therapy from those with clinically insignificant focal cancers who may benefit from organ-sparing treatment. In this context, during the last consensus meetings, no agreement
was reached about whether FT should be targeted to all lesions, but the panel agreed that multifocal
cancer should not preclude FT.39 Ultimately, the limiting factor for FT should be the clinical risk
stratification, not the laterality of the cancer.170
Currently, most ongoing trials aim to treat all known areas of cancer, although a few aim to treat the
index or clinically significant lesions, with surveillance of untreated insignificant lesions.150
1.3.2.8
Future research
Focal therapy is gaining interest as a potential treatment for localized PCa. In this rapidly evolving
field, there is a need for robust trial designs to evaluate tissue-preserving strategies, so that clinically
meaningful outcomes can be presented to physicians and their patients. It is essential to inform,
counsel, and present the available data to patients on FT efficacy, its potential benefits and risks, as
well as the chance of salvage strategies in case of treatment failure, highlighting the experimental
nature of the technique. Ultimately, the patient’s preference should have a decisive role in treatment
choice.
However, successful adoption of FT relies on optimal patient selection. In this context, further
research on imaging and pre-treatment prognostic indicators is necessary, stressing the need for an
interdisciplinary scientific collaboration. Advances in imaging technology will allow for the precise
and accurate identification, targeting, and eradication of PCa foci.
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In addition, incorporation of molecular biology in the selection of PCa patients might be a step
forward on the FT path. Development of molecular markers for aggressiveness of individual PCa
foci will predict with better accuracy the disease’s natural history.171,172 Proteomic studies are now
underway and are expected to identify new prognostic markers.173,174
1.3.2.9
Conclusions
Ongoing and future research on FT should be standardized and be part of clinical trials. Only wellconstructed clinical trials with long-term follow-up comparing different management strategies for
localized PCa will be able to provide all the necessary data to define the position of FT within the
urological armamentarium.
1.3.2.10
Level of evidence and grade of recommendation
The ideal cancer characteristics
Ideal cancer grade: No studies available that systematically evaluate cancer grade in the selection of
patients for focal therapy.
Level of evidence: 4
Grade of recommendation: C
Ideal cancer volume: No studies available that systematically evaluate cancer volume in the selection
of patients for focal therapy.
Level of evidence: 4
Grade of recommendation: C
Multifocality: No studies available that systematically evaluate multifocality in the selection of
patients for focal therapy.
Level of evidence: 4
Grade of recommendation: C
Unilateral/bilateral disease: No studies available that systematically evaluate unilateral/bilateral
disease in the selection of patients for focal therapy.
Level of evidence: 4
Grade of recommendation: C
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1.3.3

Defining the index lesion

1.3.3.1
Introduction
Prostate cancer is one of the major health care problems affecting men. With an estimated incidence
of more than 2 million new cases likely to be diagnosed in United States every year, PCa is the most
common solid-organ cancer affecting men, and one of the leading causes for cancer-related mortality.175 The routine use of PSA screening for PCa is often debated, and several countries have adopted
various screening strategies. Both formal and informal screening have resulted in a marked increase
in PCa detection.176 Long-term studies have demonstrated a significant downward stage migration
associated with this sharp increase in PCa diagnosis.177,178 The long, indolent natural history makes
PCa treatment often perplexing. A proportion of newly diagnosed PCa patients harbour “insignificant disease”, and are more likely to live with the cancer without any significant disease progression and health risks. They can be managed with “active surveillance”, and any radical treatment is
likely to be an “overtreatment”.179–182 However, inaccurate risk stratification into active surveillance
can increase risk for potentially missing the window of opportunity for active treatment and cure.
At the other end of spectrum, there is a group of patients who will definitely benefit from radical
treatment—surgery or radiotherapy. The downside of radical treatment is the associated complications, which are noted even in experienced centres worldwide.183–186 The transition point between the
aforementioned two groups is ill defined, and this is further complicated by the inaccurate prostate
imaging and biopsy systems.
Focal therapy is an alternative treatment option that is based on complete ablation of tumour within
the prostate, with preservation of normal parenchyma and better preservation of genitourinary functions.33,187–189 The improved functional outcomes following focal therapy, irrespective of the energy
employed, is evident from the published literature. In the wide PCa disease spectrum, the role of
focal therapy continues to evolve. In spite of PCa being predominantly a multicentric disease, it is
postulated that a specific dominant (large volume) index lesion dictates the biological behaviour of
the cancer and subsequent lethality of the disease.37 The core principle of focal therapy is to accurately
define, identify, and focally ablate the index lesion. In this review, we will focus on recent advances in
the understanding of the index lesion for prostate cancer, and on the identification methods, controversies, and future direction for research.
1.3.3.2
Methods
An extensive review of the scientific literature concerning Index lesion for prostate cancer was
performed. Articles were included that met the criteria set by the International Consultation on
Urological Diseases (ICUD), and were classified by level of evidence using the Oxford Centre for
Evidence-Based Medicine criteria adapted from the work of the Agency for Health Care Policy and
Research as modified for use in previous ICUD projects.
1.3.3.3
Rationale
Multifocality is not a novel phenomenon in solid-organ cancers. Though traditionally multifocal
cancers have warranted radical treatment of the affected organ, a better understanding of the cancer
biology can permit the focal treatment of only the lethal component, hence preserving the remaining
normal tissues and preventing inadvertent injury to the surrounding vital structures. Villers et al.
from Stanford University evaluated 3 mm–cut sections of 234 radical prostatectomy specimens and
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demonstrated the presence of multifocality in PCa with a dominant lesion and additional secondary
tumours with normal intervening tissue, hence dismissing the earlier belief of the diffuse nature of
prostate cancer.190 In PCa, the cancer volume and Gleason score had been shown to be significant
prognostic factors for cancer-specific survival. D’Amico et al. had demonstrated that the percentage
of cancer in the biopsy cores was a significant predictor for biochemical recurrence and prostate
cancer–specific mortality in patients undergoing radical prostatectomy/radiotherapy.37,191,192 In a
retrospective review of 535 patients who had undergone radical prostatectomy from the Shared Equal
Access Regional Cancer Hospital database, Freedland et al. demonstrated that the percentage of positive cores and Gleason score from the dominant side of the prostate cancer were better independent
predictors and risk stratification tools for PSA recurrence.193 Cancer volume as an important prognostic indicator is also evident from its incorporation into several predictive nomograms. Similarly,
several landmark articles and predictive tools had demonstrated the powerful prognostic importance
of primary Gleason score at diagnosis. Tollefson et al. demonstrated in 1,688 patients followed up to
10 years that presence of primary Gleason 4 disease adversely affected the biochemical disease–free
survival, cancer-specific survival, and systematic recurrence.194 The Physicians’ Health Study and
Health Professionals Follow-Up Study reported a 3-fold increase in PCa mortality in patients with
primary Gleason 4 cancer compared with Gleason 3 disease. To this date, the Gleason grade remains
the single most significant factor in predicting PCa outcomes.195
The concept of index lesion is firmly based on the postulate that in a background of multiple cancers
within the prostate, the largest lesion is most likely to harbour the lethal clone with the highest
Gleason grade and also influences the lethality and metastatic potential of the disease. The congruous
location of the large volume and highest Gleason grade had been demonstrated by several authors.
Karavitakis et al. examined 100 consecutive radical prostatectomy specimens and identified 270
cancerous lesions. Of 170 satellite, secondary lesions identified, 87% were low volume (<0.5 cc) and
99.4% were lower grade (Gleason score 6 or less). Even in specimens with more than 2 cancer foci
(25%), none were associated with aggressive disease.161 Arora et al. studied 115 radical prostatectomy
specimens between 2000 and 2001 and demonstrated that in a multifocal prostate cancer, the highest
grade of Gleason cancer was located within the index lesion in 97% of specimens.196 Similarly, Wise
et al. analyzed 3 mm–cut sections of 486 RP specimens from 1992 to 1996 and found unifocal lesions
in 17% of the specimens. Among the multifocal lesions, a mean of 2.9 secondary lesions was found
with a mean volume of 0.63 cc. The progression-free survival was closely associated with index lesion
volume, and the secondary lesion characteristics did not influence the outcome.197 Another interesting observation by Ohori et al. is that in 1,832 RP specimens examined, 92% of the extracapsular
extension arose from the index lesion.369 Moreover, the incidence of unifocal disease reported in the
literature is 13–67% and unilateral cancer is 13–63%.
The multifocal tumours within the prostate can be monoclonal or polyclonal. The monoclonal
hypothesis states that the transforming event leading to neoplasia originates in one particular cell
and spreads by intraprostatic metastasis, while polyclonality arises from a field effect to a common
inciting stimulus with several cells undergoing different transforming pathways. Most of the genetic
analyses of multicentric prostate cancer suggest a varying pattern of allelic losses on chromosomes,
indicating clonal diversity. But monoclonality cannot be ruled out completely, as clonal divergence
can result after intraprostatic spread.198–200 However, in the Project to Eliminate Lethal Prostate Cancer
(PELICAN study), Liu et al. analyzed 94 metastatic deposits from 30 men who had died from prostate
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cancer. Copy number analysis and high-resolution genome-wide single-nucleotide polymorphism
were used to demonstrate that metastatic deposits had a monoclonal origin. However, the authors did
not trace the anatomic location of the lethal clone within the prostate.34 These results are in conjunction with the single-locus genetic study evaluating the role of TMPRSS2-ETS in advanced PCa.201 In
spite of tumour heterogeneity in primary cancers, the metastatic clones arose from a single source.
The proof that we currently have represents scrambled pieces of evidence supporting the concept of
index lesion, and future research will eventually help to connect the dots. In the present era, researchers strongly doubt “If Gleason 6 cancers are real cancers?”,202 and it is possible that the present-day
index lesion of multifocal disease may be the sole, unifocal cancerous lesion of the future.
1.3.3.4
Definition
Index lesion in the background multifocal prostate cancer represents the dominant lesion that will
influence the biological behaviour of the disease, which dictates the clinical course and eventual
lethality of the cancer. The present evidence suggests that the largest-volume lesion with a multifocal
disease is likely to harbour the highest Gleason cancer, both of which are strong prognostic factors
in prostate cancer outcome. It is plausible that the most lethal clone that defines the disease progression may inhabit within or in the vicinity of these large-volume lesions but currently we do not have
direct evidence.
1.3.3.5
Identification
One of the most challenging points in the history of prostate cancer diagnosis is the accurate identification and characterization of the disease. Over the past decade, tremendous improvement in
prostate imaging and guided-biopsy techniques have improved the efficiency of cancer detection.
Precise identification of the index lesion involves two crucial processes—imaging and biopsy. These
are mutually exclusive, but often complementary processes that can be detrimental in the localization of the index lesion and eventual success of focal therapy.
1.3.3.5.1 Imaging
Multi-parametric magnetic resonance imaging (mpMRI) technology has made significant progress in
the past decade and has effectively shifted from being a staging tool to being the most efficient imaging modality for prostate cancer. The high soft-tissue contrast, high resolution, and ability to incorporate functional imaging have enabled mpMRI to overcome several limitations in prostate cancer
imaging. Currently, standard mpMRI includes T2-weighted images with diffusion- and perfusionweighted sequences. Multi-parametric MRI has been demonstrated to detect high-grade and large
cancers with high degree of accuracy than other available imaging techniques. Better understanding
of MRI principles has resulted in better use of functional sequences to differentiate between low- and
intermediate-risk disease. Futterer et al. performed a systematic review of the published literature to
evaluate the clinical efficiency of mpMRI in identifying clinically significant cancers. The authors
identified 12 mpMRI studies and demonstrated an accuracy, sensitivity, and specificity of 44–87%,
58–96%, and 23–87%, respectively, for detecting clinically significant cancers. The diagnosis was
confirmed with various biopsy techniques, and heterogeneous definitions were used for defining
clinical significance. The most interesting outcome of this analysis was the negative predictive value
of the mpMRI, which ranged from between 63% and 98%.203 Turkbey et al. evaluated 135 patients
with PCa with mpMRI and subsequent RP and demonstrated excellent correlation between MRI
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index tumour volumes and final histopathology.204 Recently, Tan et al. examined 122 PCa patients
who underwent mpMRI compared with whole-mount histopathology from RP specimens. Of 285
cancer foci, MRI detected 46.7% and missed 53.3% of the lesions, but with a higher sensitivity for
detecting foci more than 1 cm (81.1% vs. 18.9%), GS of 7 or greater (72.7% vs. 27.3%), and index lesions
(80.3% vs. 20.8%).205 One of the limitations of MRI is the possibility of missing high-grade cancers,
which varies from 5% to 20% in several centres. Improvement in MRI overall quality, reporting, and
experience appears to improve cancer detection by radiologists. Several other promising ultrasoundbased imaging adjuncts such as histoscanning, elastography, and contrast-enhanced ultrasound can
complement MRI in equivocal cases.206
1.3.3.5.2 Biopsy
Conventional, 12-core, bi-sextant biopsy has the inherent limitation of being random, non-targeted,
and dependent on chance to hit or miss the index lesion. Hence, we often face the dual challenge of
false-negative biopsies and mischaracterization of cancer at biopsy. This results in inappropriate risk
stratification, cancer progression during active surveillance, and the finding of insignificant cancer
with radical prostatectomy. The success of focal therapy requires precise cancer information from the
index lesion as well as reliable biopsy negativity to rule out significant cancers in multiple locations.
Several advanced biopsy strategies are often employed to ensure accurate cancer localization.
Template-guided transperineal biopsies
For careful selection of men for focal therapy, transperineal template-guided mapping biopsy (TTMB)
offers superior information on the index lesion and can be considered as a gold-standard biopsy technique.158 The accuracy of TTMB for ruling in or ruling out cancers of ≥0.2 mL or ≥0.5 mL, respectively, is as high as 90–95%.207 It provides three-dimensional orientation and location of the index
lesion, which may be of significant importance for targeted focal therapy. Moreover, TTMB-detected
cancers can be classified as significant or insignificant with an accuracy of 95%. Other advantages
offered by TTMB are better sampling of the prostate, including the anterior zones with cores oriented
along the cranio-caudal direction of the prostate, and reduced infectious complications. The limitations of routine use of TTMB are the need for regional anesthesia, large number of biopsy cores
needed to be evaluated per patient, and the increased cost involved. With the routine use of mpMRI,
the number of cores can be safely reduced to perform targeted biopsies.158 Kasivisvanathan et al.
performed combined transperineal template-guided mapping and MRI suspicious lesions–targeted
biopsies in 182 men and demonstrated that detection of clinically significant cancers with transperineal MRI-targeted biopsies was similar to TTMB, with significant reduction in the detection of
insignificant cancers.208 In the present era of mpMRI, transperineal MRI-guided biopsies may offer
cancer detection rates close to TTMB.156
Image guided–targeted biopsies
Improved imaging characteristics and cancer detection of mpMRI can guide targeted prostate biopsies. Three types of MRI-targeted biopsies exist in clinical practice—cognitive, software fusion, and
in-bore techniques. Targeting can be performed through the transperineal or transrectal route.
Magnetic resonance imaging–targeted biopsies are promising biopsy strategies that can provide accurate cancer characterization compared with conventional TRUS-guided biopsies. A systematic review
of comparison of MRI-ultrasound (MRI-US) software fusion biopsies with standard TRUS biopsies
was performed by Schoots et al. and Valerio et al. The authors demonstrated that the overall cancer
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detection rates of targeted and TRUS biopsies were similar. However, MRI-targeted biopsies detected
more clinically significant cancer with fewer biopsy cores.209,210 As mentioned in the previous section,
currently we do not have evidence to suggest that transperineal targeting is superior to transrectaltargeted biopsies.
Other ultrasound-based imaging technologies have been shown to provide target for guided biopsies—elastography, histoscanning, and contrast-enhanced ultrasound.206 The promising results of
these novel strategies are in various stages of research, and the exact clinical application will be clear
in the future.
1.3.3.6
Controversies
The concept of index lesion has several unanswered questions that can be interpreted as either controversies or missing links in our current understanding.
Several authors have demonstrated the clonal origin of metastatic deposits from non-index lesions.
Gburek et al. evaluated 12 PCa patients with lymph-node metastasis and showed that the chromosomal abnormalities with the metastatic deposits correspond to only 42% of the index cancers. The
fact that chromosomal abnormalities matched the non-index cases is of particular concern.211,212
Haffner et al. elegantly reconstructed the evolutionary pathway of metastatic deposit in a single
patient several years after RP. The clone responsible for the metastases had chromosomal alterations in speckle-type POZ protein (SPOP), phosphatase and tensin homologue (PTEN), and tumour
protein 53 (TP53). Interestingly, the clonal source localized to a single, small (2.2 mm × 1.3 mm)
lesion composed solely of Gleason pattern 3 tumour glands within a large volume of high-grade
disease.213 Whether these anecdotal findings represent a rarer phenomenon or a common event needs
to be verified.
The natural history of non-index lesions after successful ablation of index cancer is largely unknown,
especially in a younger patient who will have a significant life span after therapy.36 The multifocality
hypothesis suggests a field change in the whole prostatic parenchyma, with certain clonal alterations
being lethal. Though focal ablation effectively ablates the index lesion, the remaining parenchyma is
being continuously exposed to the original inciting stimulus (androgen). The frequency of de novo
high-grade cancer in the residual parenchyma or disease progression in secondary foci cannot be
currently predicted.
1.3.3.7
Future research
Focal therapy is a promising treatment alternative that is based on the principle of index lesion,
and future research in this field should aim at strengthening this concept. Field change and clonal
diversity can be over a wide spectrum. The particular inciting stimulus that can cause lethal clone
transformation at one foci might produce similar effects of varying degrees in multiple foci. Index
lesions may represent the visible large tumour, and there may be many foci of microscopic lethal
clone transformations. Researchers should actively look for genetic markers that can indicate the
presence of multifocal lethal clones. These markers may eventually be a tool for stratifying the degree
of field change within the prostate, and integrating such genetic markers may eventually improve the
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patient selection for focal therapy. Moreover, larger studies should confirm the localization of the
lethal clone within the index lesion. Uniform protocol and reporting of follow-up for focal therapy
will eventually describe the fate of non-index lesions within the residual prostate.
1.3.3.8
Level of evidence and grade of recommendation
The topic of the index lesion is of importance for focal therapy of prostate cancer, but is of strategic
or theoretical importance only. Therefore, no level of evidence is applicable and no recommendation
can be given.
Level of evidence: Not Applicable
Grade of recommendation: Not Applicable

1.4

Alternatives to Focal Therapy

1.4.1

Active surveillance

1.4.1.1
Abstract
1.4.1.1.1
Objective
We present a summary of the Societé Internationale D’Urologie (SIU)–ICUD (SIU-ICUD) Joint
Consultation on active surveillance recommendations in prostate cancer.
1.4.1.1.2
Materials and Methods
We performed a systematic review of the literature in July 2015 according to Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. Primary endpoint was oncologic outcome (treatment-free survival, and disease-specific and all-cause mortality). Only 18 articles
met the selection criteria, representing nine prospective or large retrospective cohort studies. For
secondary endpoints, a comprehensive review was performed.
1.4.1.1.3
Results
Low-risk PCa patients who are amenable to AS usually are at least identified on clinical stage (T1-T2),
Gleason score 6 on biopsy, and PSA level <10 ng/mL. Expanding active surveillance to intermediaterisk patients might be proposed in men with comorbidity and/or a short life expectancy. Magnetic
resonance imaging–targeted biopsies reduce the risk for initial reclassification. Monitoring depends
on regular clinical examination and PSA tests, and on control biopsies at variable intervals. Early
confirmatory biopsy is optional. Progression to Gleason score 7 cancer on re-biopsy was the most
widely used criterion for active treatment. The use of PSA kinetics and tumour volume increases, as
triggers for active intervention are debatable. The active treatment rate ranged from 12% to 42.5%.
The probability of a patient remaining on AS at 5 years ranged from 59% to 67%. No prostate cancer
death was reported at 5-year follow-up. The 10-year overall survival rate varied from 80% to 98%
among series. The main limitations were the absence of long-term follow-up and the lack of RCTs
comparing AS with immediate active treatment.
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1.4.1.1.4
Conclusion
Active surveillance with definitive treatment in the case of progression is safe and demonstrates
favourable oncologic outcomes in low-risk prostate cancer patients. Randomized controlled trials are
awaited to definitively provide the highest level of evidence. A standardized evidence-based protocol
for patient selection and monitoring cannot be strictly recommended due to strong discrepancies
between series. Future patient selection should be based on a multivariable approach for risk stratification incorporating not only widely used clinical and biopsy features, but also MRI findings and
potential prognostic biomarkers.
1.4.1.2
Introduction
Management of low-risk PCa patients has thoroughly evolved over the last decades. Prostate cancer
screening harms in terms of overdiagnosis and overtreatment, which have modified the PCa treatment
paradigm. Randomized controlled trials of observation versus radical treatment have demonstrated
that immediate active treatment could be a safe management option in low-risk PCa patients.214,215
Active surveillance entails a strategy by which selected men are managed expectantly with the intention to apply potentially curative treatment in the case of signs of progression. This active management implies a close monitoring of patients during follow-up, and thereby is quite different from
pure observation or watchful waiting. To date, AS is widely used for and integrated into various
international guidelines.216,217 Population-based studies have confirmed an increase in noncurative
initial management in patients with low-risk PCa.218 However, although some randomized trials are
ongoing, no results from any controlled study are yet available to compare immediate treatment with
active surveillance.219,220
1.4.1.3
Materials and Methods
We performed a systematic review of the literature up to July 2015 using the PubMed, Web of
Science, and Embase databases according to the PRISMA guidelines. The search results were
restricted to the English language with a 10-year limit. Keywords used were “active surveillance”,
“watchful waiting”, “conservative management”, “expectant management”, “observation”, and “prostate cancer”. Additional references were identified from the reference list of each article. The study
selection process is shown in the PRISMA diagram (Figure 1-1).
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FIGURE 1-1
Preferred Reporting Items
for Systematic Reviews
and Meta-Analyses
(PRISMA) Flowchart for
Primary Endpoint (oncologic
outcomes).

Records identified through
databases
(n=1,992)

Additional records identified
through other sources
(n=12)

2,004 records after
duplicates removed
1,179 records excluded
after title screening
714 records excluded
after abstract screening
111 full-text articles
for eligibility

18 studies for synthesis

Primary endpoints were oncologic outcomes, defined as treatment-free survival, disease-specific
mortality, and all-cause mortality. For such endpoints, systematic reviews, meta-analysis of RCTs,
RCTs, and prospective non-randomized cohort studies were selected. The initial search resulted in
2,004 citations after removal of duplicates. After initial title screening, 825 references remained. After
removal for not meeting inclusion criteria, full-text screening for the remaining 111 references was
performed. Only 18 articles met the selection criteria, representing nine prospective or large retrospective cohort studies. For secondary endpoints, we performed a comprehensive review including
preferentially recent articles and systematic reviews.
The evidence available was analyzed using the SIU-corrected Oxford method of assigning the levels
of evidence, and summary recommendations based on these levels of evidence were graded and
summarized in a dedicated table.55
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1.4.1.4
Results
1.4.1.4.1
Criteria used for selection and deferred intervention
Patient selection for AS is of great importance, and is aimed at reducing overtreatment without missing aggressive disease. Low-risk PCa patients who are amenable to AS usually are at least identified
on well-identified prognostic parameters: clinical stage, Gleason score at biopsy, and PSA level. The
most common clinical data used to define low-risk PCa are a GS ≤6, PSA ≤10 ng/mL, and a clinical
stage T1c-T2 disease, described by d’Amico et al.221 However, published AS series used different criteria largely based on centre experiences and preferences, with no hard data (Table 1-4). The first criteria for insignificant/low-risk PCa were described by Epstein in 1994, updated in 2004, and used as AS
selection criteria in some AS protocols.181,222–224 Nevertheless, this definition is debatable.225 Moreover,
the use of stringent criteria for AS inclusion limit the number of patients offered surveillance. Thus,
various series applied larger criteria.225,226 In addition, some series enrolled men with more restrictive criteria, taking into account PSA density PSAD, PSA/prostate volume),222,227 number of positive
cores,222,223,227–229 and maximal percent of involvement in any core223,229,230 in order to reduce the risks
for misclassification and progression. Given these discrepancies, no strict AS selection criteria for
low‐risk PCa can be recommended. After AS initiation, monitoring mainly depended on clinical
examination and PSA tests every 3 to 6 months, and on control biopsies at variable intervals. Early
confirmatory biopsy within the first 3 months after the diagnosis is optional. Most protocols recommended the first re-biopsy within the first 18 months. The subsequent interval varied from an annual
to a 3‐year one. Defining the ideal triggers for intervention remains difficult due to the absence of
both long-term follow‐up and identification of factors predictive for cancer‐specific mortality. The
definition of progression varied among AS series (Table 1-4). All AS series considered the presence of
a Gleason score 7 cancer on biopsy as a strict criterion for progression. Discrepancies existed among
studies regarding the increases of Gleason score 6 tumour volume or the PSA kinetics as a criterion for
progression. Comparisons between series are difficult given that the progression‐free survival highly
depends on the criteria used to define progression and/or deferred treatment. The 3‐year pathological
progression rate was 48% in the observation arm of the REduction by Dutasteride of clinical progression Events in Expectant Management (REDEEM) trial.230 The Johns Hopkins University series has
demonstrated that the rate of biopsy reclassification was 8.9 per 100 person‐years of follow‐up when
taking into account all biopsy reclassification and PSA kinetics, but only 4.0 per 100 person‐years
when considering the Gleason score upgrading.222
The use of PSA kinetics as a trigger for active intervention is debatable and not systematically assessed
in AS protocols.10 Prostate-specific antigen doubling time (PSADT) has been suggested as a trigger
for deferred treatment, as men with a PSADT <3 years had an 8.5‐fold increased risk for PSA progression after definitive treatment compared with men with longer PSADT.227 Prostate-specific antigen
velocity has been suggested to be more predictive for progression than PSADT.228,231 Nevertheless, the
University of Toronto protocol withdrew this factor as a criterion for intervention in 2009 given the
lack of predictive value for outcomes.226 Moreover, findings from the University of California, San
Francisco (UCSF) and the Johns Hopkins University cohorts did not show any correlation between
PSADT and biopsy progression or adverse pathology in radical prostatectomy specimens.232,233 In
series taking into account PSA kinetics as a trigger for intervention, active treatment was decided
because of biopsy progression/reclassification in 30–79% of cases and because of PSA kinetics
(doubling time, velocity) in 18–44% of cases.
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TABLE 1-4 Active Surveillance Protocols and Follow‐Up in Selected Articles
N

Centre

Entry criteria

Monitoring

Progression

Follow-Up

University
of Toronto

993

Single

GS 6 and PSA <10
OR
GS 3+4 and PSA
<20 and LE <10 y

DRE+PSA/3 mo 2 y
then/6 mo
Biopsy within 1 y
then/3 – 4 y

PSADT <3 y
(until 2009)
Biopsy upgrading
Clinical
progression

6.4 y
(0.2–19.8)

UCSF

321

Single

T1-T2
PSA <10
GS 6
<33% cores

DRE+PSA/3–6 mo
Biopsy /1 – 2 y

PSAV >0.75
Biopsy upgrading

3.6 y

PRIAS

2494

Multicentre

T1/T2
PSA <10
PSAD <0.2
GS 6
1 or 2 cores

DRE+PSA/3 mo 2 y
then /6 mo
Biopsy 1 y – 4 y
–7y

PSADT <3y
Biopsy upgrading
Biopsy progression

1.6 y

Göteborg

341

Single

T1
GS 6
PSA <10*

DRE+PSA/3 – 6 mo
Biopsy within 3 y

PSA
Biopsy upgrading
Biopsy progression

6.0 y

Beaumont
Hospital

80

Single

T1
GS 6
PSA <10
1 or 2 unilateral
cores
<50%/core

DRE+PSA/3 mo
– 1 y then/4 mo
– 2 y then/6 mo
MRI within 6 mo
Biopsy 1 y – 3 y
–6y

PSADT <3y
Biopsy upgrading
Biopsy progression
Clinical
progression

3.1 y

University
of Miami

230

Single

T1-T2
GS 6
PSA <10
1 or 2 cores
<20%/core

DRE+PSA/3 – 4 mo
– 2 y then/6 mo
Biopsy within 1 y
then/1 y

Biopsy upgrading
Biopsy progression

2.7 y

Royal
Marsden
Hospital

471

Single

T1-T2
PSA <15
<50% cores
GS 6
OR
GS 3+4 if >65 y

DRE+PSA/3 mo
– 1 y then/4 mo
– 1 y then/6 mo
Biopsy 1 y – 3 y
–5y

PSAV >1
Biopsy upgrading
Biopsy progression

5.7 y

Johns
Hopkins
University

769

Single

T1
PSAD <0.15
GS 6
1 or 2 cores
<50%/core

DRE+PSA/6mo
Biopsy/1 y

Biopsy upgrading
Biopsy progression

2.7 y

*For the majority of the cohort (92 intermediate-risk PCa and 6 high-risk PCa patients also included).
Abbreviations: PRIAS, Prostate Cancer Research International Active Surveillance study; REDEEM, REduction by Dutasteride of
clinical progression Events in Expectant Management study; UCSF, University of California, San Francisco.
GS, Gleason score; DRE, digital rectal examination; LE, life expectancy; mo, months; PSA, prostate-specific antigen; PSAD, PSA
density; PSADT, PSA doubling time; PSAV, PSA velocity; y, years; /, every.

continued on page 46
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TABLE 1-4 Active Surveillance Protocols and Follow‐Up in Selected Articles, Cont’d

REDEEM

N

Centre

Entry criteria

Monitoring

Progression

Follow-Up

155

Multicentre

T1-T2
GS 6
PSA <11
1–3 cores
<50%/core

PSA/3 mo
– 1 y then /6 mo
DRE 18 mo – 3 y
Biopsy 18 mo – 3 y

Biopsy upgrading
Biopsy progression

2.7 y

*For the majority of the cohort (92 intermediate-risk PCa and 6 high-risk PCa patients also included).
Abbreviations: PRIAS, Prostate Cancer Research International Active Surveillance study; REDEEM, REduction by Dutasteride of
clinical progression Events in Expectant Management study; UCSF, University of California, San Francisco.
GS, Gleason score; DRE, digital rectal examination; LE, life expectancy; mo, months; PSA, prostate-specific antigen; PSAD, PSA
density; PSADT, PSA doubling time; PSAV, PSA velocity; y, years; /, every.

1.4.1.4.2	Treatment‐free survival, disease‐specific mortality, and
all‐cause mortality
Only 18 articles met the selection criteria, representing nine prospective or large retrospective cohort
studies (Table 1-5).150,222,223,226–230,234–245 All these series were uni- or multicentre cohorts. The paper by
Fleshner et al. reported results from one observation arm derived from an RCT.230 Large retrospective series were also analyzed (but not included in the evidence synthesis) and confirmed findings
from prospective protocols.243,244,246 Overall, 5,854 men have been followed by AS. Median follow‐up
after AS initiation varied from 1.6 to 6.4 years. The largest study was the multicentre Prostate Cancer
Research International Active Surveillance (PRIAS) study enrolling 2,495 patients in 17 countries.
The longest follow‐up has been reported in the University of Toronto study.226 Median follow‐up
from the first biopsy was 6.4 years. Overall, 993 patients were included, and 844 were alive at analysis time. Of 149 deaths, only 15 were attributable to prostate cancer. The 10‐ and 15‐year overall
survival rates were 80% and 62%, respectively. The actuarial cancer‐specific survival rates were 98.1%
and 94.3%, respectively. The cumulative hazard ratio for nonprostate‐to‐prostate cancer mortality
was 9.2:1. Metastasis disease occurred in 28 patients (2.8%), and median time to metastasis was 7.3
years. Twenty‐seven percent of patients underwent intervention. The 5‐, 10‐, and 15‐year treatment‐
survival rates were 75.7%, 63.5%, and 55%, respectively. In other AS protocols, the active treatment
rate ranged from 12% to 42.5%. The probability of a patient remaining on AS at 5 years ranged from
59% to 67%.222,229 Median time to active treatment ranged from 1.2 to 3 years.222,227,240 Loeb et al.
recently published a 5‐year, nationwide, follow‐up study involving 1,729 low‐risk to intermediate‐risk
PCa men choosing active surveillance in Sweden.247 Sixty‐four percent of men remained on AS after 5
years, in line with rates published in prospective cohorts. In all cohorts, no prostate cancer death was
reported at 5‐year follow‐up. The 10‐year overall survival rate varied from 80% to 98% among series.
Overall, oncologic outcomes were comparable between series, despite differences between cohorts in
patient selection and monitoring.
1.4.1.4.3 Outcomes from control biopsy and deferred radical treatment
One major limitation of AS is that a significant proportion of low‐risk PCa patients harbours a more
aggressive disease. Radical prostatectomy series in men with low‐risk PCa eligible for AS according
to very low–risk criteria have shown a rate of approximately 20–35% of higher-grade and/or non‐
organ‐confined disease at final pathology.248,249 Findings from immediate re‐biopsies before AS inclusion also demonstrated a non-negligible rate of reclassification due to biopsy sampling error.250–252
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Control biopsies during AS monitoring showed a consistent rate of 25–35% of biopsy reclassification
due to GS upgrading or volume increase.222,223,227,230,253,254 This rate was stable between the first and
the second re-biopsy assessment.228,230,253 In the University of Toronto series, the overall rate of GS
upgrading over time was 31%.255 The University of Miami series, which used the strictest selection
criteria, reported the lowest rate of biopsy reclassification (4%).240 The repeat biopsy data from the
Royal Marsden Hospital protocol demonstrated a 12% rate of adverse pathology. However, a GS 3+4
was not considered as a biopsy progression criterion.228
TABLE 1-5 Repeat Biopsy and Oncologic Outcomes in Selected Articles
Active
treatment rate

CSS

OS

Intervention
reasons

Lost to
follow-up
2.5%

University of
Toronto

27%

10 y: 98.1%

10 y: 80%

PSADT 44%
Upgrading 35%
Patient 6%
Upstaging 5%

UCSF

24%

100%

10 y: 98%

PSAV 31%
Upgrading 39.5%
Patient 29%

NR

4 y: 86.5%

PSADT 21%
Upgrading 41%
Patient 9%
Upstaging 38%

1.7%

10 y: 81.1%

PSA 27.7%
Upgrading/
staging 47.5%
Patient 5%

NR

NR

PRIAS

Göteborg

21.1%

36.9%

100%

5 y: 100%

Beaumont
Hospital

42.5%

100%

NR

PSA 18%
Upgrading/
staging 68%
MRI progression
12%

University of
Miami

14%

NR

NR

NR

NR

NR

Royal Marsden
Hospital

31.4%

8 y: 98%

8 y: 91%

PSAV 40.9%
Upgrading/
staging 30%
Patient 29%

Johns Hopkins
University

33.2%

100%

98.2%

Upgrading 45.1%
Upstaging 54.9%

10.7%

REDEEM

12.2%

NR

NR

NR

NR

Abbreviations: PRIAS, Prostate Cancer Research International Active Surveillance study; REDEEM, REduction by Dutasteride of
clinical progression Events in Expectant Management study; UCSF, University of California, San Francisco.
CSS, cancer-specific survival; OS, overall survival; PSA, prostate-specific antigen; PSADT, PSA doubling time; PSAV, PSA
velocity; NR, not reported; y, years.
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It’s worthy to note that many cases of progression are likely better described as disease reclassification, especially during the early periods of AS. Indeed, a recent conditional survival analysis from
Johns Hopkins University highlighted that the risk for reclassification significantly decreased with
time beyond 2 years due to misclassification at diagnosis.256 Does delayed radical prostatectomy after
an initial surveillance lead to poorer oncologic outcomes compared with immediate prostatectomy?
Radical prostatectomy results in men initially followed on AS showed organ‐confined and favourable GS in a majority of cases. The rate of GS 7 or more and/or non‐organ‐confined PCa at final
pathology after deferred radical prostatectomy ranged from 38% to 71%.228,240,257,258 Analysis from
the final pathology in 167 men included in the PRIAS study demonstrated a pT3‐4 and/or GS 4+3
disease in 30% of cases.257 There is no strong data available to compare oncologic outcomes between
low‐risk PCa men undergoing immediate or delayed radical prostatectomy.259 Matched comparisons
have suggested that the rate of adverse pathology did not differ between immediate and delayed radical prostatectomy patients.260–262 However, such an assessment in prospective low‐risk PCa management trials is needed. The impact of lifestyle intervention and dietary modification on AS outcomes
remains unclear.263,264 A high‐quality RCT demonstrated a benefit for daily dutasteride in men undergoing AS in terms of disease reclassification after 3 years of follow‐up (HR, 0.62; 95% CI, 0.43–0.89;
p=0.009).230 However, no difference between groups in survival rates has been reported and follow‐up
was short. Attention should be paid regarding the possible increased risk for high‐grade PCa by
5-alpha-reductase inhibitor (5-ARI) use (US FDA issued a drug safety communication in 2011).367
1.4.1.4.4 Low‐risk PCa selection improvement
MRI-targeted biopsies
Many studies have assessed the use of MRI in AS cohorts, although none considered MRI findings as
inclusion or deferred treatment criteria.265,266 The University of California, San Francisco (UCSF) and
Royal Marsden Hospital AS cohorts were the first to retrospectively assess the role of MRI as a selection and monitoring tool.267,268 Whereas the “visible” parameter of the lesion in T2‐weighted imaging
is not enough to better select low‐risk PCa patients, multi-parametric imaging analysis, including
contrast enhancement and diffusion-weighted sequences, seems to improve clinically significant PCa
detection.268–270 At diagnosis, the main role of MRI should be to guide targeted biopsies on suspicious
lesions, and thereby, to reduce the risk for initial misclassification. In a recent systematic review of
the literature, Schoots et al. showed that MRI‐targeted biopsies or radical prostatectomy histopathology in MRI‐positive cases resulted in reclassification in 30–50% of cases.265 Most studies evaluating
the correlation between MRI‐targeted biopsies, adverse pathology at repeat biopsies, and progression supported the impact of MRI at diagnosis and during follow‐up.267,269–274 In a recent prospective
series of 72 patients on AS, MRI‐targeted biopsy was 6‐fold more likely to yield a GS 7 or more cancer
compared with standard biopsies.271 Hu et al. evaluated MRI grading in relation to reclassification
and found a significant risk for unfavourable disease at re-biopsy in the case of lesions classified as 4
or 5 by MRI.273 Regarding the role of MRI as a monitoring tool, to date no strong data support the use
of MRI in place of repeat biopsy for detecting progression. To summarize, MRI may be of great interest in AS, both as a reclassification and monitoring tool. Nevertheless, the level of evidence is limited
by the relatively small number of studies and clear lack of standardization.265 It remains unclear
whether MRI should be done on all patients. Prospective studies are critically needed.
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Biopsy characteristics
The overall tumour burden in diagnosis biopsy has proven to be predictive for disease progression or
the probability of remaining on AS.275 Thus, detailed biopsy parameters may be helpful in stratifying
patients at very low risk and at low risk.266,276–279 The use of stringent biopsy criteria for AS inclusion
has reduced the risk for misclassification, but also limited the number of patients offered surveillance. The sampling error might reduce the risk of missing an aggressive component. The 12‐core
extended scheme was the recommended biopsy protocol used in most AS series. Some authors have
suggested that the risk for initial reclassification might be reduced by the use of more extended biopsy
schemes, of template transperineal biopsies, and of transition zone cores.250,280–283 Nevertheless, no
prospective comparison has been performed.
Clinical factors: age, race, obesity, familial history
Some studies showed a correlation between age and unfavourable disease.284 Thus, age has been
assessed for predicting AS progression.226,227,230,285 Older patients may have poorer oncologic outcomes
with surveillance.286 However, results remain debatable, and differences could be explained by higher
all‐cause mortality in the elderly. The median age of men in the University of Toronto series was
higher than that in the other series.226 No strong difference in terms of cancer‐specific survival was
established. However, the all‐cause mortality was superior in that series.
Obesity and race have also been suggested as risk factors for reclassification.287–290 Data regarding familial history are limited.291 To improve patient selection, nomograms have been developed
incorporating all the potential risk factors for reclassification or progression.292,293 External and/or
prospective validation is necessary before routine clinical use.
Biomarkers: PCA3, PSA derivatives, genomic scores
Future efforts are also focused on the development of new biomarkers that can improve PCa aggressiveness prediction and provide independent prognostic value, in addition to current parameters
such as Gleason score.266,275 Prostate-specific antigen derivatives such as %fPSA, [-2]proPSA, and
the combined PHI tests demonstrated correlations with unfavourable pathology.91 In the prospective cohort from Johns Hopkins University, these PSA derivatives have been associated with biopsy
reclassification and upgrading.136,294 Baseline and longitudinal values of %fPSA, [‐2]proPSA, and
PHI tests were assessed. These findings have been confirmed in a Japanese, prospective, 1‐year,
follow‐up study.137
Urinary biomarkers such as PCA3 and TMPRSS2:ERG scores may help in predicting high-grade
disease. Prostate cancer gene 3 score has demonstrated to be predictive for insignificant, low-volume,
and low‐grade PCa.76,79 Nevertheless, PCA3 score had proven poor discrimination for predicting
progression and biopsy reclassification in a prospective AS cohort.295 In another retrospective AS
series, both PCA3 and TMPRSS2:ERG scores were significantly associated with higher-volume
disease.296 Median PCA3 and TMPRSS2:ERG scores increased incrementally with the number of
positive cores at re-biopsy. However, no multivariable analysis has proven their independent value
in addition to clinicopathological parameters. Few studies have investigated potential tissue markers.294,297 From a prospectively maintained database including 265 patients followed on AS, Berg et
al. showed that ERG positivity was a significant predictor for overall AS progression in multivariable
analysis.297
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Genomic scores have been evaluated in biopsy and radical prostatectomy cohorts. No data is available in AS cohorts to draw any strong conclusion regarding the clinical utility of genomic scores.
Single-nucleotide polymorphisms in PCa risk have been assessed in the Royal Marsden Hospital AS
cohort.291 No relationship between the calculated genetic risk scores and adverse histology or time to
treatment was reported.
1.4.1.4.5 Expanding AS to intermediate‐risk PCa
The safety of expanding AS to intermediate‐risk PCa patients is debatable. Evidence supports the
heterogeneity of the intermediate‐risk group as defined by d’Amico et al. Recent studies in men
undergoing radical treatment such as radical prostatectomy, brachytherapy, or external beam radiotherapy have suggested that men with low‐risk and favourable intermediate‐risk PCa have similarly
low estimates of biochemical recurrence–free and PCa-specific–free survival.298–300 Intermediate‐risk
PCa patients defined by a PSA >10 ng/mL and/or a Gleason score 3+4, provided they were older than
65 years or had a life expectancy <10 years, have been included in both the University of Toronto and
Royal Marsden Hospital AS cohorts with favourable oncologic outcomes.226,228 Data from intermediate‐risk PCa men (based on the Cancer of the Prostate Risk Assessment [CAPRA] score) included in
the UCSF cohort were analyzed in a separate article.238 The overall rate of active treatment (32%) as
well as the upgrading rate at re‐biopsies (30–35%) did not differ from those for low‐risk PCa patients.
Progression‐free survival was 60% at 4 years. Nevertheless, the upstaging rate at final pathology in
men undergoing delayed radical prostatectomy was higher in the intermediate‐risk cohort: 50%
versus 28%. van den Bergh et al. published similar oncologic outcomes in a cohort of 50 Gleason score
7 screen–detected PCa.301 In a 5‐year, Swedish, nationwide, follow‐up study, the 5‐year probability of
discontinuing AS was 41% in intermediate‐risk PCa patients compared with 34% in both very low–
risk and low‐risk PCa men.247 Outcomes of patients with screen‐detected localized prostate cancer
(European Randomized Study of Screening for Prostate Cancer [ERSPC] trial) who initially elected
to withhold radical treatment showed that the 10‐year PCa‐specific survival rates were comparable
for low- and intermediate-risk patients, whereas overall survival rates (79.0% vs. 64.5%; p=0.003)
were significantly different.302
Advances in imaging and prognostic biomarker development are awaited to better distinguish the
ideal subgroup of intermediate‐risk PCa men harbouring favourable disease given the large heterogeneity of widely used d’Amico risk groups.
1.4.1.5
Conclusions
Level 1 evidence is still lacking to confirm the safety of active surveillance as compared to immediate active treatment (Table 1-6). Thus, some of the evidence for such an approach comes from
trials assessing radical treatment with observation. Large prospective cohorts demonstrated safe and
favourable oncologic outcomes in low‐risk PCa patients while waiting results from ongoing RCTs.
Active treatment is recommended in the case of disease progression. A standardized evidence‐based
protocol for patient selection and monitoring cannot be recommended. Expanding active surveillance to intermediate‐risk patients might be proposed in men with comorbidity and/or a short life
expectancy. Future patient selection should be based on a multivariable approach for risk stratification incorporating not only widely used clinical and biopsy features, but also MRI findings and
potential prognostic biomarkers.
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TABLE 1-6 Level of Evidence and Grade of Recommendation
Level of Evidence

Grade of
Recommendation

Active surveillance is a recommended management option in low-risk
PCa patients.

2

B

Eligibility for AS is based on clinical parameters, PSA-based criteria,
and 12-core biopsy features.

2

B

Active surveillance might be an option in intermediate-risk PCa men,
especially in those with comorbidity and/or a short life expectancy.

3

C

Deferred radical treatment after initial AS management does not lead
to worse oncologic results than immediate treatment.

3

C

Monitoring is based on regular clinical examination, and PSA tests,
every 3–6 months.

2

B

Control biopsy is scheduled within the first 18 months.

2

B

Progression is defined by Gleason score 7 or more on control biopsies.

2

B

Progression may be defined by significant increases of Gleason score
6, volume, and/or by PSA kinetics (PSADT, PSAV).

3

C

Active treatment is recommended in the case of progression.

2

B

Biomarkers may help in AS selection.

4

C

Magnetic resonance imaging plus targeted biopsies reduces the risk
for reclassification at diagnosis.

3

B

Magnetic resonance imaging may help in AS monitoring.

4

C

Daily dutasteride reduces the risk for short-term disease
reclassification.

2

B

Abbreviations: AS, active surveillance; PCa, prostate cancer; PSA, prostate-specific antigen; PSADT, PSA doubling time; PSAV,
PSA velocity.
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1.4.2

Prostatectomy

1.4.2.1
Abstract
1.4.2.1.1
Objective
Provide a summary of the SIU-ICUD Joint Consultation on Focal Therapy on the current indications
for definitive treatment by means of radical prostatectomy.
1.4.2.1.2 Materials and Methods
Given the pervasive nature of cancer, traditional teaching would and should focus on the fundamental outcome measure: all-cause and cancer-specific survival. However, such a narrow view would be
both irrelevant and unfair for newly diagnosed prostate cancer patients and for individualized or
tailored cancer management. Furthermore, we can strongly argue that a vision of “prostate cancer”
survival often triggers decision making on the profound bias elicited by fear of death, which triggers
focusing on the second word “cancer” while completely overlooking the first word “prostate”. For this
work, we focused on a rather holistic outcome: quality of life coupled with all-cause survival, and
how surgery could impact outcomes positively. Such a paradigm settles cancer-specific survival in
a more certain probability realm of how much you are willing to lose in life span by living the way
you want to live, decreasing the odds of regret. We dwell on secondary outcomes from intervention
in the path of cancer survival. To meet our goal, a systematic review of the prostate cancer literature
was conducted in September 2015 following PRISMA guidelines. From an initial denominator of 957
references, 115 met selection criteria, 78 of these represented clinical trials, and 37 came from robust
series. We then focused on the primary outcomes: overall and cancer survival, functional outcomes,
and regret; 53 references fulfilled this work.
1.4.2.1.3 Results
Men aged <65 years with PSA levels >10 ng/mL and a life expectancy of 10 years or more are the
ones best suited for radical prostatectomy, as this modality offers substantial benefits in all-cause
and cancer-specific survival. Prostate cancer treatment–naïve men 70 years or older are the least
likely to benefit from radical prostatectomy, as the surgery would have minimal impact on survival
and a deleterious effect on functional outcomes. In addition, there is little role for surgery for men
harbouring low-risk disease. The most well-structured studies are consistent on adverse event rates
for urinary and sexual dysfunction problems in 22% and 40–50% of patients, respectively, after radical surgery. The rate of regret of radical prostatectomy is significant at 10–25%. Regret is associated
with adverse urinary and sexual function outcomes and does not improve over time. Robotic radical prostatectomy has become the approach of choice, because of QOL improvements in the short
run (blood loss, risks of transfusion, pain, catheter times, and post-operative recovery). The robotic
approach has led to several randomized trials evaluating several aspects of the technique, and has
generated level 1b evidence for short-term continence outcomes—a 73% (0 or 1 pad per day) rate for
men 13 to 15 weeks after robotic radical prostatectomy. Long-term oncologic control with the robotic
approach appears to be equivalent, but there are no randomized controlled data like for open radical
prostatectomy. The rate of regret for both procedures is statistically equivalent.
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1.4.2.1.4 Conclusion
By end of 2015, there is level 1 evidence pointing for sound counselling of radical prostatectomy. The
best candidates are patients aged <65 years and with a PSA >10 ng/mL. Surgery should not be the
first option for any man aged >70 years with low-risk disease. The paradox of improved survival for
younger-aged men and less probability of deleterious QOL (urinary and sexual function) outcomes,
other than lack of ejaculation, sets it as the preferred choice for younger men. However, the number
needed to treat (NNT) associated with regret after radical prostatectomy ranges from between 4
and 8. That is unacceptable and must be addressed pre-operatively to set expectations right. The
robotic approach as the means for this treatment modality is being investigated in numerous clinical
trials, providing encouraging results for this procedure. The penetration in and adoption of focal
therapy for different types of patients will change the eligibility spectrum for radical prostatectomy,
but unlike its empirical past, radical prostatectomy is the standard of care for specific set of patients
until a newly emerging modality surpasses it.
1.4.2.2
Introduction
This century has already proven transcendent for radical prostatectomy:
1. It confronted its quackery history with level
3. Notwithstanding the emergence and market1 evidence showing when and for whom this
ing-driven exponential surge and criticism
operation may be necessary.
of robotic RP, the procedure is serving a new
2. It ended the relevance of decades-long debates
wave of clinical trials evaluating aspects of
between perineal (“original prostatectomy
the surgical technique and critical outcomes.
approach”) and retropubic open RP.
To date, only one evidence-based, multi-institutional trial assessed the transcendent urinary function outcome after robotic RP, changing the paradigm of prostate cancer management, as answers
to the formidable screening and treatment in RCTs highlighted the slow progressive natural history
of prostate cancer. In this final aspect, the deleterious impact of surgery (open or robotic) on QOL
was not a surprise; however, the limited impact of RP on all-cause survival was. In this century, the
generosity of knowledge derived by copious research performed all over the world does not end there.
Innovations in information technology (IT) continue to provide for unprecedented speed in knowledge exchange and dissemination of research results, contributing to an enhanced understanding of
this prevalent disease.
The tremendous incremental impact of imaging technology, specifically the emergence of multiparametric MRI (mpMRI), of the prostate has created a powerful tool to walk that line between active
surveillance and radical surgery.303 Accurate mpMRI should provide “GPS-like information” on the
prostate. This comes at a critical time when overtreatment takes the main stage, fueled by evidencebased data that points failure to fulfill our primum non nocere duty when managing prostate cancer
in a significant number of newly diagnosed men.
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The objective of this work is clear: to provide a complete and current perspective on focal therapy, a
novel likely transcendent management option for prostate cancer patients. Its role will be propelled by
this newly found—albeit imperfect304—GPS-like knowledge from mp-MRI fusion biopsy that shall
continue to improve.303,304 But as of now, it’s good enough to serve as a gateway for focal management
of prostate cancer. We strongly believe that this management strategy will achieve the primum non
nocere intent, if not forever, for a significant time, and moreover, it will differentiate prostate cancers
by their phenotype by challenging cancers to prove their aggressiveness. Our duty will be to produce
factual research, demoting speculation and educating oncologists and their patients regarding who is
best suited for focal therapy. A humble reflection from the evidence generated by the RP versus observation randomized trials leads us to recognize that we overestimated the positive impact of surgery
for men with prostate cancer—at best, the magnitude is much smaller than previously thought. The
worst outcome we can foresee in men treated with focal therapy is to experience progression and loss
of life because the opted management choice was the wrong one. Invariably this will happen; but
time and structured research shall render answers to minimize or eliminate such tragedies. In the
meantime, this work aims to deliver evidence-based answers to the following questions:
1. Who is likely to be at risk for significant
3. Regret after RP—how common is it, and
changes in QOL from RP for a real benefit in
what influences this undesirable event?
4. Candidates for RP in the focal therapy era—
survival?
2. What are the evidence-based functional
how, and why yes or no?
outcomes after RP?
1.4.2.3
Materials and methods
A systematic review of the prostate cancer literature was conducted in September 2015 following the
directions for this work based on PRISMA guidelines.305 We queried PubMed (pubmed.com), and
restricted the information to English-written papers and excluded reviews. The ensuing elements
prostate cancer randomized clinical trial or multi-institutional series AND radical prostatectomy were
required for all searches. We then added AND followed by any of the following: Robotic, Roboticassisted, RALP, RARP, complications, adverse events, incontinence, erections, erectile dysfunction,
impotence, strictures, regret, trifecta, recurrence, biochemical failure, salvage, metastasis, cancer
survival, survival and outcomes.
Our PRISMA search workflow was as follows. From an initial search of 957 citations, we filtered
out 63 non-English papers, and were left with 876 articles. From these, we excluded 160 reviews, 10
systematic reviews, 2 practice guidelines, and 9 personal communications. Of the 695 references that
remained, 551 were clinical trials, 16 meta-analyses, and 99 series. For 193 of these, a free full text was
available. We then crossed the 695 references to the individual eligible terms, removed duplicates,
and ended up with 115 studies that met the selection criteria, of which 74 were clinical trials and 37
were series. Free full text was available for 28 of these references. We then focused on the primary
outcomes overall and cancer survival, functional outcomes, and regret, and obtained 53 references
that fulfilled these criteria.
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1.4.2.4
Results
1.4.2.4.1 Oncologic outcomes of radical prostatectomy
Radical prostatectomy has been one of those entropic procedures that has fascinated the urological
field.142,144,214,215,221,306–311 Indeed, it is a rich source for debate fed by a wealth of perspectives on its
derived outcomes, its impact on the natural history of the disease, its indications, its sequence as part
of treatment and, importantly, on how it should be conducted. Most would agree that bias has served
as its fundamental source of entropy and like many things in life, how you tell a story can be more
captivating than the story itself. Hard randomized data that compares treatment arms or management
approaches was elusive. In fact, it took a century of data (100 years!) from the initial series presented
and published by Hugh H. Young.312 treating 10 men with the perineal approach to the initial results
from the non-PSA era—Scandinavian Prostate Cancer Group Number 4 (SPCG-4)308,313 trial that
compared RP with watchful waiting (WW)—and then another decade for the results of the PSA
era—Prostate Cancer Intervention Versus Observation Trial (PIVOT).215 Yes, there were randomized trials, specifically a short golden period upon the emergence of luteinizing hormone releasing
hormone (LHRH) analogues.314–318 These prompted interest and the question of what role, if any,
neoadjuvant hormonal therapy (NHT) had before RP. Most studies evaluated the impact of 3 months
of castrating NHT prior to RP.314–318 Of these, the one reported by Yee et al. portents the longest
median follow-up (interquartile range [IQR]; range) for PSA progression–free patients of 8.0 years
(5.2–10.7; 0.1–15.3).318 The 7-year freedom from PSA progression was 80% and 78% for NHT+RP
and RP alone, respectively. These rates changed little at 10 years, with 25 patients still at risk. The
authors reported 14 deaths, but only one from prostate cancer.318 The 5-year follow-up report from
the multi-institutional (14-centre) RCT evaluating the question in clinical T2bN0M0 as reported by
Soloway et al. revealed that despite notorious differences in positive margins rates—14% vs. 47% for
NHT+RP vs. RP alone—the 5-year freedom from PSA recurrence was 65% and 68%, respectively.317
Patients with negative margins in the NHT+RP arm recurred at twice the rates in the RP-alone arm
(33% vs. 17%, respectively), indicating an artifact effect of NHT on margin status.317 Perhaps the
most provoking trial results came from the South Western Oncology Group (SWOG 9109) on 55
(T3-4N0M0) patients, where 4 months of NHT shrunk disease, as 56% had disease confined to the
gland pathologically, and offered 10-year progression-free survival and overall survival rates of 40%
and 68%, respectively.314
Freedom from progression
The approval by the FDA in the United States in 1986 for use of the biomarker PSA for monitoring treatment success after RP led to a paradigm transformation for the management of prostate
cancer. Surgery was the natural and optimal source for management, as the PSA response rendered
a black or white answer—no greys. Either a patient had an undetectable PSA level or a detectable
one. Given the lack of randomized data, the initial reports came from either large academic series,
surgeon series, or both.142,144,307 In addition, the emergence of laparoscopy and specifically robotic
surgery transformed the way RP was conducted. This transformation into the robotic approach was
propelled by reports with low-quality evidence associated with robotic RP.319 Nonetheless, numerous
clinical trials are emerging, and early results suggest oncologic equivalency in terms of freedom from
PSA progression.320
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However, we encounter many common confounders when measuring the freedom from PSA progression outcome. Among them, and beside the ever-present selection bias, two specific ones are worth
discussing. First, how was freedom from PSA progression defined? In other words, what was the PSA
cutoff point? Second, how to interpret rates of metastatic disease, such that they could represent two
different disease states depending on androgen deprivation therapy (ADT). The first question was
elegantly addressed by Amling et al.321 These researchers addressed the question straight on, and
compared multiple definitions, for example a single PSA greater than 0.4 ng/mL, or greater than
0.2 ng/mL, or a PSA greater than 0.2 ng/mL and rising, or consecutive rises from nadir, etc. They
found that the most prevalent definition of a PSA greater than 0.4 ng/mL was the most specific one
and was consistent with further PSA elevations and disease progression.321 However, as the standardization of the PSA test improved, Stephenson et al. showed that a contemporary PSA rise over
0.2 ng/mL was just as specific and indicated quite well disease progression.311 In addition, the impact
of PSA doubling time (PSADT) as described by D’Amico et al. led working groups to address what
is the clinical way to follow potential PSA elevations so that both biochemical failure and accurate
predictive PSADT are obtained.322,323 Currently, any patient who is found to have a PSA >0.1 ng/mL
should have it repeated at 4 and 8 weeks to both corroborate such elevation and allow for PSADT.323
The second question about rate of metastatic disease is more elusive, given the fact that most patients
with post-RP PSA elevations are treated and not observed. This is clearly exemplified by data from
SPCG-4, revealing a 26% cumulative incidence of distant metastases at 18 years of follow-up.214
However, the cumulative incidence for post-RP ADT was 43%.214 Thus, most long-term series have
not reported the non-castrate metastatic rates due to the competing event nature of secondary treatments, which frequently incorporates ADT; by the time metastatic lesions are seen, the patients’
prostate cancer is on a castrate-resistant state.214 Notwithstanding the analysis on a select group of
patients (33%) of the universe of men with elevated PSA after RP in their series, Pound et al. first
described the natural course of the disease for men observed after a post-RP PSA elevation and found
that it took a median time of 7 years in the cohort of 304 men to develop non-castrate metastatic
disease.142 The median survival was 5 years; however, that was way before the new armamentarium
of effective drugs and chemotherapy became available to men with castrate-resistant prostate cancer.
Cancer-specific survival and overall survival
A lot of light has been shed on these fundamentally critical outcomes by the results from both
randomized trials comparing RP with watchful waiting (WW) or observation: SPCG-4 and
PIVOT.7,214,215,308,324
The initial results from the SPCG-4 were reported by Holmberg et al. in 2002.308 A total of 695 men
were randomized to WW (n=348) or RP (n=347). The initial report carried a median follow-up
of 6 years with no overall survival differences. However, significant differences in cancer-specific
mortality rates between arms, 8.9% and 4.6% for WW and RP men, respectively (p=0.02), were seen
for men who expired from prostate cancer.308 Over the ensuing years, critical updates were provided
from this trial comparing men accrued before the PSA era—reported PSA levels were performed on
bank serum. At a median follow-up of 10.8 years, 294 death events had been registered, and it became
clear that the driver for prostate cancer and overall survival differences was age at the time of RP.325
Figure 1-2 shows the split of the curves that correspond to a relative improvement of 50% and 41% in
prostate cancer–specific survival and overall survival, respectively, for men <65 years at the time of
RP.325 Moreover, after 23 years of follow-up, 447 (64%) deaths events were encountered.214 The benefit
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of surgery with respect to death from prostate cancer continued to be largest for men <65 years of
age at the time of surgery (RR, 0.45), as well as in those with D’Amico intermediate-risk prostate
cancer—Figure 1-3.214,221 The cancer outcomes derived from the PIVOT trial were described by Wilt
et al.215 At a median follow-up of 10 years, 171 of 364 men (47%) assigned to RP died, comparable to
183 of 367 (50%) assigned to observation (HR, 0.88; p=0.22). Importantly, this trial conducted in the
PSA era demonstrated that overall and prostate cancer–specific survival did not differ among arms
by age, race, coexisting conditions, self-reported performance status, or cancer histologic features.215
However, RP was associated with overall and cancer-specific survival by the pre-operative PSA levels
(Figure 1-4), and there was a trend for those with intermediate-risk disease; the latter validated findings from the SPCG-4 trial.214,215,221 Reporting on a large multi-institutional series of 11,521 patients
treated with RP at one of four premiere academic centres from 1987 to 2005, Eggener et al. observed
15-year prostate cancer–specific mortality rates for pathological Gleason score <6, 3+4, 4+3, and
8–10 of 0.2% to 1.2%, 4.2% to 6.5%, 6.6% to 11%, and 26% to 37%, respectively.307 These investigators
noted that poorly differentiated cancer and seminal vesicle invasion were the prime determinants of
prostate cancer–specific mortality after RP. Importantly, only 3 of 9,557 patients with organ-confined,
pathological Gleason score 6 or less cancer died of prostate cancer.307
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FIGURE 1-3
Stacked cumulative incidence
of death from any cause,
death from prostate cancer,
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metastasis, according to
study group, age, and risk
group in the SPCG-4 trial.
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1.4.2.4.2 Quality of life and regret after radical prostatectomy
A natural question for an individual surviving prostate cancer due to RP is how good is my life going
to be? Unfortunately, there are no easy answers.326–330 Radical prostatectomy is a formidable procedure with many competing outcome events, and while cancer control is certainly the fundamental
one, urinary function is a close second, and for many sexual function is as critical as life itself.309,310,331
The so-called Trifecta outcome (cancer free, continent, and potent) is a challenging one, intertwined
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by biology, surgical art, cancer knowledge, and the patient’s own psychological and functional characteristics.144 While the surgeon confronts a punctual situation in time—what is there at the time of
RP, the patient continues with the motion propelled by the diagnosis of prostate cancer.142,214,310 As
his status as a survivor cements, so does his confidence, and other life elements influence and reinforce his persona. Notwithstanding the lack of evidence yet marketable exuberant data associated
with the beginnings of robotic RP, there is good news, and notable research is underway addressing
QOL–robotic RP technique outcomes.319,328,332–339 Moreover, robotic RP is the most prevalent type of
RP performed in Western Europe and North America. We can say with confidence that if a robot
exists in a given hospital, then RP will be conducted in this fashion for the vast majority of patients.
There are several trials now published addressing some of the critical elements that may affect functional outcomes after robotic RP. Outcomes reported by these RCTs include urinary continence,
type of catheterization, erectile function, anastomosis techniques, patient positioning, and eye pressures.320,328,332–340 Slowly but consistently, robust cohorts of patients randomized to robotic RP are
growing with a far greater enthusiasm as compared to the prior century. Thus, with long-term followup, we would certainly have specific answers in the not-so-distant future. As for now, there is ample
evidence that robotic RP provides improved outcomes over the short term in terms of post-operative
pain, blood loss, risk for transfusion, and overall convalescence.320,332,335,336,338,340 As there are plenty of
reviews on those outcomes, we won’t dwell on them in this chapter. Herein, we’ll dwell on the functional elements of Trifecta outcomes (urinary and sexual function) and on the psychological impact
of RP as measured by regret.
Urinary function and continence
Since 2008, four clinical trials have evaluated urinary continence after robotic RP,332,335,338,340,341 one
which has served as the first level 1 evidence [LOE 1] trial evaluating continence outcomes after
robotic RP. This is a phase 4, multicentre, double-blind RCT evaluated solifenacin succinate versus
placebo on urinary continence after robotic RP. This comprehensive investigation by Bianco et
al. reported that upon catheter removal, patients were provided a wireless personal digital assistant (PDA) device to monitor urinary function and continence on a daily basis.332 Altogether, 1,086
patients were screened and 640 were randomized. There were no statistical differences for urinary
function and continence outcomes among treatment arms. This RCT trial showed that 73% of men
achieved cumulatively “social continence of 0 or 1 pad” (Figure 1-5) 14 weeks after robotic RP, and
no bladder neck contractures were seen during this short but critical period of follow-up.332 Three
additional studies addressed the association between robotic RP surgical technique and continence
in terms of anterior and posterior periprostatic tissues reconstruction and posterior rhabdosphincter reconstruction.335,338,340 All three RCTs showed no impact on continence outcomes derived from
periprostatic tissue reconstruction among the combined 317 randomized patients.335,338,340 These
results are in line with those observed by Sanda and collaborators that measured outcomes—using
the Expanded Prostate Cancer Index Composite (EPIC) questionnaire—reported by 1,201 patients
and 625 spouses or partners at multiple centres.310,342 In the study, about 30% of the 603 patients
treated with robotic RP experienced urinary problems 3 months after RP. That percentage decreased
to 7% at 1 and 2 years after RP, with the caveat that 24% and 20% of patients, respectively, still used
pads. Urethral strictures—bladder neck contracture—contributed to poor urinary function in 5%
of patients.310
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Sexual function
Physician-based reporting versus patient reporting was a premise for the Prostate Cancer Outcomes
Study (PCOS), a population-based cohort registry based in six geographical areas of the United
States.343 Sexual function outcomes among 1,291 men was portrayed by Stanford et al.344 Pre-surgical
sexual function was described as a moderate/big problem by 17% of respondents. However, patient
responses at 6-, 12-, and 24-month assessments showed sexual function as a moderate/big problem
for 61%, 52%, and 42% of the cohort, respectively.344 The post-RP decline in sexual function was
seen across all levels: interest, frequency of sexual activity, and quality and firmness of erections.
The impact was quite remarkable for men aged 60–74 years, as 80% reported erections firm enough
for intercourse before RP, but only 12% and 17% reported firm erections, 12 and 24 months after
surgery, respectively.344 Such noteworthy results were completely validated by Sanda et al.310 In this
comprehensive study, compelling answers from patients and wives showed that 59%, 50%, and 43%
of the RP cohort characterized sexual function as a moderate/big problem at 6, 12, and 24 months
after RP, respectively.310 These findings call for reflection, as 88% reported good sexual function at
baseline and 44% attributed distress to the impact of surgery on sexual function. Furthermore, while
nerve-sparing RP was associated with better recovery of sexual QOL than non-nerve-sparing RP,
this impacted fewer than 20% of RP patients at the 24-month post-operative benchmark.310 Finally,
not so stringently controlled, patient-derived sexual function outcomes were reported by the PIVOT
and SPCG-4 trials. The results were awfully similar—an 80% erectile dysfunction 1 to 2 years after
RP in patients who participated in either landmark trial.215,313,345
Regret
Regret has been defined as “the emotion we experience when realizing or imagining that our current
situation may have been better, if only we had decided differently”. As discussed, long-term cancer
survival is common for men with localized disease treated with RP. When death does occur, it is
more often due to causes other than prostate cancer.142,144,214,307 While results are encouraging, the
situation demands that difficult decisions be taken at the onset by the patient and his treatment
team when considering a definitive option such as RP or surveillance. In our view, focal therapy
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will come to fill that large grey space. Hopefully then, when definitive options are chosen, patients
will experience less regret. Regret has a close relation with the “Trifecta” outcome, as this ruefulness in the case of RP is associated with impaired urinary and sexual function. Cancer recurrence
adds despair for patients who dwell on regret from QOL “sacrifices” that resulted from previous
management decisions.144,326,329,346,347 Patients may also regret the decision-making process toward a
particular treatment option. That said, any plausible action will generate a reaction, and outcomes
will never be perfect, thus regret exists and will exist for any given surgical procedure, especially
when an undesirable outcome event happens: expectedly or unexpectedly. Outcome regret relates
to regret due to an outcome of a decision, whereas decisional regret involves the way the decision
was reached.327,330,348 Of these two, the latter is easier to explain and discuss with patients. Decisional
regret is related to many psychological factors, most of which are in the patient’s psyche, personality, and QOL of his life. This is relevant, as research has shown that educating a person about regret
prior to his decision can lead to anticipated compunction, which exerts a powerful behavioral influence, and yields more realistic expectations, and, as an example, encouraged participation in cancer
screening and organ donation programs.348,349 The measurement of regret among prostate cancer
patients has been reported and validated. Various scales have been used and reviewed.348 The most
commonly used scales are the Decisional Regret Scale (DRS), and the simplified two questions regret
scale designed by Clark at al.326,327,347 Traditionally, regret assessment in RP patients came from
protocols evaluating regret among treatments (external beam radiation, brachytherapy, ADT, and
RP). Using either method, RP regret has ranged from between 12% and 27%.326,328,329,345,350 The majority of these investigations evaluated surgery as a treatment arm among others. In most investigations,
there were associations between regret and post-RP impairments in urinary and sexual function.
Even though these outcomes may improve over the initial years of surgery, regret is greatly exacerbated by cancer progression or recurrence. Thus, regret rates don’t decline significantly over time.
Nguyen et al. explored regret in a large registry of 790 patients, where 410 received open RP. The
overall regret rate for surgical respondents of this cross-sectional assessment was 15%; main factors
associated with regret were affected sexual function, younger age, and cardiovascular comorbidity.329
In a large prospective series, regret with robotic RP was estimated with the Clark questionnaire,
administered a median of 15 months after surgery, where 703 (74%) men responded.350 Overall, 12%
of patients expressed regret toward their surgery. Key factors associated with increased decisional
regret included post-operative incontinence and erectile dysfunction. Analysis of urinary continence
by use of pads (0, 1, or 2 or more pads per day) showed incremental regret differences. Patients who
required a daily safety pad were significantly more regretful of their decision to undergo surgery
than patients who were completely dry. Furthermore, increased pad use led to higher levels of regret
(p<0.001). Other independent factors associated with regret were impotence and experiencing a perioperative adverse event, associated with a 20% regret rate.350 Two large series have been published
addressing the question of regret among patients undergoing either open or robotic RP. In the study
from Schroeck et al., regret was evaluated in the early phases of a robotic program using the DRS
scale sent to 953 patients from the Duke Longitudinal Urologic Surgery Patient Outcome Series.351
This cross-sectional assessment of 1,327 patients carried a response rate of 61% among the groups.
In total, 15% versus 24% of open RP and robotic RP, respectively, expressed decisional regret. There
were no significant differences among surgical groups, but an association between regret and the
EPIC questionnaire was seen, as lower scores in every EPIC domain, with the exception of the sexual
domain, were observed for those indicating regret.342,351 A better-structured and protocoled series
using the DRS was conducted on 334 patients by Davison et al.328 Patients underwent either open or
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robotic RP, and 58% responded to 6- and 12-month assessments. Observed regret rates of 14% and
10% were noted for open RP and robotic RP patients, respectively (p=0.6). There was also a significant association between lower urinary and sexual EPIC scores and regret (p<0.01 for all).328
1.4.2.4.3 Best candidates for RP
Traditional teaching had it that any man with clinically localized prostate cancer with a 10-year
life expectancy was a great candidate for RP. This is clearly not the case, as shown by the results of
randomized trials. Taking the SPCG-4 trial data into consideration, Vickers et al. performed an individualized estimation of the benefit of RP.324 As reported, by age of 65 years, the absolute 10-year risk
reduction in prostate cancer mortality attributable to RP ranged from 4.5% to 17.2% for low- versus
high-risk patients, respectively. Furthermore, little to no expected survival benefit accompanied men
>70 years of age who had RP.324 In addition, we ought to consider the following:
1. Provocative information from PIVOT showfour large academic centres; plus a 5% cancer
ing a non-statistical difference yet eye-captimortality rate seen in patients with Gleason
vating 15% increase in mortality among men
3+4—the most common score seen in biopsy
randomly assigned to RP versus observation.215
Gleason 6-upgraded patients.307
2. Only 3 of 9,557 patients with organ-confined,
pathological Gleason score ≤6 cancer died
of prostate cancer in the experience from
Taking all this data into consideration, we venture to suggest the following:
I. Definitive candidates for RP—expect most survival benefit—any N0M0 man:
<55 years of age with acceptable comorbidities
<70 years of age, acceptable comorbidities,
<65 years of age and PSA >10 ng/mL
PSA <4 ng/mL, who failed radiation therapy,
<70 years of age, acceptable comorbidities,
whole-gland cryotherapy, or high-intensity
who failed focal therapy
focused ultrasound (HIFU)
II. Good candidates for RP—with probable survival benefit and low regret—any N0M0 man:
Impotent <65 years of age with acceptable
<70 years of age, acceptable comorbidities,
comorbidities
PSA of between 4 and 10 ng/mL, who failed
<65 years of age with PSA <10 ng/mL
radiation therapy, whole-gland cryotherapy,
55 to 65 years of age with high-volume lowor HIFU
risk cancers, acceptable comorbidities, and <75 years of age, acceptable comorbidities,
PSA >10 ng/mL, who failed focal therapy,
preferably impotent
<70 years of age with intermediate- or highradiation therapy, whole-gland cryotherapy,
risk cancers, acceptable comorbidities
or HIFU
III. Not good candidates—harm most likely, no survival benefit—any N0M0 man:
>70 years of age with treatment-naïve prostate cancer

>65 years of age with low-risk prostate cancer
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1.4.2.5
Level of evidence and grade of recommendation for radical prostatectomy (from EAU prostate cancer
guidelines):368
Recommendations

LOE

GOR

Patients who are suitable for AS and radiotherapy must have these options discussed
with them.

4

A*

In patients with low- and intermediate-risk PCa and a life expectancy >10 years, RP should
be offered.

1b

A

Nerve-sparing surgery may be attempted in pre-operatively potent patients with low
risk for extracapsular disease (T1c, GS <7, and PSA <10 ng/mL, or refer to Partin tables/
nomograms).

2b

B

Multi-parametric MRI may help in deciding when to perform nerve-sparing procedures in
intermediate- and high-risk disease.

2b

B

In patients with high-risk localized PCa and a life expectancy of >10 years, RP should be
offered in a multimodality setting.

2a

A

In selected patients with locally advanced (cT3a) PCa and a life expectancy >10 years, RP
may be offered in a multimodality setting.

2b

B

In highly selected patients with locally advanced PCa (cT3b-T4 N0 or any T N1), RP may be
offered in a multimodality setting.

3

C

A* Upgraded following panel consensus.
Abbreviations: AS, active surveillance; EAU, European Association of Urology; GOR, grade of recommendation; GS, Gleason
score; LOE, level of evidence; MRI, magnetic resonance imaging; PCa, prostate cancer; PSA, prostate-specific antigen; RP, radical
prostatectomy.
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1.4.3

Radiotherapy

1.4.3.1
Introduction
Radiotherapy (alone or associated with androgen deprivation therapy [ADT]) is an established
treatment option for patients diagnosed with prostate cancer belonging to all risk groups.153 So said,
convincing experimental and clinical data have been published in recent years clearly demonstrating
that high doses are needed in order to optimize clinical and biochemical outcomes when irradiating
men with prostate cancer.352–354 It is widely accepted that a dose-response relationship exists for prostate cancer, and conformal and intensity modulated external beam radiotherapy (EBRT) techniques
have been developed to achieve an effective dose escalation and to allow a better sparing of radiosensitive dose-limiting adjacent normal structures such as the rectum and bladder. Feasibility dosefinding studies have been performed showing that total doses of about 85 Gy may be delivered to the
whole prostate by EBRT with acceptable toxicities, but higher doses to the entire gland are today not
considered achievable due to the dose constraints to the surrounding organs at risk. On the other
hand, Cellini et al. and Pucar et al. have both elegantly shown that clinically detected local recurrences after EBRT (+/- ADT) usually occur in the primary tumour location within the prostate, and
these conclusions corroborate histopathologic findings observed in patients undergoing salvage radical prostatectomy for intraprostatic local recurrence after EBRT.355,356 Therefore, strong arguments
exist to develop focal irradiation strategies that, from one side, will have a reduced impact on EBRT
toxicity and, on the other side, will better concentrate the dose where needed. Any hope to correctly
and safely perform a focal irradiation with EBRT rests on the parallel implementation of a sophisticated technology for RT dose delivery. Image-guidance strategies for image-guided EBRT (IGRT)
both based on the implant of intraprostatic markers and/or the availability of real-time, online,
Cone-beam computed tomography (CT) imaging for daily patient setup, should be performed and
intensity modulated radiotherapy (IMRT) beams should be used. In this respect, stereotactic body
radiotherapy (SBRT) seems nowadays to be the best available technology in order to better cope with
these requirements.
1.4.3.2

External beam radiotherapy (EBRT) and focal treatment of
prostate cancer
In general terms, two strategies may be envisaged when considering focal external beam irradiation. (a) A “pure” focal EBRT, where the tumouricidal dose is delivered only in an extremely focused
way to the prostate subvolume deemed the clinically relevant one (i.e., the dominant intraprostatic
lesion [DIL]), and where virtually the rest of the gland is not irradiated at all. (b) A “boost” strategy,
where the whole gland is irradiated to a reasonably sufficient dose to eradicate all subclinical foci of
the disease, and the DIL is simultaneously or subsequently irradiated to a higher-than-conventional
dose. Clearly, the “pure” focal strategy should be probably indicated for patients in the low- to intermediate-risk group, while the “boost” one may also be proposed to patients in the high-risk group.
Any data that has ever been published on “pure” focal EBRT should only be considered as a theoretical approach, at least within the frame of an EBRT technique. On the contrary, after the publication
of a couple of purely technically oriented papers, the “partial boost” strategy has been challenged in
quite a number of phase 2 trials, and has even been compared to the classical whole-gland approach
in a recently closed phase 3 trial. van Lin et al.357 demonstrated the theoretical feasibility of integrating two functional prostate magnetic resonance imaging techniques (dynamic contrast-enhanced
MRI [DCE-MRI] and spectroscopy) into the treatment planning process for EBRT for the definition
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and potential irradiation of a DIL to a high-dose intraprostatic boost. For a small group of 5 prostate
cancer patients, a DIL-IMRT plan was calculated consisting of a whole prostate EBRT dose of 70 Gy
and a DIL-boost of up to 90 Gy and compared to a classical IMRT plan of 78 Gy to the whole prostate. The tumour control probability and the rectal-wall normal tissue complication probability were
theoretically derived for the two sets of data, and a decrease in the rectal-wall complication probability was observed for the DIL-IMRT plan without compromising the tumour control probability.
This concept was studied in a much larger cohort of patients by Fonteyne et al.358 Magnetic resonance
imaging supplemented with spectroscopy (magnetic resonance spectroscopy [MRS]) maps were
obtained and used in order to define (if feasible) a DIL in 230 prostate cancer patients. Interestingly, a
DIL was revealed by MRI and/or MRS in 118 of 230 patients, and this made it possible to increase the
dose into this volume to a minimum of 77 Gy as compared to 70 Gy to the rest of the prostate, without
increasing the overall toxicity of the treatment. Several authors have subsequently published phase
2 pilot studies mainly devoted to definitively confirming the technically feasibility of the “partial
boost” strategy. The research has been focused in two directions: (1) first of all, in establishing the
most reliable tool in detecting the DIL to better guide the delivery of ultra-high RT doses with teams
proposing multi-parametric MRI, F-choline positron emission tomography (PET), spectroscopyMRI, or a combination of these, and (2) in identifying the best EBRT technique (IMRT, tomotherapy,
SBRT, volumetric-modulated arc therapy [V-MAT], etc.) to deliver the dose as planned.359–361 It is
certainly worthwhile mentioning that the randomized phase 3 trial NCT01168479 (FLAME-trial)
has successfully been completed with the recent inclusion of the last patient.362 In the study, 566
intermediate- to high-risk prostate cancer patients have been randomized to a standard-dose EBRT
of 77 Gy in 22 fractions (control arm) and to a study arm in which an integrated micro-boost of 95
Gy is delivered to a DCE-CT and MRI-defined DIL.
1.4.3.3
Conclusions
It seems unlikely that EBRT may play a major role in the setting of “pure” focal management of (lowrisk) prostate cancer; other technologies appear to have a better selectivity if the treatment of (only) a
subvolume of the prostatic gland is clinically indicated, and brachytherapy (both low and high dose
rate) is certainly one of those. On the other hand, when a “boost” of dose on the DIL is envisaged,
EBRT has proven effective, at least theoretically, to achieve a focussed dose distribution to ultra-high
dose, while irradiating to a standard dose the rest of the prostatic gland without any increased toxicity. Results of an ongoing, phase 3, randomized clinical trial are awaited in order to prove the efficacy
of such a strategy in the clinical setting.
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1.4.3.4

L
 evel of evidence and grade of recommendation for radiotherapy (from
the EAU Prostate Cancer Guidelines):368

Recommendations

LOE

GOR

Patients who are suitable for AS and surgery must have these options discussed with them.

4

A

External beam radiotherapy should be offered in all risk groups of non-metastatic PCa.

2a

A

In low-risk PCa, the total dose should be 74–78 Gy.

1a

A

In patients with low-risk PCa, without a previous TURP and with a good IPSS and a prostate volume
<50 mL, LDR brachytherapy is a treatment option.

2a

A

In intermediate-risk PCa, a total dose should be 76–78 Gy, in combination with short-term ADT
(4–6 months) is recommended.

1b

A

In patients with high-risk localized PCa, a total dose of 76–78 Gy, in combination with long-term
ADT (2–3 years) is recommended.

1b

A

In patients with locally advanced cN0 PCa, radiotherapy must be given in combination with longterm ADT (2–3 years).

1a

A

Intensity modulated radiotherapy is the recommended modality for definitive treatment of
PCa by EBRT.

2a

A

In patients with cN+ PCa, pelvic external irradiation can be given in combination with immediate
long-term ADT.

2b

B

Abbreviations: ADT, androgen deprivation therapy; AS, active surveillance; EBRT, external beam radiotherapy; EAU, European
Association of Urology; GOR, grade of recommendation; IPSS, International Prostate Symptom Score; LDR, low-dose rate; LOE,
level of evidence; PCa, prostate cancer; PSA, prostate-specific antigen; RP, radical prostatectomy; TURP, transurethral resection
of the prostate.
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I-2.1 Introduction
The introduction of transrectal ultrasound (TRUS) for prostate imaging in the 1980s occupies an
important landmark in prostate imaging.1 The TRUS system offers excellent visualization of the prostate, guidance for biopsy, and treatment options like focal therapy using various energy sources. It is
widely available, fast, low cost, and usually performed by urologists with or without local anesthesia, with minimal inter-observer variability. The evolving treatment trends in prostate cancer (PCa)
management demands the most accurate cancer imaging information, but the overall performance
of TRUS in PCa cancer localization and staging is disappointing.2 Though cross-sectional imaging
like magnetic resonance imaging (MRI) provides superior cancer information,3 several investigators have attempted to add imaging adjuncts to the conventional grey-scale TRUS technology to
improve the overall performance and, hence, the term “multiparametric ultrasound” (mp-US).4 In
this section, we publish an extensive review of the scientific literature concerning modalities in prostate ultrasound.

I-2.2 Technical Aspects of TRUS
I-2.2.1

Basic concepts of TRUS

The introduction of reliable imaging of the prostate has improved diagnosis and enabled PCa
localization. Transrectal ultrasound was the first imaging modality used to aid in the diagnosis of PCa.
FIGURE 2.I-1
A Chair device with a rectal
probe for TRUS imaging of
the prostate.
B The first 3.5 MHz
transducer on a rotating
probe.
C B -scan of the prostate with
a malignancy (indicated by
the arrow) using a 3.5 MHz
transducer.

A

With reprint permission from: Resnick
MI. J Ultrasound Med. 2003;22(9):
869-877.
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Transrectal ultrasound is still the most commonly used imaging modality. The ultrasound equipment is mobile and readily available, as opposed to alternative methods such as MRI and computed
tomography (CT). Initially, in 1957, TRUS was described as a technology to assess rectal pathology.5,6
Takahashi and Ouchi used TRUS to evaluate the prostate for the first time in 1963.7 At that time,
TRUS was still at the beginning of its development, and the image quality was not yet suitable for
clinical interpretation. It was in 1968 that Watanabe et al. produced the first clinically applicable
images of the prostate obtained with TRUS.8,9 They used a chair device and transrectal radial probe
with a 3.5 MHz transducer covered with a water-filled balloon (Figure 2.I-1).
This first endocavity ultrasound probe consisted of an ultrasound receiver mounted at 90º from the
long axis of the probe. A 360º motor-driven sweep was made to provide highly reproducible static
sonograms. In the following decades, ultrasound technology became more refined and, among other
things, the frequency of the probes increased. With the earlier scanners, the majority of the investigators were convinced that cancers appeared as hyperechoic on the sonogram.10 In the mid-80s, the
frequency of the transducers increased to 5 MHz and then up to 7 MHz. These higher frequencies
reduced the penetration depth but resulted in a higher level of detail and a better delineation of
the architecture of the prostate. These transducers also demonstrated that tumours are generally
hypoechoic.11 This opened the door to localizing tumours in the prostate.
When used in conjunction with prostate needle biopsy, the detection rate (DR) of PCa dramatically
exceeded that obtained in historical series of screening by digital rectal examination (DRE). In 1987,
the first report was published on the application of TRUS in transrectal biopsy.12
With improved ultrasound imaging technology, TRUS became more and more the standard technique to guide the needle in performing a core biopsy of the prostate. From the first electronically
rotated 1D transducer by Watanabe et al., 2D ultrasound transducers were developed. These evolved
via bi-plane and tri-plane transducers toward transducers that made three-dimensional (3D) imaging of the prostate possible. The currently state-of-the-art TRUS probes are 3 to 10 MHz handheld
probes with a 4D (3D+t) imaging capability. For taking prostate biopsies using TRUS, the transrectal
probes can be fitted with an adapter through which the biopsy needle is guided. Nowadays, when
there is a suspicion of PCa based on DRE and prostate-specific antigen (PSA), ultrasound-guided
biopsies typically follow.
I-2.2.1.1
TRUS probe
The first ultrasound probe that was used in 1967 by Watanabe et al. for TRUS imaging can be considered as a side-fire probe.5 This probe consisted of one transducer mounted at an angle of 90º with
respect to the long axis. Nowadays, TRUS probes consist of an array of elements that can each transmit ultrasound pulses and receive the echoes from the tissue. This array of elements can be oriented
at 90º on the long axis (side-fire; see Figure 2.I-2A for an example) or at 0º on the long axis (end-fire;
see Figure 2.I-2B for an example). One application for TRUS transducers is guiding the needle that
is used to take prostate biopsies. In this procedure, there is a tendency to favour the end-fire probe
over the side-fire probe.13,14 The hypothesis of the authors was that the curved array at the tip of the
end-fire probe allows more control and flexibility in manoeuvering the biopsy needle to the intended
biopsy location.
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FIGURE 2.I-2
A Side-fire TRUS probe.
B End-fire TRUS probe.

I-2.2.2

A

B

Diagnosing prostate cancer using grey-scale TRUS

The conventional techniques for diagnosing PCa are based on grey-scale TRUS. With the early transducers, the tumours were identified by their hyperechogenicity. With the higher frequency transducer, most peripheral zone (PZ) tumours came up as hypoechoic.1 Prostate cancer may appear
as hypoechoic on the sonogram because the stroma is replaced by infiltrating glandular tumour
elements, but lesions can also appear as iso- or hyperechoic. Larger lesions usually turn up on the
ultrasound image as hypoechoic. Shinohara et al. compared TRUS scans from 70 patients with the
whole-mount histological section.15 They found that 60% of the tumours were hypoechoic, and 30%
were isoechoic and therefore difficult to distinguish from the surrounding tissue. On the other hand,
TRUS could not only be used to diagnose and localize PCa, but also to determine the stage of the
tumour. Rifkin et al. evaluated 51 histologically confirmed PCas.16 They found that the Gleason
score (GS) of the tumour correlated with the echogenicity of the lesions on the sonogram, whereas
isoechoic lesions were associated with anaplastic, high-grade tumours.
Diagnosing and staging of PCa based on grey-scale TRUS images turned out to be not as straightforward. To improve the diagnosing and staging, several techniques have been developed.
I-2.2.2.1
Colour Doppler ultrasound imaging
In 1989, colour Doppler TRUS entered the armamentarium of PCa detection techniques.17 Doppler
imaging was based on quantifying the vasculature in the prostate to detect and localize prostate
tumours based on the development of neovessels around the tumour (angiogenesis). Colour Doppler
gave information on the direction and velocity of red blood cells, thereby identifying the vasculature
in the prostate gland.
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FIGURE 2.I-3
Example of Power Doppler
Images for a 70-Year-Old
Man Who Had cT1c Cancer
With GS 6 on Image-Blind
Systematic Biopsy at an
Outside Facility
TRUS identified a hypoechoic
lesion in the left base,
suspicious for involvement
of the left seminal vesicle
(SV). TRUS-guided targeted
staging biopsies revealed a
GS of 7 (3+4).

Axial scan

Sagittal scan

With reprint permission from: Ukimura
et al. BJU Int. 2013;111(8): E354-364.

BASE
BASE
SV
In 1995, power Doppler was introduced. This modality has the advantage over colour Doppler of being
angle independent and, therefore, it could increase the useable dynamic range of the Doppler image,
i.e. identify smaller vessels (an example is presented in Figure 2.I-3). Halpern et al.18 compared greyscale ultrasound, colour Doppler, and power Doppler in the detection of PCa and found no additional
value of power Doppler over colour Doppler. They concluded that grey-scale and Doppler ultrasound
did not reveal PCa with sufficient accuracy to avoid systemic biopsies. In 1997, Doppler imaging was
enhanced with the use of contrast agents, which increased the contrast of blood with respect to the
surrounding tissue.19 With this study of a small group of 15 patients, the researchers concluded that
contrast-enhanced ultrasonography promises to be a useful technique for better imaging of prostatic
blood flow and might allow for a more accurate identification of malignant lesions.
I-2.2.2.1.1 Clinical performance of colour Doppler imaging
Sauvain et al. investigated the value of transrectal power Doppler sonography (PDS) in the detection
of low-risk PCa.20 In a study of 413 patients, 243 (59%) of these patients had a PSA level <10 ng/mL
without a palpable lesion; of the 243 patients, 106 patients presented a cancer (cT1c). Fifty-eight of
these 106 patients also had an abnormal PDS. With an abnormal PDS, the probability of having a
positive biopsy is 57%, and the probability of having a significant cancer is 30%. In the population of
243 patients with a PSA level <10 ng/mL, the authors found a 45% sensitivity and a 74% specificity for
PDS in diagnosing low-risk cancers.
Tsai et al. measured parameters such as the end-diastolic (blood flow) velocity (EDV) and the resistive index (RI) at each neurovascular bundle site.21 These parameters were derived from the Doppler
spectral waveform. In a group of 292 patients who also received systemic biopsies, EDV and RI
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showed comparable diagnostic performance (area under the curve [AUC]=0.687 and 0.657, respectively), which was less than that of the PSA level (AUC=0.812). Among patients with a PSA level
<20 ng/mL, the diagnostic performance of EDV and RI was comparable to that of PSA. At a cut-off
value of 4.5 mL/second, EDV showed a 65.5% sensitivity and 66.7% specificity. The sensitivity and
specificity of RI was 71.5% and 60.3%, respectively, at a cut-off of 0.71. The researchers concluded
that the Doppler spectral parameters were not suitable for the detection of PCa in patients with a
PSA level <10 ng/mL, but might help in diagnosing PCa in patients with PSA levels between 10 and
20 ng/mL.

I-2.2.3

Staging prostate cancer using grey-scale TRUS

Accurate clinical staging of PCa is of major importance in selecting the proper therapy for patients.
For the staging of PCa, the Tumour Node Metastasis (TNM) classification is used. Several criteria
have been proposed for the staging of PCa. The initial criterion was that of the overall shape and
symmetry of the prostate. However, irregularities in shape and symmetry can also be attributed to
benign prostatic hyperplasia (BPH) nodules. An increase in anterior-posterior diameter could be
characteristic of PCa. This usually occurs with tumours of large volume, and in these cases staging
is less relevant. When staging of PCa is relevant, TRUS mainly focuses on the distinction between
tumours that are confined within the prostate (T1 and T2) and tumours that extend outside the prostate capsule (T3). In the case of a T3 grade tumour, there is also the distinction between extracapsular
extension (ECE) and seminal vesicle invasion (SVI) that determines whether the tumour is of grade
T3a or T3b. Observations on TRUS imaging like bulging, thickening, irregularity interruption, and
asymmetrical contour have all been associated with capsular invasion. To identify SVI, some criteria
have also been proposed. Asymmetry and hypoechoic regions within the SVs are suspicious indications of tumour extension.
Several studies have been performed to assess the accuracy of grey-scale TRUS in staging PCa. In one
of the first preliminary studies, Peeling et al. identified the prostate capsule on TRUS images of 58
out of the 60 men who were included.22 An ultrasound diagnosis of PCa was made in 32 out of the 33
men with proven disease, and they detected non-integrity only in the prostate capsule of 17 men with
proven cancer. Many following studies compared the diagnostic performance of grey-scale TRUS
with that of a DRE and/or MRI.
Vapnek et al. compared 64 patients’ diagnostic performance of radiographic staging (MRI and/or
TRUS) and DRE with histopathology after radical prostatectomy (RP).23 The staging accuracies for
MRI (67%) and TRUS (63%) were better than for DRE (42%), although MRI and TRUS suffered from
understaging (22% and 31%, respectively). In the evaluation of ECE, TRUS performed better than MRI
in terms of positive predictive value (PPV) (81% vs. 77%), but the negative predictive value (NPV) was
disappointing (58% versus 56%). In the evaluation of SVI, both radiographic techniques performed
poorly in terms of PPV (50% versus 40%), but excellently in terms of NPV (90% versus 96%).
In a multicentre trial, Smith et al. assessed the performance of DRE and TRUS prospectively in
263 patients.24 Histological evidence of ECE and seminal vesical invasion was found in 231 and
52 patients, respectively. The areas under the receiver operating characteristics curve (ROC) for
detection of ECE were 0.69 for TRUS and 0.72 for DRE. For detection of SVI, the areas under the
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ROC curve were 0.74 and 0.69. In both cases, the results from TRUS and DRE were not significantly
different. Their conclusion was that TRUS offered no unique or superior information compared with
DRE in staging the local extent of PCa.
Ohori et al. investigated TRUS as a technique to identify ECE in comparison with DRE. The results
from the two approaches were not significantly different but, by combining DRE and TRUS, they
found a PPV of 79% and a sensitivity of 91%.25
Other favourable results have been published by Shinohara et al. They found in a retrospective study
that the maximum diameter of the tumour as measured by TRUS correlated linearly with histology.
Opposite results in terms of favourability have been published by Rorvik et al.; they reported an overall sensitivity of 68% and a specificity of 63% for TRUS in staging PCa.26 Rifkin et al. compared the
results from TRUS and MRI in staging PCa. From the total of 230 patients who were included in the
study, TRUS staged 46% correctly, whereas MRI staged 57% correctly.27 Finally, two studies presented
results on the accuracy of TRUS in depicting ECE and SVI. In a population of 620 patients, Eisenberg
et al. found an area under the ROC curve of 0.77.28 In a similar population of 101 patients, Jung et al.
found an area under the ROC curve of 0.81.29
A few studies focused on the detection of specific tumour grades using grey-scale TRUS. Ohori et al.
assessed impalpable PCas defined as T1c and whether the visibility of these tumours on ultrasound is
associated with different pathological features and/or prognoses, as compared with nonvisible impalpable tumours.30 In 323 patients, the clinical stage was defined as impalpable cancer regardless of
TRUS, as detected by needle biopsy. They found no difference in pathological features and progression between cancers that were visible and nonvisible on TRUS. Therefore, they concluded that in
staging impalpable PCas, TRUS has no additional value. Similar results were reported by Augustin
et al.31 Hsu et al., on the other hand, studied the detection of clinical unilateral T3a PCas.32 A total of
267 patients underwent a DRE and TRUS prior to an RP, and the results were compared with pathology. In approximately 25% of the patients, the cancer was overstaged by DRE and/or TRUS, but the
combination of DRE and TRUS gave the best results in staging T3a PCa: sensitivity 71%, specificity
41%, PPV 50%, and NPV 63%. Colombo et al. compared preoperative TRUS with pathology results
after RP in 114 patients.33 In 68% of the RP specimens, organ-confined cancer was correctly found
by TRUS, and ECE was correctly identified in 32%. The staging performance of TRUS for organconfined cancers (stage T1-2) was as follows: sensitivity 66%, specificity 33%, and PPV 56%. For
advanced cancers (stage T3a/b/c), it was: sensitivity 33%, specificity 68%, and PPV 46%.
Since organ-confined PCas and those that display ECE and/or seminal vesicular invasion require a
different treatment, it is important to stage PCas prior to treatment. The performance of grey-scale
TRUS in staging PCa is still sub-optimal, and the combination with DRE does not provide much
improvement in staging performance.
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In general, it can be concluded that TRUS is a relatively good method for detection and diagnosis of
PCa, and is more accurate than DRE. TRUS can be considered suitable for guiding the prostate biopsy
needle. However, accurate localization of PCa would make targeted biopsies possible. Accurate localization of PCa also aids tremendously in selecting the right focal therapy for the patients. For staging
purposes, TRUS is not the most suitable technique.

I-2.3 Contrast-Enhanced Ultrasound
Contrast-enhanced ultrasound (CEUS) targets the altered vascularization exhibited by various
malignancies, including PCa. Through the process of tumour angiogenesis, prostatic tumours match
increased vascularization to their metabolic needs. Without angiogenesis, prostate tumours cannot
progress from small dormant lesions to clinically significant disease.34 Various aspects of this altered
blood supply are targeted by CEUS imaging techniques: higher perfusion of the malignant tissues,
altered blood flow patterns caused by the abnormal structure of the microvasculature, and even the
characteristic expression of molecules within the vasculature of prostate tumours. By exploiting
these differences between malignant and benign prostate tissue, CEUS helps the observer detect,
target, and monitor PCa.

I-2.3.1

Ultrasound contrast agents

In CEUS, an ultrasound contrast agent (UCA) is used to visualize or quantify blood flow. The first
UCAs were unencapsulated air bubbles (first generation) and air bubbles with albumin or galactose shells (second generation). The current, third-generation UCAs are micro bubbles filled with
perfluorocarbon gasses and use phospholipid, albumin, or polymer shells. Commonly used agents
are SonoVue® by Bracco Suisse S.A., Definity® by Lantheus Medical Imaging, and Sonazoid™ by GE
Healthcare. The use of heavier gasses and optimized shells have stabilized the bubbles, allowing
prolonged in vivo half-lives, which are currently around 6 minutes.35
The micro bubbles have a diameter similar to that of red blood cells, in the range of 2 to 8 µm. Their
small size enables the micro bubbles to pass through the microvasculature. The micro bubbles do
not pass the vascular endothelium, and therefore remain in the intravascular compartment. Despite
their size, micro bubbles are highly echogenic, and modern ultrasound scanners can detect a single
micro bubble passing through the microvasculature.36 The UCA is typically administered as a bolus
injection just prior to TRUS imaging of the prostate or as a continuous intravenous catheter infusion
during imaging.
Ultrasound contrast agents are safe. Adverse reactions are rare and UCAs are not nephrotoxic, as
opposed to many radiographic contrast agents. The main cause of serious adverse events are anaphylactic shock, with an estimated incidence of 1 in 10,000.37 The safety of using UCAs in patients with
severe cardiopulmonary compromise has been questioned, although recent reports show that the use
of UCAs in those patients is not accompanied with higher mortality.38 Contraindications for UCA
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use related to cardiopulmonary disease are regularly updated; it is advisable to check up-to-date listings of contraindications before UCA use and to keep epinephrine, or other medication to counter
anaphylactic shock, at hand.

I-2.3.2

Contrast-enhanced Doppler imaging

The first use of UCAs in PCa imaging was in combination with the Doppler techniques. Doppler
imaging in PCa is based on detecting the increased neovascularization associated with prostate
tumours. Neovascularization starts with the formation of very small micro vessels in which blood
flow is slow and hard to detect. With a continuous infusion of a UCA, a large number of highly echogenic scatterers are added to the bloodstream, increasing the sensitivity of the Doppler techniques to
detect blood flow in small, low-flow vessels.39
In 2001, Sedelaar et al. showed that microvessel density (MVD) associated with PCa presence and
prognosis is 1.93 times higher in areas that showed enhancement with contrast-enhanced power
Doppler, compared to areas that showed no enhancement.34,40 Through 3D contrast-enhanced power
Doppler scanning, they were able to find 86% of tumours in a cohort of 70 patients scheduled for RP.41
Various studies have compared the DRs of systematic biopsies with contrast-enhanced Doppler or
contrast-enhanced power Doppler-targeted biopsies. The per-core DR is higher for the targeted biopsies. However, the PPV for an enhancing lesion is low. Furthermore, too many tumours are detected
only by systematic biopsy to recommend omitting systematic biopsies.42-44 One drawback of Doppler
ultrasound is that it uses relatively high-energy ultrasound pulses, which causes premature bursting
of the micro bubbles as they move into the imaging field.45

I-2.3.3

Dynamic contrast-enhanced ultrasound imaging

To overcome the aforementioned limitations of contrast-enhanced Doppler imaging, new lowenergy scanning techniques have been developed that exploit the physical characteristics of the
micro bubbles. When micro bubbles are insonified at frequencies commonly used in prostate TRUS,
they start to oscillate non-linearly. The magnitude of the oscillating response depends on the stiffness of the shell and the relation between the size of micro bubble and the scanning frequency
used. The non-linear oscillations produce reflected signals that are fractional multiples (harmonics)
of the insonification frequency. These non-linear reflections can be detected and separated from
the generally linear reflections of the tissues, enabling contrast-specific imaging, the key feature
of harmonic, or dynamic contrast-enhanced ultrasound (DCE-US).46 Three common techniques
to separate contrast reflections from tissue reflections are pulse inversion, power modulation, and
contrast pulse sequencing. Modern ultrasound scanners allow split-screen depiction of the greyscale images and the contrast-specific images simultaneously to enable navigation through the prostate. The combination of contrast-specific imaging and the ability to detect single micro bubbles
flowing through microvasculature allows visualization of blood flow patterns on both the macroand microvascular scales.
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During interpretation of DCE-US images, several features are associated with malignancy: asymmetrical rapid inflow, enhancing foci crossing the zonal borders, increased focal enhancement, and
asymmetry of the intraprostatic vessels.47 Asymmetrical rapid inflow is the most important distinguishing feature and can be best assessed after the injection of a UCA bolus while imaging one plane
at a time. Alternatively, a flash-replenishment technique has been used in which all in-field micro
bubbles are destroyed by a strong ultrasound pulse and the inflow of new micro bubbles is assessed
thereafter.48,49
I-2.3.3.1
Clinical performance of DCE-US
Only limited data are available that evaluate the performance of DCE-US compared to RP specimens. Early studies by Halpern et al.49 and Matsumoto et al.50 achieved sensitivities of 42% and
41% in their cohorts of 12 and 50 patients, respectively. Because no tumour-negative regions were
included in their analysis, specificity cannot be calculated from their data. Sano et al.51 scanned
13 patients before prostatectomy and were able to detect 10 tumours with an average diameter of
18.7 mm using DCE-US, but missed the smaller tumours with an average diameter of 5.9 mm. Seitz
et al.47 performed DCE-US in 30 patients scheduled for prostatectomy and 5 patients scheduled for
cysto-prostatectomy, with the observer blinded to whether PCa had previously been detected or not.
The per-patient sensitivity and specificity, PPV, and NPV were 71%, 50%, 92%, and 13%, respectively.
The varying results reported by the few small studies that compare DCE-US imaging with RP specimens call for larger well-designed trials with standardized and up-to-date imaging protocols. Xie et
al.52 correlated systematic biopsy results with DCE-US imaging in 150 patients and reported a perbiopsy site sensitivity, specificity, PPV, and NPV of 73%, 87%, 66%, and 90%. Zhao et al.53 attained a
sensitivity of 79% and a specificity of 86% for DCE-US correlated to systematic biopsy results in their
cohort of 65 patients. Additionally, they performed targeted biopsies to help characterize both false
negatives and false positives, and found that BPH and acute or chronic inflammation were associated
with false positives. False negatives were mostly encountered in people with low serum PSA, normal
DRE, low cancer volume, and moderately differentiated to well-differentiated tumours. Halpern et
al.54 compared the DRs of up to 6 DCE-US targeted cores and 12 core systematic biopsy results in 272
patients. Their data show a higher per-core DR for the targeted biopsies (16.4% vs. 8.5%); however,
the per-patient DR was lower for the targeted cores than for the systematic biopsies (26% vs. 39%).
Although biopsy studies almost universally show an added benefit of adding DCE-US–targeted biopsies to systematic biopsies, too many significant PCas are being missed by current targeted biopsy
techniques to justify taking only the targeted biopsies.55 Because the signs of malignancy displayed
by DCE-US are often subtle, there is a considerable learning curve and user dependency associated
with interpretation of the DCE-US imaging.
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I-2.3.3.2

Quantification of DCE-US

FIGURE 2.I-4
Contrast Enhanced Ultrasound Imaging of Prostate Cancer
A

B

A E xample of a time-intensity curve (TIC) for a given pixel.
B Left: Example of a probability map (red indicates a high suspicion) generated by dedicated software under the development
of Bracco Suisse S.A. that analyzes the dispersion of wash-in rates (WiRs) among neighbouring pixels. Middle: Contrast
ultrasound dispersion imaging map indicating a region of similarly shaped TICs, suspicious for PCa presence (marked red). Right:
Histopathological examination of the same plane confirmed PCa presence in the right PZ (marked red).
Image taken from: Postema A, Idzenga T, Mischi M, et al. Ultrasound modalities and quantification: developments of multiparametric ultrasonography, a new modality to
detect, localize and target prostatic tumors. Curr Opin Urol. 2015;25(3):191–197.

To reduce the user dependency associated with DCE-US interpretation and to enable detection of
differences in blood-flow patterns too subtle for human interpretation, quantification techniques are
being developed. Quantification techniques in DCE-US use algorithms to extract blood flow parameters from the recorded DCE-US images. The basis of these quantification techniques is the assessment of the enhancement of different regions over time, as the UCA spreads through the prostate.
These time–intensity curves (TICs) for individual pixels or regions of interest are plotted and, from
these TICs, various blood flow–related parameters can be extracted, such as WiR, rise time (RT),
and mean transit time (MTT), which is the time between the 50% levels of the wash-in and wash-out
phase of the TICs (Figure 2.I-4). Quantification software under development by Bracco Suisse S.A.
can be used in various organs, including the liver and the mammary glands, and has been used in the
prostate with promising results.56 Using a prototype of this software package, Jung et al.57 analyzed
the DCE-US recordings of 20 men scheduled for RP. In 30 out of the 34 tumours, early enhancement
could be detected using the software analysis, resulting in a sensitivity, specificity, PPV, and NPV of
88%, 100%, 90%, and 60%. The other parameters that were examined, MTT and RT, performed less
well, detecting 29 and 25 tumours, respectively.
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The current version of the software package enables the generation of maps of various perfusion
parameters, as well as probability maps for tumour presence. Calculating the likelihood of tumour
presence within a region is based on the statistical analysis of the histograms of WiRs in a small
area around each pixel. Statistical parameters, such as the standard deviation and the mode, are
calculated from these histograms, and the probability of tumour presence is calculated based on
these parameters.
Postema et al.58 used this current version of the software to predict systematic biopsy outcomes in
82 patients. With the use of the probability maps, 36.9% of biopsy locations were identified as suspicious and 63.1% as benign; 7.7% were false negatives. Only 3.5% of the biopsy locations were classified
as benign while their corresponding biopsy showed PCa with a GS ≥7 and a per-core tumour involvement of ≥10%.
Other strategies for detecting prostate using DCE-US quantification exist. Mischi et al. focus on
the dispersion kinetics of the UCA as it moves through the prostate, rather than perfusion parameters.59 They hypothesize that the characteristics of the angiogenic vessels have unpredictable effects
on perfusion on the microvascular level. The increased MVD associated with prostatic tumours and
the presence of arteriovenous shunts promotes increased perfusion. Conversely, the increased tortuosity of the angiogenic vessels, the aberrant endothelial lining, and the higher interstitial pressure
caused by leakiness of the capillaries have a diminutive effect on perfusion. The irregular structure
of the angiogenic microvasculature in prostatic tumours is less efficient and therefore causes predictably lower dispersion of the UCA bolus throughout the prostate. Discrimination between benign
and malignant tissue based on perfusion may therefore be less powerful than discrimination-based
UCA dispersion kinetics. Their method is based on the observation that low UCA dispersion within
a region of the prostate is associated with more similarly shaped TICs within that region. The study
group has been refining their method of classifying regions as benign or malignant by using various
measures for TIC similarity, including coherence and correlation, and attained an AUC of 0.88 in a
dataset of 43 DCE-US recordings from 24 patients from two centres.60

I-2.3.4

Future of contrast-enhanced ultrasound

Several technical developments are expected to have a big impact on the field of CEUS in PCa
imaging. Firstly, there are advances in the development of the micro bubbles. The ability to detect
micro bubbles and separate UCA reflections from tissue reflections will likely improve from UCAs
consisting of more uniformly sized micro bubbles.46 Another development is the use of micro bubbles
for molecular imaging. The results of the first clinical trials in humans with the molecularly targeted
UCA BR55 are expected in the near future. These micro bubbles carry a heterodimer peptide targeting the vascular endothelial growth factor receptor 2, which is overexpressed in the neovasculature
of many cancer types, including prostate, breast, ovarian, and pancreatic cancers. Other molecular
targets are in the pre-clinical phase of development. Molecular imaging may play a major role in PCa
imaging, as it could aid in early detection and characterization of PCa tumours, as well as molecular
profiling of PCas.61
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Another development is the recent advent of 4D (3D volumes over time) ultrasound scanners with
contrast-ready endorectal probes, which will allow assessment of UCA flow throughout the prostate after the infusion of a single UCA bolus. Current 2D scanners allow in- and outflow recording in only one plane at a time, making scanning the entire prostate a costly and time-consuming
process. Because blood flow through the prostate is fundamentally a 3D phenomenon, quantification
techniques employing both perfusion and dispersion-based models to assess altered blood flow will
likely be potentiated by 4D datasets. Secondly, the possibilities to combine imaging techniques and
the interest in doing so are taking flight. Three-dimensional tumour probability maps derived from
quantification of 4D DCE-US imaging could be fused with real-time grey-scale TRUS to facilitate
targeted biopsy procedures. Dynamic contrast-enhanced ultrasound can be combined with other
ultrasound modalities such as shear wave (SW) elastography and C-TRUS, forming what is called
“multiparametric ultrasound.” By effectively combining different imaging modalities that target
different characteristics of PCa, superior discrimination between malignant and benign tissue should
be possible.4

I-2.4 Real-Time Elastography
The increased stiffness of the prostate harbouring PCa compared to the normal prostate is a feature
that has been used for decades for the detection of PCa using DRE.62 However, DRE is facing many
limitations, including subjectivity, inter-observer variability,63 and limited accuracy for staging
disease and locating the different foci,64 which are two factors mandatory for planning primary therapy. An imaging technique able to map tissue elasticity could therefore be useful in detecting and
locating cancer areas within the prostate. Up until recently, conventional imaging techniques did not
provide any information about the elastic properties of organs. However, the elasticity (or, equivalently, the stiffness) of tissues in the body changes as disease progresses over several months and/
or decades, depending on the speed of progression. Prostate cancer tissue becomes stiffer than the
surrounding healthy prostate tissue due to several changes; there is an increase in cellular density and
in microvascularization, destroying the glandular architecture65 and triggering wound repair. This
process is characterized by stromal reaction65,66 and collagen deposition surrounding the cancer.67
This deposition of collagen also significantly increases with increasing Gleason grade,68,69 and is
linked to a significant reduction in the acinar area in the PCa stroma. All these changes contribute to
the increased stiffness of tissue affected by PCa.70
Several studies focused on ex vivo samples, mainly due to the engineering challenges of deploying
mechanical devices to measure stiffness in vivo. In the late 1990s, Krouskop et al.71 started to assess
the mechanical properties of the prostate tissue. A significant difference between normal and cancerous prostate tissue stiffness was demonstrated.72-74 Moreover, the increase in tissue stiffness was correlated to the aggressiveness of the disease, as evaluated with the GS,74 and to the disease severity.72 This
fact is an important finding, as elasticity could help differentiating clinically significant cancer from
insignificant disease. Benign prostatic hyperplasia nodules can often induce false positive diagnosis
when using DRE and/or TRUS imaging, revealing the presence of prostate nodules at B-mode imaging. Young moduli of BPH versus cancerous tissues nodules are significantly different.70,72
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Despite the limitations of ex vivo studies, these encouraging results, together with the wide use of
TRUS for guiding systematic biopsy, prompted the development of an ultrasound-based elasticity
imaging.

I-2.4.1

Prostate elastography techniques and normal pattern

Several ultrasound-based methods were developed in the past years in order to measure in vivo
prostate tissue elasticities and provide an elasticity map. They improve both prostate lesion characterization and PCa detection; in particular, this approach can be extremely useful for prostate
lesions, disclosing lesions on the elasticity map that are not visible in conventional TRUS imaging
(iso-echogenic lesions) or other imaging modalities such as MRI. In fact, it is important to understand that iso-echogenic lesions can be detected with prostate elastography, as the displayed information does not rely on backscattered signals. Elastography may therefore have two major indications:
to provide additional information for the characterization of prostate lesions and to improve the
detection of PCas.
Two concepts are currently used for ultrasound elastography: the analysis of the strain or deformation of a tissue created by a mechanical force (static elastography or strain elastography), and the
analysis of the propagation speed of an SW, which is linked to tissue elasticity.
I-2.4.1.1
Strain elastography
I-2.4.1.1.1
Techniques
Because soft tissues tend to exhibit higher strain (deformation) than stiffer areas when compression
is applied, the strain is linked to the stiffness represented by the Young’s modulus E by the following
equation, where σ is the stress applied to the tissue and ε is the resulting strain:

Static or strain elastography is based on the analysis of the deformation in a sub-region (boxed area)
triggered by an external stress (obtained by tissue compression generated by the transducer) or internal stress (generated by the patient’s breathing or heart motion). The stress is supposed to be uniform
in space and intensity. For prostate elastography, the external stress is applied on the patient’s rectal
wall, adjacent to the prostate PZ, by using the endocavity end-fire transducer as a compression device.
A water-filled balloon placed between the imaging probe and the rectal wall can be used to improve
the homogeneity of the deformation.73 A speckle comparison, before and after compression, yields
a colour map of local tissue deformation or strain called elastogram. The stiffness is estimated by
visualizing the differences in strain between adjacent regions. Therefore, no quantitative elasticity
analysis is available. The stiffness colour scale is automatically distributed from the lowest to the
highest strain found in the stiffness box. Thus, the display depends upon the range of stiffness found
in the box. This is why the size and position of the stiffness box may induce artifactual variation of
the displayed strain; the stiffness box should cover the entire gland and the surrounding tissues. Only
qualitative images are provided to the clinician, and semi-quantitative information can be derived
by measuring strain ratio between two regions of interest (usually one considered normal in terms
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of stiffness and one considered abnormal). The strain for each pixel is colour coded (or grey-scale
coded) and displayed as an overlay on the B-mode image. Several years ago, this technique became
available on endocavity probes to allow prostate scanning.
I-2.4.1.1.2

Acquisition and interpretation

FIGURE 2.I-5
Prostate Strain Elastography:
Typical Distribution of
Elasticity Pattern in a
60-Year-Old Patient With
Moderate BPH
A Transverse view at the
base of the prostate, with
right lateral rotation of the
transducer. The PZ is coded
with green and red colours
due to soft to intermediate
tissue stiffness. Some
blue colours are seen
at the edges of the
gland, corresponding to
non-deformation artifacts.
At the most upper and
anterior part of the gland,
it is difficult to separate
the central zone (CZ) from
the anterior fibromuscular
stroma (AFS). The
pericapsular elastic border
is coded in red (soft) and
can be seen posteriorly.
B Transverse view at the
junction between the
prostate base and midgland, with left lateral
rotation of the transducer.
The PZ appears larger,
with the same elasticity
pattern. Some blue colours
are seen anteriorly and
laterally, corresponding
to non-deformation
artifacts. Transition zone
(TZ) exhibits a more
heterogeneous pattern due
to BPH development. The
pericapsular elastic border
is coded in red (soft) and
can be seen posteriorly.
Continued next page.
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FIGURE 2.I-5, CONT’D
C Transverse view at the
apex of the prostate, with
left lateral rotation of
the transducer. The PZ
is mainly coded in green
due to intermediate
elasticity. The pericapsular
elastic border is coded
in red (soft) and can be
seen anteriorly. Note the
heterogeneous pattern of
the urethra with peripheral
ring-shaped lines.

C

FIGURE 2.I-6
Prostate Strain Elastography
of a 68-Year-Old Man With
Biopsy-Proven Diffuse
Prostate Cancer GS 7
This diagnosis was typically
difficult and was initially
missed by the MRI study.
However, the elasticity
pattern revealed the
presence of abnormal
stiff areas, coded in blue,
distributed all over the
peripheral and TZs. This
pattern was very stable
with the compression and
decompression cycles.

Prostate strain elastography is conducted after a complete B-mode and colour Doppler examination
conducted in the transverse and sagittal planes, in order to measure prostate volume, identify suspicious areas in the peripheral gland (mostly hypoechoic and sometimes hypervascular), and analyze
the periprostatic space (including the SVs). Strain elastography mode is activated, and each suspicious
focal lesion detected during B-mode imaging is analyzed using slight compression–decompression
cycles induced by the transrectal probe, while the patient is lying in a left lateral position. The entire
gland can also be studied for detection of stiff areas, typically in the transverse plane. The quality
index allows controls to ensure appropriate speed and pressure.
Stiff tissues exhibit a reduced strain colour coded in blue, while soft tissues have an increased strain
coded in red. Hypoechoic lesions coded in blue are highly suspected to be malignant. The normal
strain elastography pattern of the PZ is of intermediate elasticity (Figure 2.I-5), while the inner gland
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(mostly the transitional zone) shows more heterogeneity and exhibits an increasing stiffness with
growing age and volume (Figure 2.I-5b).74 Hypoechoic lesions coded in blue are highly suspicious to
be malignant (Figure 2.I-6).
I-2.4.1.2
I-2.4.1.2.1

SW elastography
Techniques

FIGURE 2.I-7
Prostate SW Elastography:
Typical Distribution of
Elasticity Pattern in a
35-Year-Old Patient With
Minimal BPH, From Base (Fig.
2.I-7a) to Apex (Fig. 2.I-7d)
A Transverse view at the
base of the prostate. The
PZ is homogeneously
soft and, thus, is coded
with blue colours. The
mean stiffness values
are typically below 20
kilo Pascal (kPa). The
CZ remains rather
homogeneous due to
minimal development of
BPH, and appears slightly
stiffer, with mean values
ranging from 20 to 30 kPa.
Shear wave elastography
(SWE) improves the
delineation of the two
zones. The AFS is easily
identified. Note that
the space in between
the rectal wall and the
posterior PZ is coded in
blue, reflecting the minimal
pressure induced by the
endocavity transducer.
Continued next page.
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FIGURE 2.I-7, CONT’D
B Transverse view at the
junction between the
prostate base and midgland. The PZ appears
larger and remains
homogeneous, with
typical soft pattern and
mean stiffness values
below 20 kPa. The CZ is
still visible posteriorly
rather homogeneous, due
to minimal development
of BPH, and appears
slightly stiffer, with mean
values ranging from 20
to 30 kPa. Because of
some pressure induced
by the transducer on the
prostate, the posterior
limit between the PZ and
the CZ is not well seen at
SWE. The TZ appears more
heterogeneous due to BPH
development.
C Transverse view at
prostate mid-gland. The
PZ exhibits the same
homogeneous soft pattern,
with mean stiffness values
below 20 kPa. The TZ
appears heterogeneous
due to BPH development,
and some anterior nodules
not seen at B-mode
imaging are displayed at
SWE, with mean stiffness
values of 30 to 50 kPa.
Due to limited anterior
penetration of SWE, the
anterior fibromuscular
stroma is not colour coded.
Continued next page.
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FIGURE 2.I-7, CONT’D
D Transverse view at
prostate apex. The
PZ exhibits the same
homogeneous soft pattern,
with mean stiffness values
below 20 kPa. The TZ
appears heterogeneous
due to BPH development,
and some anterior nodules
not seen at B-mode
imaging are displayed at
SWE, with mean stiffness
values of 30 to 50 kPa. The
AFS is not colour coded.
Continued next page.

D

Unlike strain elastography, shear wave elastography (SWE) requires no compression of the rectal
wall to produce elastograms. This technique is based on the measurement of SW velocity propagating through the tissues.75 It belongs to the field of multi-wave imaging, as it combines two different
waves: one (SW) that provides stiffness information and another (ultrasonic wave) that captures the
propagation of the SW. Thanks to the combination of these two waves, SWE provides a dynamic
quantitative map of soft tissues’ visco-elastic properties in quasi real time. Mean elasticities are averaged from a region of interest (ROI) and can be displayed in kilo Pascal (kPa) or in metres per second
(if SW velocities are displayed). Shear wave elastography’s basic principle relies on two successive
steps. First, an SW is remotely induced by the endocavity probe through the rectal wall in the prostate using the acoustic radiation force of a focused ultrasonic beam. Second, the SW propagation
is captured by imaging the prostate with the endocavity probe. The shear modulus (i.e. stiffness) is
derived by measuring the SW propagation velocity. The SW speed (in metres/second [m/s]) or the
Young’s modulus (in kPa) is colour coded for each pixel and displayed as an overlay on the image in
B-mode (Figure 2.I-7).
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FIGURE 2.I-8
Prostate SWE Allows
Quantitative Measurements
of Tissue Stiffness Using ROI
The mean stiffness value is
displayed for each ROI, and
the minimal, maximal, and
standard deviation values
are calculated. When two
ROIs are used to compare
stiffness, the SWE elasticity
ratio is calculated. This is
a true ratio between mean
elasticity values. For prostate
SWE, the typical scale of
displayed elasticity values is
set to 50 to 70 kPa. Note that
the posterior periprostatic
space is colour coded in blue
due to minimal pressure of
the endocavity transducer.

Stiff tissues are colour coded in red, while soft tissues appear in blue. The elasticity values (mean,
standard deviation, min, and max) are then calculated for each ROI (Figure 2.I-8). The ratio between
the mean values of two ROIs placed in a suspicious region and in the adjacent normal PZ can be
calculated (Figure 2.I-8). This technology became available on end-fire endocavity transducers only
recently, which explains the limited number of published papers.
I-2.4.1.2.2 Acquisition and interpretation
Prostate SWE is also conducted after a complete evaluation of the prostate using B-mode and colour
Doppler imaging in a patient lying in a left lateral position. Shear wave elastography mode is activated,
and each suspicious focal lesion is analyzed, avoiding any pressure on the transducer. Optimized
settings should include maximized penetration and an appropriate elasticity scale (70 to 90 kPa).
The entire gland can also be scanned for detection of stiff areas in the transverse plane. The SWE
box is enlarged to the maximum in order to cover half of the gland on a transverse plane. Thus, each
side of the prostate is scanned separately and images are recorded from base to apex in two separate
cineloops. For each plane, the transducer is maintained in a steady position during 3 to 4 seconds,
until stabilization of the signals. Hypoechoic lesions coded in red are highly suspected to be malignant. The digital cineloop can be reviewed and ROI can be positioned on suspicious areas detected
either at B-mode or during the SWE detection scan, even during the review process. The elasticity
values (mean, standard deviation, min, and max) are then calculated for each ROI.
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In young patients without prostatic disorder, the peripheral and central zones are coded in blue with
a very homogeneous pattern (with the stiffness value ranging from 15 to 25 kPa), while the transitional zone exhibit stiffness below 30 kPa (Figure 2.I-7). With the development of benign prostate
hypertrophy, the PZ remains soft, with a very homogeneous colour-encoding in blue (soft tissue),
while the TZ become heterogeneous and hard (red colour), with a heterogeneous colour pattern and
elasticity values ranging from 30 to 180 kPa76 (Figure 2.I-7).
FIGURE 2.I-9
The Typical Pattern of
Prostate Cancer at SWE and
Its Role for Targeted Biopsy
in a 70-Year-Old Man With
Normal DRE and PSA Values
at 4.9 ng/mL (3.5 ng/mL
2 Years Before)
A Prostate TRUS revealed
a moderate increase
of prostate volume
at 40 mL and a single
hypoechogenic nodule
at B-mode imaging, with
some vascularity detected
with power Doppler energy.
The nodule was located
close to the apex at the
anterior PZ (arrows) and
was measured (maximal
diameter 13 mm, volume
0.8 mL).
B Immediately prior to the
biopsy procedure, SWE
demonstrated a strong
increase in stiffness at
47 kPa, with the adjacent
normal PZ stiffness
measured at 16 kPa
(stiffness ratio: 2.9).
At SWE, the stiffness was
heterogeneous, and the
stiffest area was posterior
and internal.
Continued next page.
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FIGURE 2.I-9, CONT’D
C-D The SWE sweep was
performed from base
to apex for detection
of an additional target
isoechogenic lesion
at right apex (10 mm
in size), with a mean
stiffness of 52 kPa.
The stiffer area was in
contact with the urethra,
surrounding it laterally
and posteriorly. The
targeted biopsies (3 per
nodule) confirmed the
diagnosis of prostatic
adenocarcinoma GS 7
(3+4) for each nodule.
For the first nodule
detected at the left
apex, the cancer length
was 15 mm of the
32 mm taken by the
3 core biopsies (ratio:
47%). For the second
nodule detected at SWE,
the cancer length was
24 mm of the 34 mm
taken by the 3 core
biopsies (ratio: 71%).
The MRI study did
confirm the presence
of these two nodules
without any additional
lesion. But systematic
biopsies revealed
significant PCa (GS 7) at
mid-gland on the right
and left sides.

C

D

Shear wave elastography reproducibility has been studied in a single paper and showed an excellent overall intra-observer reproducibility (intraclass correlation coefficient=0.876), with minimal impact of ROI location, prostate volume, and clinical variables (intraclass correlation coefficient=0.826–0.917).150 The real-time capability of SWE allows one to sweep through the whole gland
and to perform detection of stiff foci that are not always displayed in the B-mode image (Figure 2.I-9).
Prostate cancers usually appear as stiffer areas than the surrounding tissue.
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I-2.4.2

Literature review

Several studies attest the value of both strain and SWE, as shown in Table 2.I-1, Table 2.I-2, and
Table 2.I-3. Three different applications can be identified: first, characterization of an abnormal area
detected at B-mode imaging, colour Doppler US, or even previous MRI examination; second, detection of a lesion not seen with any previous imaging technique; and, third, biopsy targeting. Prostate
elastography requires specific training; the learning curve may be longer for strain elastography due
to the variability of pressure applied with the transducer. Some of the discrepancies in the literature
arise from the poorer performance of earliest implementations, and more up-to-date systems seem
to be easier to use and seem to provide more consistent results. However, most US manufacturers are
also developing SWE techniques and should be extending their use to the endocavity transducers.
I-2.4.2.1
Elastography performance compared with RP
Since systematic biopsies can miss significant PCa, many studies73,76-88 have been conducted using
RP as the gold standard to assess the overall accuracy of strain elastography for PCa diagnosis. A
comparison with RP specimens allows for the exact localization, volume, histological type, and extracapsular extension of PCa lesions. Investigators scanning this group of patients might be biased,
knowing that RP is scheduled.
TABLE 2.I-1 Summary of Elastography Studies Prior to RP Assessing Diagnostic
Performance per Patient and per Core
Year

Technique

Patients

PCa #

Se
(%)

Spe
(%)

PPV
(%)

NPV
(%)

Acc
(%)

Pallwein et al.77

2007

Strain

16

35

87

92

80

95

92

Tsutsumi et al.

2007

Strain

51

77

82

60

-

-

-

Sumura et al.79

2007

Strain

17

-

74

88

-

-

-

Salomon et al.80

2008

Strain

109

451

75

77

88

59

76

Tsutsumi et al.

2010

Strain

55

115

73

89

81

84

83

Walz et al.81

2011

Strain

28

88

73

79

67

83

77

Walz et al.82

2011

Strain

32

-

72

81

67

85

-

Brock et al.

2011

Strain

229

894

66

72

81

53

68

Junker et al.84

2012

Strain

39

48

83

-

-

-

-

Pelzer et al.85

2013

Strain

50

-

-

-

-

-

-

Brock et al.

2013

Strain

86

56

49

74

78

51

62

Junker et al.87

2014

Strain

39

61

67

-

-

-

-

Zhu et al.88

2014

Strain

56

-

67

89

-

-

83

2015

SWE

60

60

81

69

67

82

74

Reference

78

73

83

86

Boehm et al.

76

Abbreviations: PCa #: prostate cancer lesion number. Se: sensitivity. Spe: specificity. PPV: positive predictive value. NPV:
negative predictive value. Acc: accuracy.
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The most important studies are summarized in Table 2.I-1. In 2011, Brock et al. conducted the largest
study on strain elastography, including a total of 229 patients with biopsy-proven PCa prospectively
screened for cancer-suspicious areas and extra-capsular extension using grey-scale ultrasound and
strain elastography.86 Among the 1,374 sectors evaluated, pathology reported the presence of cancer
in 894 (62%) patients and extra-capsular extension in 47 patients. Strain elastography correctly
detected 594 (66%) cancer-suspicious lesions, and grey-scale ultrasound correctly detected 215 (24%)
cancer-suspicious lesions. Strain elastography sensitivity and specificity were 66% and 72%, respectively (Table 2.I-1), compared to 24% and 90%, respectively, for grey-scale ultrasound. Elastography
identified the largest side-specific tumour focus in 68% of patients. Extra-capsular extension was
identified with a sensitivity of 38% and specificity of 96% using strain elastography, compared to 15%
and 97%, respectively, using grey-scale ultrasound. Most studies reported a significant improvement
in PCa identification (Table 2.I-1); indeed, Zhang et al.89 performed a meta-analysis using seven
published studies,76,79-82,84,90 which included a total of 508 patients, to assess the diagnostic performance of strain elastography using RP as the gold standard. They established that the pooled sensitivity and specificity were 72% (95% confidence interval: 70%–74%) and 76% (74%–78%), respectively.
They concluded that strain elastography imaging has high accuracy in the detection of PCa. Several
studies73,80,85,88,89 also showed that PCa DRs using strain elastography are dependent on tumour size,
tumour volume, localization, histological type, and extra-capsular extension. Strain elastography
was found to be more sensitive in detecting PCa lesions with higher GSs, with large volumes, with
extra-capsular extension, and located in the PZ and the apical part.
Boehm et al.76 studied the capability of SWE to localize PCa lesions prior to RP, and also assessed
the elasticity threshold for cancer foci detection. They showed that SWE allows the identification of
cancer foci based on tissue stiffness differences, and that reliable cutoffs can be established, allowing
examiner-independent localization of PCa foci.
In recent years, the concept of focal therapy has gained more and more interest.91 The limitations of
focal therapy for PCa are the multifocal nature of the disease, as well as the problem of correct identification and localization of the PCa lesions by prostate biopsy and/or imaging.92 The goal of focal
therapy is to treat this index lesion only. Walz et al.82 evaluated the ability of strain elastography to
identify the PCa index lesion, and they observed a low sensitivity of 59%, whereas systematic biopsies
had a sensitivity of 68%. They concluded that if focal therapy had been based on strain elastography
alone, only 60% of all patients would have received satisfactory treatment of the index lesion, whereas
40% of the patients would have been undertreated. However, they also noticed that combining biopsy
data with strain elastography would have increased the sensitivity to 85%.

Imaging in Localized Prostate Cancer: I. Multiparametric Ultrasound

111

I-2.4.2.2

Elastography diagnosis performance compared to systematic biopsies

TABLE 2.I-2 Summary of Elastography (Strain and SWE) Studies Prior to Systematic Biopsy
Assessing Diagnostic Performance per Patients and per Core
Reference

Year

Technique

N

PCa
#

Per Patient in %
Se

Spe

PPV

NPV

Acc

Core
#

Per Core in %
Se

Spe

PPV

NPV

Acc

Konig et al.

2005

Strain

404

151

84

-

-

-

-

906

51

67

49

68

61

Pallwein
et al.101

2008

Strain

492

125

89

72

62

91

77

2,952

69

89

51

95

87

Kamoi et al.102

2008

Strain

107

40

68

81

68

81

76

940

75

77

88

59

76

Miyagawa
et al.93

2009

Strain

311

95

73

-

-

-

-

1,539

50

53

22

81

53

Brock et al.103

2012

Strain

178

91

51

-

-

-

-

1,068

61

68

32

89

68

Barr et al.

2012

SWE

53

26

100

-

-

-

-

318

96

96

69

99

96

Ahmad et al.

2013

SWE

50

33

-

-

-

-

-

626

92

89

95

83

91

Woo et al.95

2015

SWE

97

26

-

-

-

-

-

1,058

43

81

13

95

70

Correas et al.96

2015

SWE

184

68

93

63

59

94

74

-

96

85

48

99

85

Boehm et al.98

2015

SWE

95

38

95

67

49

90

58

-

-

-

-

-

-

100

94
97

Abbreviations: PCa #: prostate cancer lesion number; Se: sensitivity; Spe: specificity; PPV: positive predictive value; NPV: negative predictive value;
Acc: accuracy.

Table 2.I-2 summarizes the studies assessing the diagnostic performance of elastography compared
with randomized biopsies. Strain elastography studies reported average to good diagnostic performance, while SWE reported better diagnostic performance; accuracies, sensitivities, and NPVs
ranged from 61% to 87 % and 70% to 96%, 50% to 75%, and 92% to 96% (except for Woo et al.), and
59% to 95% and 83% to 99%, respectively, for strain elastography and SWE. These improvements
can be attributed to the higher reproducibility of SWE and its quantitative nature. Miyagawa et al.93
performed a per-core histology analysis and compared the results with strain elastography data on
311 patients. Among the 1,528 (65%) acquisitions that could be analyzed, 805 cores were found negative and 733 were found positive. Of the 733 positive examinations, only 158 were associated with
positive biopsies, leaving 575 elastography-positive acquisitions with negative biopsy, of which 424
(74%) images were considered to show prostatic hyperplasia.

112

SIU-ICUD JOINT CONSULTATION ON IMAGE-GUIDED THERAPIES FOR PROSTATE AND KIDNEY CANCERS

TABLE 2.I-3 Summary SWE Stiffness Mean and Standard Deviation Findings for Benign
(All, Normal Tissues, Inflammation, PIN), and Malignant Tissues
(For All and GS 6, 7, 8, and 9 Lesions) for Each SWE Study When Available
Benign Tissue*

Reference

Year

N

PCa
#

All

Norm

Infla

PIN

Barr et al.94

2012

53

26

22±12

-

-

-

Ahmad
et al.97

2013

50

33

75±47

-

-

Woo et al.95

2015

97

26

33±18

32±17

Correas
et al.96

2015

184

68

21±6

Boehm
et al.98

2015

95

38

42±20

p

Malignant Tissue†
All

GS 6

GS 7

GS 8

GS 9

0.0001

58±21

-

-

-

-

83±39

0.0001

134±58

95±29

163±63

113±20

-

46±38

26±11

0.002

55±46

33±19

55±49

57±40

88±64

-

-

-

<0.0001

60±20

45±7

60±20

70±29

125±29

-

-

-

<0.0001

88±40

-

-

-

-

Abbreviations: Norm: normal; Infla: inflammation; PIN: prostatic intraepithelial neoplasia.
* For Barr et al. and Correas et al., GS 6 lesions were considered PCa.
† For Boem et al., Ahmad et al., and Woo et al., GS 6 lesions were considered as non-cancerous lesions.

SWE is a more recent technique, and fewer papers can be found in the literature (Table 2.I-3). In all
studies, Young’s modulus values of PCa were statistically significantly higher when compared with
Young’s modulus values (Table 2.I-3) of benign lesions (p<0.002 in all studies). Barr et al.94 showed
that the Young modulus value differences between benign lesions were all statistically non-significant: benign versus atypia (p=0.818), benign versus acute inflammation (p=0.606), benign versus
chronic inflammation (p=0.0509), and acute inflammation versus chronic inflammation (p=0.096),
while Woo et al.95 showed significant difference between normal prostate tissue and chronic inflammation (p=0.021). Two studies showed a statistically significant linear trend of SWE elasticity with
GS (Spearman’s rank correlation coefficient equal ρ=0.343 in Woo et al.95 and ρ=0.282 in Correas et
al.,96 both with p<0.001). In addition, aggressive PCa exhibited statistically significantly higher tissue
stiffness (p<0.01 in all studies) than indolent PCa in several studies.95-97 Boehm et al.76 reported that
false-positive results or false-negative results were observed in the anterior and TZ of the prostate
gland. In the largest study, by Correas et al.,96 which included 184 patients, sensitivity, specificity,
PPV, and NPV were found to be at 97%, 70%, 70%, and 97%, respectively, for a 35 kPa cut-off for
diagnosing PCa with GS ≥6. This threshold is very similar to the one found in the Barr et al.94 study,
which was 37 kPa. However, it is lower than the ones found in the Ahmad et al.,97 Woo et al.,95 and
Boehm et al.76 studies, which were 70 kPa, 43 kPa, and 50 kPa, respectively. In these latter studies,
GS 6 lesions were considered as non-cancerous lesions in the statistical analysis. This consideration
also explains why, in the Ahmad et al.97 and Boehm et al.76 studies, overall malignant and overall
benign tissue mean elasticity values were higher than in Barr et al.94 and Correas et al.96 (Table 2.I-3).
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I-2.4.2.3

Elastography targeted biopsy DR compared with DR of
systematic biopsies

TABLE 2.I-4 D
 R per Patient and per Core of Elastography (Strain and SWE) With Systematic
Biopsies (SB), Targeted Biopsies (TB), and SB+TB
Year

Technique

N

Study
Design

# SB

# TB

2005

Strain

404

SB+TB

10

Pallwein et al.

2007

Strain

230

SB+TB

Nelson et al.

2007

Strain

137

Kamoi et al.105

2008

Strain

Aigner et al.106

2010

Kapoor et al.107

Reference

DR per Patient %

DR per Core %

SB

TB

SB+TB

SB

TB

SB+TB

≤4

-

31

37

-

-

-

10

≤5

25

30

35

6

13

8

SB+TB

8

≤4

40

24

44

12

20

14

107

SB+TB

10

≤4

31

29

37

15

55

19

Strain

94

SB+TB

10

≤5

19

21

28

5

24

8

2011

Strain

15

SB+TB

10

≤4

67

73

73

37

67

43

Ganzer et al.108

2012

Strain

139

SB+TB

10

≤4

47

32

53

11

22

14

Brock et al.103

2012

Strain

353

Mixed

10

≤10

39

51

45

-

-

-

2012

Strain

148

SB+TB

12

≤4

-

41

44

14

76

19

2013

Strain

102

SB

13

-

32

1

33

-

-

-

Salomon et al.

2014

Strain

1024

SB+TB

10

≤4

39

29

46

-

-

-
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Nygård et al.

2014

Strain

127

SB+TB

10–12

≤4

48

24

50

18

28

20

98

Boehm et al.

2015

SWE

95

SB+TB

6–18

≤3

36

28

40

9

11

9

Konig et al.

100
99

104

Zhang et al.109
Taverna et al.

110
111

Abbreviations: N: number of patients; SB: systematic biopsies; TB: targeted biopsies.

The clinical utility of elastography-targeted biopsies has been widely studied in recent years
(Table 2.I-4). To assess the performance of elastography-targeted biopsies, most of the studies are
comparing the current standard of systematic 10 to 12 core biopsy schemes with image-targeted
biopsies and/or with the combination of both systematic and image-targeted biopsies. When looking
at the overall DRs, all studies showed an increase over the systematic biopsy scheme, when systematic
and targeted biopsies were combined. This increase in per patient and per core DRs varied between
1% to 10 % and 2% to 6%, respectively (Table 2.I-4).
Only one study (Boehm et al.98) was performed with SWE and showed that patients with suspicious
SWE findings are at a 6.4-fold higher risk to harbor a clinically significant PCa, and that SWE-targeted
biopsies increased the per-patient DR by 4%.
All SWE-targeted and strain-targeted biopsy studies showed an increase in DR. However, most studies also reported that a non-negligible number of patients with clinically significant PCa55,98 can be
missed performing only elastography-targeted biopsies. Therefore, elastography-targeted biopsy
cores should be performed in combination with systematic biopsies.
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I-2.4.3

Prostate elastography limitations

FIGURE 2.I-10
Prostate Elastography:
Pitfalls and Limits
A Strain elastography: lack of
signals on the elastogram
seen at the right base of
the gland due to limited
contact between the
transducer and the rectal
wall (arrow).
B SWE: increased
stiffness due to massive
calcifications of the
transitional zone.
C Prostate SWE: Large
benign prostatic
hypertrophy with
penetration issues.
There is no mapping of
elasticities below 3 cm
in the anterior part of
the prostate.

A

B

C
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Prostate strain elastography is facing some challenges, such as the lack of uniform compression over
the entire gland, the operator dependency, and the requirement of significant training in order to
improve reproducibility and limit artifacts. The inter-observer agreement in detecting cancer can
demonstrate a moderate agreement between readers, as demonstrated by low kappa values.93 One
of the most limiting factors is the difficulty in mastering the technique required to obtain appropriate strain elastograms. Even in experienced hands, up to 32% of strain elastographic acquisitions
can be judged to be unevaluable due to technical problems, such as slippage of the compression
plane.78,93 The mismatch between the pre- and post-compression planes results in wrong estimation of the tissue elasticity, but this artifact can be reduced with training and balloon interposition.
Prostatic hyperplasia is responsible for most of the false positive elastography evaluation.93 Stiff areas
can also result from inflammatory prostate disease and can be detected in up to 40% of the patients
without detected cancer.99 Compression of the prostate from the rectum may prevent transmission
of sufficient deformation through the entire prostate, and more specifically the anterior region. It
should be noted that compression applied to the posterior region of the prostate is different from that
applied to the anterior region (due to depth). Also, the compression applied at the base is different
than that applied in the apex (due to the different angulation of the end-fire probe) and therefore lack
of signal on the elastogram may also appear (Figure 2.I-10a). This may affect the strain elastography
DRs, which were reported to be lower at the anterior part of the prostate compared to that of posterior regions, and also lower in the prostate base compared to that of the apical regions, as shown by
several studies.73,84,87,100
Prostate SWE is also facing some challenges. When a stiff area is encountered, the operator should
release any pressure on the rectum to be sure that the stiffer pattern does not result from excessive
pressure on the end-fire transducer; however, some pressure cannot be avoided when scanning the
apex as the transducer is reclined, or when scanning large hypertrophic prostate that protrudes in
the rectal lumen. In case of excessive pressure, the PZ sitting just against the transducer appears
stiff. Shear wave elastography has other limitations, such as slow frame rate, small SWE box, image
stabilization, and penetration issues. In the presence of macro-calcifications, the elasticity values
are increased (Figure 2.I-10b). The SW pulse penetrates 3 to 4 cm. In a large prostate, this may not
penetrate deep enough to measure the anterior zone of the large prostate76,95 (Figure 2.I-10c).
Both SWE and strain elastography techniques also suffer from the same intrinsic limitations: not all
cancers are stiff, and not all stiff lesions are cancers (particularly in the presence of calcifications and
fibrous changes). This is why the analysis of the B-mode pattern of the stiff areas remains mandatory.

I-2.4.4

Future perspective

Prostate elastography (strain and/or SW) should become an additional US modality for routine prostate examination and biopsy procedures, in order to target suspicious areas and increase prostate
biopsy DR. Shear wave elastography provides quantitative values of prostate tissue stiffness and reliable elasticity cut-offs, and an operator-independent real-time localization of PCa foci. The major
advantage of the SW technology remains the shorter learning curve and the lack of variability, as
the deformation of the prostate does not depend upon the operator skills but is produced by the
ultrasound beam itself. Shear wave elastography will also enable the development of 3D prostate
116
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elastography with multiplanar reconstruction, and MRI fusion to volumetric US, including elastography. These new modalities should include guiding capabilities in order to target biopsies to the
most suspicious areas. The improvements in PCa detection are mandatory for the development of
focal therapy.

I-2.5 Histoscanning
HistoScanning™ (HS) is an ultrasound-based computer-assisted technology for tissue characteristic differentiation. The technology was developed by Advanced Medical Diagnostics, in Belgium.
Histoscanning is based on the utilization of one part of the back-scattered ultrasound waves—
so-called native radiofrequency (RF) data. These data are different from the imaging information.
Raw data are processed by three tissue characterization algorithms.113 This is aimed to distinguish
between benign and malignant tissue in solid organs. The use of histoscanning for PCa diagnosis was
initially described in 2008.114

I-2.5.1

Techniques

FIGURE 2.I-11
Transrectal Probe Attached to
a Magnetic Rotation Holder
During Data Acquisition
Picture taken from video. Source:
Dr P. Macek, Department of Urology,
General University Hospital and First
Medical Faculty of Charles University
in Prague, Czech Republic.
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FIGURE 2.I-12
An Example of Histoscanning
Analysis With a 3D
Prostate Model
The histoscanning analysis,
together with colour
highlighted suspicious areas,
and the corresponding
three-plane views can be
used for scrolling through the
prostate, in order to achieve
an appropriate spatial
distribution of lesions.
Source: Dr P. Macek, Department of
Urology, General University Hospital
and First Medical Faculty of Charles
University in Prague, Czech Republic.

The system for prostate histoscanning (PHS) consists of the ultrasound system with transrectal probe
and an attached dedicated computer workstation with processing software. So far, only BK Medical
UK ultrasound scanners are approved for histoscanning.
The ultrasound probe is magnetically attached to a rotation holder (Figure 2.I-11), which is driven
by the ultrasound machine. The patient’s position for PHS is on his side or in the lithotomy position.
The magnetic rotation holder can be handheld or attached to a metallic arm. During acquisition, the
holder rotates so it moves the attached probe, which is scanning the prostate in a sagittal view from
right to left by 179°, scanning one frame each 0.2°. Data are transferred to the workstation, where all
frames are automatically combined and create a 3D model of the prostate and its vicinity. The operator then marks the borders of the prostate in the three planes, and the machine creates a 3D prostate
model—the volume of interest. The volume of interest is then analyzed by the software, which highlights suspicious areas with colours (Figure 2.I-12). Data acquisition and processing usually take
a few minutes, with more time needed for larger prostates. The minimum volume of tissue that is
individually characterized is 0.04 mL.115 Usually, regions equal to or greater than 0.1 mL are automatically marked as lesions of interest. Manual fine adjustment of the regions/lesions can be done
as well. Therefore, unlike other ultrasound techniques, HS is non-real–time imaging. This allows
cognitive lesion guidance or a dedicated biopsy software module (Histoscanning™ True Targeting
[TT]) to help with navigation.

I-2.5.2

Detection rate and localization

Initial papers on PHS reported promising results of PCa detection with PHS-guided biopsies, with a
RP specimen used as a reference standard.114,116,117 Initial reports by Braeckman et al. found a 100%
concordance in displaying multifocality and laterality114 and, later, 100% sensitivity and 82% specificity for the diagnosis of PCa lesions of 0.5 mL and higher within the prostate.116
118
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The sensitivity and specificity of 92% and 72%, respectively, for lesions of 0.2 mL within six regions
(sextants) of the prostate were reported later.114 However, these studies included small patient cohorts,
and it is difficult to transpose the results into everyday practice.
Similar results for PCa detection within the six regions with 94% sensitivity and 80% specificity were
reached by Nunez-Mora et al., but also in patients with prior detected PCa.118
Schiffmann et al., in the biopsy setting, found a sensitivity of 60.9% and specificity of 50.6% for
lesions >0.2 mL, and 40.1% and 73.3%, respectively, for lesions >0.5 mL based on an analysis of
1,188 sextants (198 patients).119
Macek et al., in the previously biopsy-confirmed PCa population prior RP, published a sensitivity of
60%, specificity of 66%, with an AUC of 0.63 for lesions ≥0.1 mL using a 12-sectors model,120 which is
also much lower compared to the initial enthusiastic report.
In 2013, Hamann et al. published HS-guided transperineal and transrectal prostate biopsy results.
Transperineal HS-guided prostate biopsy has similar performance to systematic transrectal biopsy.
But for HS-guidance only, 82.1% of cancers were detected with a maximum of 9 cores taken transperineally, and 53.6% of cancers were detected using the targeted transrectal approach.115
Recently, Hamann et al. published a paper comparing HS-navigated both transperineal and transrectal prostate biopsy supplemented by a standardized 14-core systematic transrectal prostate biopsy.
They noted no difference in overall DR (sensitivity: 37.2%, specificity: 85.6%), but with HS-guidance,
a smaller number of analyzed regions had to be targeted.121
Another interesting thing comes up when evaluating a correlation/reliability to predict the total
tumour volume. Typically, a comparison between the HS tumour volume and RP specimen was
used. Again, initial reports (13 patients) of Braeckman indicated very strong and reliable correlation
(r=0.98, p<0.001).114 Later, a slightly lower correlation was published by Simmons et al. (similar group
composition, but with 27 patients) with r=0.72.117
Recent reports by Javed and Schiffman were the complete opposite, with r=−0.065 (24 patients) and
r=−0.008 (p=0.9, 148 patients), respectively.122,123
The ability to predict ECE was tested by Javed et al. on 24 patients. This resulted in 100% sensitivity,
but 23.5% specificity, which is therefore completely unusable.123
Salomon et al. reported that PHS may be helpful in the estimation of the probability of positive surgical margins, reporting that a presence of a 0.2-mL lesion in the lateroposterior part of the prostate
resulted in a 3.7-times greater probability of the positive surgical margines.124 However, reliability
was not specifically addressed.
Similarly, the possibility of seminal vesical invasion was assessed by Schiffmann et al. in 131 patients
(262 SVs), where, for a tumour volume of 0.2 mL or greater, the sensitivity was 61.5% and the specificity was 24.2%. The PPV was only 12.4% and the NPV was 78.3%.125
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Until recently, HS could have been used only for cognitive guidance for transrectal biopsy, but a
software modification named True Targeting (Prostate HistoscanningTM TT) was introduced by the
manufacturer. This new tool was used by Sivaraman et al. to compare HS-guided biopsy with systematic biopsy. They found that HS-guided biopsy yielded a lower DR with target cores, 26%, versus 44%
from systematic cores, and also with lower cancer length per core as detected by targeted biopsy.126

I-2.5.3

Limitations

It is important to notice that there are inconsistencies in the types of transrectal probes used for HS
studies. It is another problem that we currently have with assessment: why we achieve such inconsistent HS results. Another reason may be the necessary experience using TRUS, as additional knowledge and skills are needed in order to perform good transrectal HS analysis. It is estimated that
approximately 80 cases of PHS need to be performed in order to overcome the learning curve and
improve results.115 For optimal results, data acquisition is the key point of histoscanning analysis.

I-2.5.4

Summary

The real benefits of PHS for image-guided therapy are currently theoretical, because the large inconsistencies in the published data do not allow firm conclusion on the definitive usefulness of PHS.
However, until more information is available, only experimental use of PHS with appropriate patient
counselling is warranted, and omission of systematic biopsies in favour of HS-guided biopsy is
not advisable.

I-2.6 N
 ewer Ultrasound-Based
Technologies
I-2.6.1

C-TRUS

Computerized ultrasound is one of the quantification modalities that uses the static TRUS images
to identify cancer-suspicious areas by employing pre-defined computerized algorithms. Loch et al.
developed this computer-based technology to improve the detection rate of PCa over the conventional grey-scale imaging modalities.127 The algorithms for PCa were developed using artificial
neural network analysis (ANNA) of the TRUS images, and the five pre-defined algorithms are used
in the C-TRUS evaluation of the prostate.128,129 The procedure requires initial bi-planar imaging of
the prostate with conventional TRUS, and the recorded digital images are further analyzed by an
integrated computer software to produce trans-axial images 5 mm apart from apex to base. Each of
these images are analyzed with the five pre-defined algorithms to identify suspicious areas for cancer.
These are highlighted with red areas superimposed on the original static TRUS images. The C-TRUS
algorithms are independent of the grey-scale of the images and, hence, the grey level of the lesion
does not influence the cancer detection.130 Moreover, C-TRUS technology offers a tertiary health care
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centre the flexibility of transferring the original static images via Internet to a higher referral unit,
where they can undergo computer analysis. The suspicious areas can be marked and sent back for
guided biopsies.131
The first study evaluated 289 slices whole-mount RP specimens from 61 patients, and found that
ANNA correctly classified 99% and 79% of the pathologically proven benign and malignant areas,
respectively.129,130 In a clinical series of 132 patients with prior negative biopsy (median two biopsy
series), C-TRUS targeted biopsies alone detected cancer in 50% of the patients.130 In another series of
75 biopsy-naïve patients, C-TRUS–directed biopsies (6 target cores only) detected cancer in 31 patients
(41%). However, repeat systematic TRUS biopsy rates are still awaited for comparison.131 Walz et al.
compared the preoperative C-TRUS images in 28 patients who underwent RP and found that the
suspicious areas detected by C-TRUS had a sensitivity, specificity, PPV, and NPV of 83%, 64%, 80%,
and 68%, respectively, for PCa.132 Recently, Strunk et al. performed a combination of multiparametric
MRI and C-TRUS in 20 patients with suspicion of PCa, and demonstrated that the combination of
multiparametric MRI and C-TRUS had higher cancer detection than MRI alone. The DRs of C-TRUS
in this study were 58% and could confirm those of the primary C-TRUS studies.133

I-2.6.2

3-D USG

Three-dimensional organ reconstruction of 2D ultrasound images has widespread clinical application in several fields. Similarly, 3D reconstruction of the prostate using the conventional 2D TRUS
images was performed and analyzed for cancer detection and staging.134 Simultaneous imaging of
the prostate in the axial and the sagittal planes, followed by a computer reconstruction, provides a
coronal as well as a 3D image. A special endocavity TRUS probe will be required to plot 3D images.135
Early enthusiasm for 3D ultrasound did not translate to improved cancer detection over 2D images.
The sensitivity and specificity for PCa detection using 2D ultrasound were 74% and 52%, and for
3D ultrasound they were 85% and 41%, respectively. However, 3D TRUS missed several significant
hypoechoic lesions.136 Mitterberger et al. evaluated the clinical performance of 3D for loco-regional
staging in 180 patients diagnosed with PCa and planned for RP. 3D-TRUS had 84% sensitivity, 96%
specificity, 94% PPV, 91% NPV, and an overall accuracy of 92% for identifying extra-capsular extension.137 Currently, 3D-TRUS is not routinely employed for cancer detection or staging, since the crosssectional imaging provides superior information.
However, with the advent of MRI-US fusion biopsy, 3D TRUS–based biopsy tracking systems are
being employed to track the biopsy pathway.138 The biopsy tracking system is further employed in
re-biopsies, MRI fusion biopsy, and focal therapy.139 3D-TRUS is also routinely employed for treatment planning for brachytherapy and focal therapy like high-intensity focal ultrasound.

I-2.6.3

TRUS spectroscopy

TRUS spectroscopy is a quantification ultrasound modality that applies power spectrum analysis
techniques to analyze the RF signals that are backscattered from the ultrasound techniques.140 The
pattern of the reflected RF signals is processed to determine the bi-acoustic properties of the micro
architecture of the prostatic tissue that produced the reflection. Inter-observer and instrument setting
variability can be eliminated by using normalized frequency-dependent preset ultrasound data for
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specific tissue characteristics. Ultrasound-based spectroscopy had shown to be capable of differentiating benign and malignant tissues at an experimental setting in non-urological cancers.141-145 Lizzi et
al. established the framework of power-spectrum analysis in tissue characterizations based on tissue
acoustic properties. They further demonstrated that this model can be implemented to effectively
differentiate various normal tissues like retina, liver, and prostate and also pathological tissues like
metastatic deposits, intravascular plaques, etc.146-148
Recently, Sadeghi-Naini et al. performed TRUS spectroscopy in 15 patients undergoing RP, and correlated the findings with the final histopathology. The TRUS images spanning the whole prostate with
5 mm slices were generated with RF signals/spectroscopy marking the abnormal areas. Subsequently,
the patients underwent RP after 2 weeks, and the whole-mount specimens were analyzed and correlated for cancer location. The authors demonstrated excellent correlation of the TRUS spectroscopy–
estimated cancer extent with the RP specimen.149

I-2.7 Recommendations
Clinical experience with these newer US-based modalities for PCa detection is very limited, and
hence no formal recommendations can be made for routine clinical use. These modalities should be
further evaluated under a research model for better understanding of their clinical efficacy. (Level of
Evidence: 2B)

I-2.8 Conclusion
Multiparametric ultrasound technologies have great potential and clinical utility in PCa detection.
Some technologies reviewed in the article are predominantly at the research level, with limited clinical experience. Future research should aim at evaluating these US-based modalities in combinations
to create a hybrid protocol that can make PCa detection easier, reliable, and reproducible.
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II-2.1 Introduction
Prostate cancer (PCa) imaging is a rapidly evolving and fascinating field. Prostate cancer is indeed an
exception in oncology: because no imaging technique has shown its ability to clearly distinguish PCa
from benign tissue, it is still diagnosed by random biopsies and treatment decisions are, eventually,
based on the results of a random sampling of the gland. However, dramatic improvements in prostate
magnetic resonance imaging (MRI) during the last decade will probably change this paradigm. It
may be too soon, but one can foresee a close future where imaging will be used to diagnose PCa, and
evaluate its size and perhaps its aggressiveness, in order to make rational management decisions. In
the meantime, some questions remain partially unanswered: is multiparametric MRI (mpMRI) good
enough to accurately depict the size, volume, and aggressiveness of PCa foci? What exact role can
it play in candidates to prostate biopsy, in active surveillance (AS), or in patients with biochemical
failure after primary treatment? Is image-guided focal treatment reasonable or not? Is inter-reader
variability too large to recommend widespread use of prostate MRI?
This section will review recent evidence on all these issues.

II-2.2 Optimizing Imaging Protocols for
Localized PCa
Over the past few years, mpMRI has become highly integrated into the diagnostic workup of patients
at risk for PCa, as evidenced by the results that have emerged from sites around the world. However,
despite its growing use, mpMRI is not always performed in a uniform manner, and it is important
that standardized imaging guidelines be produced so that patients get the best diagnostic value from
the scan that they undergo.
In 2012, the European Society of Urogenital Radiology (ESUR) produced an initial guideline, which
set forth the minimal and optimal requirements for mpMRI of the prostate. The guideline proposed
three distinct protocols: detection, staging, and node-bone evaluation.1 This guideline not only
provided advice on optimizing technical aspects of mpMRI of the prostate, but it also proposed
a standardized method of evaluating mpMRI of the prostate, known as the Prostate Imaging and
Reporting and Data System (PI-RADS). The emergence of PI-RADS led to a need for tailoring the
mpMRI protocol according to patient characteristics, clinical questions, treatment options, and available MRI equipment. In 2015, the American College of Radiology (ACR) and ESUR jointly released
a second version of PI-RADS (PI-RADS v2) in which additional suggestions regarding technique
were made.2 This harmonization, based on the use of a standard PI-RADS score, should facilitate
communication of radiologists’ findings to the referring physicians and should improve the use of
mpMRI data.
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Multiparametric MRI is a powerful imaging technique for detecting and staging PCa. However, a
major obstacle is that there is currently no consensus regarding what constitutes an optimal mpMRI
protocol for a given magnet type and patient population. Differences in opinion are related to variability in the strength of magnets (1.5Tesla [T] vs 3T), use of coils (endorectal coil [ERC] versus surface
coils), individual imaging parameters (e.g. b-value used in diffusion-weighted imaging [DWI]), and
patient population (screened or unscreened). A recent survey by the ACR including 36 academic
centres revealed a diversity of approaches to the performance of prostate mpMRI, including 9 (25%)
sites that use 1.5T with an ERC, 6 sites (17%) that use 1.5T without an ERC, 11 sites (31%) that use 3T
without ERC, and 10 sites (28%) that use 3T with an ERC. Thus, there was broad diversity regarding
field strength and use of ERC. More agreement was found regarding the choice of pulse sequences.
All centres reported using T1-weighted (T1W) and T2-weighted (T2W) MRI in their protocols, 95%
of them used diffusion-weighted MRI (DW MRI), and 82% used dynamic contrast-enhanced MRI
(DCE MRI) routinely in their practice. Thus, mpMRI protocols tend to be non-uniform, even among
academic centres.2 Moreover, it is likely that even more differences would become apparent if this
survey had been more detailed regarding parameters employed in the generation of scans. In an era
of personalized medicine, tailoring the mpMRI protocol to the clinical needs, MRI equipment, and
reimbursement policies is the only practical approach. In light of recent developments, this section
provides updates on the minimal and optimal requirements of the two basic mpMRI protocols:
Detection and Staging.

II-2.2.1

Detection protocol

TABLE 2.II-1 D
 etection and Staging Protocol Options Based on Magnet Systems and
Coil Choices
Indication

Dectection

Staging

Magnet system

Endorectal coil

1.5T

Pulse sequences
T2W MRI

DW MRI

DCE MRI

Needed>optional

+

+

+

3T

Optional>needed

+

+

+/–

1.5T

Needed

+

+

+

3T

Needed>optional

+

+

+

Abbreviations: MRI: magnetic resonance imaging; T2W MRI: T2-weighted MRI; DW MRI: diffusion-weighted MRI; DCE MRI:
dynamic contrast-enhanced MRI
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FIGURE 2.II-1
53-Year-Old Man With a
Prostate-Specific Antigen
(PSA)=8 ng/mL and Gleason
3+3 Cancer (at transrectal
ultrasound [TRUS]-Guided
Systemic Biopsy)
The patient had a brain
aneurysm clip, which
was only 1.5T compatible.
Multiparametric MRI
obtained with 12-channel
phased array surface coil
at 1.5T including axial T2W
MRI (A), apparent diffusion
coefficient (ADC) map of
MRI (B), DCE MRI (C) shows
a lesion in the left midperipheral zone (PZ) (arrows).
The patient underwent
radical prostatectomy (RP),
and histopathology revealed
Gleason 3+4 tumour.

A

B

C
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FIGURE 2.II-2
63-Year-Old Man With a
PSA=4.7 ng/mL
Multiparametric MRI
obtained with combined
use of an endorectal coil
including axial T2W MRI (A),
ADC map of DW MRI (B), b
value = 2,000s/mm2 DW MRI
(C), and DCE MRI (D) shows a
lesion in the left mid-PZ zone
(arrows). The same patient
underwent an mpMRI with
32-channel phased array
surface coil a year after the
initial mpMRI, which again
localizes the same lesion
on axial T2W MRI (E), ADC
map of DW MRI (F), b value =
1,500s/mm2 DW MRI (G), DCE
MRI (H) (arrows). The lesion
was biopsied via TRUS/MRI
fusion guidance and found to
include Gleason 3+3 PCa.

A

B

C

D

E

F

G

H

For lesion detection, the magnet field strength can be either 1.5T or 3T. However, 3T systems provide
much higher signal-to-noise ratio (SNR) compared to 1.5T systems, and this extra signal can be used
to improve resolution, speed of acquisition, and diffusion imaging. However, an optimized protocol at
either 1.5T or 3T can be sufficient to detect lesions without using an ERC, depending on the technical
features of the MRI (Figure 2.II-1). For older 1.5T systems, image quality can be lacking and, to some
extent, this can be mitigated by using an ERC. One study that used state of the art scanners compared
non-ERC 3T scans to ERC 3T scans and showed no difference for lesion detection.3 However, Turkbey
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et al. recently showed better sensitivity (76% versus 45%) and positive predictive value (PPV) (80%
versus 64%) for mpMRI consisting of T2W MRI plus DW MRI with an ERC, although almost all
the additional lesions detected were considered not clinically significant. Therefore, it is possible that
the smaller lesions detectable with an ERC actually do not improve the performance of MRI but,
rather, increase the detection of inconsequential tumours.4 Therefore, depending on the MR unit
used, mpMRI can be successfully performed at 1.5T without an ERC. However, for most scanners, 3T
field strength is desirable and generally does not require an ERC, although sensitivity may be further
improved by using an ERC (Table 2.II-1 and Figure 2.II-2).
TABLE 2.II-2 Basic Multiparamertic MRI Pulse Sequence Parameters and Technical
Specifications (Adapted from McDonald et al. [7] and Puech et al. [21])
Pulse Sequence

Technical Specifications

T2W MRI

2D or 3D tri-plane (axial, coronal, sagittal)

Fast-spin-echo (FSE) or turbo-spin-echo (TSE)

Slice thickness: 3 mm, no gap

FOV: generally 12–20 cm to encompass the entire prostate gland and seminal vesicles

In plane resolution: ≤0.7 mm (phase) x ≤0.4 mm (frequency)


DW MRI

TE: ≤90 msec; TR : >3000 msec

Slice thickness: ≤4 mm, no gap

FOV: 16–22 cm

In plane resolution: ≤2.5 mm phase and frequency

For ADC maps, if only two b-values can be acquired due to time or scanner constraints, it is


preferred that the lowest b-value should be set at 50–100 sec/mm2 and the highest should be
800–1000 sec/mm2.

High b-value images (>1400 sec/mm2)


DCE MRI

TR/TE: <100 msec/<5 msec

Slice thickness: 3 mm, no gap

FOV: encompass the entire prostate gland and seminal vesicles

In plane resolution: ≤2 mm x ≤2 mm

Temporal resolution: ≤15 sec (<7 sec is preferred)

Total observation rate: >2 min

Dose: 0.1 mmol/kg standard GBCA or equivalent high relaxivity GBCA

Injection rate: 2–3 cc/sec


Abbreviations: 2D: two-dimensional; 3D: three dimensional; FSE: fast-spin echo; TSE: turbo-spin-echo; FOV: field of view; TE:
echo time; TR: repetition time; ADC: apparent diffusion coefficient; GBCA, gadolinium-based contrast agent
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FIGURE 2.II-3
59-Year-Old Man With a
PSA=3 ng/mL
Multiparametric MRI
obtained with combined
use of an endorectal coil
including axial T2W MRI (A),
ADC map of DW MRI (B), b
value= 2,000 s/mm2 DW MRI
(C) shows no lesion in the
prostate. The same patient
underwent an mpMRI with
32-channel phased array
surface coil a year after the
initial mpMRI. Axial T2W
MRI (D) again shows no
lesion; however, ADC map
of DW MRI (E) and b value
= 1,500 s/mm2 DW MRI (F)
are limited due to rectal
gas-related distortion and
artifacts.

A

B

C

D

E

F

The pulse sequences that can be included in a detection protocol include an axial T1W MRI (for depiction of biopsy-related hemorrhage if the pre-imaging biopsy date is sooner than 8 weeks), triplane
T2W MRI, transverse DW MRI (ADC maps and b value ≥1,400 s/mm2 DW MRI), and transverse
DCE MRI (Table 2.II-2). MR spectroscopy is no longer considered necessary for satisfactory mpMRI
scanning and has been relegated to the research setting. T2W and DW MRI are considered mandatory sequences and form the basis of the PI-RADS v2 standard. Although DCE MRI’s role is limited
based on PI-RADS v2 guidelines, it is still considered a useful adjunct, particularly in challenging
scenarios (e.g. when the tumour is in the anterior stroma or central zone) and in further evaluation of indeterminate lesions in the PZ.5,6 Amongst all the mpMRI pulse sequences, DCE MRI is a
relatively more invasive technique, since it includes a bolus injection of gadolinium-based contrast
media (GBCA), which entails a low risk of inducing nephrogenic systemic fibrosis in patients with
severe kidney failure, especially those on dialysis. Moreover, a recent paper reported that intravenous
gadolinium exposure can be associated with neuronal tissue deposition, even in patients with normal
kidney function.7 Patients should be carefully evaluated for their renal function before initiating a
plan of GBCA for DCE MRI. One important challenge with DW MRI when the ERC is not used is
the presence of rectal gas and the generation of susceptibility and distortion artifacts, which can
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potentially limit lesion detection. However, proper preparation of the patient, including having them
expel gas prior to the study or by inserting small intrarectal air tubes in the rectum to decompress
the gas, can be quite helpful in reducing this problem (Figure 2.II-3).
Ultimately, the ideal detection protocol depends on the individual needs of a medical centre. Cost,
speed, and patient discomfort all have to be considered and will have different emphases for different
situations. Certainly there has been a trend toward relatively simpler scan methods (obtained at 1.5T
or 3T with no ERC) and shorter scans (limited to T2W MRI and DW MRI, with optional DCE MRI
if needed). As MR technology improves, this trend will no doubt continue. However, the diversity of
deployed MR scanner types and generations makes it difficult to provide one universal standardized
acquisition protocol applicable to all centres and, thus, there is currently no world-wide accepted
consensus regarding acquisitions of mpMRI of the prostate.

II-2.2.2

Staging protocol

Accurate local staging has, as its goal, the delineation of extracapsular extension (ECE) (i.e. stage
T2 versus T3 disease), identification of seminal vesicle (SV) invasion, and identification of regional
adenopathy and/or bone metastases. Currently, mpMRI is the most promising method for local staging prior to treatment, although it has limitations in sensitivity. It is widely accepted that mpMRI
obtained with combined use of ERC and surface coils at 3T is needed to improve spatial resolution
sufficiently so that capsular invasion can be detected.8 However, an mpMRI protocol without ERC at
3T can nevertheless be useful for staging, although it is likely to be less sensitive than a scan obtained
with an ERC. The evaluation of the prostatic capsular invasion requires very high spatial resolution
and high image quality. The principle features of ECE are either overt/direct findings (direct extension
visible on T2W images) or secondary features (capsular bulge, irregularity, broad capsular base, etc.)
that are strongly associated with ECE. Studies suggest that the use of an ERC is helpful in detecting
ECE with greater reliability.9 Multiparametric MRI at 1.5T without an ERC is generally considered
inadequate for staging.10 However, Park et al. reported that mpMRI with ERC at 1.5T had comparable
accuracy in local staging compared to no ERC mpMRI at 3T (70% versus 72% for with ERC versus
without ERC protocols, respectively).11 Recently, several studies comparing ERC versus no ERC at 3T
for staging found the use of ERC to provide better image quality and accuracy for tumour localization when compared to body array coils. In 46 men who underwent prostatectomy, the area under
the receiver operating characteristic curve (AUC) for localization of PCa was significantly increased
from 0.62 to 0.68 (p<0.001) with ERC. ERC MRI significantly increased the AUCs for staging, and
sensitivity for detection of locally advanced disease by experienced readers was increased from 7%
(1 of 15) to a range of 73% (11 of 15) to 80% (12 of 15) (p<0.05), whereas a high specificity of 97% (30
of 31) to 100% (31 of 31) was maintained.12 Seminal vesicle invasion is less sensitive to the need for
an ERC and can be detected with either ERC or non-ERC mpMRI protocols, especially if the SVs are
well distended.
The critical pulse sequences for optimizing a staging mpMRI protocol are again the axial T1W MRI
(for depiction of biopsy-related hemorrhage), the triplane T2W MRI, the DW MRI (ADC maps and
high b-value DW MRI), and DCE MRI. This multiparametric (MP) approach not only enables staging but also aids in predicting the aggressiveness of the lesions, especially when all sequences are
positive, which implies a clinically significant PCa.13 Moreover, DCE MRI is useful for SV invasion,
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as enhancement of an SV mass is highly suggestive of metastases.14 Although MR spectroscopy imaging (MRSI) has been in use for over a decade, its utility has decreased gradually since its value for
cancer detection and staging is limited by the requirement of a large voxel size.15 Moreover, it requires
longer scan times, on-site physicists, and additional data processing, which limits enthusiasm for
its use. Indeed, PI-RADS v2 suggests that MRSI is strictly a research option and is not mandatory16
(Table 2.II-2).
FIGURE 2.II-4
56-Year-Old Man With a
PSA=8.15 ng/mL
Multiparametric MRI
obtained with combined
use of an endorectal coil
including axial T2W MRI (A),
ADC map of DW MRI (B), b
value = 2,000 s/mm2 DW MRI
(C), DCE MRI (D), and Ktrans
map derived from DCE MRI
(E) show a lesion in the left
apical, mid-PZ (arrows). The
patient underwent an RP.

A

B

C

D

E

An ideal staging protocol should provide the best possible spatial resolution for depiction of ECE
while providing adequate coverage for detecting SV invasion; moreover, it should provide reliable
information about tumour biology. Such goals can be achieved at 3T system with an ERC. However,
this is an expensive technique for universal application (Figure 2.II-4). Additionally, use of ERC may
be uncomfortable for the patients and can possibly result in patient non-compliance. Thus, the search
continues for a comfortable yet accurate method of assessing ECE on mpMRI (Table 2.II-1).
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II-2.3 M
 ultiparametric-MRI Reporting
and Scoring
The reported mpMRI accuracy for detecting clinically significant PCa varies greatly from one publication to another. Indeed, mpMRI accuracy depends on the cancer itself (non-nodular, low volume,
low-grade cancers are supposedly harder to distinguish), on the technical protocol used for image
acquisition (1.5T or 3T magnet, high-resolution coil or not, full or truncated sequences protocol, etc.),
and on the reader’s ability to find significant images in the images dataset, and to locate, describe,
and quantify the likelihood of malignancy in their findings. Also, there are numerous ways those
findings can be reported to the requesting physician.
Consequently, in an effort to harmonize practices, several professional societies, like the European
Society of Radiology,17 later joined with the ACR,18 have published guidelines describing how to
perform, interpret, and report prostate mpMRI. These guidelines include technical recommendations on how to perform the examination properly, how to localize and describe a suspicious image
on all MRI sequences using an unified terminology (T2W imaging, DW imaging, DCE imaging, MR
spectroscopy, and local staging), and how to summarize its likelihood of malignancy on a standardized Likert-like five-point scale called PI-RADS. The guidelines also describe how to communicate
these findings to the requesting physician in a satisfactory manner.
Recently, a consensus team has published recommendations for the optimal use and reporting of
prostate mpMRI in the specific context of focal therapy.19

II-2.3.1

Scoring systems used for prostate mpMRI interpretation

The first step of the interpretation process is to detect foci suspicious for clinically significant PCa
within the gland. This requires a knowledge of PCa’s natural history, gland anatomy and radioanatomy, and cancerous and benign tissue semiology. Reading has to be performed methodically.
In a recent paper,20 we encouraged a systematic and independent review of each of the three main
compartments of the gland: the PZ, the transition zone (TZ), and the anterior fibromuscular stroma
(AFMS), because each one has a slightly different semiology. Such analysis allows faster reading and
review of the entire gland, without omission. This task is easier when the MP protocol is respected,
because DCE imaging allows quick detection of foci of increased vascularization that usually match
with cancer in the PZ, or foci of cancer difficult to detect on T2W or DW imaging. It has been
demonstrated that simplified protocols, including only T2W and DW imaging, could yield, under
certain conditions, similar detection rates, but most expert centres still use DCE imaging.
Once a significant image is detected, the second step is to provide an estimate of its malignancy. This
classification can be qualitative or quantitative (i.e. with a score). Classifications are always based
on semiology criteria that can be numerous (up to 14 per lesion), subjective, sequence specific, and
complicated by multiples exceptions (size, location, etc.).20-22 Thus, the main complaint of urologists
is the subjectivity, complexity, and low reproducibility of mpMRI interpretation.23,24
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II-2.3.1.1
PI-RADS
In an effort to harmonize practices, and following a consensus conference,25 ESUR published professional recommendations in 2012.1
They introduced the PI-RADS scoring system to help classify mpMRI lesions. PI-RADS is a fivepoint, Likert-like scale designed to score each of the MP sequences, ranging from the lowest (1) to
the highest (5) degree of suspicion for malignancy. Table 2.II-3 summarizes the five main PI-RADS
assessment categories.
TABLE 2.II-3 PI-RADS Assessment Categories
Short explanation of
the PI-RADS score

PI-RADS

Suspicion of clinically
significant PCa

1

Very low

Clinically significant cancer is highly unlikely to be present

Not suspicious

2

Low

Clinically significant cancer is unlikely to be present

Slightly suspicious

3

Intermediate

The presence of clinically significant cancer is equivocal

Equivocal

4

High

Clinically significant cancer is likely to be present

Suspicious

5

Very high

Clinically significant cancer is highly likely to be present

Highly suspicious

Full meaning of the PI-RADS score

A score of 1 out of 5, depicting completely normal PZ (bright and homogeneous on T2W images,
without restriction or enhancement) or TZ tissue, has a high likelihood of being benign. Conversely,
a score of 5 out of 5, depicting a typical cancer (PZ nodule with deep, low intensity on T2W images,
with deep restriction and early enhancement at DCE), has the highest likelihood of being a clinically
significant cancer. But, in practice, the majority of benign areas of tissue show some abnormalities
(scars, normal enhancement, etc.), accounting for the majority of 2 out of 5 scores. The majority of
clinically significant cancers show discordant semiology, with either atypical DW imaging, DCE
imaging, or non-nodular appearance, accounting for the majority of 4 out of 5 scores. Remaining
lesions (scoring 3 out of 5 = equivocal) show moderate signal changes and/or atypical morphology,
and can either be malignant or benign. Version 1 of PI-RADS (PI-RADS v1) did not clearly define
if the “final” PI-RADS of a suspicious image had to be a sum of 3 or 4 scores (ranging from 3–15 or
4–20 points), an average (ranging from 1–5), or a decision-support system to let the radiologist allocate the definitive score subjectively, with knowledge of additional criteria PI-RADS doesn’t take into
account (clinical information, lesion size, etc.).
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TABLE 2.II-4 S
 emiology Criteria Used for Scoring PZ or TZ Lesions on the T2-Weighted
Images in the 2015 PI-RADS v2 Scoring System
Series score

PZ

TZ

1

Uniform hyperintense signal intensity (normal)

Homogeneous intermediate signal intensity (normal)

2

Linear or wedge-shaped hypointensity or diffuse mild
hypointensity, usually indistinct margin

Circumscribed hypointense or heterogeneous
encapsulated nodule(s) (BPH)

Heterogeneous signal intensity or non-circumscribed,
rounded, moderate hypointensity

Heterogeneous signal intensity with obscured margins

3

Includes others that do not qualify as 2, 4, or 5

Includes others that do not qualify as 2, 4, or 5

4

Circumscribed, homogenous moderate hypointense
focus/mass confined to prostate and <1.5 cm in
greatest dimension

Lenticular or non-circumscribed, homogeneous,
moderately hypointense, and <1.5 cm in greatest
dimension

5

Same as 4 but ≥1.5 cm in greatest dimension or
definite extraprostatic extension/invasive behaviour

Same as 4, but ≥1.5 cm in greatest dimension or
definite extraprostatic extension/invasive behaviour

Abbreviations: PZ: peripheral zone; TZ: transition zone; BPH: benign prostatic hyperplasia

TABLE 2.II-5 Semiology Criteria Used for Scoring PZ and TZ Lesions on the DWI Series in
the 2015 PI-RADS v2 Scoring System
PZ or TZ
Series score

DWI

1

No abnormality (i.e. normal) on ADC and high b-value DWI

2

Indistinct hypointense on ADC

3

Focal mildly/moderately hypointense on ADC and isointense/mildly hyperintense on high b-value DWI

4

Focal markedly hypointense on ADC and markedly hyperintense on high b-value DWI;
<1.5 cm in greatest dimension

5

Same as 4, but ≥1.5 cm in greatest dimension or definite extraprostatic extension/invasive behaviour

Abbreviations: PZ: peripheral zone; TZ: transition zone; ADC: apparent diffusion coefficient; DWI: diffusion-weighted imaging
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TABLE 2.II-6 Semiology Criteria Used for Scoring PZ and TZ Lesions on the DCE T1W Series
in the 2015 PI-RADS v2 Scoring System
PZ or TZ
Series score

DCE

Negative (−)

No early enhancement, or diffuse enhancement not corresponding to a focal finding on T2W and/or DW imaging
or focal enhancement corresponding to a lesion demonstrating features of BPH on T2W imaging

Positive (+)

Focal AND earlier than or contemporaneously with enhancement of adjacent normal prostatic tissues AND
corresponds to suspicious finding on T2W and/or DW imaging

Note that series score does not range from 1 to 5 like in other sequences, but only “positive” or “negative”.
Abbreviations: PZ: peripheral zone; TZ: transition zone; DCE: dynamic contrast-enhanced; T2W: T2-weighted; DW: diffusionweighted; BPH: benign prostatic hyperplasia

An updated version of PI-RADS (PI-RADS v2) was published in 2015. It clarifies how to assign an
individual score to the most common MR series (T2W, DW, and DCE MRI), how to describe the
findings using a glossary of terms, and, finally, how to build the final five-point scaled PI-RADS v2
score of the lesion, using a detailed scoring algorithm.18
Tables 2.II-4, 2.II-5, and 2.II-6 reproduce the semiology criteria used in each MP sequence to assign
a sub-score to the T2W, DW, and DCE pulse sequences used for calculation of the final PI-RADS
v2 score.
PI-RADS v2 introduces dominant sequences depending on the location of the image in the gland, and
uses DCE imaging at its lowest level, as opposed to the first version, which required calculation and
assessment of enhancement curves with a dedicated software tool. Thus, DWI is supposed to be the
dominant sequence for PZ images, with a minor contribution of DCE imaging, whereas in TZ, T2W
imaging is dominant, completed by DW imaging. T2W imaging has no influence on the score in PZ,
and DCE has no influence on the score in TZ, whereas in PZ, DCE is used to make the final decision
and add the likelihood of malignancy to score 3 images at DW imaging. In other words, for image
characterization, PI-RADS v2 ignores DCE information in TZ, and ignores T2W information in PZ.
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TABLE 2.II-7 P
 I-RADS v2 Scoring Calculation Algorithm for PZ or TZ, Depending on the
Scores of DWI, T2W, and DCE Imaging
PZ
DW imaging (dominant)

T2 (not used)

DCE (discriminant)

PI-RADS v2

1

Any

Any

1

2

Any

Any

2

3

Any

Negative

3

Positive

4

4

Any

Any

4

5

Any

Any

5

TZ
T2W imaging (dominant)

DCE (not used)

DW imaging
(discriminant)

PI-RADS v2

1

Any

Any

1

2

Any

Any

2

3

Any

≤4

3

5

4

4

Any

Any

4

5

Any

Any

5

“Any” means the score can range from 1 to 5 for the T2W series, and negative or positive for the DCE series
Abbreviations: PZ: peripheral zone; DW: diffusion-weighted; DCE: dynamic contrast-enhanced; PI-RADS v2: Prostate Imaging
and Reporting and Data System version 2; TZ: transition zone; T2W: T2-weighted

Table 2.II-7 reproduces the PI-RADS v2 scoring algorithm for suspicious PZ and TZ images at
mpMRI, based on the scores of the series described in Tables 2.II-2, 2.II-3, and 2.II-4.
It should be noted that this new version states that PI-RADS score assessment should be strictly based
on objective mpMRI findings, and to not incorporate factors such as the PSA, digital rectal examination (DRE), or other clinical information. Additionally, PI-RADS v2 specifies the target objective
of the scoring: to provide a likelihood of malignancy for clinically significant cancer (defined as
Gleason score [GS] ≥7 and/or volume ≥0.5 cc and/or extraprostatic extension).
Advanced imaging techniques, such as MRSI, which was included in PI-RADS v1, diffusion tensor
imaging, fractional ADC, intravoxel incoherent motion imaging, blood oxygenation level dependant
(BOLD) imaging, and MR-positron emission tomography (PET) are not included in the tools used
for PI-RADS v2 scoring.
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II-2.3.1.2
Other scoring techniques
Other scoring techniques have been published in the literature prior to PI-RADS:22,23,26-29 the simpler
and most widespread is the Likert scale. It is PI-RADS’s ancestor. Apart from being defined as a fivepoint scale, Likert scales have a few common points with PI-RADS:
1. In the literature, there is no standardized or
2. There is usually no lexicon or atlas available
public list of criteria used for Likert scales’
to describe abnormalities on T2W, DCE, or
calculation. The Likert score is usually the
DW images, whereas there is one in PI-RADS
graduated overall impression of the reader
helping readers to use the same terms.
about a significant mpMRI image, based on 3. Likert scales were used in variable forms to
quantify either the suspicion for cancer or
a cognitive synthesis of the appearance of
clinically significant cancer (with multithe lesion on all sequences. This is the reason
ple definitions in the literature) and, until
why some authors call it a subjective score,
recently, authors sometimes did not specify
in comparison with PI-RADS, which is an
this important detail in their works.25
objective score based on criteria that can be
opposed and verified on each sequence.
TABLE 2.II-8 Semiology Signs Evoking Different Degrees of Likelihood of Malignancy in
PZ or TZ
Likelihood of
malignancy

PZ

TZ

AFMS

Signs highly
suspicious of
malignancy

Consistent findings of marked


Consistent findings of marked


Any early enhancement, even


Signs suspicious of
malignancy

Low-intensity T2 area,


TZ nodule invading the PZ or


Isointense T2 area (usually,


low intensity T2 focus, marked
restriction at DWI, and early
enhancement at DCE
Low-intensity T2 nodule, with

convex borders, and high
contrast with surrounding
tissue in PZ
preferably with triangular
shape, in an otherwise normal,
high T2 intensity PZ
Deep diffusion restriction

(<0.9 mm2/s), without
nodular shape
Earlier enhancement than

surrounding tissue at DCE,
contrasting with the rest of
the PZ

low-intensity T2 focus,
marked restriction at DWI,
and early enhancement at
DCE

the AFMS
Ill-defined nodule, breaking

the symmetry of the adenoma
Nodule or area with very

homogeneous signal
(“charcoal sign”)
Nodule without peripheral

low T2 rim
Lesion located in the anterior

and/or inferior halves of the
gland
Low or moderately low

intense T2 area (similar to
that of the rectum wall)
Low-intensity T2 area visible

on the high b raw DWI image
(b >1,500), but not on DCE

weak

normal signal of the AFMS is
very low, similar to that of the
obturator muscles). Different
intensity is suspicious

continued on page 149
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TABLE 2.II-8 Semiology Signs Evoking Different Degrees of Likelihood of Malignancy in
PZ or TZ, Cont’d
Likelihood of
malignancy

PZ

TZ

Non-specific signs

Posterolateral location, instead


Earlier enhancement than


Signs suggestive of
a probably benign
lesion

Non-nodular band image


Lesion located in the


Signs suggestive of
benign image

Low T2 intensity symmetric


of medial

abnormality, rather
perpendicular to the prostate
surface

areas surrounding the
ejaculatory ducts, with or
without abnormality at DCE,
and without abnormality at
DWI
Deep low T2 intensity nodular
like images between PZ and
TZ at the base, tending to be
lateral (this is central zone: the
horseshoe sign)

surrounding tissue at DCE,
contrasting with the rest of
the TZ (not specific)
posterior half of the TZ

Rimmed aspect of the nodule

Lesion with high-intensity


spots within it on T2W or
diffusion-weighted images
Very deep, low T2

intensity (similar to that of
periprostatic muscles)

AFMS
Irregular shape

Nodular shape

Late enhancement (>3 min)


—

No enhancement at all


(triangular dark shape in the
late DCE series)

These signs are not quantified. Assignment of a five-point scaled Likert score based on these findings depends on the lesion’s
topography and readers’ synthesis of all signs.
Abbreviations: PZ: peripheral zone; TZ: transition zone; AFMS: anterior fibromuscular stroma; DWI: diffusion-weighted imaging;
DCE: dynamic contrast-enhanced

In Table 2.II-8, we reproduce the criteria used to subjectively grade a lesion on a Likert scale.20 Some
of the criteria are missing in the current PI-RADS. This may explain why, depending on the criteria
used for assessing suspicious images, one score may perform better than another.
II-2.3.1.3
Objective or subjective?
Use of PI-RADS scoring should strictly fit the semiology criteria described in the standard (for T2W,
DW, and DCE imaging), and the final score’s calculation should strictly comply with PI-RADS v2’s
algorithm description in PZ or TZ. Thus, a true PI-RADS score should be completely objective,
reproducible, and enforceable.
Nevertheless, in routine practice, some lesions appear either more or less suspicious than their score
predicts (AFMS lesion, lesion having high contrast with the rest of the gland, lesion with specific
topography, lesion having grown between two examinations, etc.). Additionally, numerous tools such
as specific post-processing algorithms (for T2W, DW, DCE, and MRSI), computer-aided diagnosis
(CAD) results, or additional pulse sequences may provide useful information that is not implemented
at the moment in the PI-RADS standard.
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In these cases, the reader’s impression can be different than what the PI-RADS score predicts, and
there is a reason to complement the objective PI-RADS score with additional, more subjective findings. DCE enhancement of an image located in some parts of the TZ (e.g. the AFMS) may be very
suggestive of malignancy, although this information had to be ignored to build a PI-RADS v2 score.
In such cases of discrepancy, we encourage this addition, but without using two different scores for
the same lesion (e.g. “lesion with an objective PI-RADS v2 score of 4/5, but highly suspicious due
to its location” or “lesion with an objective PI-RADS v2 score of 5/5, but not suspicious due to the
context of prostatitis and presence of numerous similar images in the gland” or “lesion with an objective PI-RADS v2 score of 3/5, but not suspicious due to its appearance in spectroscopic imaging”).
Readers may prefer to avoid use of PI-RADS scoring when they believe it cannot apply, or does not
translate their findings with enough accuracy (systematic use of MRSI, other sequences, etc.). In this
case, we encourage using a similar five-point Likert scale, and expressing it this way in the report (e.g.
“highly suspicious image with a subjective score of 5/5 in the left PZ (z08p)”), without mention of the
“PI-RADS” acronym in the report.
II-2.3.1.4
PI-RADS accuracy and limitations
Several studies have demonstrated the accuracy of PI-RADS v1 in the classification of suspicious
images,22,30,31 and moderate to good inter-reader agreement. For instance, Renard-Penna et al.
showed in 2015 that for a summed score of 9 points or greater, PI-RADS v1 sensitivity was 86.6%,
specificity was 82.4%, PPV was 52.4%, negative predictive value (NPV) was 96.5%, and accuracy was
83.2%. Respective data for a subjective Likert scale scores of 3 or greater were 93.8%, 73.6%, 44.3%,
98.1%, and 73.3% in this prospective two-centre study that included 118 patients.32 In another series
of 215 patients, Vachée et al. observed respective AUCs of 0.8 and 0.74 in PZ for subjective Likert and
objective PI-RADS v1, respectively, and 0.87 and 0.82 in TZ, respectively, with statistically significant
differences in both cases. Other studies have shown different results, with slightly lower accuracies of
objective PI-RADS v1 scoring versus subjective Likert-like scoring techniques,22,33,34 suggesting that
PI-RADS v1 criteria did not completely reflect all the components of an expert’s judgment, or did
not include significant criteria described in other scoring systems (e.g. size of the lesion, anterior or
inferior location of TZ cancers, posterolateral location of PZ cancers, specific AFMS cancers, etc.).20,29
Two studies suggest that the PI-RADS score could be used as a triage test for selecting patients with
suspicious images requiring target biopsies or, conversely, to defer biopsy procedure, depending on
high (4 and 5 out of 5) or low (1 or 2 out of 5) PI-RADS scores, respectively.32,35
PI-RADS scoring has a few limitations:
A large proportion of significant MRI images
remain equivocal (score of 3 out of 5) and
cannot clearly be classified. Strict application
of semiology criteria could overcome this
drawback,30 such as use of CAD either using
atlases, computerized decision systems, automatic analysis,36-42 new MRI sequences,43,44

a.
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biomarkers,45 or new post-processing algorithms that may be included in future versions
of PI-RADS.
b. PI-RADS is to be used for assessing the likelihood that an image is a clinically significant cancer on untreated glands. In other
words, it should not be used for describing
images suspicious of recurrence after radiation beam external therapy, brachytherapy,
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cryotherapy, or other focal treatments. Nor
can it be used to describe focal abnormalities
detected in patients with biological recurrence after prostatectomy.
c.

One of the main limitations of existing
scoring systems is that they have not undergone reliability assessment or multicentric
prospective validation. Thanks to PI-RADS,
such a large-scale prospective evaluation has
become possible. This step has been taken by
numerous studies dedicated to the validation

of PI-RADS v1 reproducibility and accuracy
(which we will discuss below). But PI-RADS
v2 introduced a completely new scoring
algorithm that will make teams unable to
capitalize on previous works and require
new studies to validate robustness, reproducibility, and accuracy of PI-RADS v2. To
date, there is no reliable indication whether
PI-RADS performs better than other scoring systems for the identification of clinically
significant cancer.

We believe that PI-RADS is an evolving score, and will progressively be optimized in its next versions,
just like the Breast Imaging-Reporting and Data System (BI-RADS) is regularly updated for breast
cancer assessment. For instance, a lesion size of 15 mm is used to distinguish PI-RADS 4 versus
PI-RADS 5 lesions. This threshold may vary in the next versions.
Therefore, it is important that all mentions of PI-RADS must specify its version (e.g. “PI-RADS v1,”
“PI-RADS v2”). Also, PI-RADS v2 makes no use of T2W MRI information in PZ and no use of DCE
MRI information in TZ, which also may evolve in the next versions.

II-2.3.2

Scoring outcome

Physicians using mpMRI appreciate a five-point scale for assessing the likelihood of malignancy of
the lesions radiologists describe. They understand that some images are not easy to characterize, or
do not have typical appearance, and deserve an intermediate, equivocal score (3 out of 5). However,
when an action on a suspicious lesion is necessary (target biopsy, focal therapy planning, special
attention at time of surgery), they would rather have a binary scale stating whether the image is
significantly suspicious or does not require attention. Thus, in most studies, the PI-RADS scale is
dichotomized to “not suspicious” and “suspicious,” with scores 1 and 2 considered as not suspicious
and scores 3 to 5 as suspicious, even though score 3 lesions might be negative for cancer. This dichotomy is especially important for the calculation of PI-RADS accuracy for the detection of cancer (i.e.
AUC), and is linked to the definition of what this score provides suspicion for (definition of clinically
significant cancer).
In a few recent papers, some authors have found that PI-RADS/Likert lesions with scores of 3 out
of 5 and positive for cancer corresponded to low-grade microfoci or cancers of low aggressiveness.
Consequently, they proposed a different dichotomy (1 to 3 for “not suspicious” and only 4 and 5 for
“suspicious”). This attitude has to be further studied, and may change the way radiologists score
lesions, because today, for most radiologists, a lesion of score 3 out of 5 is supposedly significant.
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This shows that radiologists performing mpMRI and assessing suspicious images need to:
Use a standardized, and as objective as
Understand the outcome of the scoring
possible scoring system (PI-RADS), in order Keep ability to report non-standard information (new sequences, CAD, etc.) that may
to ensure optimal reproducibility and interimprove lesions characterization
disciplinary communication
Specify which version of the score is used
Share this knowledge with requesting physiClearly know what this version of the score
cians (urologists, etc.), to avoid improper use
is designed for (e.g. assessing likelihood of
of the score and potential drifts
malignancy of mpMRI images for clinically significant prostate cancer), in order to
understand its accuracy and limitations

II-2.3.3

Building standardized reports

A radiology report is a transcription of the radiologist’s findings on images into an intelligible text.
It contains a description of the images, followed by a conclusion that includes the radiologists’s clinical impression on the entire data. It is primarily designed to answer the referring physician’s clinical
question. It will be read by other physicians and by the patient. Thus, its content has to be as objective
as possible. Thus, a report is a reflection of the radiologist’s responsibility to both the physicians and
the patient.
There is great variability in the way mpMRI is reported (conventional free-text, semi-structured
report, description of lesions with or without suspicion score, use of PI-RADS or a different score,
addition or not of schematic prostate map or key images, etc.).20,46-52
ESUR guidelines include a dedicated section describing key elements for the reporting of this examination.1 The primary objective of this approach is to harmonize practices in Europe, but thanks to
a virtuous circle,53 structured reporting allows wider promotion of guidelines, quicker adoption in
radiology and urology, and, in the case of PI-RADS, an extension outside Europe and into the rest of
the world.18 The recent ACR/ESUR joint work on PI-RADS v2 includes a detailed glossary of terms,
in an additional effort to harmonize the terminology.18
Key points of prostate mpMRI reporting are summarized in the 2015 PI-RADS v2 standard
document:18
To simplify and standardize the terminology
To educate radiologists on prostate MRI
and contents of radiology reports
reporting and to reduce variability in
To facilitate the use of MRI for targeting biopsy
interpretations
To enable data collection and outcome
To enhance communication with the refermonitoring
ring clinician
II-2.3.3.1
Standardization of content and terminology
Multiparametric MRI interpretation is built on the combination of multiple semiology criteria, whose
basic enumeration on a scoring sheet, without explanation or medical analysis that takes into account
semiology subtleties or clinical context, would have no sense. Most criteria need comprehensive
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explanation or precision (e.g. PI-RADS v1 T2W criteria of score 3 “Intermediate appearances not in
categories 1/2 or 4/5,” or PI-RADS v2 ECE score 5 criteria “Bulges capsule of prostate”) to be truly
useful for the referring physician (urologist, radiation therapist, etc.).1,18
Prostate MRI reports should include all relevant information to allow use of mpMRI data under
all circumstances (consultation with the patient, patient himself, multidisciplinary meeting, further
comparison, follow-up, double reading, etc.) and easy data collection or comparison. Therefore,
according to most authors, its format has to be structured, and its content needs to use a standardized and understandable terminology.
FIGURE 2.II-5
Sample Prostate mpMRI
Report, Including Clinical
Indication, Protocol, Findings,
and Conclusion Paragraphs
Continued next page.
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FIGURE 2.II-5, CONT’D
Sample Prostate mpMRI
Report, Including Clinical
Indication, Protocol, Findings,
and Conclusion Paragraphs
The second page is a
standardized prostate map
representing the most
suspicious images using a
coloured PI-RADS v1 scale.
The third page includes key
images of the lesion.

Structured reports (SRs), in comparison to free-text reports, allow easier data collection. Structured
reports can be built using a text editing software (e.g. Microsoft Word) template, allowing pre-filling,
use of checkboxes, use of lists, and even manual drawing. Figure 2.II-5 shows a typical prostate
mpMRI SR built by a radiologist at the time of interpretation using a word-processor template. These
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templates allow faster editing of the report and immediate drawing of suspicious images onscreen.
However, they suffer some drawbacks: they are time consuming, they are not usually connected to
the picture archiving and communication system (PACS; directly to images) because they are stored
in the radiology information system (RIS), and, as the text is stored into a word-processing document, the data are not easily collectable. Use of dedicated tools (discussed below) eventually linked
to a database manager is faster and easier, but requires additional software, investment, and training.
Regardless of the form, we describe the framework and fundamental content of a standardized prostate mpMRI report in Table 2.II-954 (found at the end of this chapter).
II-2.3.3.2
Versioning
Due to the fact that two (and certainly more in the future) versions of PI-RADS are available, radiologists and urologists need to know the latest version of the standard, and radiologists must use the
most recent version available. Also, the question of the version becomes important when PI-RADS is
mentioned, and such mention in any report should either always be followed by the version number
(e.g. PI-RADS v2), or used with an appendix at the end of the report stating which version is implicitely used when the term “PI-RADS” is mentioned.
II-2.3.3.3

Report appendixes

FIGURE 2.II-6
Sample Prostate mpMRI
Report, Including Clinical
Indication, Protocol, Findings,
and Conclusion Paragraphs
The second page is a
standardized prostate map
representing the most
suspicious images using a
coloured PI-RADS v1 scale.
The third page includes key
images of the lesion.

In addition to the SR, a copy of a standardized prostate map, as described in current guidelines,1
with manual or electronic drawing of lesions (Figure 2.II-6),54 position, and size relative to the schematic gland should be included. Key images for the index lesion should also be included in the final
report, to help physicians localize and recognize the most suspicious lesions.20,47,49,55,56 Lesions having
a suspicion of ECE should clearly have margins outside the contours of the schematic prostate slice.56

Imaging in Localized Prostate Cancer: II. Multiparametric Magnetic Resonance Imaging

155

It is unclear whether a 16-, 27-,26 or 39-18 sector prostate map is optimal for the localization of lesions;
however, all schematic representations of the prostate divide the gland in 3 cranio-caudal sections
(base, mid-gland, and apex) with similar functionality.1,17,18,20,26,47,56
II-2.3.3.4
Computer-assisted reporting tools
Silveira et al. have demonstrated an improvement of prostate mpMRI report quality by using a structured template and informatics tools to generate the report automatically.52 Recently, many so-called
computer-assisted reporting (CAR) tools, designed to help radiologists build the SR, have been developed.52,56-58 Some of them (web-based, software, free, or bound to equipment, etc.) can retrieve basic
information (patient data, acquisition protocol, etc.) from existing data, and allow:
Rapid and manual drawing of suspicious
Easy data collection (all data can be exported
images on a standardized prostate map
to an XML document, and exploited later)
Sharing (by email, electronic transmission,
directly on the screen
Reporting of the standard PI-RADS score
etc.)
(sometimes with assistance)
They are promising additions to RIS, or prostate-specific databases, and allow better compliance of
SR to the standard.
II-2.3.3.5
Facilitating the use of MRI for target biopsies or focal therapy
Standardized SRs, especially when they include a prostate map and reference key images, are very
helpful for target biopsies or focal therapy treatment planning. The SR cannot replace a face-to-face
meeting between the radiologist and the physician who will perform the procedure, but can be a
valuable addition to it. The SR will make physicians sure of what they target and will have to monitor.
Although it is still prospective, it is likely that, in the very near future, radiologists will be able to draw
lesions in 3D, save them in a standard format (Digital Imaging and Communications in Medicine
[DICOM]), and transmit these data on overlay on the MR-ultrasound (US) fusion biopsy systems,
focal therapy (high-intensity focused ultrasound [HIFU], etc.), or surgery devices to guide surgeons
during their procedures.
II-2.3.3.6
Data collection, outcome monitoring
Structured reports will take full benefit of dedicated software to enable a link between input data and
automatic filling of a specific prostate oncology database.
Such databases allow better patient follow-up, key image collection, rapid image comparison, and
data collection (clinic, PSA, pathology, etc.) in a single record, focused on prostate disease. This is
especially important when following a patient’s history at times of diagnosis, biopsy, treatment, and
follow-up. In patients under AS, this kind of database helps radiologists identify images requiring
special attention.
Databases also allow powerful searches, tracking of activity, strong support during multidisciplinary
meetings, and teaching.
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II-2.3.3.7
Education in radiology and reduction of variability in interpretation
Educating radiologists on prostate imaging can be divided into several steps, including initial education during their curriculum or continuing medical education (CME), training in image reading, an
intermediate phase requiring double reading, and then a fully autonomous phase regularly updated
by CME. Initial training has to be performed on various clinical presentations (typical PZ, TZ, or
AFMS cancers, prostatitis, multifocal lesions, recurrences after prostatectomy or other therapy, etc.).54
Databases allow fast and easy identification and then collection of teaching cases that can serve as an
up-to-date and living tool for radiology teaching.
Oncological databases, especially if dedicated to PCa and mpMRI management, allow linking to
CAR tools (see above) to help fill the database, link to interpretation aids (glossaries of terms, standard terms, etc.), and grouping, in a single record, of several interpretations of the same data (doublereading). All these elements tend to reduce the variability in interpretation, as well as to harmonize
practices among radiologists.
II-2.3.3.8
Enhancing communication with clinicians
The radiology report is the element of communication between the radiologist and the other clinicians. It has been shown that referring physicians prefer SRs, and that SRs are evidence of the reader’s
training and knowledge in the domain.59 It is clear that SRs, especially if they follow an international
standard and include a prostate map of significant images, are a major enhancement for the communication between radiologists and clinicians.
Such SRs should be accessible after a brief delay (1–4 days), remotely (via an electronic form) to avoid
traditional postal mail delays. A clear mention of the version of PI-RADS used (see section 2.3.3.2
Versioning) should be made. A mention of the reader’s certification might also be useful.
Additionally, a link to the image dataset should be made available, in order to make images easily
reviewable either through PACS or remote access. Some electronic reporting systems allow access to
key images by clicking on the suspicious image on the scoring sheet.
Access to the report and images should be possible with all the same functionalities, under all circumstances (consultation, office, operating room, multidisciplinary meeting room, etc.).

II-2.4 Prostate Biopsy and MRI
The ideal biopsy strategy would be to optimize the detection of clinically significant PCa and minimize the detection of low-grade, low-volume disease. To develop such a biopsy strategy, an individualized patient risk approach could be accomplished using pre-biopsy MRI. The role of prostate MRI
has transformed over the last decade. Its utility has evolved from the evaluation of extra-prostatic
extension to assisting in clinical patient management at all levels of care. Pre-biopsy MRI aids in
PCa identification, localization, characterization of aggressiveness, and estimation of volume and
contour. While the number of studies assessing the value of pre-MRI leading to image-targeted
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biopsy is still limited, it has been demonstrated that MRI/TRUS-guided biopsy improves the yield of
significant PCa detection rate in patients and reduces the number of insignificant PCa diagnosed in
biopsy-naïve patients. This contributes to the accumulating evidence favouring MRI/TRUS-guided
biopsy from image-blinded standard TRUS biopsy to a personalized biopsy strategy according to
several determinants, including pre-biopsy MRI. However, because of underlying methodological
pitfalls of current studies, the comparison of MRI/TRUS-guided biopsy with TRUS biopsy and the
impact of pre-biopsy MRI need to be regarded with caution.

II-2.4.1

Advantages of MRI before first or repeat biopsy

To date, more and more clinicians are incorporating mpMRI in the workup of patients with a suspicion of PCa before biopsy. While questions and concerns remain open regarding MRI, performing
pre-biopsy MRI has rapidly attracted interest among practicing urologists, due to several benefits.
Efforts have been made to introduce evolving MRI to potentially visualize all clinically significant
PCa.25 Advantages of MRI before any biopsy would be supported by the rationale that sampling
through the centre of the lesion yields more tissue, allowing more accurate characterization for
pathologic examination,60 which might reduce the risk of missing or misinterpreting a relevant lesion
at prostate biopsy.61
The use of pre-biopsy MRI allows accurate PCa localization62 before sampling, offering the opportunity to target a lesion. Prostate biopsy is still performed blinded for several reasons, including the
lack of tools to localize PCa. Therefore, the prospect of localizing PCa prior to biopsy has led to the
potential of the MRI-guided targeted biopsy approach, using cognitive- or software-based fusion
of prostate MRI with real-time US images. This addresses many of the limitations of the standard
TRUS-guided biopsy, aiming to improve detection of significant PCa while potentially reducing
unnecessary biopsy of insignificant or absent PCa.63,64 The data available to date have demonstrated
an advantage of MRI-targeted biopsy with regard to the higher detection rate of significant PCa using
fewer cores65 than random (not targeted) systematic template-based sampling of the whole prostate
by TRUS guidance.
Furthermore, the visualization of PCa using MRI provides precise 3D localization of the tumour
before biopsy, which could have an impact on the per-lesion–based diagnostic approach. Knowing
the location of MRI-derived targets could influence the urologist’s decision making regarding biopsy
techniques. To overcome difficult accessibility to certain areas of the prostate, changing the technical
approach prior to doing biopsy could improve the chance for significant PCa detection. Localizing
the lesion before biopsy cannot compensate for all issues associated with accessibility, but may allow
some physicians to alter their approach with the goal of improving prostate sampling. For instance,
the prostate’s anterior location translates to limited access due to the inability of the current TRUSbiopsy platform to perform successful biopsy through the rectum wall to reach the suspicious area.
In the setting of detection of prostate anterior tumours by pre-biopsy MRI, a primary transperineal
approach could be performed to improve prostate sampling.66
Pre-biopsy MRI provides the opportunity for individualized patient risk stratification. Pre-biopsy
MRI could be helpful in predicting the aggressiveness of tumours.67 The definition of clinically
significant PCa takes into account the volume of the tumour and the presence of a Gleason grade of
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4 or 5. Currently, PSA, DRE, and TRUS-biopsy are used to stratify a patient’s risk. One major limitation is the sampling error associated with the biopsy, which has been reported to under-grade up
to 40% of patients after RP.68 MRI could be an additional and helpful tool for grading lesions based
on complementary information on water diffusion (DW MRI), metabolism (MR spectroscopy), and
vascularity (DCE MRI). MRI-targeted biopsy can enhance the determination of aggressiveness via
improved sampling of tumours within the prostate. Franiel et al.69 investigated whether mpMRI
is helpful in differentiating low-grade (GS ≤6) and high-grade (GS ≥7) PCa. Utilizing DCE kinetic
models, low-grade PCa had significantly higher mean blood volume (1.76% vs 1.64%, p=0.039),
longer mean transit time (6.39 s vs 3.25 s, p<0.001), and lower mean permeability (2.57 min [−1]
versus 3.86 min [−1], p=0.011) than high-grade PCa. These features, achieved by using 1.5-T mpMRI,
could be used to properly assess tumour aggressiveness and better manage the patient. Also, MR
spectroscopy has shown promise in assessing a tumour’s aggressiveness by revealing an increasing choline+creatinine/citrate ratio in high-grade tumours.70 The comparison was established from
statistical models, based on clinical features (DRE, PSA, biopsy, etc.), developed to predict indolent
PCa. The AUC ranged up to 0.79, suggesting good accuracy. Ultimately, it was found that adding
MR spectroscopy to MRI increases the predictive accuracy, improving the AUC from 0.803 (MRI
model) to 0.854 (MRI+MR spectroscopy model). Villeirs et al.71 have also investigated the ability
of 1.5-T MR spectroscopy to predict high-grade PCa (GS ≥4+3) prior to biopsy. This study enrolled
356 men with a rising PSA. The follow-up was short (mean 21.3 months), and 220 patients had PCa
confirmed by positive biopsy (41 high grade and 179 low grade). Results revealed a significant ability
to eliminate high-grade PCa with an NPV of 98.4%. The rate of false positive findings was 7.3% in
the 136 cancer-free men. However, despite these good results, MR spectroscopy is limited by its long
scanning time and the need for post-processing. To date, among the other MR pulse sequences, DW
MRI has demonstrated the best potential for characterizing PCa aggressiveness. Many publications
have established a correlation between the high cellularity usually associated with high-grade PCa
and low ADC values.72
MRI before biopsy could also assist in tumour staging by assessing tumour volume and contour,
which may be crucial in planning the number of cores needed, as well as any subsequent focal therapy in localized PCa. Digital rectal examination and standard biopsy tend to underestimate the final
PCa volume at RP in 20% of cases. The incremental value of MRI and MR spectroscopy to the staging nomograms for predicting organ-confined PCa has been assessed in a retrospective study.73 This
results in significant incremental value (p<0.02) to the nomograms in the overall study population.
The contribution of MRI findings was significant in all risk groups, but was greatest in the intermediate- and high-risk groups (p<0.01 for both). Accuracy in the prediction of organ-confined PCa with
MRI was higher when MR spectroscopy was used, but the difference was not significant. However,
recent results suggest that MRI could also underestimate the PCa volume. In a correlation study by
Le Nobin74 performing a 3D co-registration methodology between pathology and MRI, PCa volume
was likely to be underestimated by MRI, especially for high Gleason grades (≥4/5). Therefore, a much
larger volume should be considered for biopsy to warrant detection.
Another advantage of pre-biopsy MRI is that it avoids post-hemorrhage artifact that restrain accuracy for PCa detection. Hemorrhage is responsible for the hyperintense signal on T1W images and
hypointense signal on T2W images that may mimic PCa and decrease the MRI PPV. To circumvent
this, a time delay of 6 to 8 weeks75 has usually been required between biopsy and MRI to minimize
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these artifacts. This is a long period and, even if respected, some lesions are still visible as hypersignals on T1W images, resulting in false positives on T2W MRI. MRI prior to biopsy could be an
option to avoid such a bias.

II-2.4.2

 an MRI aid subsequent prostate biopsy and improve
C
cancer detection?

Blinded conventional TRUS-biopsy misses 25% to 30% of PCa cases, both in biopsy-naïve patients
and in patients with prior negative biopsy. The historical likelihood of missing significant PCa due
to sampling error with sextant prostate biopsy strategy led to the introduction of new diagnostic
approaches, for example the increase in the number of cores from 6 to 12.76 Nomograms or genomic
tests can also predict the individual risk of having PCa on subsequent biopsy. However, none of the
approaches overcome the inherent limitation of undersampling using the traditional TRUS-biopsy
approach. The introduction of MRI may improve PCa detection by directly targeting suspicious
areas. However, conflicting results have been published so far. For instance, a recent randomized
controlled trial (RCT) done by Baco et al.77 compared two methods (12-core random TRUS biopsy
versus 2-core MRI-targeted biopsy plus 12-core TRUS-biopsy) and reported no difference in diagnosing clinically significant PCa (defined as maximum cancer length ≥5 mm in Gleason 6 cancers
or any Gleason ≥7 cancer). Conversely, in the systematic review by Moore et al.,78 PCa was detected
in 30% of targeted cores (375 out of 1,252) versus 7% of systematic cores (368 out of 5,441). On a perpatient basis, the cancer detection rate was 36% (526 of 1,442) for standard biopsy and 48% (650 of
1,345) for targeted biopsy.
A recent meta-analysis by Schoots et al. including 16 studies did not find any significant difference
in overall PCa detection by TRUS-biopsy and MRI-targeted biopsy (sensitivity of 0.81 [95% confidence interval (CI), 0.70–0.88] vs 0.85 [95% CI, 0.80–0.89]). MRI-targeted biopsy and TRUS-biopsy
missed the diagnosis of PCa in 15% and 19% of cases, respectively. However, MRI-targeted biopsy
had a higher detection rate of clinically significant cancer (sensitivity of 0.91 [95% CI, 0.87–0.94] vs
0.76 [95% CI, 0.64–0.84]) and a lower detection rate of insignificant PCa (sensitivity of 0.44 [95% CI,
0.26–0.64] vs 0.83 [95% CI, 0.77–0.87]).79 Therefore, MRI-targeted biopsy may not only improve the
detection of clinically significant cancer, it may also diminish subsequent overtreatment by reduction of indolent PCa detection (over-diagnosis).80 This was further confirmed by a randomized trial
recently published by Panebianco et al.81
MRI may be particularly helpful in patients with persistently elevated serum PSA after a prior negative prostate biopsy.82 MRI-targeted biopsy improved the detection of PCa compared to the standard
scheme biopsies.83 In a prospective study of 180 patients with prior negative biopsy, overall PCa detection was higher at second biopsy in the group with pre-biopsy MRI than in the one with standard
TRUS-guided biopsy (45.5% versus 24.4%, respectively, p=0.01).84 According to the recent systematic
review by Schoots et al., overall PCa detection in patients with prior negative biopsy was better with
MRI-targeted biopsy than TRUS-biopsy, with a relative sensitivity of 1.62 (95% CI, 1.02–2.57). In
addition, the improvement in the detection of significant PCa due to MRI-targeted biopsy was better
in patients with prior negative biopsy than in biopsy-naïve patients (relative sensitivity 1.54, 95% CI,
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1.05–2.57, and 1.10, 95% CI, 1.00–1.22, respectively). The reduced detection of insignificant PCa was,
however, lower in patients with prior negative biopsy (relative sensitivity 0.51, 95% CI, 0.25–1.04, and
0.82, 95% CI, 0.03–21.4, respectively).
MRI-targeted biopsy can be performed using multiple techniques of fusion between MRI and US
images, each bringing its own benefits and disadvantages. One prospective RCT comparing TRUSbiopsy plus MRI-targeted biopsy with visual guidance (MRI-visual-targeted biopsy) and TRUS-biopsy
alone in biopsy-naïve men did not show any significant difference in overall PCa and significant PCa
detection (64% [34 of 53] vs 57% [34 of 60]; 7.5% difference [95% CI, −10 to 25], p=0.5, and 55% [29 of
53] vs 45% [27 of 60]; 9.7% difference [95% CI, −8.5 to 27], p=0.8) respectively).85 In the meta-analysis
of Shoots et al., MRI-visual-targeted biopsy did not show either a significant improvement compared
to TRUS-biopsy (relative sensitivity 1.03, 95% CI, 0.91–1.16). Importantly, MRI-visual-targeted
biopsy did not demonstrate inferior outcomes to targeted biopsy using US/MR fusion (MRI-fusiontargeted biopsy) in detecting overall and significant PCa, which is in accordance with Puech et al.29
and Wysock et al.,86 who reported no differences between those two techniques. Noteworthy is the
fact that the MRI-fusion-targeted biopsy and MRI-in-bore-targeted biopsy improved significant PCa
detection compared to TRUS-biopsy (relative sensitivity 1.29, 95% CI, 1.16–1.43, and 1.26, 95% CI,
1.08–1.46, respectively). In other words, evidence suggests that MRI-targeted biopsy, using fusion
software or performed directly in bore, may benefit the diagnosis of significant PCa and may reduce
the diagnosis of insignificant PCa in patients with a clinical suspicion of PCa, as compared to the
standard TRUS biopsy. To our knowledge, only one recent systematic review87 has been done so far to
compare the benefits of the PCa detection rate of the multiple MRI-fusion-biopsy platforms available.
To date, different platforms are Food and Drug Administration (FDA)-approved and mostly have
strengthens and weaknesses that, in the end, didn’t affect the benefit of doing pre-biopsy MRI in PCa
detection in patients. Due to the limited number patients included in the study, heterogeneous study
populations, and lack of consensus on significant PCa, Gayet et al. concluded that the general use
of this technique in PCa diagnosis workup, whatever the platforms, should only be performed after
critical consideration, even if the value of pre-MRI biopsy and targeted biopsy has been substantiated
in patients with prior negative biopsy.

II-2.4.3

Can MRI prevent an unwanted biopsy?

Under certain circumstances, MRI could help rule out patients with persistently high PSA and prior
negative biopsy. High PSA with negative biopsies presents a dilemma as to when testing can be
discontinued. Established strategies for managing such patients without using MRI include a repeat
biopsy scheme (10–12 cores), saturation/template biopsy (>12 cores), continued PSA monitoring, or
other serum and urine markers. None of these strategies are satisfactory. The first two are invasive
and may still miss significant cancer, while the third option does not address the necessary steps to
take if the PSA continues to rise. The fourth, other serum and urine markers, have all demonstrated
low sensitivity. A non-invasive imaging modality with a biomarker would constitute a major breakthrough in PCa diagnostics to rule out such patients for invasive biopsy monitoring in case of a negative biopsy result. MRI can then be used as a triage test in the population with persistently elevated
or rising PSA levels to select patients who can avoid unnecessary subsequent prostate biopsy. Studies
have shown that an MRI in patients with one set of negative biopsies and rising PSA levels is better
than a repeat TRUS biopsy. In a screening population of 92 patients, Comet-Batlle et al. demonstrated
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80% sensitivity, 76.1% specificity, 55.6% PPV, 91.1% NPV, and 77.2% accuracy for MRI, as compared
to 85% NPV for a negative octant biopsy for PCa.88 As a result, an MRI showing no evidence of
disease in a patient with a marginally raised PSA and negative prior biopsy would seem to offer a
similar level of reassurance as two sets of prostate biopsies reporting no cancer detected.
MRI could also at least defer prostate biopsy in the absence of any suspicion for PCa in MRI. Indeed,
given the high sensitivity of MRI in detecting significant lesions, a negative MRI may prevent subsequent untargeted biopsy to detect low-risk disease. This approach is supported by a number of studies, including the series by Rouse et al.89 that reported only 4% of significant PCa was missed by
deferring biopsy on the basis of MRI findings.
However, MRI still cannot be used as a single surrogate for biopsy, and is not likely to be suited as
a stand-alone test for diagnosing PCa. MRI has still missed one in six high-grade PCa: failure to
identify 16% of men with high-grade PCa (GS ≥7) in a prospective study of 1,044 men with elevated
PSA, among whom 241 had no suspicious lesions on MRI. Importantly, looking at the results of
systematic mapping TRUS-biopsy, 75 patients who had no sign of disease on MRI (31%) were found
to have a GS ≥6. This translated into an NPV of MRI for GS ≥6 and GS >7 (high-grade) of 53% and
84%, respectively. In addition, fusion MRI-targeted biopsy can’t circumvent this lack of detection,
based on the recent RCT published by Baco et al., which reported a false-negative rate for clinically
significant cancers of 13% more than that published by Moore et al.78
After all, one can argue that MRI is still better than the NPV of TRUS-biopsy with a cancer detection
rate of 20% to 24% following initial TRUS-biopsy, no matter the technical approach (saturation or
12-core biopsy).90,91 As a result, there is clearly going to be a trade-off. Using MRI is more accurate
than image-blinded needle biopsy for identifying GS 7 or higher lesions, and it avoids diagnosing
many insignificant PCa. However, using MRI alone risks missing a rather significant number of clinically important PCa. In conclusion, men with high PSA without any prior biopsy should consider
traditional 12-core needle biopsy even if an MRI appears normal. For the time being, we cannot rely
on MRI alone to completely eliminate the use of the conventional 12-core biopsy in biopsy-naïve
patients with an abnormal PSA level.

II-2.4.4

Is routine pre-biopsy MRI cost effective?

To our knowledge, there has been no formal cost-effectiveness study on a large cohort and across
various health care systems regarding the use of mpMRI before prostate biopsy. One European study
from 2013 suggested that the costs of prostate MRI-in-bore-targeted biopsy is similar to those of the
standard approach.92 On first impression, this cost-effectiveness analysis provided a strong economic
case for adopting the strategy based on MRI with an incremental cost-effectiveness ratio at just 323€
per quality-adjusted life year. However, this study has been criticized due to certain assumptions and
uncertainties in the model structure and input data of this study. Moreover, the costs associated with
treating the complications of TRUS-biopsy were not included in the model.
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Given the fact that approximately 50% of patients with an elevated PSA and a negative prostate biopsy
will undergo a second prostate biopsy,91 mpMRI could be cost-effective if it could avoid prostate
biopsy due to its high NPV. But to date, we don’t know how many patients would safely avoid those
biopsies based on negative MRI findings.

II-2.5 T
 he Role of mpMRI in
Active Surveillance
Low-grade prostate cancers have an indolent course and are characterized by a very slow growth
rate. Active surveillance is an accepted treatment alternative for low-risk disease and is currently
included in international guidelines (National Comprehensive Cancer Network [NCCN], European
Association of Urology [EAU]) for clinical practice. Active surveillance offers the advantage of careful monitoring and early intervention for disease progression, thereby avoiding unnecessary overtreatment with the inherent side effects of radical treatment (prostatectomy or radiation therapy).93
During an AS program, low-grade prostate cancers are serially monitored for signs of disease progression. Prostate-specific antigen testing and DRE are administered periodically, along with a repeat
biopsy of the prostate at one year and then at specific intervals thereafter. Active radical treatment is
offered at the earliest indication of disease progression.94
The strategy of AS provides similar disease-free outcomes as compared to immediate treatment in
this subset of patients and also reduces the overtreatment risks.95
Long-term studies have shown that around 35% of patients in AS switch to active treatment due to
disease progression, most of which is noted in the first year, indicating the possibility of misclassification in the initial biopsy. The criteria employed for inclusion in AS protocols vary greatly from
one protocol to another.96 The majority of them, however, include criteria such as GS of 6 (3+3), PSA
value <10 ng/mL, no presence of Gleason grade 4 or 5, tumour volume <0.5 cm3, and no evidence of
extra-prostatic disease at DRE. More recently, a subset of patients with Gleason 3+4 disease, with a
very small volume of Gleason 4, have also been considered eligible for AS by some authors.97
Prostate biopsy is an essential component of AS. Biopsy findings depict the grade and the volume
of cancer, and only patients who present with a low grade (Gleason pattern ≤3) and minimal cancer
volume (≤2 positive biopsy cores, and/or ≤50% cancer involvement in individual cores) are candidates
for AS if their clinical stage is ≤T2 and PSA levels are low (usually <10 ng/mL). Biopsies are systematically repeated during the follow-up to limit sampling errors and, rarely, to assess true progression to a
higher grade and/or larger cancer volume. The histological findings of the first re-biopsy after diagnosis are generally the major cause for withdrawal from AS programs, because of PCa reclassification.
However, prostate biopsy is an invasive procedure that is associated with complications, and the
cumulative risk of complications increases over multiple biopsies. In particular, in men with PCa on
AS, the number of previous biopsies increases the risk of infectious complications (p=0.04).98
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II-2.5.1

Rationale and capabilities of mpMRI

Multiparametric MRI is currently the most established imaging modality for significant PCa diagnosis. By using both anatomical and functional sequences like DW MRI, DCE MRI, and MR spectroscopy, mpMRI is able to provide important information about the location, shape, and aggressiveness of the lesion. Multiparametric proved to be an excellent modality to guide targeted biopsies for
significant cancer detection, with sensitivity and specificity of 98% and 100%, respectively.26 Several
studies have documented reliable correlations between GS and apparent diffusion coefficient values
obtained on DW MRI.99,100 PCa is known as a typical multifocal neoplasm, and each focus may present a different aggressiveness and different GS. We found that tumour size and grade were important predictors of tumour detection and, in spite of PCa being multifocal, mpMRI can detect the
most aggressive focus of cancer.101 Multiparametric MRI also helps in determining the position and
dimensions of each suspicious focus, in particular in the anterior portion of the gland where DRE
and TRUS have low diagnostic accuracy.102
Additionally, mpMRI has been shown to have an NPV for clinically significant cancer (60%–95%).
Patients with visible lesions on mpMRI tripled the risk of overall cancer progression.103 Furthermore,
patients with low-grade PCa (PSA <10 ng/mL and Gleason 6) in AS and a negative mpMRI have
only a 3.5% probability to be reclassified into intermediate or high-risk disease.104 It is commonly
considered that larger lesions harbour more aggressive cancers. With the introduction of mpMRI
into clinical practice, this notion is challenged. The largest lesion may not always correspond to the
most aggressive site and, moreover, within a large neoplastic lesion, there may be areas of different
histological differentiation with different degrees of aggressiveness.105
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FIGURE 2.II-7
(A) 57-year-old patient,
PSA 3.8 ng/mL, biopsy
positive for focus of
adenocarcinoma <20%,
GS score 6 (3+3), and
eligible for enrollment
in an AS program. PSA
increase after 8 months
(4.3 ng/mL). The patient
underwent mpMRI and
therefore was excluded
from the program. Axial
T2W FSE image showing
an area of marked
hypointensity in the right
anterior horn of PZ.
(B) ADC map with b-value
of 0, 500, 1,000, and
3,000 mm2/sec showing
a significant area
of restricted water
diffusivity corresponding
to the area highlighted
in T2.
(C) A xial perfusion gradientecho T1W.
(D) Perfusion colour
map showing an area of
mild enhancement in right
anterior PZ; according
to PI-RADS score (v2),
overall score is 4.
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The sequence that showed the highest performance in evaluating disease progression is DW MRI
and, hence, best lends itself to an AS program. During the initial diagnosis, DWI is able to contribute
significantly to identify the index lesion and hence provides appropriate target for the biopsy.106 Highgrade PCa usually has higher cellularity than healthy tissue, corresponding to a decreased ADC
value. Similar to the clinical-pathologic eligibility criteria, mpMRI criteria have also been introduced
according to PI-RADS v2 score. In fact, a PI-RADS score of 1 and/or 2 is consistent with the very
low and low probability to have clinically significant cancer. In other words, prostate cancers missed
at mpMRI are very small lesions (<0.5 cc) with low GS (≤6 [3+3]) that are suitable for AS. Although
the use of mpMRI is not yet consolidated in the AS monitoring protocol, undoubtedly it can be a
very useful tool that can detect early disease and monitor tumour progression. For example, a yearly
mpMRI examination could be suggested to monitor patients in AS, and a switch of PI-RADS 1 or 2
to a higher score could be suggested as a reliable criterion to stop AS and switch to active treatment.
With the presence of PI-RADS 3, an indeterminate pattern, the patient can go to the follow-up or
to the biopsy based on the kinetics of PSA. With a PI-RADS score of 4 or 5, lesions are considered
for targeted-biopsy. The diagnostic accuracy of mpMRI actually reaches considerable sensitivity and
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specificity values of 91% and 95%, respectively, for larger lesions, and gets down to 44% for small,
low-grade lesions <0.5 cm3. For these reasons, it was proposed to perform MRI examination prior to
performing a prostate biopsy, in order to target the biopsy to the index lesion or to avoid unnecessary
biopsy. The role of the prostate biopsy in the context of an AS program is to register and confirm the
progression of the disease suggested during the course of follow-up by the serum PSA levels, and its
derivatives (PSA density, PSA velocity), or DRE. The fundamental weakness of TRUS-guided prostate biopsy, in whatever way it is carried out, is the lack of precision in the execution. The well-known
limits are represented by the risk of sampling areas of healthy tissue, or neoplastic areas of lower
grade than others.107 Generally, the enrollment in the AS program has been done with random biopsies (performing no more than 12–14 random biopsies). Multiparametric MRI, if performed as a firstline examination, is able to depict each neoplastic or suspected area, and hence to follow them within
an AS program.81 It is able to quickly highlight even the smallest changes in the size, shape, extension,
and cellularity, even after a minimal increase in PSA value (velocity and density). Recent studies
confirm that in patients with increasing PSA values, AS can be reliably interrupted and switched
to active treatment on the basis of MRI findings.108 Though still controversial and not universally
accepted, these findings confer the importance of mpMRI to follow up the course of AS (Figure
2.II-7). Negative mpMRI, despite the clinical suspicion of disease progression, can avoid making a
prostate biopsy random. If there is clinical suspicion of disease progression, mpMRI is able to indicate which lesions present modifications to the parameters, in order to schedule a targeted biopsy.
Today, it is not possible to switch from AS to active treatment based only on the mpMRI, and proven
histology of disease progression is still necessary to switch to the subsequent treatment plans.109

II-2.5.2

M
 ultiparametric MRI in active surveillance: indications
and timing

Multiparametric MRI can assist in the appropriate classification of the patient into an AS program
when it is performed as a first-line investigation in biopsy-naïve patients with suspicion of PCa (total
PSA, PSA density, PSA velocity, family history). Subsequently, it can aid in more accurate follow-up
of the index lesions, which is the most dominant lesion and more likely to influence the biological
behaviour of the cancer. It can also accurately image the anterior zone tumours that may be missed
at random biopsy.
Based on a very high NPV, mpMRI could miss some very small (<0.5 cc), low-risk (GS 6) lesions
that would have been under AS if detected. This means that a patient with low-grade disease and a
negative MRI has a high degree of confidence to remain in the AS program. Multiparametric MRI
can detect early disease progression and re-classify the disease based on volume control and lesion
characteristics (ADC mapping, onset of capsular infiltration), and can consequently trigger early
active treatment.
We propose the following timing in AS protocols:
Once a year in cases of PI-RADS score 1 and
Every 8 months in cases of PI-RADS score
2 tumours at first examination and no biopsy,
3 tumours. The biopsy is indicated only in
and
case the index lesion changed at MRI (in
terms of volume, ADC, etc.).
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II-2.6 The Role of mpMRI in
Focal Therapy
Focal therapy is a strategy by which the overtreatment burden of the current PCa pathway could be
reduced.110 However, only 13% to 33% of the patients have a unifocal PCa lesion and are eligible for
focal therapy.111 Consistent with the index lesion theory, even more patients would be suitable.112
Imaging is an important tool to select, guide, and follow patients who are eligible and undergoing
focal therapy. During treatment, clinicians should be certain that the targeted tumour is being totally
ablated and that, outside the targeted area, no significant tumour resides.113 In the follow-up period,
recurrences or residual tumour should be clearly recognized on imaging. Currently, in most institutions, MRI is being used to select patients for focal therapy and for image-guided targeted sampling,
as well as a follow-up tool.

II-2.6.1

MRI for patient selection

A recently convened expert panel of urologists, radiologists, and basic researchers concluded that
mpMRI is an important component of patient selection for focal therapy.19
There are different varieties of focal treatments modalities described in the literature: hemiablation,
(i.e. treatment of the tumour affected lateralized hemisphere of the prostate), hockey stick ablation
(i.e. hemiablation of the prostate plus one half of the contralateral hemisphere), and targeted focal
therapy (i.e. only the tumour itself is treated). These approaches depend on the location and extent
of the intraprostatic tumour, as well as the GS. In the selection of candidates for focal therapy, a
combination of mpMRI and template-guided mapping biopsy provides a high NPV in the detection
of lobes with significant cancer.114
For focal therapy, merely localizing and determining the aggressiveness of the PCa is not enough.
Determining PCa volume and contours is of paramount importance for targeting focal therapy. Thus
far, few studies have evaluated tumour volume estimation.115-117 Tumour volume is underestimated
by DW MRI, especially for GS (≥7) and high suspicion score 4/5 lesions.74 T2-weighted MRI showed
less underestimation of the actual tumour volume. Thus, a much larger region of the gland that is
directly visualized on MRI warrants ablation to be confident of full tumour destruction. It seems that
this discrepancy in boundary may be most significant at the non-capsular side of the lesion, given
the tendency for tumours to originate close to the capsule and exhibit centripetal growth within the
gland.118 These findings have key implications in planning and performing focal therapy procedures,
and would suggest the use of a security margin to be confident of full tumour destruction in view of
the larger histological volume.119
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II-2.6.2

Monitoring of focal therapy with MRI

Multiparametric MRI provides two key advantages for an effective focal treatment over other imaging modalities:
First, its excellent soft tissue contrast and
distribution of tissue temperature during
multi-planar imaging capabilities allow for
thermal ablation therapy. This is important
clear visualization and localization of the
to estimate boundaries of irreversible tissue
tumour and for accurate (thermal) probe
necrosis such that damage to adjacent critiplacement into the lesion. At this moment,
cal structures as the neurovascular bundle,
mpMRI is the most sensitive and specific
the urethra, and the rectal wall can be miniimaging technique for localizing PCa120 and
mized. The latter is important to circumvent
is already used to target the tumour during
cryoablation-induced recto-urethral fistula.128
Nevertheless, temperature monitoring of a
focal laser ablation,121,122 cryoablation,123
124
HIFU, and low-dose rate and high-dose
critical structure can be done by the inserrate (HDR) prostate brachytherapy.125-127
tion of thermosensors adjacent to the ablation
Second, MR thermometry can be used to
area. However, this is invasive and informanon-invasively monitor and control the ablation is provided from a single point.
tion in real-time by measuring the spatial
Ideally, MR thermometry should provide high spatial and temporal resolution in three different
directions to precisely monitor the temperature distribution within the targeted tissue. However,
improving both comes at the cost of signal-to-noise reduction and increased temperature uncertainty. For this reason, a comparative assessment should be made to achieve the optimal compromise for a specific situation. MR image-guided laser ablation and MR image-guided focused US are,
for example, relatively fast thermal ablation techniques and, therefore, a high temporal resolution is
essential. Recent studies reporting on MR-guided focal laser ablation used a single slice with a spatial
resolution of 0.8 x 0.8 x 5.0 mm or 1.2 x 2.5 x 5.0 mm and repeated every 5 seconds,121,129,130 or five
parallel slices with a spatial resolution of 1.0 x 1.0 x 3.0 mm, repeated every 6 seconds131 to monitor
the ablation process. However, without knowing the SNR and temperature accuracy, it is hard to estimate which sequence is optimal for monitoring MR-guided thermal ablation. Chopra et al. showed
that using MR thermometry while applying trans-urethral MR-guided focused US allowed for stable
temperature measurements achieved with a standard deviation of approximately ±1°C.132
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With the currently available clinical MR sequences, MR temperature mapping is unfortunately not
possible during MR image-guided cryoablation. When the tissue freezes, the free water is taken
up into ice crystals, causing an extreme decrease of T2 relaxation time and, therefore, a loss of
signal.133 Despite the fact that the temperature gradient within the ice ball is not measurable with MR
temperature mapping, MRI allows an excellent depiction of the ice-tissue boundary, with the ice ball
presenting as a sharply delineated signal void on all conventional pulse sequences.134 Next to this, the
hyperintense rim observed surrounding the ice ball in fast T1W MRI corresponded to cooled but
non-frozen temperatures induced proximal to the frozen zone.135 Nevertheless, investigators have
reported that the volume of the ice ball does not match the volume of tissue necrosis.136 As a consequence, attention should be paid to the size and location of the lesion that needs to be ablated, and a
safety margin of a few millimetres should be applied.
During MR image-guided cryoablation, the ice ball grows relatively slowly. For this reason, an acquisition time of 2 to 3 minutes between scans would typically be regarded as sufficient.137 However, in
situations where ablation is performed close to critical structures, faster imaging may be required to
avoid unwanted tissue damage. Feedback on temperatures within the ice ball would be desirable in
order to assess whether a sufficiently cold end temperature is achieved throughout the entire target
lesion. However, an effective non-invasive approach for this is still needed. Several recent studies
have demonstrated measurable MR signal from within the frozen tissue using ultrashort echo time
(UTE) imaging, which may hold potential for MR thermometry.138,139 Wansapura et al. investigated
MR thermometry of frozen tissue using UTE signal intensity and R2* and demonstrated the feasibility of in vivo MR temperature maps during cryoablation in a canine experiment.139 In another
study by Kaye et al., it was determined that, within the cryogenic temperature range, the relation
with temperature of both these MR parameters appeared consistent between different tissue types.140
Nevertheless, further work into the accuracy and consistency of this approach is still required before
this technique can be applied clinically.
In general, the benefits of performing focal therapy under MRI guidance (i.e. the accuracy during
probe placement or the option of temperature mapping during the procedure) should be considered
carefully against the disadvantages. These disadvantages include the need for special MR-compatible
materials, a limited amount of space during the procedure for the patient and physician, the limited
time available in MR scanners, and increased costs. Nevertheless, MR systems are increasingly being
adjusted to allow interventional MR systems. New systems with wider and shorter bores are being
developed to provide more space for the patient and the physician as well.

Imaging in Localized Prostate Cancer: II. Multiparametric Magnetic Resonance Imaging

169

Another way to overcome the accessibility problem and to increase the speed of the procedure is to
perform part of the procedure with the help of an MR-compatible robot. Several robots for transrectal
or transperineal needle placement and low dose rate (LDR) seed implantation have been described in
the literature, and the results of these studies are promising.141-144 Alternatively, probes can be placed
outside the MRI scanner room with the help of MR-TRUS fusion guidance. Real-time acquired TRUS
images are fused with earlier acquired MR images of the prostate. In this way, focal therapy probes,
for example cryoneedles or a laser fibre, can be inserted transperineally into the lesion. Afterward,
the patients can be transferred to the MRI room to confirm accurate placement of the probe(s) and
undergo real-time monitoring of the treatment with MR thermometry.
MRI can be used to assess the ablation size and validate the completeness of the focal therapy covering the target lesion. A few studies evaluated the ability of MRI to accurately determine the ablation volume. Larson et al. found a strong correlation (r=0.92) between MR volumetric assessment
of damage and hematoxylin and eosin (H&E) assessment of damage when using different forms of
minimally invasive treatment modalities to create intraprostatic lesions.145 Linder et al. evaluated the
effects of focal laser ablation on PCa tissue and the accuracy of MRI in determining ablated lesion
volume by comparing the whole-mount histology and MRI in four patients who underwent focal laser
ablation followed by RP.146 Ablated areas were characterized by homogeneous coagulation necrosis.
The MRI-calculated ablated volume correlated well with histopathology. T1W post-gadolinium MRI
is able to determine the ablation accurately and can be used to assess treatment extent.

II-2.6.3

Follow-up with MRI

To date, there is little evidence about imaging in the follow-up after focal therapy of the prostate.
In patients with a clinical suspicion of local PCa recurrence after definitive treatment, T2W MRI
can detect a lobulated hyperintense mass in the RP fossa, but is less successful after focal therapies
such as laser ablation, irreversible electroporation, focal brachytherapy, high-intensity focused US,
photodynamic therapy, or cryosurgery. The addition of functional MRI techniques such as DWI and
DCE MRI has shown promise to increase the overall imaging performance in the detection of local
recurrence or residual disease.147
II-2.6.3.1
T2W MRI
The morphological changes in the prostate after irradiation include inflammation, glandular atrophy, fibrosis, and prostatic shrinkage.148,149 These result in diffusely decreased signal intensity of the
prostatic tissue and loss of the normal zonal anatomy, causing difficulty in distinguishing recurrence
from irradiated normal tissue.150,151 Reported sensitivities (26%–44%) and specificities (64%–86%) of
T2W MRI for detection of local tumour recurrence have therefore been rather low, and many authors
have recommended the use of additional techniques, like DW MRI and DCE MRI.152-154
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FIGURE 2.II-8
Diagnostic MRI of a 55-yearold-male with a PSA of
18.2 ng/mL after external
radiotherapy (A-D).
(A) A xial T2W MR image
at the mid-level of
the prostate. Postradiotherapy effects
are visible within the
prostate. The PZ has
similar signal intensity as
the TZ.
(B) Ktrans map at the same
level as (A) demonstrates
pathologic enhancement
in the left peripheral
(T=tumour) zone (arrow).
(C and D) ADC map and
high b-value imaging
demonstrate restriction
in the same area as in
(B). High b-value image
demonstrates high signal
intensity in the same area
as in (B and C).
Focal cryoablation was
performed and the PSA
dropped to 1.5 ng/mL after
30 months (E-H).
(E) Cryoablation effects
(arrows) are visible on
T2W MRI; however, local
recurrence or residual
disease are difficult to
depict.
(F) Contrast-enhanced MRI
does not demonstrate
abnormal enhancement.
(G and H) ADC map and high
b-value imaging does not
show any ADC reduction
or high signal intensity on
the high b-value.
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In thermal ablation, tissue heating induces coagulative necrosis in the target area, which becomes
completely devascularized and surrounded by inflammation and edema.155-157 MR images taken
within days of high-intensity focused US may show a significant increase of the prostate volume,
presumably due to transient edema, with slightly hyperintense areas on T1W images, most likely
representing interstitial hemorrhage, and a central hypointense and ill-defined lesion on T2W
images.158 Similar findings are seen after photodynamic therapy. T2 heterogeneous signals are seen
that are related to the edema and ischemic modifications induced by phototherapy.159
After 3 to 5 months, the prostate shrinks and the parenchyma becomes diffusely hypointense and
ill-defined, with loss of the normal zonal anatomy on T2W images.158,160 This MRI appearance of
HIFU and laser ablation–induced changes is identical to those associated with cryotherapy (which
induces cell death by hypothermic coagulation necrosis, direct cellular toxicity due to disruption of
the cell membrane by formation of ice ball crystals and gene-regulated cell death) (Figure 2.II-8).161
At 6 months after photodynamic therapy, important changes of the prostate shape and signal are
found. Small areas of residual necrosis may still be present in the treated lobe, corresponding to
coagulation necrosis.159 Although residual or recurrent PCa has been reported to be somewhat more
hypointense than the surrounding tissue, it remains difficult to correctly discriminate both entities with anatomical T2W MRI alone.160,162,163 The addition of contrast-enhanced MRI or DWI may
demonstrate local recurrence or residual disease after focal treatment.
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II-2.6.3.2

Diffusion weighted MRI

FIGURE 2.II-9
Diagnostic MRI of a 57-yearold-male with a PSA of
13.7 ng/mL after external
radiotherapy. Patient has an
MR-targeted biopsy-proven
local recurrence with a GS
of 4+5 in the left lateral horn
and TZ.
(A) T2-weighted MR image
demonstrates a large
bulky lesion (T) in the
left peripheral and TZs,
with increased and early
enhancement (B). The
ADC map (C) and high
b-value imaging (D)
shows restriction in this
area, which is suspicious
for recurrent disease.
Focal cryoablation was
performed and the PSA
dropped to almost 0.1 ng/
mL; however, it progressively
increased after 9 months up
to 3.1 ng/mL.
(E) Cryoablation effects
(arrows) are visible on
T2W MRI; however, local
recurrence or residual
disease are difficult to
depict.
(F) Contrast-enhanced MRI
demonstrates abnormal
enhancement in the
anterior TZ.
(G and H) ADC map and
high b-value imaging
shows ADC reduction
and high signal intensity
on the high b-value in
the same location. The
mpMRI demonstrated a
recurrence in the base of
the prostate, which was
proven with histology.
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There is building evidence that DW MRI is able to detect local recurrence after RP. Kim et al. used
the latter technique to predict recurrence after radiation therapy on 3T MR scanner without the use
of an endorectal coil, and found that recurrent PCa had lower ADC values than the surrounding
irradiated benign tissue, yielding a sensitivity and specificity of 49% and 93%, respectively.154 The
combination of T2W MRI and DW MRI was significantly more sensitive than anatomical MRI alone
for the prediction of local recurrence after radiation therapy. After thermal ablation, on the other
hand, both residual or recurrent tumour, fibrosis, and residual benign prostatic hypertrophic nodules
may show lower ADC (Figure 2.II-9), compromising the use of DW MRI to differentiate benign from
malignant changes.155
II-2.6.3.3

Dynamic contrast-enhanced MRI

FIGURE 2.II-10
A 64-Year-Old Male With
Unifocal Area of Gleason 3+4
PCa in the Left PZ
(A) T2-weighted MR image
shows that the tumour
has lower signal intensity
than the PZ (arrows).
(B) The DCE MRI shows early
enhancement.
(C) Patient underwent MRIguided laser ablation
and the follow-up MRI
demonstrated only some
rim enhancement (D),
without evidence of
residual disease.
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Directly after thermal ablation (i.e. laser ablation and high-intensity focused US), the devascularized volume is initially depicted as a non-enhancing area surrounded by an enhancing rim on
contrast-enhanced MR images.155,156 Similar findings can be found after radiofrequency ablation. In
non-thermal focal therapy techniques like irreversible electroporation, similar findings can be seen
as with thermal energy techniques.164 Consequently, detection of residual cancer foci at that time
is limited (even with DCE MRI), both because of their small size and the difficulty to distinguish
them from the inflammatory rim enhancement.156 One to 6 months after focal therapy, the devascularized zone and peripheral rim enhancement progressively disappear in a centripetal manner as
coagulation necrosis is replaced by fibrous scar tissue (Figure 2.II-10). This creates more favourable
conditions for distinguishing residual or recurrent cancers using DCE MRI. Recurrences or residual
disease are usually early enhancing and hypervascular, while post-high intensity focused US fibrosis
is rather homogeneous, poorly enhancing, and hypovascular, with the exception of residual benign
prostatic hypertrophic nodules, which can also be hypervascular and thus mimic tumour progression or recurrence.155,156
174
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FIGURE 2.II-11
57-year-old male with an
area of Gleason 3+3 PCa
(PSA 16.6) in the anterior part
of the TZ.
(A) T2-weighted MR image
shows that the tumour
has lower signal intensity
than the TZ (arrows).
(B) The DCE MRI shows early
enhancement in the same
area as in (Figure 2.II-11A).
(C) Patient underwent HIFU,
and the follow-up MRI
demonstrated residual
disease on T2W MRI and
early enhancement (D).
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One study compared mpMRI with anatomical T2W MRI. DCE MRI with T2W MRI in combination
with DWI showed similar accuracy values (71%–73%), with a somewhat higher sensitivity of DCE
MRI (80%–87% versus 63%–70%) at the cost of a lower specificity (63%–68% versus 74%–78%).155
A more recent study was performed in 2012, in which 26 patients underwent both DCE MRI and
targeted biopsy of the prostate after whole-gland high intensity focused US treatment. Sensitivity
ranged between 73% and 87% among three readers, whereas specificity ranged between 73% and
82%165 (Figure 2.II-11). These results were comparable with pre-biopsy prostate-specific antigen levels.
Moreover, using simple visual diagnostic criteria for DCE MRI, instead of quantitative parameters,
was sufficient to increase the biopsy yield of MRI-guided biopsies versus routine biopsy in the detection of recurrent cancer after HIFU ablation.156 After cryosurgery, contrast-enhanced MRI is not
accurate in the prediction of treatment success because non-enhancement is variably consistent with
complete cell death, and enhancement cannot differentiate between residual benign tissue and PCa
recurrence.161,166
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II-2.7 The Role of mpMRI in Detecting
Local Recurrences After Treatment
The clinical suspicion of local recurrence of PCa after treatment is based on the onset of biochemical
relapse, i.e. of the increase of the PSA level above a certain threshold.
With the increasing rate of success of early salvage therapy, the diagnosis of local tumour recurrence
at the earliest possible stage has become pertinent. The goal of imaging in biochemical relapse after
treatment is to detect local and/or metastatic recurrence. Technical improvements of prostatic MRI
and, in particular, the development of MP and functional imaging now allow early detection of local
recurrence after radical treatments (RP, radiation therapy) or focal therapy, HIFU, cryosurgery, and
photodynamic therapy.

II-2.7.1

Local recurrence after RP

There is no indication for systematic imaging after RP, aside from biochemical relapse (two consecutive PSA values above 0.2 ng/mL) or suspicion of clinical recurrence (e.g. in case of abnormal findings
in the prostate bed at DRE). When confronted with a clinical or biochemical suspicion of recurrence,
the aim of imaging is to identify patients with a local recurrence eligible for external radiotherapy
salvage treatment or alternative techniques such as HIFU or cryotherapy. Defining precise location of
recurrence allows for identifying the target volume of radiotherapy, and therefore adapting irradiation in order to increase efficiency, all the while reducing the risk of side effects.
II-2.7.1.1

T2-weighted MRI

FIGURE 2.II-12
Local Recurrence After RP
Transverse T2W (A) and
T1W (B) images after
gadolinium injection: nodular
hypointense thickening in
front of the urethra-vesical
anastomosis (A). Intense
enhancement at the early
arterial phase (B).

A

B

The recent development of functional MRI techniques has provided promising results for accurate
detection and characterization of small recurrent PCa. Moreover, mpMRI after RP is a very useful
tool to discriminate locoregional relapse from residual glandular healthy tissue, scar/fibrosis, and
granulation tissue, and gives an idea of the aggressiveness of nodule recurrence by means of ADC
values. The presence, on T2W images, of a lobulated nodular-like or mass-like soft tissue thickening in the prostatectomy bed that appear slightly hyperintense compared to pelvic muscles should
be considered to be strongly suggestive of local recurrence (Figure 2.II-12A). Recurrences after RP
176
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have been found anywhere along the surgical cavity. The most common site of postoperative local
recurrence is the urethrovesical anastomosis around the bladder neck and the membranous urethra
(40%–55%).167 Other common sites of local recurrence are retro-vesical (between the urinary bladder
and rectum), within SV remnants, and at the anterior or lateral surgical margins of the prostatectomy bed (around levator ani muscles).168 Scar tissue appears hypointense on T2W images and in
most cases is distinguishable from local recurrence.
II-2.7.1.2
DCE and DW MRI
DCE MRI is based on repetitive image acquisition before and during the passage of an IV-injected
bolus of contrast agent (gadolinium). It has become the key element for differentiating local recurrence from postoperative changes (e.g. fibrosis). Recurrent tumours tend to enhance faster and more
avidly after gadolinium administration in the early arterial phase, followed by a plateau or washout
during the venous phase, while postoperative fibrosis tends to show either no enhancement or mild
enhancement in the venous phase.167,169 DCE MRI has been reported to increase diagnostic sensitivity
from 48% to 88% and specificity from 52% to 100% compared with T2W MRI alone176 (Figure 2.II12A and B), and allows the detection of recurrent tumours measuring more than 5 mm, for a PSA
level of less than 2 ng/mL, with an NPV of 95%.170 Cirillo et al. studied 72 patients after RP. T2W MRI
showed a sensitivity, specificity, and accuracy of, respectively, 61.4%, 82.1%, and 69.4% versus 84.1%,
89.3%, and 86.1% for DCE MRI.167 However, in this study, recurrent tumours measured more than
15 mm for a PSA value of 1.23±1.3 ng/mL. In a recent study by Panebianco et al., the combination of
T2W and DCE imaging lead to a sensitivity and specificity value of, respectively, 98% and 94% in the
detection of a local tumour recurrence for an average PSA value of 1.3 ng/mL (0.5–1.7 ng/mL) and an
average lesion size of 5±0.6 mm (4–8 mm).171
DW MRI is also informative, especially with the use of high b-values (from 1,000 s/mm2 and up to
3,000 s/mm2) at 3T. However, they are often difficult to interpret because of artifacts due to digestive
movements. The combination of DW and T2W MRI has a lower sensitivity and specificity rate than
the combination of T2W and DCE MRI, due to a better spatial resolution of the latter.171
On the basis of these studies, dynamic contrast-enhanced imaging can be considered as the most
reliable MRI technique for the detection of local PCa recurrence after RP.

II-2.7.2

L
 ocal recurrence after external beam radiation therapy

There is no indication for systematic imaging after external beam radiation therapy (EBRT), aside
from biochemical or clinical relapse. The biochemical relapse is defined according to the Phoenix
criteria (rise of the PSA level of more than 2 ng/mL above the nadir). Magnetic resonance imaging is
the technique of choice to identify and localize recurrent PCa. The precise detection and localization
of local tumour recurrence is of utmost importance for several purposes:
For targeted TRUS-guided biopsy of suspiof recurrent PCa with a minimum number
cious areas: Thus, reducing the false-negative
of biopsy cores compared to TRUS-guided
rate associated with systematic biopsies, and
systemic biopsies
furthermore leading to a higher detection rate
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For appropriate treatment selection and plan-

ning (salvage therapy by surgery or focal
therapy using HIFU or cryotherapy)

II-2.7.2.1
T2W MRI
After EBRT, the prostate appears decreased in volume and diffusely hypointense on T2W images,
with a loss of zonal anatomy. The SVs also appear globally hypointense.
FIGURE 2.II-13
Imaging Findings After EBRT,
Local Recurrence
T2-weighted images (A), T1W
images after gadolinium
enhancement (B). The
prostate gland appears
globally hypointense, with
loss of zonal anatomy.
Hypointense soft tissue
thickening in the left part
of the PZ with a mass-like
effect on the capsula (A) and
intense nodular enhancement
after gadolinium injection (B).
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Recurrences are most commonly located in the original tumour site.172 T2W MRI alone is of a limited
diagnostic accuracy because the recurrent tumour and the normal surrounding parenchyma both
appear hypointense. Cancer can be detected under such circumstances if its signal intensity is lower
than adjacent prostate tissue, and if it appears nodular or with a mass-like effect (Figure 2.II-13A).
However, since treated cancer after radiotherapy has lower signal intensity than normal prostate
tissue after radiotherapy, not only is it difficult to detect recurrent cancer, but it is even more difficult to distinguish it from treated tumour. The effects of EBRT on the T2W appearance of adjacent
anatomical structures include increased bladder and/or rectal wall thickness, thickening of the perirectal fascia, and increased signal intensity of the pelvic sidewall musculature.
II-2.7.2.2
DCE and DW MRI
A considerable number of studies have explored the potential of functional techniques to improve
the MRI assessment of local recurrent PCa after definitive EBRT, T2W MRI being of limited
diagnostic accuracy.
After EBRT, recurrent tissue appears as hypervascular early enhancing homogeneous nodule, with
an early washout, whereas in fibrosis the enhancement is homogeneous, slow, and less intense (Figure
2.II-13B and C).153
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Rouviere et al.153 compared T2W and DCE MRI in 22 patients, using biopsy results as the reference
standard (PSA level range: 1.01–21 ng/mL). DCE MRI showed a statistically significant higher sensitivity than T2W imaging (0.70–0.74 versus 0.26–0.44), while the specificity of the two techniques
was similar (0.73–0.85 versus 0.64–0.86). Furthermore, the inter-observer agreement was greater for
DCE MRI (kappa=0.63–0.70) than for the T2W MRI (kappa=0.18–0.39).
However, Donati et al. showed that mpMRI composed of T2W, DW, and DCE imaging had greater
accuracy in the detection of recurrent PCa after radiotherapy than T2W imaging alone, with no additional benefit if DCE imaging was added to T2W imaging and DW imaging. Moreover, T2W and DW
imaging also yielded higher inter-reader agreement than any other combination tested (kappa=0.17–
0.20 for T2W imaging alone, kappa=0.55–0.63 for T2W and DW imaging, kappa=0.32–0.34 for T2W
and DCE imaging, and kappa=0.49–0.58 for T2W, DW, and DCE imaging).173
Morgan et al. compared MRI and transrectal prostate biopsy findings in 24 patients with rising PSA.
The combination of T2W and DW imaging had a sensitivity and specificity of, respectively, 94% and
75% for detecting local tumour recurrence larger than 0.4 cm2 within the prostate.174 Furthermore,
Kim et al., in a preliminary experiment, found that for predicting locally recurrent PCa after EBRT,
the use of combined T2W and DW imaging showed a better diagnostic performance compared to
T2W imaging alone. Indeed, a significantly greater AUC was determined for combined T2W and
DW imaging (0.879, p<0.01) as compared to T2W imaging alone (0.612).175
Therefore, according to these data, in the detection of locally recurrent PCa in patients who underwent EBRT, the combination of T2W and DW MRI appears to be the optimal approach.
Imaging findings in recurrent disease
Brachytherapy induces a decrease in volume of the prostate gland and SVs, as does EBRT. The prostate gland appears globally hypointense on T2W images, with loss of zonal anatomy. The capsule
appears irregular, and the SV appears hypointense on T2W images, as well. Brachytherapy seeds can
be seen on all sequences, but more particularly during DCE imaging. Tamada et al. evaluated the
utility of mpMRI in detecting recurrent PCa after HDR brachytherapy. The sensitivity, specificity,
and accuracy of each MRI pulse sequence in the detection of recurrent tumour were respectively
27%, 99%, and 87% for T2W MRI; 50%, 98%, and 90% for DCE MRI; and 68%, 95%, and 91% for DW
MRI. The sensitivity of DW MRI in detecting recurrent tumour was significantly higher than that of
T2W MRI (p=0.004). Multiparametric MRI achieved the highest sensitivity (77%) but with slightly
decreased specificity (92%). These results indicate that an mpMRI protocol that includes DW MRI
provides a sensitive method to detect local recurrence after HDR brachytherapy.176
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II-2.7.3

Imaging after androgen deprivation therapy

FIGURE 2.II-14
Imaging After Androgen
Deprivation Therapy
Hypointense left-sided
nodule on T2 weighted
images, distinguishable in
spite of a global decrease
in signal intensity of the
prostate gland due to
therapy (A). Intense nodular
enhancement at an early
arterial phase on T1W
images after gadolinium
injection (B), corresponding
dark nodular area on the
ADC map consistent with
restricted diffusion (C).
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The morphological changes depend on the type and duration of androgen deprivation therapy.
Changes are minimal or absent for short-term hormonal therapies. After long-term hormonal therapies, changes are major with a global decrease in volume of the prostate gland, more markedly in
the peripheral prostate than in the transitional zone, and estimated at about 33.5±19.6%, mainly
due to volume reduction in the PZ.177 Changes also include a decrease in signal intensity on T2W
images of the entire prostate gland, as well as SVs. The imaging features of the treated prostate and
of PCa recurrence after androgen deprivation therapy may be similar to those after EBRT (decreased
volume, decreased signal intensity on T2W images, loss of zonal differentiation); however, EBRTinduced changes in adjacent structures are absent. In some cases, recurrent cancer can be detected on
morphological T2W images, but more often there is a lack of contrast between the low signal intensity of the recurrent tumour and the peripheral prostate, leading to overestimation of tumour volume
and extra-prostatic extension. In spite of a decrease in capillary permeability in tumour tissue, DCE
and DW MRI seem essential in detecting recurrent lesions177 (Figure 2.II-14A to C).

II-2.7.4

Imaging after high-intensity focused US

High-intensity focused ablation causes coagulation necrosis in the targeted tissue by converting
mechanical energy into heat and generating a cavitation effect. After HIFU, the PSA value decreases
rapidly, with a nadir reached within 6 months.
There is currently no consensual definition of biochemical relapse after HIFU. As a result, most
authors use the Phoenix criteria. Systematic biopsies are recommended 3 to 6 months after treatment
and in case of a rise in PSA level, but they lack sensitivity to detect small recurrences.
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Imaging may be requested:
At an early stage, within 3 to 10 days of the
treatment to assess the location and extent of
tissue damage

6

months after treatment and thereafter in
case of a rise of the PSA value, for detection of
recurrence, and pre-biopsy and preoperative
mapping for a potential salvage therapy156

Early imaging (3 to 10 days after therapy)
FIGURE 2.II-15
Imaging Findings After HIFU
at an Early Stage (10 Days
After Therapy)
Dynamic contrast-enhanced
T1W sequence. The
treated area appears as a
hypointense (non-enhanced)
devascularized zone
surrounded by a peripheral
rim of enhancement.

MR images obtained within days after HIFU ablation show a significant increase in prostate volume,
presumably due to transient edema, with slightly hyperintense areas on T1W images, most likely
representing interstitial hemorrhage. On fat-saturated gadolinium-enhanced non-dynamic T1W
images, the treated area appears as a hypointense (unenhanced) devascularized zone (corresponding to the central core of coagulation necrosis) surrounded by a peripheral rim of enhancement
(corresponding to inflammation and edema) (Figure 2.II-15). MRI allows determining whether the
target has been treated. It provides information on the extent of tissue damage, and estimates the
untreated parenchymal volume. The proportion of enhancing tissue on the initial post-treatment
MRI is predictive of the gland volume at 6 months and of the PSA level nadir. Persisting enhancing
prostatic tissue usually occurs at the periphery of the gland and is particularly common at the apex
and the transitional zone.178
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Late (>6 months) imaging findings: detecting recurrent disease
FIGURE 2.II-16
Imaging Findings 6 Months
After HIFU, Recurrent
Disease
Small residual prostate with
no visible recurrence on
T2W images (A). Dynamic
contrast-enhanced T1W
image (B) shows intense
nodular enhancement in the
right apex mid-gland with a
corresponding dark area on
the ADC map consistent with
restricted diffusion (C).

A

B

C

Morphological T2W images show a decrease in volume of more than 45% of the prostate gland178,179
(Figure 2.II-16A and B). Kirkham et al.178 showed that, at 6 months, there is a median volume reduction of 61% of the prostate gland. Kirkham et al. also concluded that the volume of prostate tissue
enhancing on the initial post-treatment image correlated well with the PSA nadir and with the
volume at 6 months. This volume loss is correlated with the completeness of gland coverage during
treatment (subtotal, ablation of half of the gland, focal ablation). The prostate parenchyma is heterogeneously and diffusely hypointense on T2W images, with a loss of normal zonal anatomy, which
makes it difficult to detect tumour recurrence. A cavity in continuity with the urethra may occur (as
it does after transurethral resection of the prostate). The SVs have generally low signal intensity on
T2W images. The peripheral enhancement rim has resolved, and is replaced by fibrosis and thickening of the prostate capsule. Furthermore, there is a thickening of the anterior rectal wall contiguously
with the posterior prostatic capsule.
Although residual and recurrent malignant tumours of the prostate have been reported to have a
lower signal intensity than the surrounding fibrosis, it remains difficult to correctly discriminate the
two entities with anatomical T2W MRI alone. Therefore, it is essential to combine T2W MRI with
DCE MRI and DW MRI to differentiate residual/recurrent cancers (which are usually hypervascular)
from post-HIFU fibrosis (which is rather homogeneous and hypovascular).
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DCE imaging is more sensitive in detecting recurrence than DW imaging after HIFU. Recurrent
tumour tissue enhances quickly and intensely, whereas enhancement in fibrosis is slow and less
intense. The combination of T2W and DCE MRI helps in guiding biopsies and thus sensitizing the
detection of locally recurrent cancer in patients with biochemical relapse.156 Furthermore, Kim et al.
found, in 27 patients with biochemical relapse after HIFU ablation, that DCE MRI was significantly
more sensitive (80%–87% versus 63%–70%) and less specific (63%–68% versus 74%–78%) than the
combination T2W and DW MRI for detecting recurrent cancer.155

II-2.7.5

Imaging after cryotherapy

Local recurrences are mainly diagnosed by random prostate biopsy. Ultrasound accuracy is poor,
as well as T2W MRI. In the same way as for HIFU ablation, DCE MRI, DW MRI, and spectroscopy
allow for the detection of recurrence, help to guide biopsies, and thus help to select patients for a new
session of HIFU or cryotherapy.162,180

II-2.8 Conclusion
A large body of literature suggests that mpMRI has become a reliable tool for assessing the presence and size of aggressive cancer in the prostate. Nonetheless, we must proceed with caution before
recommending its widespread use; two major issues remain to be clarified. The first one is the NPV
of mpMRI. Is it good enough to recommend skipping random biopsies in MR-negative parts of the
prostate? Current literature sends mixed signals about this question, and there is no doubt that it will
be the scope of intensive research during the next couple of years. The second problem concerns the
standardization of prostate MRI interpretation. Recent initiatives have been made by the international radiological community to define a standardized way to interpret MR images. This raises the
hope that the good results obtained with prostate MRI by specialized academic groups will be soon
reproduced in less-experienced centres.
Only then will it be possible to define rational guidelines about the use of mpMRI in PCa management.

All recommendations have a level of evidence 2b unless otherwise noted.
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TABLE 2.II-9 Framework and Fundamental Content of a Standardized Prostate
mpMRI Report
Header

Patient
information

Name
Institution
ID
Date of birth
Coordinates

Study information

Study date, time
Study description
Study unique identifier in the institution (Accession number, etc.)
MRI equipment (manufacturer, magnet strength, coil[s])
Patient preparation (enema/spasmolytic/etc.)
Protocol (list of series performed for the mpMRI), with potential changes or
artifacts

Patient history/
clinical indication

Age
PSA in the last 3 months and, if available, previous PSA
DRE findings
Family history of PCa
History and/or presence of functional signs, inflammatory or infectious signs
History of functional prostate surgery (TURP, etc.)
History of androgen deprivation or substitution therapy
History of PCa with or without treatment, and initial PCa location
History of previous biopsy series
Prior films/studies reviewed (e.g. Comparison with study dd/mm/yyyy)

Reproduced with permission from Puech P, et al. How are we going to train a generation of radiologists (and urologists) to read
prostate MRI? 2015;25(6):522-535.
Abbreviations: MRI: magnetic resonance imaging; mpMRI: multiparametric magnetic resonance imaging; PSA: prostatespecific antigen; DRE: digital rectal examination; PCa: prostate cancer; TURP: transurethral resection of the prostate; AS: active
surveillance; RP: radical prostatectomy; HIFU: high-intensity focused ultrasound; VTP: vascular targeted photodynamic therapy;
PZ: peripheral zone; TZ: transitional zone; AFMS: anterior fibromuscular stroma; PI-RADS: Prostate Imaging and Reporting and
Data System; T2W: T2-weighted; DW: diffusion-weighted; DCE: dynamic contrast-enhanced; ECE: extracapsular extension; SV:
seminal vesicle

continued on page 185
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TABLE 2.II-9 Framework and Fundamental Content of a Standardized Prostate
mpMRI Report, Cont’d
Header (cont'd)

Context of current
examination

Before a first series of biopsies (S1)

Before a second series of biopsies (S2) with previous negative, including

date and institution where biopsies were performed (ideally report)

Before an nth series of biopsies (Sn) with previous negatives, including

dates and institutions where biopsies were performed (ideally reports)

After a positive series of biopsies, with precision of date, positive cores,


and significance of biopsies (report if available)
Patient with significant cancer requiring local staging

Patient with insignificant cancer requiring confirmation for AS inclusion

Patient under AS

Biological recurrence after RP

Biological recurrence after external radiotherapy

Biological recurrence after brachytherapy

Biological recurrence after focal therapy (HIFU, cryo, VTP, laser, etc.)

Findings

Measurement of
the gland

Dimensions (x, y, z planes; volume in cc)
Presence or not of a median lobe
Surgical sequels (TURP)

Background
signal

Description of the global aspect of each of the 3 prostate compartments (PZ,
TZ, AFMS), introducing signal changes and potential artifacts hampering the
description of significant images (hemorrhagic changes, scars, atrophy, etc.)
(e.g. PZ shows bright high-intensity T2 signal, with no hemorrhagic artifact; PZ
shows few non-hemorrhagic signal changes that do not hamper interpretation)
Presence of significant anatomical landmarks: cysts, calcifications, etc.

Significant
images

Clear enumeration of their count (e.g. PZ analysis shows 2 significant images)
Separate description of each image, from the most suspicious (or biggest)
lesion (index lesion) to the least, including:
Appearance, as described in PI-RADS v2 lexicon (diffuse abnormality/

nodule/mass, etc.)

Shape

Margins

Location (with reference to the standardized map sector, completed


by explicit translation in reference to zonal anatomy). (e.g. …in right
mediolobar mid-gland PZ [z03p]…)

Additional information for locating the lesion on the MRI data, particularly

series and slice number (e.g. Series 0101; Slice 10-13, centre 12)

Size (in mm); ideally 3 planes, but x and y are fine

Reproduced with permission from Puech P, et al. How are we going to train a generation of radiologists (and urologists) to read
prostate MRI? 2015;25(6):522-535.
Abbreviations: MRI: magnetic resonance imaging; mpMRI: multiparametric magnetic resonance imaging; PSA: prostatespecific antigen; DRE: digital rectal examination; PCa: prostate cancer; TURP: transurethral resection of the prostate; AS: active
surveillance; RP: radical prostatectomy; HIFU: high-intensity focused ultrasound; VTP: vascular targeted photodynamic therapy;
PZ: peripheral zone; TZ: transitional zone; AFMS: anterior fibromuscular stroma; PI-RADS: Prostate Imaging and Reporting and
Data System; T2W: T2-weighted; DW: diffusion-weighted; DCE: dynamic contrast-enhanced; ECE: extracapsular extension; SV:
seminal vesicle

continued on page 186
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TABLE 2.II-9 Framework and Fundamental Content of a Standardized Prostate
mpMRI Report, Cont’d
Findings (cont'd)

Significant
images (cont'd)

Signal description in each series (T2W imaging, DW imaging, DCE

imaging, etc.)

Suspicion score of malignancy (including objective and subjective score if


[and only if] different from the objective one) (e.g.“…with a PI-RADS v2 score
of 3/5, but more likely 4/5 based on our experience…”)

Suspicion score of ECE (based on PI-RADS v1 classification or PI-RADS v2

staging terms), with supposed radial extension depth in mm

Suspicion score of SV invasion for lesions involving prostate base

Suspicion score of sphincter invasion for lesions involving prostate apex

Reporting of ALL lesions previously described on a standardized 27- or

39-sector map. This reporting should be performed on a copy of a
standardized map provided by current guidelines, including manual
or electronic drawing of lesions, with position and size relative to the
schematic gland. Lesions having a suspicion of ECE should have clear
margins outside the contours of the schematic prostate slice

Illustrative key image(s) can be included in the report, to facilitate

recognition of significant images on the mpMRI series

Locoregional
staging

Overall impression/
conclusion

Report of pelvic nodes

Metastatic
staging

Report of potential bladder, periprostatic muscle, or rectal invasion

Other findings

e.g. Hypertonic bladder with small diverticulitis; left iliac aneurysm

Report of potential bone lesions

Conclusion should clearly state whether:
the MRI is normal, showing no significant image in a gland with a completely normal background

signal, or

the MRI shows no significant image, with reserve of signal changes, that should be quantified

(slight/important), or

the MRI shows one or more significant images, with score either ≥ or > to 3/5, that require targeted

biopsy. If so, count, laterality, and brief description (size, local, and locoregional staging) of the two
most significant lesions should be repeated.

Reproduced with permission from Puech P, et al. How are we going to train a generation of radiologists (and urologists) to read
prostate MRI? 2015;25(6):522-535.
Abbreviations: MRI: magnetic resonance imaging; mpMRI: multiparametric magnetic resonance imaging; PSA: prostatespecific antigen; DRE: digital rectal examination; PCa: prostate cancer; TURP: transurethral resection of the prostate; AS: active
surveillance; RP: radical prostatectomy; HIFU: high-intensity focused ultrasound; VTP: vascular targeted photodynamic therapy;
PZ: peripheral zone; TZ: transitional zone; AFMS: anterior fibromuscular stroma; PI-RADS: Prostate Imaging and Reporting and
Data System; T2W: T2-weighted; DW: diffusion-weighted; DCE: dynamic contrast-enhanced; ECE: extracapsular extension; SV:
seminal vesicle

continued on page 187
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TABLE 2.II-9 Framework and Fundamental Content of a Standardized Prostate
mpMRI Report, Cont’d
Signature(s)

Single reading

Name, date, position, and signature

Double reading
(optional)

Additional physician information, completed by:
Confirmation of primary reading without remark

Remarks not changing primary reading

Remarks having required consensus reading


Reproduced with permission from Puech P, et al. How are we going to train a generation of radiologists (and urologists) to read
prostate MRI? 2015;25(6):522-535.
Abbreviations: MRI: magnetic resonance imaging; mpMRI: multiparametric magnetic resonance imaging; PSA: prostatespecific antigen; DRE: digital rectal examination; PCa: prostate cancer; TURP: transurethral resection of the prostate; AS: active
surveillance; RP: radical prostatectomy; HIFU: high-intensity focused ultrasound; VTP: vascular targeted photodynamic therapy;
PZ: peripheral zone; TZ: transitional zone; AFMS: anterior fibromuscular stroma; PI-RADS: Prostate Imaging and Reporting and
Data System; T2W: T2-weighted; DW: diffusion-weighted; DCE: dynamic contrast-enhanced; ECE: extracapsular extension; SV:
seminal vesicle
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III-2.1 Introduction
Prostate cancer (PCa) is confined to the prostate or peri-prostatic tissues in four out of five patients
with newly diagnosed disease.1 Accurate tumour localization and staging, as well as assessment of
the tumour’s aggressiveness, are crucial for implementing the most appropriate management strategy, and are particularly important in the context of image-guided therapies.
Multiparametric magnetic resonance imaging (mpMRI) is currently regarded as the imaging modality of choice for prostate tumour localization and local staging. The role of nuclear medicine techniques has traditionally been limited to the detection of skeletal metastases in patients with newly
diagnosed high-risk PCa or the localization of recurrent disease after radical treatment, with bone
scintigraphy being the most widely applied method in the field.
More recently, however, more than a dozen positron emission tomography (PET) radiotracers of
potential relevance to PCa have been developed for which initial safety, biodistribution, and feasibility studies have been completed. Although most of the work with these imaging probes in PCa to
date has focused on the localization and characterization of metastatic disease, there have also been
studies specifically evaluating their use in the assessment of primary disease.2 Their potential role as
tools for image-guided therapy and disease monitoring, however, remains largely unexplored, and
thus further research in this specific context is eagerly awaited. In this chapter, we summarize the
evidence published thus far, and discuss the potential of novel radiotracers for the assessment of
localized PCa.

III-2.2 Radiotracers for Potential Use
in PCa
Radiotracers used for imaging of PCa can be categorized into those that localize to areas of increased
metabolic needs of cancer cells and those that accumulate by binding to receptors or membrane
proteins. The most important of the former group are radiolabelled analogues of choline, acetate, and
glucose, while tracers in the latter group target the gastrin-releasing peptide receptor or the prostatespecific membrane antigen (PSMA). Several other PCa-specific imaging targets have been identified
in pre-clinical experiments and preliminary clinical trials, but no clinical data are available on their
potential for assessing localized PCa.

III-2.2.1

Choline

Choline is essential for the synthesis of cell membranes and, thus, for cell proliferation, as it constitutes
the backbone of the hydrophilic head groups of phosphatidylcholine and sphingomyelin. It is also
important for the synthesis of the essential proteinogenic amino acid methionine. Overexpression of
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choline-specific membrane transporters and choline-processing enzymes has been found in several
human cancers, including PCa.3 The uptake of choline appears to be affected by the cell’s sensitivity
to and the presence of androgens and anti-androgenic drugs4,5, as well as by tumour hypoxia.6
Two labelled analogues of choline, 11C-choline and 18F-choline, are available for use in PET. While
11C-choline, which has a shorter half-life (20 minutes), is rapidly metabolized, 18F-choline (half-life:
110 minutes) is excreted via the urine, which may affect the assessment of primary PCa in close
proximity to the urinary bladder. Several studies on 18F-choline PET/computed tomography (CT)
found significant overlap between levels of tracer accumulation in benign and malignant prostate
tissue, and thus raised doubts about the usefulness of 18F-choline for tumour localization and staging
of localized PCa.7-12 Subsequent research revealed that the strong 18F-choline uptake of adenomatous
prostatic hyperplasia is one reason for the tracer’s suboptimal diagnostic accuracy.13 The presence
of prostatic hyperplasia or prostatic intraepithelial neoplasia within tumours was also shown to be
associated with 11C-choline uptake of localized PCa.14 In other studies, however, 18F-choline PET/CT
reliably detected PCa when results were analyzed by prostate sextant,15,16 and regional 18F-choline
uptake correlated with the degree of tumour infiltration on histopathology.17
Studies on the assessment of PCa aggressiveness by radiolabelled choline analogues have yielded
discrepant results. In one study, 11C-choline uptake was significantly different between Gleason score
(GS) ≤3+4 versus ≥4+3 tumours, and also correlated with the cancer proliferation rate as indicated
by Ki-67 expression levels.18 This observation was confirmed by another group, which found that
the tumour-to-prostate ratio of 11C-choline uptake was significantly higher in GS ≥3+4=7 cancer
than in GS ≤3+3=6 cancer.19 Others, however, found only weak or no correlation between uptake
of 11C-choline and GS on histopathology.20-22 11C-choline was also tested as a potential marker for
treatment response assessment, and its uptake in primary PCa was shown to significantly decrease
after neoadjuvant androgen deprivation therapy, as well as after radical prostate radiotherapy.23
Preliminary studies tested the potential of 11C/18F-choline PET/CT for radiotherapy planning,24,25 but
more data are needed to make a judgment about the utility of this approach.
Simultaneous PET/MRI is a novel imaging technique that, it is hoped, will improve the localizability of pathologic tracer uptake within the prostate. One group reported that the image quality of
18F-choline PET/MRI was similar to that of PET/CT, 26 while other investigators found that the quality of PET/CT images was better than that of the PET scan acquired as part of PET/MRI.27 These
contrasting observations may be attributable to some initial technical difficulties with the technique,
which has yet to be fully developed. In a preliminary study of 18F-choline PET/MRI conducted in 15
PCa patients, there was a good correlation between cancer-suspicious areas on PET and MRI and, in
three out of 15 patients, PET showed areas of focal uptake that were negative on diffusion-weighted
MRI.28 Wetter et al. also compared the quantity of 18F-choline uptake and diffusion restriction on
MRI and found no significant correlation, which indicates that these two parameters may depict
different aspects of PCa biology.29
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III-2.2.2

Acetate

Acetate is a central molecule of the cell’s energy metabolism. It is an important compound for the
synthesis of fatty acids and thus of phospholipids and glycolipids for cell membranes. Cholesterol,
which is also essential for cell membrane structure, is another biochemical derivate of acetate.
Increased uptake of acetate has been repeatedly observed in PCa cells, most likely due to the upregulation of fatty acid synthetase.30,31 Two radiolabelled analogues of acetate are available for PET imaging, i.e. 11C-acetate and 18F-acetate, but the literature on the value of acetate PET for assessing localized PCa is relatively scarce and is limited to reports on 11C-acetate.
Initial research reported an age-related accumulation of 11C-acetate in non-cancerous prostatic tissue
that posed an obstacle to the accurate detection and localization of organ-confined PCa.32 Other
investigators found that 11C-acetate uptake was significantly higher in localized PCa than in normal
prostate tissue, but similar to the uptake in benign prostate hyperplasia.33 A subsequent study found
that, in determining which of the two prostate lobes contained the dominant PCa focus, 11C-acetate
PET/CT had a sensitivity of 80% and specificity of 29%.34 When a sextant-based approach was applied
to the same data, the sensitivity decreased to 64%, while the specificity increased to 63%. Another
study, in which the diagnostic accuracy of 11C-acetate PET/CT was compared to that of prostate MRI,
found that a combination of findings from both examinations yielded more accurate results than
either individual examination alone.35

III-2.2.3

Glucose

FIGURE 2.III-1
Gleason Score 4+4 PCa in the
Left Basal Peripheral Zone
The tumour is clearly shown
(arrows) on axial T2-weighted
magnetic resonance image
(A), apparent diffusion
coefficient map (B), and
fused 18F-fluorodeoxyglucose
(FDG) PET/CT image (C).
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For many cancers, glucose represents the most important metabolic fuel. The overexpression of
glucose transmembrane transporters is the major determinant of the cellular uptake of 18F-FDG,
a radiolabelled glucose analogue that is widely utilized in cancer imaging. In PCa cells, however,
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the expression of these transport molecules and thus the uptake of 18F-FDG is variable and can be
affected by a number of biological factors, such as the degree of tissue differentiation,36 androgen
dependency,37 anti-androgenic therapy,38 expression of hexokinase II,39 or tumour hypoxia.6 While
some prostate cancers demonstrate abnormal 18F-FDG accumulation on PET (Figure 2.III-1), the
multiple determinants of cellular 18F-FDG uptake are reflected in the unpredictability of the degree
of 18F-FDG uptake in PCa foci on standard clinical imaging examinations. Furthermore, 18F-FDG
is excreted in the urine, and levels of tracer accumulation in normal and cancerous prostate tissue
overlap significantly.40 As a consequence, the performance of 18F-FDG PET/CT in the detection
and localization of primary PCa is relatively poor. One study that evaluated patients with elevated
prostate-specific antigen levels found that 18F-FDG PET/CT detected cancer in 52% of patients with
positive biopsy results (positive predictive value: 43%).41 Similar findings were reported by another
study of patients with suspected PCa, in which 18F-FDG PET/CT was reported to have an area under
the receiver operating characteristic curve (ROC) of 0.54 for the detection of PCa.42 18F-FDG PET/CT
has also been evaluated for its capacity to estimate the histological grade of PCa and has been shown
to differentiate GS ≤7 from GS ≥8 cancers with an accuracy of 71%.43 However, another study did not
find a significant correlation between GS and 18F-FDG uptake in localized PCa (ρ=0.204, p=0.375).20
In the vast majority of cases, 18F-FDG PET/CT is applied in patients with non-prostatic diseases.
Incidental prostatic tracer uptake has been reported to occur in 0.6% to 2.8% of such patients, of
whom 3.1% to 16% have ultimately been diagnosed with PCa.44-49

III-2.2.4

Gastrin-releasing peptide receptor (bombesin)

By binding the extracellular domain of its membrane receptor, mammalian bombesin (i.e. gastrinreleasing peptide) activates intracellular signalling pathways that lead to increased expression of
transcription factors, activation of key elements of the cell cycle, and expression of growth factor
receptors. In PCa cells, bombesin receptors have been found to be overexpressed on the mRNA as
well as on the protein level;50 their expression in benign prostate tissues, on the other hand, has
been found to range from low to non-detectable.51,52 Several radiolabelled bombesin analogues have
been developed for PET imaging, including 18F-, 68Ga-, and 64Cu-labelled substances.53-58 However,
the clinical experience with these radiopharmaceuticals in localized PCa is limited. In one preliminary clinical study, the 18F-radiolabelled bombesin analogue BAY 864367 delineated localized PCa in
three of five patients with positive biopsy results.59 One of the two false-negative cases had multifocal
PCa on prostatectomy, and the other was found to have a GS 4+4=8 cancer in the base of the prostate,
which might have been obscured by the tracer excretion into the urinary bladder. In another study
of four patients with newly diagnosed localized PCa, the bombesin receptor antagonist ⁶⁴Cu-CBTE2A-AR06 depicted the primary cancer site with high contrast (tumour-to-prostate ratios: >4) in
three patients and with low contrast in one patient, who was found to have fewer than 5% tumour
cells in the biopsy specimen (tumour-to-prostate ratio: 1.9).60

III-2.2.5

Prostate-specific membrane antigen

Prostate-specific membrane antigen, a transmembrane protein with large extracellular enzymatic
domains, is expressed at low levels on the surface of normal prostate epithelium, but at very high levels
in PCa. The PSMA is internalized into the endosomal compartments of the cell, which increases its
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potential value as an imaging and therapeutic target. It is more abundant on the surface of castrationresistant tumours, and its expression on PCa cells was found to be associated with the probability of
tumour progression.61,62 Positron emission tomography imaging of PSMA is based on radiolabelled
monoclonal antibodies, antibody fragments, or small-molecule inhibitors of its enzymatic domains.
FIGURE 2.III-2
Gleason Score 4+5 PCa
in the Left Mid-Gland
Peripheral Zone
The tumour is shown (arrows)
on axial T2-weighted
magnetic resonance image
(A), in vivo 89Zr-J591 PET
(B), ex vivo 89Zr-J591 PET
image (C), and histopathology
section (D). Dotted area
indicates cancer. Reduced
from ×1.

A

B

C

D

Reprinted from: Osborne JR. J Urol.
2014;191(5):1439-1445, Copyright 2014,
with permission from Elsevier.

In an early clinical report on the performance of single photon emission computed tomography
(SPECT)/CT with two 123I-labelled small-molecule inhibitors of PSMA, the prostates of healthy
volunteers showed only low tracer accumulation, while the agents were able to detect focal lesions in
patients with PCa.63 In a case report of a patient with newly diagnosed PCa who underwent PET/MRI
with a 68Ga-labelled PSMA ligand, an area of intense tracer uptake in the peripheral zone matched
with low signal intensity on T2-weighted MRI, restricted diffusion on diffusion-weighted MRI, and a
GS 7 tumour on whole-mount histopathology.64 In a prospective pilot study (n=11 patients), PET with
a 89Zr-labelled monoclonal antibody targeting the extracellular domain of PSMA correctly identified
eight of 11 index lesions, as determined by post-prostatectomy histopathology (Figure 2.III-2).65 The
GS of the three PET-negative index lesions was 4+4=8, and their diameters were 4 mm, 5 mm, and
13 mm. Seven of 11 non-index lesions were negative on the PET images, six of which were GS 3+3
cancers. Immunohistochemistry proved PSMA expression by all index and non-index lesions. In this
trial, the identification of localized PCa foci was dependent on tumour size and GS, and the intensity
of tracer uptake was positively correlated with a lesion’s GS.65
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III-2.3 Conclusion
Currently, several PET tracers are available that accumulate in or on PCa cells and therefore have the
potential to show not only metastatic disease but also localized cancer. These tracers might augment
the work-up of newly diagnosed PCa by providing metabolic and/or molecular information that is
not accessible with prostate MRI, which remains the standard imaging technique for local tumour
staging. It is possible that imaging with these probes may complement mpMRI by providing information related to tumour biology that could aid PCa characterization and assessment of the risk of
rapid disease progression and spread. The relatively low spatial resolution of PET and the low tissue
contrast of prostate CT are the major obstacles to reliably allocating pathologic tracer accumulation
to cancer foci within the gland. Combined PET/MRI may provide adequate tissue contrast and help
to enhance the clinical value of these substances. [Level of Evidence: 3]
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3.1

Introduction

The role of prostate biopsies has changed. Because of sampling error during systematic random prostate biopsy, the historical likelihood of missing clinically significant cancers has led to the introduction of new techniques. These techniques have evolved from pure cancer detection to assisting
in clinical patient management, focusing on the localization of clinically significant cancer, and
potentially reducing over-detection of clinically insignificant cancer. The major challenge for imageguided prostatic tissue preservation strategy in both active surveillance and focal therapy is the
precise mapping of baseline cancer location and extent. The technical key to refining optimal biopsy
protocols may include not only increasing the number of cores taken with template-based threedimensional (3D) cancer mapping, but also improving the precision and quality of each biopsy by
real-time image-guided targeting or robotic control, and documenting each individual biopsy location to revisit the exact location of the known cancer during possible future interventions.
In an effort to accurately diagnose all clinically significant cancers, several groups have proposed
transperineal template-based 3D mapping (“saturation” biopsy) prior to focal therapy. A saturation
biopsy method may yield maximum cancer detection, but can result in overdiagnosis of clinically
insignificant cancer when one simply increases the number of biopsies to increase detection.
On the other hand, modern imaging potentially improves the process of clinically significant cancer
detection through the ability to visualize and characterize lesions and to guide precise, targeted
biopsy. A higher prevalence of image-detected, biopsy-proven cancers has been reported using evolving imaging modalities such as advanced multiparametric transrectal ultrasound (mpTRUS) technologies or multiparametric magnetic resonance imaging (mpMRI).
In-bore magnetic resonance imaging (MRI)–guided biopsy can be performed in order to achieve
reliable targeting from the magnetic resonance (MR)–suspicious lesion in patients with prior negative systematic prostate biopsy. In-bore MRI-guided biopsy has the advantage of real-time feedback
of sampling locations, resulting in the low likelihood of a sampling error. However, it also has the
disadvantage of higher costs for long MR-gantry time and difficulty of sampling from the remaining
prostatic field.
Other efforts have been focused on using computer-assisted technology, including the image capture
of real-time transrectal ultrasound (TRUS) for assessing 3D volume of the prostate in computer reconstruction models in order to achieve image fusion with advanced mpMRI. This can be supported by
either using the tracking technology of the two-dimensional (2D) TRUS probe, such as magnetic
tracking or mechanical tracking, or by using the 3D TRUS image-based tracking of the prostate.
These emerging technologies allow the novel opportunity for image fusion-guided prostate biopsy
between real-time TRUS and any other imaging modality, such as mpMRI, acquired prior to the
time of biopsy. This is because the image fusion of the preoperatively acquired MRI data with TRUS
requires reliable registration between preoperative and intraoperative conditions. However, there are
various challenges to achieve precise registration between the preoperative and the intraoperative
reality of the prostate. The intraoperative reality of the prostate may change if the patient moves or
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if the prostate is deformed or shifted during needle insertion. Real-time monitoring and adjustment
of such intraoperative change in location or shape of the prostate compared with the preoperative
condition are essential to achieve reliable image fusion.
Since the prostate is a mobile organ and prostate shape is deformable at the time of prostate biopsy
between preoperative and intraoperative conditions, the use of a nonrigid (i.e. elastic) image-fusion
technique is vital to achieve precise image fusion between them. An image-based tracking system
using real-time 3D TRUS with elastic image fusion seems to be the most reliable registration and
localization system for documenting biopsy trajectory overlaid onto the image-suspicious lesion.
On the other hand, in order to achieve precise real-time targeting of the suspected lesion, real-time
simultaneous parallel display of the real-time TRUS and virtual MRI target is very helpful. Since
the prostate is deformable at the time of needle insertion, real-time 2D TRUS monitoring of such
deformation is vital.
An important and obvious limitation of the image-guided prostate biopsy technique is that it is operator dependent, requiring significant radiologic expertise or cooperation with the radiology team.
For the further acceptance of image-guided prostate biopsy in general practice, it seems essential to
require significant co-operation with radiologic experts and standardization of practical protocols.
This chapter is focused on outlining best practice guidelines based on expert opinions that apply to
each of the commonly used novel techniques for prostate imaging and targeted biopsy.

3.2

Magnetic Resonance
Imaging–Compatible Prostate
Biopsy Platforms

Magnetic resonance imaging–guided biopsy capitalizes on the ability of mpMRI to detect the foci of
prostate cancer (PCa). In-bore MRI-guided biopsies are conducted in 2 phases. The first phase is the
diagnostic mpMRI (described elsewhere in this chapter) from which suspicious lesions are identified.
The second phase is a separate MRI session in which T2-weighted (T2W) and diffusion-weighted
(DW) images are obtained. The T2W MR images are obtained to establish the position of the needle
guide relative to the patient’s prostate to enable the software to calculate the targeting coordinates
required to deliver the biopsy needle to the appropriate location. The DW MR images are used to target
the most aggressive area within the lesion.1 While multiple MRI-ultrasound (US) fusion systems have
been introduced into the market, there are 2 direct MRI-guided systems commercially available:
the DynaCAD/DynaTRIM system from Invivo Corporation (Florida, USA) and an MR-compatible
robotic system from Soteria Medical (Arnhem, the Netherlands).
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FIGURE 3-1
The DynaTRIM Device
From Invivo Corporation
(Florida, USA)
Image courtesy of Invivo Corporation.

The DynaTRIM is a piece of hardware that facilitates the physical targeting of the biopsy needle to the
correct location within the prostate. It consists of a padded, plastic baseplate and clamp stand, which
are washable and reusable (Figure 3-1). A disposable plastic needle guide is attached to the system
for each patient. The entire apparatus is MRI compatible and affixes to the MRI table for each use.
The clamp stand contains the needle-guide control apparatus, which consists of 3 dials allowing for
3D adjustments to be made. The disposable needle guide also contains a small spacer at the needle
insertion site that controls how deep the needle can be inserted into the needle guide. This spacer is
either left in place or removed, depending on the location of the biopsy target.
A series of disposable tools are required for each patient. The needle guide is inserted into the rectum
of each patient and attached to the clamp stand at the start of the procedure. Fully MRI-compatible
18-gauge spring-loaded biopsy devices with needle lengths of 150 mm and 175 mm are needed. One
or both of the needles may be required for each patient, depending on the size of the prostate and the
location of the biopsy target. Between the two different biopsy devices, and the presence or absence of
the spacer on the needle guide, biopsies are performed in 1 of 4 different configurations: the 150-mm
needle with or without the spacer, and the 175-mm needle with or without the spacer, as instructed
by the DynaCAD software depending on the size of the prostate and the location of the biopsy target.
The Soteria transrectal robotic device is designed to interact with the patient in any standard clinical
closed-bore MR system. The entire device is constructed of MR-compatible materials (i.e. nonmagnetic and nonconductive) to preclude artifacts of the MR images due to distortion of the magnetic
field, and to assure patient safety. The robotic system consists of the robot itself and a controller unit
located outside the MR cage of Faraday. Compressed air for the pneumatic motors, generated in a
compressor outside the MR room, is delivered via plastic tubes to the robot. The robotic system is
fitted with five computer-controlled degrees of freedom for delivering an interventional procedure.
To assure patient safety and meet standard safety requirements for the use in a medical environment,
the needle guide has a mechanical safety built in that allows only a maximum amount of force on the
patient before being released.
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In addition to transrectal biopsy approaches, MRI-guided transperineal systems have also been
reported. Susil et al.2 examined a system allowing for MRI-guided transperineal prostate biopsies to
be performed as well as MRI-guided transperineal interventions such as high-dose brachytherapy.
This system consists of a lockable positioning arm (Siemens Medical Systems, Erlangen, Germany),
an endorectal coil (USA Instruments, Aurora, Ohio, USA), and a custom-built transperineal template
that is MRI compatible and that is connected at a right angle to the endorectal imaging coil. Patients
are placed in the left decubitus position in the MRI bore, and a localizing scan is performed to register the transperineal template with the imaging coil. The holes in the transperineal template are
filled with water-soluble lubricant to enhance their visibility by MRI. Custom-made software was
developed to allow the tracking of the biopsy (or interventional) needles on the prostate images. A
complete description of the technique is described by Susil et al.2 In addition, Tokuda et al.3 have
also developed an in-bore MRI-guided transperineal system for prostate biopsy. This system allows
for the patient to be placed in stirrups in a low-lithotomy position, with a Z frame allowing access to
the perineum, while still being inside the MRI bore. Open-source software (3D Slicer; http://www.
slicer.org) was used to register the images to the transperineal template. MR-compatible needles are
inserted by hand, though a motorized needle-guide template is under development.4

3.2.1

Prostate biopsy procedure

Given the commercial availability and relatively wide distribution of the near-in-bore systems, we
will restrict our procedure description to this type of approach. Standard precautions for transrectal prostate biopsies should be considered prior to performing an MRI-guided prostate biopsy. This
includes cessation of nonsteroidal anti-inflammatory drugs for at least 7 days prior to the procedure,
performance of an enema prior to the procedure to remove gross stool from the rectum, and the
inclusion of a prophylactic antibiotic such as a fluoroquinolone.5 Since many patients receiving an
MRI-guided prostate biopsy may have previously undergone a TRUS-guided biopsy using fluoroquinolone prophylaxis, use of an additional or different antibiotic to protect against inadvertent selection of fluoroquinolone-resistant bacteria may be considered. Infectious complications have been
reported in 2% of patients.6
Patients who have claustrophobia or who are anxious may benefit from the administration of a
pre-procedure anxiolytic, particularly since administration of a periprostatic block is difficult, and
patients will be asked to remain motionless for a significant period of time. For patients who cannot
tolerate the MRI or the biopsy procedure even after the administration of an anxiolytic, the procedure may be performed under conscious sedation with appropriate monitoring of blood pressure,
heart rate, and oxygenation, or even under general anesthesia if required. This practice should be
restricted to appropriately selected patients, and only performed in MRI centers equipped to handle
a general anesthetic and where an anesthesiologist is available to administer the anesthesia.
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3.2.2

Near-in-bore systems

Appropriate patient positioning for MRI-guided biopsies is critical to the success of the procedure.
Patients will be asked to lay motionless for an extended period of time in a relatively uncomfortable
position. Once the needle-guide position has been established using the DynaCAD software, any
movement by the patient can negatively affect the accuracy of the targeting. Any significant movement may render the targeting unusable, requiring the procedure to be aborted or requiring it to be
started over. Therefore, care should be taken to maximize patient comfort, increasing the likelihood
that the patient will be able to remain compliant during the procedure.
After informed consent, patients undress from the waist down and are placed in a prone position
on the MRI bore, with all pressure points carefully padded. Patients are given the option of having
their arms placed over their head or placed down at their sides. Their head is placed on a pillow.
Extra padding is provided to the patients’ knees, and their lower legs are propped up on pillows to
keep their toes suspended in air and off of the MRI bore. A digital rectal exam (DRE) is performed.
The DynaTRIM device is then secured to the bore, and the lubricated needle guide is placed into the
patient’s rectum and secured to the baseplate. Care is taken to ensure the needle-guide adjustments
are in their baseline positions, and the MRI surface coil is placed carefully over the patient’s lower
abdomen and pelvis, making sure to leave adequate room to be able to place the biopsy device in
the needle guide without being obstructed by the coil. The patient is given protective earphones or
earplugs and placed into the MRI scanner.
An initial localizing T2 sagittal scan is performed to ensure correct positioning of the needle guide
relative to the patient’s prostate. The needle guide should be abutting the rectal wall without deeply
deforming the prostate. Ideally, the needle guide should be positioned against the mid-portion of the
prostate to increase the likelihood of being able to reach all areas of the prostate from this initial position. The patient’s body habitus can sometimes make this positioning difficult. Adjustments such as
placing a pillow under the patient’s lower abdomen to change the angle of the pelvis can be helpful in
attaining the correct positioning of the needle guide. If the needle guide is not in an acceptable position, it will be necessary to pull the patient out of the MRI, reposition the needle guide, and re-scan
the patient to ensure correct positioning of the needle guide, as this is critical for the conduct of the
rest of the procedure.
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FIGURE 3-2
MRI-Guided Biopsy Using
DynaCAD/DynaTRIM System
From Invivo (Florida, USA)
A: T2W image with anterior
hypointense area
suspicious for cancer.
B: Apparent diffusion
coefficient image
demonstrating restricted
diffusion in same anterior
location as T2 image.
C: Screen capture from
DynaCAD system showing
coordinates to set
DynaTRIM device to target
suspicious lesion.
D: T2W image with the
biopsy device needle
(linear hypointense signal)
in the target lesion.

MRI-Guided Prostate Biopsy
A

B
Two
previous
negative
TRUS
biopsies

C

PSA
12.1
ng/mL

D

Biopsy:
Gleason
4+4=8
43% of
½ cores

Following confirmation of the correct positioning of the needle guide, T2W axial and sagittal images
are obtained through the prostate. The images are transferred to the DynaCAD workstation, where
they are interpreted and used for biopsy planning. After calibrating the software based upon the
imaged location of the needle guide, a biopsy target is selected. The software then determines how
the adjustments on the needle guide should be made to allow biopsy of the target lesion. The software
also indicates whether the 150-mm or the 175-mm biopsy device should be used, and whether the
spacer on the end of the needle guide should or should not be used. The spacer determines how far
into the needle guide the biopsy device is placed (and thus how far into the prostate). The patient is
then pulled back out of the MRI tube in preparation for the biopsy.
The patient is reminded to remain still, as significant movements by the patient after the calibration of the software based on the relative position of the needle guide to the prostate will render the
targeting inaccurate. The adjustments to the needle guide are made, including a left/right adjustment,
a superior/inferior adjustment, and a proximal/distal adjustment. After the adjustments are made,
including the removal or placement of the spacer, the biopsy device is inserted into the needle guide
as far as it will go, which will place the needle into the target lesion. The 18-gauge biopsy device is
then fired, resulting in a core of prostate tissue up to 1.5 cm in length. The biopsy device is then
removed for core retrieval.
However, it is also possible to re-scan the patient with the biopsy device in place in the patient’s prostate to confirm sampling of the biopsy target. An axial or sagittal view can be used for this purpose.
The needle will appear as a linear hypointense signal on the MRI (Figure 3-2).
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Once confirmation of correct targeting has been made, the biopsy device is removed and the core
retrieved from the device. If the target was missed, then the biopsy device is removed, the core is
retrieved, appropriate adjustments are made to the targeting controls, and the biopsy is repeated.
Once the target has been hit and the core retrieved, the next target is selected on the DynaCAD
platform, the appropriate adjustments made on the needle guide, and the next biopsy is taken. This
process is repeated until all targets have been biopsied.
Upon completion of the biopsies, the needle guide is removed from the patient’s rectum and he is
removed from the prone position. Typical procedure times are approximately 30 to 45 minutes,
depending on the number of targets and whether confirmation scans are obtained.
Complications of the procedure are similar to those for any transrectal prostate biopsy approach and
include pain, bleeding, and infection. The risk of sepsis may theoretically be lower, since typically
fewer needle passes are made during an MRI-guided biopsy compared to standard extended TRUSguided biopsies, though there are no data to address this hypothesis. Some patients also experience
musculoskeletal discomfort from having to lie still in a prone position for a significant period of time,
or may be lightheaded upon first getting up.

3.2.3

Cognitive fusion

An alternative to the use of a near-in-bore system, as described above, is to perform cognitive fusion.
This technique involves obtaining a diagnostic mpMRI and then using the information gained from
the MRI to inform the selection of biopsy cores during a TRUS-guided biopsy. Thus, the fusion of
MRI data onto the US image is performed in the mind of the operator. Correct selection of the appropriate area for biopsy can be facilitated by partitioning the prostate into multiple sectors (sextants
or octants, for instance) and documenting the location of the MRI-suspicious regions according to
this map. This approach has the obvious advantage of being less expensive and readily available to
most practices. A disadvantage is that the success of the approach is extremely user dependent, and
accurate targeting of the MRI-suspicious areas cannot be verified. This limitation may be lessened by
oversampling of the suspicious region. In addition, sometimes a corresponding abnormality seen on
MRI can be detected on US once particular attention is paid to a region.

3.2.4

R
 esults of cognitive fusion-based magnetic resonance
imaging–targeted biopsies

Early efforts to evaluate the performance of MRI-targeted biopsies focused on men with previous
negative TRUS biopsies, but in whom there was persistent concern that they had PCa, primarily due
to a rising prostate-specific antigen (PSA). Several studies evaluated the ability of MRI and, often,
MRI spectroscopy to inform further TRUS-guided biopsies in these men, representing the early
efforts at cognitive fusion.7-12 This approach relies on the MRI to indicate where additional prostate
biopsies should be obtained, typically oversampling these areas, but using only TRUS guidance for
the actual biopsy.
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Results from early reports of using MRI to direct TRUS biopsies were encouraging, though studies were limited by small patient numbers. Perrotti et al.7 demonstrated promising PCa detection
rates in their population, with 7/33 men (21.2%) on post-MRI and 5/7 (71.4%) men with high suspicion for carcinoma on MRI positive for carcinoma on biopsy. Beyersdorf et al.8 detected PCa in
12/38 (32%) men with varying numbers of previous negative biopsies after undergoing MRI with
an endorectal and surface coil using T1 and T2 images only. In this population, 10/20 (50%) of the
men with the highest level of suspicious lesion were found to have PCa on repeat biopsy. However,
site-by-site analysis failed to demonstrate a correlation between biopsy positivity and MRI findings.
Yuen et al.9 reported a sensitivity of 100%, a specificity of 70.6%, a positive predictive value (PPV)
of 58.3%, a negative predictive value (NPV) of 100%, and an accuracy of 79.2% in a population of
24 men undergoing repeat 10 to 14 core biopsies (with oversampling of the suspicious regions) after
evaluation with MRI using spectroscopy. Prando et al.10 reported on the ability of primarily MRI
spectroscopy to direct repeat TRUS biopsy in men with at least 2 previous negative biopsies. In these
men, 17/31 (55%) of those with abnormal spectroscopy were found to have PCa on biopsy, resulting
in a sensitivity of 100%, a specificity of 44%, a PPV of 55%, an NPV of 100%, and an accuracy of 67%.
Similarly, Amsellem-Ouazana et al.11 reported a sensitivity of 73.3%, a specificity of 96.3%, PPV of
91.6%, an NPV of 86.6%, and an accuracy of 88% in 42 men undergoing repeat TRUS guided biopsy
following evaluation by MRI with spectroscopy. In a similar study, Cirillo et al.12 reported on 54 men
undergoing repeat biopsy after MRI with spectroscopy and reported a sensitivity of 100%, a specificity of 51.4%, PPV of 48.6%, an NPV of 100%, and an accuracy of 66.7%. Taken together, these early
reports generated enthusiasm for the ability of MRI with or without spectroscopy to guide biopsies to
increase the detection rate of cancer in men with previous negative biopsies. All of these early studies are limited by small numbers of patients, restricted ability to confirm that biopsies were actually
obtained from the suspicious regions, varying repeat TRUS biopsy strategies, and lack of whole prostate specimens as a gold standard for determining the presence/absence of PCa. Furthermore, none
of the above studies used current multiparametric methods, including diffusion-weighted imaging
(DWI) and perfusion MRI.
More recent evaluations include a report by Lee et al.13 demonstrating 46/82 (56%) men with suspicious lesions on MRI were found to have PCa on subsequent TRUS biopsy using cognitive fusion.
Twenty-eight percent of targeted cores versus 3.6% of standard cores were found to have cancer. A
majority of the lesions found were in the apex or anterior portion of the prostate. A study by Puech et
al.14 reported that while targeted biopsies revealed more cancer than systematic biopsies in their men
with a suspicion of PCa, there was no significant difference in the cancer yield between men undergoing cognitive fusion, with 47% of the targets being positive for cancer versus 53% of the targets being
positive in the men undergoing MRI/US fusion biopsies.
In addition to being useful for identifying cancer in patients with previous negative biopsies,
MRI-targeted cognitive-fusion biopsies have been conducted for a variety of indications, including
initial diagnosis (no previous prostate biopsy).15-18 The studies by Panebianco et al.18 and Haffner
et al.17 demonstrated improvements in the detection of clinically significant disease in the men
undergoing MR-directed biopsy, and a reduction in the diagnosis of clinically insignificant disease,
while the study by Acar et al.16 failed to demonstrate a significant benefit, though the data suggest a
trend toward benefit for men undergoing cognitive fusion and near-in-bore biopsies. Other examples of the use of cognitive fusion are in the diagnosis of recurrent PCa,19 and in patients on active
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surveillance.20-22 Findings in the active surveillance population were consistent in showing that MRI
and subsequent follow-up biopsy were helpful in predicting the presence of clinically significant
cancer with subsequent upgrading, often with fewer cores of tissue required and with a reduction in
the detection of clinically insignificant disease. Thus, overall, cognitive fusion may be beneficial in
increasing cancer detection rates when MRI-suspicious lesions are present, compared to performing
a systematic TRUS biopsy. However, the ultimate success of this approach will be variable and likely
dependent upon the experience and skill of the person performing the biopsy, the size of the prostate,
and the size and location of the suspicious area, as well as the biopsy strategy (degree of sampling
in the suspicious region) utilized. Direct MRI guidance systems address some of these limitations,
likely providing more consistent results, as discussed below.

3.2.5

 esults of in-bore system magnetic resonance
R
imaging–guided biopsy

The in-bore systems provide an advantage over cognitive fusion as well as over MRI/US fusion
approaches by being better able to verify placement of the biopsy needle into the suspicious lesions.
Images can be obtained with the needle in place, thus providing convincing evidence that the target
was indeed sampled. In addition, because the targeting process does not require co-registration of
MRI and US images, an additional variable and source of error is not involved in the in-bore systems,
compared to MRI/US fusion platforms.
Results using the in-bore approach in patients who have had at least one previous negative TRUS
biopsy provided some of the best early data demonstrating the utility of MRI-guided targeting
approaches for PCa. Anastasiadis et al.23 published an early report of 27 men with a previous negative
TRUS biopsy and continued suspicion of cancer who underwent MR-guided biopsy in whom 15/27
(56%) were found to have cancer. Roethke et al.24 reported similar results in a cohort of 100 patients
undergoing MR-guided biopsy for a history of negative TRUS biopsy but persistent concern for
cancer, with a cancer detection rate of 52% (52/100). Hambrock et al.25 reported a cancer detection
rate of 59% (40/68) in men with at least two previous negative TRUS biopsies, compared to historical
cancer detection rates of approximately 22% (55/248) in men undergoing repeat systematic TRUS
biopsies for similar indications. An update of this experience was subsequently published by Hoeks
et al.,6 reporting a cancer detection rate of 41% (108/265) in men with at least one previous negative
TRUS biopsy, with approximately 90% being clinically significant cancers.
Success with detecting cancer in previously biopsied patients led to the testing of MR-guided biopsies
in men during their initial biopsy setting, performed for elevated PSA or abnormal DRE. Pokorny
et al.26 reported detecting PCa in 126/223 (56%) men, 47 (37%) of whom were low risk. Conversely,
MR-guided biopsy detected PCa in 99/142 (70%) men with equivocal or suspicious findings on
mpMRI, only 6% of whom were considered low risk. Including mpMRI and MR-guided biopsy
reduced the need for biopsy by 51% and decreased the diagnosis of low-risk disease by 89%, while
increasing the diagnosis of intermediate and high-risk disease by 18%. This suggests an advantage to
this approach compared to conventional pathways, including TRUS biopsies for all men with elevated
PSAs or abnormal DREs.
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In addition, it is apparent that an advantage of MR-guided biopsies (whether cognitive fusion,
near-in-bore, or transperineal approaches) is in the detection of anterior tumours that may not be
sampled routinely on TRUS-guided biopsies. Ouzanne et al.27 reported that 46% of anterior tumours
diagnosed by cognitive fusion were not diagnosed by systematic biopsy. Volkin et al.28 reported that
mpMRI and MRI/US fusion biopsy detected more anterior tumours than TRUS biopsy, and an average core length of cancer in this location 112% longer than those obtained by TRUS. Penzkofer et
al.29 showed the highest biopsy yield in their mixed indication cohort was for men with lesions in the
anterior prostate, where 40/64 (63%) targets were found to be positive for cancer, higher than for any
other part of the prostate.

3.2.6

Transperineal magnetic resonance–guided biopsy results

Limited data exist for biopsy results using MR-guided transperineal biopsy platforms. However,
Penzkofer et al.29 reported on a mixed cohort of 87 men who underwent MR-guided transperineal
prostate biopsy for indications of concern for PCa but no previous biopsy, active surveillance, or
for a suspicion of PCa recurrence after radiation therapy. The overall cancer detection rate was 57%
(51/90). Gleason pattern of 4 or higher was diagnosed in 25/32 (78%) of men with no prior biopsy
and the active surveillance groups combined. In addition, Menard et al.30 published on the use of
MR-guided transperineal prostate biopsy to improve determination of tumour boundaries to aid in
the targeting of lesions for salvage focal therapy.
MR-guided biopsy represents the first large-scale interventional application to take advantage of
mpMRI for PCa. Though first tested extensively in men with previous negative biopsies, MR-guided
biopsies are now being used during the first biopsy for men with MRI-suspicious lesions. This
approach may lead to fewer biopsies required to gain similar, if not better, information regarding the
presence of clinically significant disease. The advent of MRI/US fusion technology has now surpassed
MR-guided biopsy as the most common approach for performing biopsy of MRI-suspicious lesions.
Most of the current data being generated today with regard to MR image–guided biopsy are through
this platform. The convenience of being able to perform the procedure in the clinic, as well as the
increased patient comfort, has catapulted this approach past traditional in-bore systems. However,
there are still specific indications for the in-bore system, such as in patients with no rectum, as well as
tiny lesions (<8 mm). Regardless of whether an MRI/US fusion system, in-bore system, or MR-guided
transperineal biopsy platform is used, it is apparent that MR-guided biopsy in general is quickly
evolving into what will likely be the standard of care in the very near future.
Level of Evidence [LOE]

Grade of Recommendation
[GOR]

MRI-guided biopsy can lead to fewer biopsies

3

B

MRI-guided biopsy can detect tumours missed on
systematic TRUS biopsy

3

B

Guideline Statement
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Level of Evidence [LOE]

Grade of Recommendation
[GOR]

MRI-guided biopsy can detect anterior tumours

3

B

There are no significant differences in detection rates
between different platforms for MRI-guided biopsy

3

B

Guideline Statement

3.3

Robotic Prostate Biopsy With
Magnetic Resonance Imaging–
Ultrasound Fusion

In contemporary practice, men with elevated or rising serum PSA and suspicion for PCa undergo
systematic transrectal prostate biopsy guided by TRUS visualization as the standard of care. However,
this approach is subject to significant sampling bias, resulting in a limited sensitivity for detecting
cancer.31 In order to overcome this inherent limitation, mpMRI of the prostate, combining anatomical and functional imaging, allows for localization and characterization of prostate tissue suspicious
for cancer.32 Performing MRI prior to biopsy provides the potential to more accurately sample potential tumour foci in order to improve diagnostic yield and disease characterization.
Prostate MRI may be used to guide biopsy in two ways. First, MRI performed prior to biopsy allows
targeted sampling of suspicious areas within the prostate during TRUS-guided biopsy. Targeted
biopsy may be performed by viewing prebiopsy MRI and live US images side-by-side, an approach
known as cognitive co-registration or visual estimation; alternatively, several biopsy systems have
become available that incorporate software-based fusion algorithms to co-register MRI and US
images.33 Second, biopsies may be guided by MRI in real time using in-bore prostate biopsy systems.34

3.3.1

Magnetic resonance imaging–ultrasound
fusion-targeted biopsy

Software-based fusion algorithms allow accurate co-registration of prebiopsy prostate MRI images
to a TRUS model of the prostate obtained in the biopsy setting, thus avoiding limitations of cognitive fusion by providing a reproducible method to target MRI abnormalities on real-time TRUS, and
facilitating more accurate sampling of suspicious areas in the prostate.35,36 Use of a fusion biopsy platform first requires a prebiopsy diagnostic MRI to identify areas suspicious for cancer based on imaging characteristics. Suspicious areas are circumscribed on MRI prior to biopsy. The co-registration of
the MRI to the TRUS images can be performed either by rigid or elastic registration, or both, depending on the platform. Rigid registration allows for translation and rotation, but not deformation, of
images. Elastic fusion accounts for the addition of local deformation by stretching the image volumes
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and targeted lesion(s), resulting in matched borders. Biopsy of the prostate is then performed with
MRI and real-time TRUS images superimposed and displayed side-by-side, thus creating an easily
navigable 3D prostate reconstruction.
In addition to accurate identification of abnormal areas within the prostate during biopsy, optimal
sampling relies on accurate localization of the biopsy needle to suspicious targets. Robotic techniques
for biopsy needle localization after MRI-US fusion have been implemented by two commercially
available biopsy systems in order to improve sampling of MRI targets: the ei-Nav|Artemis (Eigen,
California, USA) and BioXbot (Biobot Surgical, Singapore). While both are designed to improve
sampling of MRI abnormalities, these systems differ in their approach to biopsy and implementation
of robotic elements.
The ei-Nav|Artemis biopsy system, incorporating MRI-US fusion by ProFuse software (Eigen,
California, USA), provides guidance for biopsy needles through a transrectal approach. The probe is
placed in a fixed cradle contained within a robotic arm, navigated manually by the operator. Biopsy
guidance is performed through mechanical registration/tracking of the needle guide relative to a
fixed point in the robotic arm. After scanning the prostate using an endfire US probe, the system
creates a 3D model of the prostate, which is fused to the previously obtained MRI sequence, allowing
mapping of MRI abnormalities onto the live US images. The system then allows the operator to position the biopsy needle under US visualization. With a locking arm that acts as a fixed point in space,
Artemis utilizes robotic spatial tracking to compute needle trajectory, core position, and depth with
a high degree of accuracy, allowing the operator to adjust the needle in order to optimize sampling
of the selected target.
Wysock et al. compared the clinical outcomes of Artemis biopsy using ProFuse image fusion to
cognitive co-registration among 125 consecutive men presenting to a single center for biopsy in a
randomized study design.37 The authors detected slightly more Gleason sum ≥7 cancers than visual
targeting (cancer detection rates of 20.3% versus 15.1%, p=0.0523). In comparison to cancers detected
by 12-core standard biopsy in this cohort, cancers detected by targeted biopsy using either software
fusion or visual estimation demonstrated greater overall and Gleason ≥7 cancer core length. Sonn
et al. additionally reported clinical outcomes of MRI/US fusion targeted biopsy (MRF-TB) using
the Artemis system, supporting the use of this platform as a means of conducting highly accurate
MRI-targeted biopsies in clinical practice.38
The BioXbot robot is a transperineal biopsy system that implements a robotic arm to guide needle
biopsies.39,40 The system houses a movable platform with six degrees of rotational freedom. During the
biopsy session, initial TRUS imaging of the prostate is obtained, which the system uses to construct
a 3D model of the prostate. This system is distinct from the Artemis system in that it utilizes a
motorized automated mechanism for needle alignment within the 3D model. The urologist selects
biopsy targets on the image and the 3D prostate model, and the system simulates the needle trajectory through these sampling locations. Once approved by the urologist, the robotic platform then
aligns the biopsy needle guide to target each selected biopsy location, with reported targeting accuracy within 2 mm.39 The BioXbot guides needle biopsies through two puncture points in the perineal
skin, one each for the left and right lobes of the prostate. All needle trajectories within one lobe pass
through a single puncture in the skin, which serves as a pivot point.
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Limited clinical outcomes data using the iSR'obotTM (Biobot Surgical, Singapore) system are available. A small pilot study of 20 patients demonstrated the safety and feasibility of the device for
image-guided transperineal prostate biopsy using visual targeting.39 In follow-up of the pilot study,
the authors have performed several hundred transperineal saturation biopsies within their centre
at Singapore General Hospital. With the more recent implementation of a software platform for
MRI-US fusion, the system may provide the first opportunity for MRF-TB using a robotic transperineal approach. Pilot studies are underway in several centres. Outcomes of this biopsy system are
eagerly awaited.

3.3.2

In-bore magnetic resonance imaging–guided biopsy

In addition to MRI-US fusion platforms guided by TRUS, robotic systems have been introduced to
facilitate in-bore MRI-guided prostate biopsy.41-43 Using MRI-compatible components, these systems
allow precise needle localization, within 2 to 5 mm.43,44 While certain systems require manual needle
placement into the prostate, thus requiring the patient to be removed from the MRI scanner, others
incorporate automated needle insertion, allowing for truly real-time MRI visualization.45,46 Most
trials investigating in-bore MRI-guided prostate biopsy in humans have used transrectal or transgluteal needle insertion approaches. Recently, Tilak et al. employed a transperineal approach among
99 men undergoing in-bore biopsy, and compared targeting accuracy between robotic and manual
targeting templates.47 The robotic template improved needle accuracy as compared to the manual
template, yielding mean accuracies (distance of the needle from intended target) of 2.4 mm versus
3.7 mm, respectively. Several efforts are underway to commercialize applications for in-gantry robots
capable of conducting targeted transperineal biopsy. Such applications would likely greatly reduce
the time and inaccuracy associated with current handheld commercial platforms.
Both MRI-US fusion platforms and in-bore biopsy systems employ prostate MRI to more accurately
identify PCa foci. The incorporation of robotic elements theoretically improves biopsy yield through
improved sampling accuracy. Fusion systems appear to provide the advantage of less time spent in
the MRI scanner, and therefore less cost, while in-bore techniques may avoid distortion artifacts,
such as those introduced by the deformation of the prostate by the TRUS probe. The latter may be
mitigated by improvements in registration techniques, either by developing more robust registration
algorithms or by manipulating the prostate during prebiopsy MRI to mimic deformation by the
TRUS probe, as proposed by Ukimura et al.48 Ultimately, robotic elements may play a role in improving PCa detection and characterization by increasing the accuracy of biopsy needle localization.
In conjunction with prebiopsy MRI and accurate MRI-US co-registration, robotic prostate biopsy
may improve cancer detection and characterization through more efficient and accurate sampling,
compared to traditional biopsy techniques. At this time, the data available are too preliminary to
make concrete recommendations regarding the precise applications or relative efficacy of robotic
prostate biopsy.
Guideline Statement
Robotic prostate biopsy is a feasible technique
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3.4

Template Mapping Biopsies:
An Accurate Method of Risk
Stratification for Prostate Cancer

Prostate cancer is the most common male cancer in many developed countries, with a doubling in
incidence over the last 15 years in the UK.49 Recent results of randomized studies have suggested that
the survival benefit associated with treatment is restricted to men with higher-risk disease only.50,51
Although these data were based on standard TRUS-guided biopsy assessment, it makes sense that
assessment of the prostate should be as accurate as possible in order to inform treatment options for
men with localized disease. This is particularly true when these options range from active surveillance to radical treatment. As well as informing the decision of whether or not to treat, accurate
assessment of the prostate can also inform the decision of whether a radical or focal approach to
treatment should be adopted.
Unfortunately, the current standard diagnostic pathway of PSA followed by standard TRUS-guided
biopsy is often unable to provide enough accurate information on its own to make such judgment.
Standard TRUS biopsy is subject to systematic and random errors, which lead to:
Missing significant cancers, particularly with
Misrepresentation of true disease burden,
52,53
with a false
anterior and apical lesions
resulting in misclassification of risk, which
negative rate of 30% to 45%.54,55
may lead to over- or under-treatment.56-59
Poor disease localization
The lack of accuracy of TRUS biopsy means that, in many centers, if a man is interested in active
surveillance, he will be counselled to have a confirmatory TRUS biopsy. Whilst this will reduce the
random error of missed or under-sampled lesions in the peripheral zone on an initial TRUS biopsy, it
does not reduce the systematic error of missed lesions at areas commonly under-sampled with TRUS,
such as the apical, midline, and anterior gland.
Trans-perineal template mapping biopsy (TMB) was developed to address these issues and provide
accurate risk assessment and localization of PCa.60 Template mapping biopsy is based on the transperineal approach used in brachytherapy, where a 5-mm template grid is used to guide the insertion of radioactive seeds through the perineum and into the prostate under US visualization.57 This
allows access to all areas of the prostate, including the apex and anterior aspects, provides excellent
disease localization, and avoids the risk of infection associated with the transrectal route. The potential disadvantages include the use of a general anaesthetic, or sedoanalgesia, along with an increase
in the risk of urinary retention compared to a standard TRUS approach.
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3.4.1

Approaches to transperineal template mapping biopsy

There is considerable variation between clinicians in the details of the practice of TMB. When reviewing different protocols, it is important to keep two key points in mind:
The diagnostic performance for detection of
The accuracy of assigning a positive biopsy to
any cancer, and estimation of maximum, size,
a given location in the prostate will depend
and grade is related to the sampling density
on the number of discrete areas that the gland
(cores per mL of prostate).
is divided into for the purposes of identifying
the biopsy specimens.
This chapter does not cover the use of transperineal biopsies targeted to lesions seen on MRI, as this
is covered elsewhere. However, this can be a way to use the transperineal approach whilst reducing
the biopsy intensity and maintaining accuracy.58

3.4.2

The 5-mm mapping approach

Barzell et al. divided the prostate into 26 separate zones, each sampled separately.57 The prostate is
divided craniocaudally into apical and basal potions and sampled every 5 mm. At University College
London (UCL), we have amended this approach into a 20-zone approach, which we have compared
against MRI-targeted biopsies.61,62 In our clinical practice, we have also employed a more simplified
12-zone system, as we found this to be a good balance between localization accuracy and burden for
the pathology team.
A 5-mm sampling density provides similar diagnostic performance for the detection of any cancer
however the cores are obtained. The localization accuracy is inversely related to the number of zones
into which the biopsies specimens are separated. The need for localization will be dependent on the
therapeutic options available—if whole gland treatment is the only available option, then localization
may inform nerve sparing or resection margins at radical prostatectomy (RP), whereas a focal ablation approach based on a suspicious MRI lesion rather than a hemi- or quadrantic ablation would
require a more precise zonal localization strategy for biopsies.

3.4.3

Sector-based sampling

Many of the publications on TMB describe a more limited number of biopsies per gland, which is
sometimes termed “saturation biopsies.” Saturation biopsies tend to employ a set number of biopsies
in prespecified regions of the prostate. For example, Symons63 employed a 22-sample protocol from
14 zones in the prostate, irrespective of prostate volume, whilst Gershman et al.64 concentrated their
biopsies on the anterior aspect of the prostate in a cohort of men who had not shown any cancer on a
previous standard transrectal biopsy.
One of the less intensive sampling methods that is being used at Guy’s Hospital in the UK is the
template sectoral approach described by Vyas.65 This approach preferentially, but not exclusively,
targets the peripheral zone by dividing the gland into anterior, mid, and posterior segments targeting
additional basal sectors in glands above 50 cc. The rationale is to reduce biopsies of the transition
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zone in an attempt to minimize bleeding and urinary retention. Others consider that, as around a
quarter of PCa at RP is found in the anterior gland66-70 and there is a relatively low incidence of side
effects with either approach,71 a more intense sampling of the transition zone is justified.

3.4.4

C
 omplications and side effects of template mapping biopsy

When comparing the side effects of TMB, the most notable difference to TRUS biopsy is the incidence
of urinary retention, which varies from 4% to 11%,71-74 compared to 1% to 2% for a standard transrectal approach.74 An advantage is the lower risk of hospital admission for sepsis, which is usually <1%
for a transperineal approach, compared with 3% to 4% for a transrectal approach.74 Some authors
have reported a few men with transient difficulties with erectile function after an intensive transperineal biopsy sampling, but this is not rigorously reported.71
The additional morbidity of general anesthetic is a very small added risk to the patient, yet TMB can
be performed in a limited manner under local and periprostatic anathesia.60

3.4.5

 he diagnostic performance of template mapping biopsy in
T
recent literature

When considering the diagnostic performance of any prostate biopsy approach, it is important to
consider both the helpful diagnosis of clinically significant disease and the unwanted diagnosis of
clinically insignificant disease. The threshold for true clinical significance will depend not only on
the pathological features, but also on the age and health of the patient. Whilst TMB can significantly
increase the diagnosis of clinically significant disease compared to a standard transrectal biopsy, it
will also increase the diagnosis of clinically insignificant disease. When detection of any cancer is
reported, the primary outcome detection rates of 56% to 73% have been shown.63,75
The diagnostic performance of TMB is demonstrated best on direct comparison with standard
transrectal biopsy. Several authors have demonstrated this value in cohorts of patients who have
had previous negative TRUS biopsy with continued suspicion of PCa, reporting detection rates in
the order of 60%.63,75,76 A significant proportion of these lesions were located anteriorly and in areas
commonly under-sampled by standard transrectal biopsy.77

3.4.6

Interpreting the results of template mapping biopsy

Standard transrectal biopsy can lead to inaccurate risk stratification of patients, resulting in either
under- or over-treatment. It is important, however, to be careful that the increase in the detection of
any cancer by an intensive sampling strategy such as that used in TMB does not over-estimate the
risk of the disease in a given individual and prompt unnecessary treatment. In order to assess risk
in an intensive sampling approach, we cannot apply the same absolute measurements of numbers of
cores involved to the prostate, as those approaches that are based on 10 to 12 core transrectal biopsies.
Ahmed et al. at UCL have developed a classification system76 that attempts to address this, and
is useful for both an intensive general sampling strategy and an MRI-directed approach. Ahmed
used 3D computer models of 107 whole mound RP specimens to perform 500 TMB simulations
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per prostate to evaluate the maximum and total cancer core lengths on TMB that are associated
with pathological volumes of 0.2 cc and 0.5 cc at RP. They concluded that a maximum cancer core
length ≥6 mm on a biopsy core represents a lesion with a volume of ≥0.5 cc. A cancer core length
involvement ≥4 mm represents a cancer volume of ≥0.2 cc. These findings, when considered with the
Gleason score detected, are the basis of the UCL risk stratification, with 3-mm Gleason 3+3 or less
being low risk, any secondary Gleason pattern 4 or 4-mm disease being intermediate risk, and 6 mm
of any grade of disease or any primary Gleason pattern 4 being highest risk. These parameters need
to be correlated with long-term outcomes to assess their true utility.

3.4.7

Template mapping biopsy as a reference standard

Template mapping biopsy is currently considered an accurate reference standard ideal for research
use. It has been employed in both large-scale therapeutic and diagnostic trials and research.53,56,59 Its
particular advantages include:
Apart from RP, TMB is the most accurate
benign prostates. This eliminates the signifimethod for mapping the grade and extent
cant bias toward high-risk disease when RP is
of disease in a given prostate. Yet, unlike RP,
used as a reference standard.
TMB can be employed prior to and/or after 5-mm TMB biopsies provide excellent spatial
information on the location and extent of a
treatment, which is particularly useful in
given lesion in the prostate. If categorized
assessing focal therapy modalities.
Most men recommended a prostate biopsy
accurately with detailed coordinate docucan undergo a TMB procedure, allowing
mentation, they can register a 3D representaassessment of a large spectrum of cases rangtion of a histological lesion.
ing from large-volume, high-risk disease to
Template-guided prostate mapping biopsies are the most intensive method of diagnosing and characterizing PCa, short of RP specimens. They are not susceptible to the systematic errors of standard
transrectal biopsy, and can detect disease not well detected by standard transrectal biopsy with an
acceptable side effect profile.
Guideline Statement

LOE
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TMB is the most accurate method of mapping extent and
grade of cancer

4

C

5-mm TMB can provide very good spatial information on
location and extent of cancer in a given prostate

3

B

TMB carries higher risk of side effects than transrectal biopsy

3

B
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3.5

Magnetic Resonance Imaging–
Ultrasound Fusion-Guided
Prostate Biopsy

The ability of mpMRI to localize areas suspicious for PCa has now facilitated directed biopsies potentially outside of the standard systematic 12-core template. Targeted sampling has brought prostate
biopsy in line with that of other solid organ malignancies, in that it no longer relies on indiscriminate
systematic cores but rather targeting of specific areas via image-guidance. Intuitively, it would be
expected that indications would include all those with suspicion for PCa; however, at the current
time cost considerations would necessitate judicious use to maximize the potential benefit of imaging. Accepted indications include those with continued concern for occult malignancy despite a
prior negative TRUS biopsy, and for the determination of candidacy for active surveillance through
confirmatory biopsy.78-82 The integration of mpMRI information with TRUS has occurred primarily
through cognitive fusion or software-based registration platforms via either a transrectal or transperineal approach. Software-based platforms share some steps in workflow, but can differ in image
registration, tracking, and hardware.

3.5.1

Cognitive biopsy

The cognitive fusion biopsy refers to the operator creating a mental registration of lesions using the
prebiopsy mpMRI, and then performing the TRUS biopsy in an attempt to target the suspicious
lesions. This biopsy method requires no additional hardware or software training or their associated
costs, making it the easiest technique to implement in the outpatient setting. Comparative studies
of cognitive fusion biopsy against a standard TRUS biopsy show targeting lesions increases the rate
of cancer detection, as well as more accurately represents the disease burden and Gleason grade.83-85
Transperineal fusion biopsy with mpMRI cognitive recognition was shown to detect equal rates of
clinically significant PCa with fewer cores sampled when compared to a systemic template-guided
transperineal biopsy.86 These concepts have been discussed in greater detail in the first section of
this chapter.
Despite improvement over the status quo, cognitive biopsy does require the user to be able to interpret
MRI and observe US features not routinely given attention. The variability of operator experience
may result in biopsy inaccuracy. A number of additional considerations are required. A particular
challenge, even when anticipated, is that oblique fanning images acquired by TRUS versus true axial
MRI slices can result in inaccuracies in comparative perception.
Multiparametric MRI–TRUS fusion prostate biopsy platforms, “fusion platforms,” have appeared
as a technique to address the shortcomings of cognitive registration. The addition of hardware and
software to merge prebiopsy mpMRI with real-time TRUS images to identify biopsy targets guide
the needle to the target, and archive the 3D location of the biopsy. A prospective comparison of
MR-US fusion biopsy versus visual estimation targeted biopsy demonstrated no difference in overall
cancer detection rate (32.0% versus 26.7%, respectively, p=0.0137) or detection of Gleason ≥7 cancers
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(20.3% versus 15.1%, respectively, p=0.052) on a per-lesion analysis.87 The study did, however, show
that MR-US fusion biopsy improved the cancer detection rate in patients with smaller and anterior
lesions. The PROFUS trial was likely underpowered and, given visual targeting was performed after
fusion biopsy, this may have introduced bias, potentially increasing the accuracy of visual estimation.

Magnetic resonance imaging segmentation
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PRE-PROCEDURE

T2WI

DWI

DCE

Prostate Segmentation/Target Identification

MRI Study With ERC

Overlay of Fused MR-US Images

FUSION BIOPSY

FIGURE 3-3
Multiparametric MRI Images
Are Acquired
T2W imaging, DWI, and
dynamic contrast-enhanced
sequences are performed.
The prostate and lesions
identified on MRI are
segmented. During the
procedure, an 2D TRUS
sweep of the prostate is
performed, shown in the
lower left. The images
are semi-automatically
registered. The image
co-display can be side-byside or superimposed.
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Initial mpMRI is performed with or without endorectal coil. The inclusion of the coil improves signalto-noise ratio and can be especially useful in providing detailed imaging for staging purposes. The
images from the study are used to identify lesions suspicious of harbouring PCa based on anatomical
and functional characteristics of the tissue, and assigned a suspicion score that correlates with the
probability of harbouring clinically significant PCa. The complete workflow is outlined in Figure 3-3.
Segmentation refers to the process by which the T2W MRI image is used to define the outline of the
prostate and targets. Targets may be defined as a geometric center or contoured as a volume with a
sub-region of interest, if desired. After the biopsy targets and prostate outline are identified, the MRI
images are transferred to the biopsy workstation.
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3.5.3

Magnetic resonance imaging–ultrasound registration

After the processed MRI is imported to the workstation, a 2D TRUS sweep of the prostate is
completed to create a reconstructed 3D TRUS prostate volume. Semi-automated US segmentation
of the prostate margins/contour is performed. Registration is the alignment of the MRI prostate
volume with the TRUS volume. Two software registration algorithms, rigid and elastic, may be used
to fuse the MR and US images, and differ in the extent of image distortion allowed for the alignment
(Figure 3-4). Rigid registration permits rotational and translational manipulation of each image
set. In this manner, the anatomy of the prostate and the location of the lesions remain preserved.
Registration errors may occur when the MRI and US prostate shape differ, and are often due to organ
or patient movement, or organ deformation from the endorectal coil. The operator can adjust the
alignment with manual correction, adjustment of targeting, or altering the depth and pressure of the
transrectal probe.88 Elastic registration allows for correction of deformation, warping, and changes in
scale. By manipulating the image outline, the correction may result in the distortion of the internal
prostate architecture, which may be falsely reassuring. Currently, most platforms are capable of both
rigid and elastic registration, allowing the operator to select the registration algorithm that produces
an optimal alignment. An important concept is continuous re-registration of images. Confirmation
of accurate registration includes review of the base, apex, and lateral edges in the axial and sagittal
planes, in addition to rotational adjustment as needed. Prostatic hemorrhage, patient movement, and
organ deformation can alter the registration and, as such, verifying registration after sampling each
target is essential. Co-display of MRI and US facilitate this throughout the procedure (Figure 3-5).

3.5.4

Biopsy tracking

Fusion platforms allow the ability to track and record the position of the needle in 3D space. This
allows the user to understand, on TRUS, the corresponding location on MRI and to guide the needle
toward the target. Tracking is accomplished with three methods: 1) electromagnetic tracking, 2)
position-encoded joints within smart robotic arms, and 3) image-based tracking.
Passive electromagnetic tracking is used by a number of commercially available platforms (UroNav,
Invivo; Virtual Navigator, Esaote; and Real-time Virtual Sonography, Hitachi). This tracking method
uses a magnetic field generator (attached to the table) and sensor (attached to the TRUS probe). The
magnetic field generator introduces a continuously changing magnetic field, which produces variable
electrical current in the sensor of the probe. The electrical signal is used to relate the sensor location
to a 3D position within the field. Electromagnetic tracking maintains a freehand approach, offering a
shallow learning curve since most urologists are familiar with operating a TRUS probe.89
Other fusion platforms (Artemis, Eigen; BiopSee, Pi Medical; and BioJet, BK Ultrasound) utilize
smart robotic arms with position-encoded joints as a tracking approach. The probe of these platforms
is mounted to a mechanical stepper with position sensors. The operator guides the robotic arm while
the angle sensors within the arm relay the position of the probe and needle to the platform computer.90
Though this approach may be unfamiliar to most urologists, adding to the learning curve, the steady
arm of the robotic fixture diminishes mechanical error that may be introduced by the user.
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FIGURE 3-4
The Two Registration
Algorithms Are Rigid and
Elastic Registration
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the prostate.
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Reproduced with permission from
John Wiley and Sons. Source:
Logan JK, Rais-Bahrami S, Turkbey
B, et al. Current status of MRI and
ultrasonography fusion software
platforms for guidance of prostate
biopsies. BJU Int 2014;114(5):641–652.

FIGURE 3-5
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Image-based software registration (Urostation, Koelis) employs the TRUS images alone. This system
acquires a real-time 3D TRUS image from each biopsy and registers it with the 3D TRUS sweep
captured before biopsies are obtained in order to track the needle position. It allows acquisition of the
3D prostate volume data with digitalized location of each biopsy trajectory at every fire of the biopsy
needle. This is a registration system of each 3D TRUS volume data of the prostate with 3D digitalized
coordinates of each biopsy trajectory (i.e. from [x1, y1, z1] to [x2, y2, z2] within the real-time 3D
TRUS volume data in each biopsy). Position tracking without additional hardware and the ability to
use a freehand TRUS probe are both advantages to this approach. This biopsy-tracking system could
provide an opportunity for the 3D TRUS documented biopsy mapping to precisely revisit geographically documented low-risk PCa and to perform serial analysis of cell-cycle progression gene panel.91

3.5.5

Fusion-guided prostate biopsy platforms

There are no available head-to-head comparisons evaluating different platforms and they are, to a
certain degree, unnecessary. Selection of a platform is primarily based on user comfort, and the
majority of those available have published data validating the advantage over systematic biopsy alone.

3.5.6

Electromagnetic tracking

The UroNav platform (Invivo, Gainesville, Florida, USA) has the capability of working with multiple
TRUS vendors including the Philips, General Electric, and BK Ultrasound systems. Additionally, the
UroNav can integrate with commonly used picture archiving and communication systems.
The patient is placed in a lateral decubitus position on the table, to which an electromagnetic field
generator is fixed. Adequate analgesia is accomplished by applying lidocaine jelly in the rectum. The
operator uses a TRUS probe attached to an electromagnetic tracking device to perform a sweep of the
prostate, thus generating a 3D TRUS image that will be semi-automatically registered to the MRI data.
Rigid and elastic registration adjustments can be made to enhance the alignment, and may be repeated
as necessary for the duration of the procedure.
The US and MR images are displayed side-by-side or as overlays on the UroNav interface, with a blending slider for adjusting image transparency. The tip of the needle is in close proximity to the lesion of
interest, and spring deployment of the needle acquires the cores in the axial and sagittal plane.92 Once
the needle biopsy is taken, mapping is used to archive the location of the biopsy.
The UroNav system requires conventional TRUS skill sets that would be familiar to many urologists
and, as a result, the learning curve for this system is relatively low. After recent technical improvements, tracking error has been reported to be under 3 mm.93 Initially developed with rigid registration, the UroNav now incorporates elastic registration and availability of a transperineal platform.
Siddiqui et al. demonstrated that fusion biopsy with the UroNav platform outperformed systematic
biopsy in detecting high-risk PCa.94 In this prospective study, patients underwent a fusion biopsy
with the UroNav platform with a concomitant standard biopsy. Comparison of cancer detection rates
revealed that fusion biopsy diagnosed 30% more high-risk PCa than systematic biopsy. Additionally,
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fusion biopsy diagnosed 17% fewer low-risk cancers. These findings suggest that fusion biopsy with
the UroNav platform may not only provide greater sensitivity for detecting PCa, but may also alter the
distribution to favour the diagnoses of high-risk disease.
The Virtual Navigator (Esaote, Italy) and Real-time Virtual Sonography (Hitachi, Japan) are both
fusion platforms originally designed to fuse real-time US data with other conventional imaging
modalities such as computed tomography (CT), positron emission tomography (PET)-CT, or MRI
for other procedures such as hepatobiliary interventions.95 The platform was later adapted for use in
prostate fusion biopsies. Like the UroNav platform previously described, the Virtual Navigator and
Real-time Virtual Sonography utilize a freehand TRUS technique with an external electromagnetic
field generator for tracking.89 The Virtual Navigator semi-automatically registers the 3D TRUS image
with the MRI data with rigid registration only, and consequently is prone to errors in local registration.88 The Real-time Virtual Sonography platform may be applicable in transrectal as well as transperineal biopsies. Although the data on these two platforms are limited, both have shown higher
cancer detection rates compared to a standard TRUS biopsy.96 A study by Miyagawa et al. compared
fusion biopsy using the Real-time Virtual Sonography against a standard TRUS biopsy in patients
with an MRI lesion suspicious for cancer and elevated PSA after a prior negative prostate biopsy. With
a combined approach, cancer was detected in 52/85 (61%) enrolled patients. Of these 52 patients, the
targeted biopsy with Real-time Virtual Sonography alone detected cancer in 18 patients, whereas
random biopsy alone detected cancer in 7 patients.

3.5.7

Mechanical position encoders

FIGURE 3-6
The Artemis System
Comprises a Robotic Arm
With Angle-Encoding
Sensors
The software is able to
present the segmented lesion,
image plane, and prostate
surface map with 12-core
biopsy plan. This system
incorporates navigation and
mapping to archive core
locations for future reference,
including resampling if
required.
Image courtesy of Eigen.

The Artemis platform (Eigen, California, USA) utilizes an endfire TRUS probe held by a robotic arm
containing angle-sensing encoders within the arm’s joint. Sensing encoders track the position of the
probe in 3D space (Figure 3-6). The patient is positioned in the lateral decubitus position at the edge
of the bed in order to align with the arm of the robot. The Artemis platform uses independent Eigen
ProFuse software to build a 3D prostate model using the prebiopsy MRI, and the targets for biopsy
are identified. These MRI data are semi-automatically aligned with the TRUS images obtained from
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the initial sweep. Navigation capabilities aid in guiding the operator to the targets, and the system
records the location of the biopsy site. With this, the operator can return to the site of biopsy within
2 to 3 mm of accuracy. A recent analysis of combined MR-US fusion/systematic versus MR-US
fusion alone versus systematic biopsy alone revealed an improvement in the diagnosis Gleason ≥7
PCa, with a combined approach (35.0% versus 27.8% versus 24.1%, p<0.01). This study utilizing the
Artemis device demonstrated the added value of fusion biopsy to systematic biopsy, but also revealed
that targeted biopsy is not without shortcomings. Sixteen percent of patients without MR lesions
harboured clinically significant PCa on systematic biopsy, which also identified 15 additional patients
with high-risk disease (Gleason ≥8) that was missed with MR-US fusion alone.97
The BiopSee platform (Pi Medical, Greece) contains a TRUS probe on a mechanical stepper fixed to
the operating table, and sampling is conducted via transperineal approach. The depth and rotational
position of the probe is tracked with embedded encoders within the arm of the mechanical arm of
the stepper. The hardware poses a limitation in the range of motion, increasing the learning curve for
operating the platform.
The BioJet platform (BK Ultrasound, Peabody, Massachusetts, USA; DK Technologies, Barum,
Germany) uses a TRUS probe attached to a mechanical arm containing angle-sensing encoders.
Unlike the BiopSee platform, the BioJet platform is capable of both transrectal and transperineal
biopsies. Rigid registration is employed; however, elastic registration has now been piloted.98 Kuru et
al. demonstrated the platform’s superior ability to detect clinically significant PCa when compared
to a standard TRUS biopsy (30% versus 8.2%, p=0.01) in a 347 biopsied patients using the BiopSee
platform.99 In this trial, both biopsy-naive and previously TRUS biopsy–negative patients underwent
a standard biopsy and MRI-US fusion biopsy. The respective biopsy cores were pooled to determine
the cancer detection rate. Targeted biopsy was positive in 386 of the 1,281 cores (30%), while systematic biopsy only yielded 523 positive cores of the 6,326 cores taken.

3.5.8

Image-based tracking

The Urostation platform (Koelis, France) is similar to the other platforms, as pre-procedure MRI
data, freehand 3D probe manipulation, rigid registration, and elastic registration are all employed.
However, unlike the other platforms, this system uses an image-based registration to track the position of the needle. A 3D panoramic volume is generated with the TRUS and registered with the prebiopsy MRI data with target information. As each biopsy is obtained, the operator acquires a 3D-TRUS
image by holding the probe in place for a 3-second interval. This image is registered to the reference
panoramic TRUS volume. Baco et al. demonstrated that MRI/TRUS fusion targeted biopsies using
the system can reliably predict the location and primary Gleason pattern of an index tumour with
90% or greater accuracy.100 A recent randomized controlled trial using the system revealed a similar
rate of PCa detection between targeted biopsy guided by MRI/TRUS and 12-core random biopsy.
The traditional 12-core random biopsy may be replaced by two-core MRI/TRUS targeted biopsy for
detection of clinically significant PCa.101
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The addition of mpMRI and targeted biopsy has undoubtedly improved the diagnosis and risk stra
tification of PCa. One systematic review reported an equivalent diagnosis of clinically significant
cancer among targeted and systematic biopsies but with a lesser number of cores needed to obtain the
same information (3.8 versus 12 cores) with targeted biopsies.102 Targeted biopsy did, however, lead
to a 10% reduction in the diagnosis of clinically insignificant cancers. In the future, the indications
for fusion biopsy will expand as prospective trials build on our current knowledge. Image-guidance
will enter and remain within the paradigm of PCa diagnosis, though its optimal role will continue
to evolve and be defined.
Guideline Statements
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MRI-TRUS guided fusion targeted biopsy can lead to increased
detection of high-risk PCa
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MRI-TRUS guided fusion biopsy can lead to decreased
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4.1

Energy Sources and Ablation

4.1.1

High-intensity focused ultrasound ablation

4.1.1.1
History
Treating tissue using high-intensity sound waves originated at the beginning of the 20th century. In
1927, the London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science published a
paper by Wood and Loomis entitled, “The Physical and Biological Effects of High-Frequency SoundWaves of Great Intensity.”1 In this paper, Wood and Loomis described one of the first experimental
setups designed to generate high-intensity sound waves by using a piezo-electric oscillator made of
quartz running at 3.33 kHz immersed in an oil bath. With this setup, the experimenters raised a
150 g object approximately 7 cm by what they excitedly described as “a fountain of oil drops,” with
the additional result of burn wounds on their hands.
It was not until 1950 that the notion of an ultrasound (US) wave-induced temperature effect intended
for medical use was extensively investigated by the Fry brothers.2 Based on their efforts, the physical
mechanism was translated into a neurosurgical device that allowed for high-intensity focused ultrasound (HIFU) treatment.
Sometime later in the mid-1990s, HIFU was used again and described as a device for ablative cancer
therapy in a review paper by Vaughan, Hill, and ter Haar, with the potential for use in the liver, bladder, kidney, prostate, breast, and brain.3,4 Soon after this review paper was published, the first applications of HIFU in prostate cancer (PCa) treatment emerged in medical literature, with descriptions of
its use in treating 28 patients by Madersbacher et al.5
4.1.1.2
Principles and state-of-the-art techniques
High-intensity focused ultrasound
In the field of ablative techniques, HIFU is unique in that it is not necessary to insert a probe into the
target tissue, making it the only truly non-invasive ablative technique. The physical principle behind
state-of-the-art HIFU is based on the creation of a focus with the US waves. High-intensity beams
can readily be achieved using lens, curbed transducer, or phased array–focusing procedures and, by
choice of a suitable acoustic frequency, regions of tissue destruction can be induced (Figure 4-1).
By focusing at more than one place or by scanning the focus, a volume of tissue can be ablated
(Figure 4-2).
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FIGURE 4-1
Tissue Attenuation Curves for
Different Tissue Types
By choosing a specific
frequency, different tissues
can be ablated.

FIGURE 4-2
Different HIFU Intensity
Settings
A A focus in US is
either created by a
curbed transducer or a
phased array.
B Vessel disappearance and
cellular destruction by
thermal coagulation.
C Superficial vessel
disappearance and cellular
destruction by thermal
coagulation, accompanied
by small cavitational
stress waves.

A

B

C

Hyperthermia versus cavitation
Using focus techniques, HIFU can destroy tissue via two methods: hyperthermia and cavitation.
Hyperthermia, also called thermal ablation, uses high energy to produce heat, raising the local
temperature above the denaturation temperature of proteins, thereby inducing cell death. Cavitation
occurs when acoustic intensities are high enough to create microbubbles that interact with the acoustic field. As the microbubbles grow, they implode, resulting in the shockwaves and microjets that
can mechanically damage tissue. This process can be rather unpredictable and is therefore usually
254

SIU-ICUD JOINT CONSULTATION ON IMAGE-GUIDED THERAPIES FOR PROSTATE AND KIDNEY CANCERS

avoided in clinical applications.6 The HIFU ablation zone is formed primarily at the focus location.
As it travels through the tissue away from the focus location, the intensity of the generated HIFU
field decreases exponentially. This is described by the US attenuation coefficient (Figure 4-1). For
HIFU, frequencies in the range of 600 kHz to 7 MHz are used, depending on the application type
and the penetration depth. Intensity and pressure values range from 1.000-25.000 watts per cm2 and
3-100 MPa, respectively. During a single sonication, the temperature within the focal point should be
between 60°C and 95°C to induce tissue coagulation and necrosis.7
4.1.1.3
Future
Novel ablation systems aim to ablate three-dimensional (3D) volumes of tissue, and special highpower output transducers are recently available to ensure ablation zones without gaps. Nonetheless, a
single ablation of a lesion is still time consuming due to the small volume that is generated. Between
each single sonication, there is a necessary defined cooling time in order to protect adjacent healthy
tissue from heat accumulation and overheating. To overcome this obstacle several techniques have
been developed. One possibility is to enlarge the US focus size, preserving the transducer’s aperture
and the focused characteristic of the sound field. Additionally, optimized scan algorithms or the
use of exogenous cavitation microbubbles have been proposed.8 The latter, however, is more critical
with respect to unintended adverse effects such as overheating and uncontrolled ablation zones. Still,
exogenous microbubbles are increasingly researched to localize PCa using US, and the combination
might be the clear future for image-guided HIFU treatment.

4.1.2

Laser ablation

4.1.2.1
History
When Gordon, Zeiger, and Townes invented the first version of light amplification by stimulated
emission of radiation—a laser, which they originally termed maser—in a laboratory of Columbia
University, they may have envisioned a wide variety of medical applications.9 Based on Einstein’s
predictions, they achieved the first amplification and generation of electromagnetic waves by stimulated emission, an accomplishment that earned Townes jointly a Nobel Prize in Physics in 1964.
Obviously, these ammonia-based systems were not very practical in use. In 1960, Theodore Maiman at
Hughes Research Laboratories constructed the first operational laser. It was designed with a synthetic
ruby rod of 1 cm by 2 cm with silver-coated endings which functioned as reflectors that allowed for
the lasing process.10 An industry of commercially available lasers was created, and their first applications in medicine began to emerge. In 1963, Goldman et al. demonstrated the use of experimental
laser therapy in skin11 and retinal surgery.12 In 1964, the Nd:YAG (neodymium:yttrium-aluminumgarnet) laser and CO2 (carbon dioxide) lasers were developed at Bell Laboratories. The CO2 laser is
a continuous-wave gas laser that emits infrared light at 1060 nm in an easily manipulated, focused
beam that is well absorbed by water. Because soft tissue consists mostly of water, researchers found
that a CO2 laser beam could cut tissue like a scalpel, but with minimal blood loss.
Novel surgical applications emerged after the invention of fibre optics by Kao at the Standard
Telecommunications Labs (jointly awarded Nobel Prize in Physics 2009). This new technology
allowed for the delivery of light at the tip of a flexible glass fibre, enabling the use of lasers inside the
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human body. Müssiggang and Katsaros demonstrated the first use of a laser in the prostate in 1971.13
Nevertheless, it took until 1992 for Costello et al. to demonstrate the use of a laser as an ablative
method in benign hypertrophic prostates.14
4.1.2.2
Principles and state-of-the-art techniques
Laser
Light amplification by stimulated emission of radiation can be achieved by pumping external energy
into a gain medium. As light of a specific wavelength (colour) passes through the gain medium, it
is amplified. If the medium is confined between two mirrors (one of which is typically more transparent than the other), the light is “trapped” and begins to travel back and forth through the gain
medium. As a result, the light amplifies more and more energy by generating more light waves of the
same nature (population inversion). When energy levels are high enough, called the lasing threshold,
the laser beam is coupled out of the more transparent of the two mirrors, and lasing of coherent light
occurs. Coherence is the creation of high-energy light of the same wavelength in a small area over a
very long distance, hence the term “laser beam.”
FIGURE 4-3
Short and Long Pulsed
Thermal Coagulation
A Vessel disappearance and
cellular destruction by
thermal coagulation.
B Superficial vessel
disappearance and cellular
destruction by thermal
coagulation, occasionally
accompanied by small
cavitational stress waves.
C Vessel wall rupture and
cellular destruction
by large cavitational
stress waves.

A

B

C

Continuous wave versus pulsed
There are two main modes of operation of a laser emitter, continuous wave (CW) and pulsed. Using
a CW laser usually leaves a thermal coagulum at the boundary of the treated area. This coagulum
can impede the healing process or induce unwanted repair mechanisms and eschar formation. A CW
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laser with relatively moderate irradiance can easily reach temperatures of 60°C to 100°C. A pulsed
laser is able to reduce heat transfer to surrounding tissues by emitting a thermal energy shorter than
the thermal relaxation time of tissue.
In general, pulsed ablation is a trade-off between thermal damage to surrounding tissue caused by
relatively long pulses (>15 ms) and mechanical damage to surrounding tissue caused by relatively
short pulses (<15 ms). A short laser pulse can create thermoelastic expansion and recoil of tissue,
which in turn can lead to stress waves that propagate with the speed of sound or even faster, as
in the case of shockwaves. If the laser pulse length is shorter than the time it takes for the stress
wave to propagate out of the irradiated tissue volume, large stress peaks can be reached which, in
turn, may inflict damage to the probed and surrounding area. In summary, a CW laser produces a
large thermal response with less control over the treatment area or cutting intersection, whereas a
pulsed laser produces a controlled thermal response with possible induction of mechanical damage
by shockwaves.15
Wavelength-scattering and absorption
A laser beam that encounters the tissue surface may be completely reflected, transmitted (in the case
of transparent tissue), scattered, or absorbed. Scattering and absorption are two main properties of
light and tissue interaction that determine light propagation and subsequently the efficiency of ablation. A scattering event changes the direction of light propagation and is usually determined by the
light scattering content of cells in tissue. Absorption occurs when a specific wavelength of light is
absorbed by a chromophore, subsequently converting the light’s energy into heat energy. Each tissue
type has its own specific scattering properties and set of absorbing chromophores for which a laser
system that operates at a certain wavelength is optimal. Known absorbers for prostate tissue are similar for most tissues and include water, hemoglobin, and proteins. Figure 4-4 is a graph of wavelength
versus absorption for different tissue absorbers and lasers that operate at these wavelength regimes.
FIGURE 4-4
Tissue Absorption
Spectrum With the Four
Main Absorbers
Specific absorption peaks
are found between 500
to 600 nm for hemoglobin,
1200 to 1220 nm for fat, and
from upwards of 1200 nm
for water.
Abbreviations: IR, infrared; NIR,
near infrared; UV, ultraviolet.

The output geometry of the optics (i.e., the employed fibres) used to deliver the light will also influence ablation efficiency. The combination of optics, wavelength, and delivered energy determines the
penetration depth into tissue.16,17 Consequently, low scattering and absorption of water and hemoglobin can generate deeper tissue damage.
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4.1.2.3
Future
With the development of diode lasers for the whole visible and nearly the whole infrared spectrum,
a much more easily applicable range of laser systems has become available. These diodes are very
energy efficient, permitting the minimization of their cooling system. Improvements in the design
of high-power diode laser sources have made medical laser systems smaller, more portable, more
powerful, and less expensive than those of previous generations. For PCa, quartz fibres with a diameter of 300 µm to 600 µm and a diffuser on the tip have replaced bare fibres.18 In the future, smart
fibre tip solutions might further increase ablation efficiency.
Combining novel solid-state diode lasers with another fibre design has resulted in currently available
lasers that operate at 532 nm, hence the name the green laser. This laser operates at CW and pulsed
modes, and gives more control due to the small penetration depth of green light. Active cooling of the
fibre tip minimizes damage to the fibre that can result when the fibre overheats. However, because of
their high power (≤180 W), careful use is necessary.

4.1.3

Photodynamic therapy

4.1.3.1
History
Although photodynamic therapy (PDT) was developed for clinical use only relatively recently, the
foundations of the concept were laid as early as the beginning of the 20th century when Raab noted
that certain wavelengths of light were lethal to paramecia exposed to acridine and certain other
dyes.19 By 1903, researchers had already translated this knowledge into the treatment of skin cancer
and named this photodynamic action.20,21
From the beginning, a vast amount of research went into understanding photobiology and cancer
biology. The most explored class of chemical compounds in PDT today, the porphyrins, were investigated by Meyer-Betz as early as 1913 for the accumulation of hematoporphyrin and its derivatives
in rat tumours and PDT effects following systemic administration.22 However, many years went by
before Thomas Dougherty and coworkers at Roswell Park Cancer Institute in Buffalo, New York,
clinically tested PDT again for its use in cancer therapy. In 1978, striking results were published in
which 113 cutaneous or subcutaneous malignant skin tumours were treated and a total or partial
resolution of 111 tumours was observed.23
Parallel to these developments, novel light sources were becoming available and lasers and optical
fibres were readily implemented (see section on laser ablation), making the therapy a viable option
for clinical research. In 1996, the first canine prostates were experimentally treated by Chang et al.,24
quickly followed by the first human experimental tests using less toxic compounds.25
4.1.3.2
Principles and state-of-the-art techniques
Two-stage process
Photodynamic therapy is a two-stage process that involves a) the interaction between light with a
photosensitive agent (administrated either orally or intravenously) and b) the interaction between
the agent and oxygen present in tissue (Figure 4-5).26 Interaction between laser and tissue was briefly
described in the section on laser ablation. For most PDT treatments, infrared and near-infrared
light is used for optimal tissue penetration and light distribution. When illumination is sufficient,
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absorption of light by the photosensitive agent creates a chain reaction that induces the release of
singlet oxygen and antioxidants. The singlet oxygen can directly kill tumour cells by the induction
of necrosis and/or apoptosis. It can also cause destruction of tumour vasculature, and produces an
acute inflammatory response that attracts leukocytes, such as dendritic cells and neutrophils. In
summary, PDT is a two-stage process, the first stage involves light and is governed by the physics
behind light-tissue interaction, and the second stage involves a photosensitive agent and is governed
by cell biology and biochemistry.
FIGURE 4-5
Photodynamic Therapy
Procedure
A PDT employs a
photosensitive
agent, which is
usually administrated
intravenously. The
photosensitizer
accumulates in malignant
tissue because of
a preference for
overexpressed tumour
lipoproteins and leaky
neovasculature.
B The photosensitizer is
illuminated with a nearinfrared (NIR) light source.
Only the illuminated tissue
is ablated by activation
of free radicals, reactive
oxygen species (ROS), and
leukocyte infiltration.

A

B

C

Pharmacological uptake
The efficiency of pharmacological PDT uptake relies on two principles. First, the hydrophobic and
lipophilic photosensitive agent has a higher affinity for malignant tissue. This is due to a preference
for overexpressed lipoproteins in malignant cells, which is amplified even more by the increased
acidic environment in a tumour. Second, neovascularization of tumours allows for the accumulation
of the agent. Neoplastic angiogenesis usually results in the development of leaky vasculature, which
increases the presence of the photosensitizer in the tumour cells.
Biochemistry and activation
In its basic state, the photosensitizer is biochemically inactive and stable. When illuminated, the drug
goes into an excited state, and the excess energy is restored by (a) the release of heat and (b) emission
of fluorescent photons, and is (c) transferred into the intermediate triplet state. It is in this triplet
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state that the cytotoxic action of the photosensitizer appears. Simultaneously, the oxidoreduction
reactions lead to the formation of radical intermediates (type 1 reaction), and energy transfer from
the photoexcited sensitized reactions leads to the formation of the highly cytotoxic singlet oxygen
(type 2 reaction). This type 2 reaction is usually dominating and leads to apoptosis and necrosis.
Subsequently, the photosensitizer is destroyed by the singlet oxygen and the radical intermediates.
This decrease of efficiency over time is called photobleaching (Figure 4-6).27
FIGURE 4-6
Photosensitizer Mode
of Action
When illuminated, the
photosensitizer goes into
an excited state and the
excess energy is restored
by emission of fluorescent
photons and transferred
into the intermediate triplet
state. Simultaneously, the
oxidoreduction reactions
lead to the formation of
radical intermediates (type 1
reaction), and energy transfer
from the photoexcited
sensitized reactions leads to
the formation of the highly
cytotoxic singlet oxygen (type
2 reaction).

4.1.3.3
Future
Prostatic PDT will benefit from the same advances in light source developments as regular laser ablation. Novel, cheaper, and easier-to-use light sources are being developed with novel endoscopic light
sources or needle-based probes for interstitial treatment. Additionally, PDT, which targets specific
cells or tissue locations, is being developed and tested. A photosensitizer named WST11, which
targets the vasculature of PCa, has been advanced from its dermatological predecessor, and its first
trials in PCa are underway.28 Moreover, Aguilar et al. are intensively researching improved delivery
mechanisms. This latest research line focuses on liposomal drug delivery systems that will improve
the efficacy and efficiency of photosensitizer distribution of PDT.29

4.1.4

Cryoablation

4.1.4.1
History
The process of destroying or damaging tissue by extreme cold was first described by James Arnott
in 1845 using crushed ice and saline solutions to reach temperatures between –18°C and –24°C.30
Arnott went as far as designing an apparatus for controlled delivery of cold temperatures for skin
anesthesia, which was shown at the Great Exhibition in London. Well before it was used therapeutically, however, the Egyptians had already known about the pain-relieving and inflammation-reducing capabilities of cold temperatures as early as 2500 BC.31 After the description by Arnott, medical
developments for cryotechnology followed each other quickly. Progresses in cooling of gases resulted
in the first clinical application of liquid air (–190°C) in 1899 by a New York City physician, Campbell
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White, who used either a swab, a spray, or a brass roller device to treat skin cancer.32 Following
World War II, liquid nitrogen (–196°C ) became commercially available. Irving Cooper and Arnold
Lee built a cryosurgical probe that became the blueprint from which every subsequent liquid nitrogen cryosurgical probe has been designed.33
Prostate cryosurgery followed in the mid-1960s, when Gonder and colleagues were the first to develop
a modified apparatus and probes suitable for the transurethral freezing of prostatic tissue.34 This was
extended by Flocks and colleagues to a perineal approach to the gland.35 Between 1961 and 1970, other
cryosurgical apparatuses were developed using liquid nitrogen and other cryogenic agents, including
nitrous oxide, carbon dioxide, argon, ethyl chloride, and fluorinated hydrocarbons. Clinical applicability however was derived from the understanding of the Joule-Thomson effect, which is still the
fundamental basis of modern cryoablation devices.36
4.1.4.2
Principles and state-of-the-art techniques
Joule-Thomson
The Joule-Thomson effect was named in honour of James Joule and William Thomson (better known
as Lord Kelvin), who discovered that when a gas is expanded through a pinhole valve, its temperature
decreases. They discovered that in gases such as argon, the gas atoms stick to each other, whereas in
others, such as helium, they repel each other. A sticky gas packed into a small volume at high pressure is subject to numerous interactions with relatively low internal energy. After being released into
a larger volume at a lower pressure, the molecules are subject to less interaction and have a larger
internal energy. The conversion from a low-energy state to a high-energy state consumes energy,
which is drained from the environment, resulting in a drop in temperature. Conversely, using a gas
with repelling forces, a rise in temperature will occur, and the combined application of sticky and
repelling gases will give control over freezing and thawing of tissue.37
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FIGURE 4-7
Photodynamic Therapy
Procedure
A Using a probe that allows
active freezing and
thawing, a large frozen
zone can be created.
B Freezing tissue to –40°C
results in crystals that
form primarily in the
intracellular space.
C Subsequent thawing
increases the crystal
size, resulting in large
cellular membrane rupture,
followed by necrosis.

A

B

C

Vascular injury
Cryogenic methods for damaging tissue can be categorized by two different mechanisms of action:
cellular injury and vascular injury. Cellular injury is mainly immediate, and vascular injury is largely
delayed. Destruction of the vascular network and subsequent hypoxia of the probed tissue is considered to be the main mechanism of cell death in cryoablation. Vascular injury, which is slower to take
effect, results from the progressive failure of the microcirculation, ultimately leading to vascular stasis
and subsequent necrosis.38 Freezing leads to vasoconstriction and a subsequent decrease in blood
flow. Thawing will restore blood flow; however, damage to the endothelial layer leads to increased
permeability of the capillary walls, edema, platelet aggregation, and microthrombus formation.38
Cellular injury
Cellular injury is induced by the formation of ice crystals, which in turn results in tissue desiccation.
Crystallization occurs at –15°C; however, a temperature of –40°C ensures intracellular ice formation. When freezing cells slowly, crystal formation initially occurs in the extracellular spaces, which
withdraws water from the system and creates a hyperosmotic extracellular environment. This, in
turn, draws water from the cells. Freezing cells rapidly does not allow time for water to leave the cells
and therefore keeps their solute freezing point higher. In this situation, the solution-effect injury is
secondary to the results of intracellular ice crystal formation. The effect of thawing is that the ice crystals fuse and increase in size. As a result, cell membranes rupture, which causes additional damage.38
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FIGURE 4-8
An Example of a FreezingThawing Cycle for
Prostate Tissue
The overall freezing-thawing
cycle takes about 25 to
30 minutes, starting with
freezing until the –40°C
point is reached. This
temperature is held for 5
minutes, after which passive
thawing reaches a plateau
of about 30 seconds. After
this plateau phase, a cycle
of active thawing and
freezing is initiated until
a temperature of 5°C is
reached. The complete cycle
can be repeated if needed.

4.1.4.3
Future
Novel innovations in cryotherapy range from new freezing equipment that does not require gas as a
cooling mechanism, to improved use of knowledge of freezing and thawing cycles. Recent equipment
developments have led to systems that do not need a cryogenic gas or liquid, which presumably makes
the system easier in use and transport. Additionally, cryoablation leaves behind a mass of dead cells,
which the immune system can perceive as a threat. By adding immune-modulating drugs to a treatment protocol, the immune system can be altered and optimized for improved tumour cell removal.

4.1.5

Irreversible electroporation

4.1.5.1
History
One of the first descriptions of electroporation was mostly likely by J.A. Nollet in 1754. In his book,
Nollet described a set of experiments in which red spots appeared on the skin after electric sparking.39
This experiment was repeated by J.P. Reilly, who related the red spots to stratum corneum degradation.40 Studies on the effects of electricity on biological materials intensified in the 18th century. J.W.
Ritter studied the effects of direct currents and alternating currents on muscle tissue324, previously
described by Alessandro Volta325. Ritter observed that a contraction occurred when a strong current
passed through a muscle nerve, an observation that was later called Ritter’s opening tetanus.324
G.W. Fuller reported the first work on irreversible electroporation (IRE) in 1898. In an experiment
designed to purify the water of the Ohio River, he found that multiple high-voltage discharges applied
to a sample of water had some bactericidal effects. Fuller’s reported bactericidal effect is most likely
due to IRE, based on the methods in which IRE is currently used for sterilization of fluids.41 Because
the formation of pores in cell walls had not yet been established, it is important to note that authors
attributed such results to the thermal effects of electrical fields on biological materials.42 It was not
until the 20th century, in 1936, that McKinley concluded that damage caused to living tissues by
high-frequency fields (10–100 MHz) cannot solely be from a thermal origin, particularly in the case
of nervous tissue. This was confirmed by Doevenspeck in 1961, who described the use of electrical pulses to break apart cellular components for industrial food-related processing of animal meat
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through non-thermal means. However he considered the effect to be non-thermal if the temperature
increase was at most 30°C.43 Towards the end of the 1960s, it was known that electrical pulses have a
permeabilizing and thermal effect on the cell membrane. In the following years, most research was
focused on the field of reversible electroporation. From 1990 to 2000, its mechanics, physics, and
use to facilitate drug delivery were mainly studied, and in recent years interest turned to IRE as a
tumour ablation modality.44 In 2004 Davalos and Rubinsky filed a patent that proposed the use of
IRE for tissue ablation.45 In a subsequent paper, the technology was described as non-thermal with
important implications in post-treatment healing,46 and the first tests to treat cancer were reported
in liver cells.47 Ablative procedures with IRE in the prostate were first reported using canine prostates
by Onik et al.,48 and the first human applications were explored in 2007 by Rubinsky and colleagues.49
4.1.5.2
Principles and state-of-the-art techniques
Generator and electrodes
An IRE device consists of a low-energy direct current (LEDC) generator capable of connecting
(16-gauge needle) electrodes. Various parameters to be adjusted in IRE ablation include voltage,
pulse number, pulse length, electrode number, and electrode spacing. Irreversible electroporation
procedures take place under general anesthesia with additional muscle relaxation in order to prevent
severe muscle contractions that result from the electrical pulses. Irreversible electroporation pulses
have the potential of causing cardiac arrhythmia, therefore synchronization of the IRE pulses with
the cardiac rhythm is advised. This is performed by interfacing a synchronization device with the
IRE console. The IRE electrodes are placed in a similar fashion to radiofrequency (RF) ablation or
cryoablation probes. Parallel insertion of the probes is important to ensure an equal distribution of
the electrical field. Generally practiced IRE settings for tumour ablation are: electrode spacing of
15 mm to 20 mm, electrode tip exposure of 15 mm to 20 mm, 70 to 90 pulses of 70 µs to 90 µs each,
which are synchronized with an electrocardiogram, and a pulse intensity of 1500 V/cm. Due to fast
repetition and microsecond pulse length, an IRE pulse cycle lasts only 5 to 10 minutes.
Electroporation effect
Electroporation or electropermeabilization uses an electrical pulse to create temporary pores in
cell membranes. An electrical pulse at an optimized voltage that only lasts a few microseconds to
a millisecond is discharged through the cell suspension. This disturbs the phospholipid bilayer of
the membrane and results in the formation of temporary pores. These pores can remain open for a
certain amount of time before they close again, and if the time is short enough the process is reversible. With the right voltage and pulse length, the pores can remain open long enough to make this
process irreversible and result in apoptosis.50
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FIGURE 4-9
Irreversible Electroporation
Procedure
A A blation with
electroporation is partially
accomplished by the
formation of pores in the
phospholipid membrane
of cells. With the right
voltage and pulse length,
the pores can remain open
long enough to make this
process irreversible and
result in apoptosis.
B Simultaneously, theory
and experiments have
demonstrated a lethal
thermal effect in tissue in
clinically practiced settings.
C The resulting ablated
area might be a combined
result of the electrical and
thermal field.

A

B

C

Thermal effect
It is known that the application of repetitive high-intensity electric pulses has the potential of substantially heating the targeted tissue and in effect causing thermal damage. Lethal cellular damage will
occur within 4 to 6 minutes at temperatures above 50°C and almost instantaneously when temperatures exceed 60°C. van Gemert et al. performed a mathematical temperature simulation based on
the electrical and thermal properties of prostate tissue in combination with clinically practiced IRE
settings. Using an electrode spacing of 1 cm, the estimated temperatures reached between 92°C and
67°C at a distance 0.5 mm to 5 mm from the probes.51 This was confirmed by in vivo experiments
in porcine kidney by Wagstaff et al.52 This temperature increase was not yet observed in prostate
tissue. Although the presence of nanopores following the delivery of electrical pulses has been visualized using electron microscopy, it remains unclear whether these pores are the true mechanism of
IRE-induced cell death.53
Advantages
Nevertheless, IRE appears to offer a number of advantages. First, it is not dependent on thermal
energy and is therefore not influenced by “thermal sink.” Second, IRE is confined to damage of the
cell membrane, sparing tissue architecture and minimizing damage to blood vessels, nerves, and
the renal collecting system. Irreversible electroporation lesions show a sharp demarcation between
ablated and non-ablated tissue, whereas thermal ablation techniques show a transitional zone (TZ) of
partially damaged tissue where insufficient temperatures were reached for definitive ablation.
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FIGURE 4-10
Temperature Development
Using Different Voltage
Configurations
Temperature development
during IRE over time for
various voltages measured
in a gel phantom with
tissue mimicking electrical
conduction properties using a
thermal camera.
Adapted from van den Bos, et al. J
Vas Interv Radiol. 2016;27:433-443.326
Printed with permission from authors.

4.1.5.3
Future
Since the effects of IRE appear to be a both thermal and due to electroporation, ideas have been developed on the use of novel pulse trains that will reduce the thermal component. It has been hypothesized that adapting these intervals to longer time periods between the pulse trains allows the tissue to
reduce heat. Additionally, the ability to treat large volumes is also under debate. Specifically, common
lesion sizes with an IRE double-needle electrode system are only in the range of single centimetre.
Larger lesion sizes can be created by introducing more needles. However, it was shown by Cannon et
al. that this might hamper the precision needed to treat larger lesions and that eradication efficacy was
lower for multiple-needle placements.327 Recent research suggest that this is improved by optimized
pulse timing.54 Finally, thermal effect might also be reduced by the use of cooling during IRE. Future
attempts to achieve truly cold IREs might restore all previously claimed benefits of the procedure.

4.1.6

Radiation oncology

4.1.6.1
History
The discovery of x-ray radiation by Wilhelm Röntgen in 1895 started an exciting era and field of
physics and medicine.328 However, several years before this invention, a medical student in Chicago
named Emil Grubbe saw the peeling of his skin after radiation exposure and decided to treat a woman
with locally advanced breast cancer.328 One year after Röntgen’s discovery, the first diagnostic x-ray
was made, and Antoine-Henri Becquerel discovered that certain elements spontaneously emitted
rays or subatomic particles from matter, a property that came to be known as radioactivity.328 Pierre
and Marie Curie extended this work when they discovered the radioactive elements polonium and
radium.328 During their experiments, they found that radium was able to kill diseased cells, the first
observation of treatment capabilities by radiation.328 This jump-started the field of radiation medicine and although the mechanism of action was unknown, cases of cancer regression were reported,
as well as harmful effects when used inappropriately.328 Most novel ablative technologies were not
researched further during both world wars, with the exception of radiation, which was studied and
used extensively as a diagnostic device.328 Soldiers were trained to become radiation technologists,
and in 1917, a brachy approach for the prostate was employed by Barringer et al. using a transperineal
needle implant.329 From 1910 to 1960, physicists and biologists continued to discover how radiation works and how to measure a dose accurately.328 In 1953, the rad (1 rad = 100 ergs/g = 10 µJ/g)
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was introduced as the unit of absorbed dose. In 1970, this was redefined to gray (joules absorbed
per 100 kg). In the early days, external beam systems were developed, named linear accelerators.328
Orthovoltage systems were used; however, they could penetrate only tissue to a depth of about
6 cm.328 With the introduction of megavoltage systems in the 1960s, penetration depth was increased
to 30 cm.328
In 1962, Malcolm Bagshaw demonstrated the curative potential of radiation therapy in PCa.330 Parallel
to external beam radiation, local or brachytherapy using radium for PCa was developed by Willet
Whitmore.331 Beginning in the 1970s, computers and novel imaging techniques were employed for
treatment planning. This moved the external beam radiation field from 3D conformal radiotherapy
(RT) using 3D computed tomography (CT) imaging to intensity-modulated radiotherapy (IMRT)
and image-guided radiotherapy (IGRT), the standard of care for PCa nowadays (Figure 4-11).328
FIGURE 4-11
Radiation Therapy Procedure
Different aspects of radiation
therapy, including
A dose fractionation,
B modulation of the
radiation field, and
C brachytherapy.

A

B

C

4.1.6.2
Principles and state-of-the-art techniques
Radiation therapy
Radiation therapy uses ionizing radiation to kill cells directly, or indirectly via free-radical intermediaries formed from the radiolysis of cellular water. Ionizing radiation carries enough energy to
free electrons from atoms or molecules, thereby ionizing them.
The most common type of radiation is high-energy photon radiation. The radiation is produced from
a radioactive source such as cobalt or cesium, or with the use of a linear accelerator machine. The
photon beam is then directed towards the location of the tumour in the body, passes through the
cancerous cells and exits from the other side of the body. The high energy of the photons that pass
through the body allows them to break the DNA bonds and inhibit the replication of cells. Particle
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beams, generated by a linear accelerator, can also be used to irradiate tissue. Electron particle beams
do not travel far into the human body and are therefore optimal to treat near-surface tissue. Proton
particle beams experience less side scatter, as the proton beam does not widen much and the travel
distance into tissue is controlled by the energy of the proton. Neutron beams are less frequently used
and are an alternative to the other types of radiation therapy.
Dose fractionation
One of the most influential steps in the development of RT was dose fractionation. Most cancer cells
replicate faster than normal cells. However, DNA can only be damaged when the cells are undergoing the replication process, also known as the radiosensitive phase of the cell cycle. Normal cells take
longer to replicate and are therefore less affected than cancerous cells. If the total dose is delivered in
small time–separated fractions, it will allow healthy tissue to repair sub-lethal damage and repopulate. It will also increase the damage to the tumour by reoxygenation of the tumour environment and
reassortment of the probed cells into radiosensitive phases.
Intensity-modulated radiotherapy
As with dose fractionation, intensity modulation increased the efficacy of RT dramatically. Based
on acquired 3D scans, the radiation beam is guided from many angles to the target. At each of these
angles, the intensity of the radiation is varied (modulated) and the shape of the beam is adapted to
match the shape of the tumour, which minimizes the impact on surrounding structures. In addition
to intensity modulation, IMRT also uses inverse treatment planning with optimization by a computer.
Image-guided radiotherapy
Patient and organ movement poses a challenge in the treatment of PCa. As a result, prostate motion
during RT can lead to underdosing the prostate and/or overdosing critical normal structures such
as the rectum and bladder due to day-to-day variations. This is mostly circumvented by active image
guidance. One method uses injected gold markers to visualize the prostate using CT before each treatment. Additional patient tracking by external cameras in the room could improve overall localization.

4.2

High-Intensity Focused Ultrasound
Ablation: Transrectal

4.2.1

Description technology

The first description of HIFU was made in 1942, and its ability to destroy tissue was established
in 1944.55,56 In 1992 Chapelon et al. established the US parameters required to induce irreversible
tissue lesions in animals. With the experimental adenocarcinoma of a prostate implanted in rats
(R3327 AT2 Dunning tumour), they demonstrated that HIFU could be used to ablate the tumour and
cure cancer without causing metastasis.57 In 1993 Gelet et al. established that it was possible to induce
irreversible coagulation necrosis lesions transrectally in the prostate of dogs without damaging the
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rectal wall.58 An ethics committee approved the evaluation of the use of HIFU for the treatment of
localized PCa in humans. The results of a pilot study were published in 1996 and the preliminary
results of the first 50 patients in 1999.59,60
HIFU produces US waves that are generated by a spherical transducer and the US energy is focused
on a fixed point. The first experiments on the prostate were performed on dogs and on men with
benign prostate hypertrophy.58,61,62 Ultrasound waves deposit energy as they travel through tissues,
however, for imaging purposes this deposited energy is insignificant. By increasing the intensity of
the waves and focusing them on a single point, HIFU deposits a large amount of energy into the
tissue, resulting in tissue destruction through cellular disruption and coagulative necrosis.63
There are two mechanisms involved in the destruction of the tissue: thermal effects and cavitation.64
The thermal effect relies on the absorption of US energy by the tissue and its conversion into heat.
Under the right conditions, the temperature within sonicated tissue will rise to a level sufficiently
high enough to induce irreversible damage. Cavitation is the result of the interaction between US and
microbubbles in the sonicated tissue. This interaction may lead to oscillations of these microbubbles,
violent collapses, and dispersion of energy, all enhancing tissue ablation. The aim is to treat the entire
gland by a juxtaposition of elementary lesions. The main sonication parameters are acoustic intensity,
duration of exposure, the on/off ratio, the distance between two elementary lesions, and the displacement path when multiple lesions are made. This technique has the advantage of a transrectal treatment route with prostate destruction while sparing the rectum itself. By combining a precise control
of the position of the transducer within the rectum and an active cooling of the rectal mucosa, the
risk for rectal injury is minimized.
HIFU-induced lesions are visible using standard US as hyperechoic areas, but their extent is not
always accurately defined. Magnetic resonance imaging (MRI) is the gold-standard technique used
for HIFU treatment efficacy assessment. Gadolinium-enhanced T1-weighted (T1W) images can very
clearly show the extent of necrosis.65 Magnetic resonance imaging has also been used to guide HIFU
treatment as well as to monitor temperature changes during HIFU, but it must be noted that this
technology is experimental for transrectal PCa treatment.
4.2.1.1
Currently available HIFU devices
Three HIFU devices are currently available for the treatment of PCa: Sonablate (SonaCare Medical,
Indianapolis, United States), Ablatherm (EDAP TMS S.A., Vaulx-en-Velin, France), and Focal One
(EDAP TMS S.A., Vaulx-en-Velin, France).

®

®

®

®

The Sonablate 500 uses a single transducer (4 MHz) for imaging and treatment. Several probes are
available with focal lengths from 25 mm to 45 mm. The size of the elementary lesion is 10 mm in
length and 2 mm in diameter. The Sonablate procedure is conducted in a dorsal position with the
patient lying on a conventional operating table. Sonablate uses a single treatment protocol, and the
operator must manually adapt the power. The treatment is usually made in three consecutive coronal
layers that start from the anterior prostate area and move to the posterior area, and at least one probe
switch is made during the procedure.66 The probe is chosen to match the prostate size, with larger
glands requiring longer focal-length probes.
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The latest generation of Sonablate (Sonablate 500) uses a Tissue Change Monitoring (TCM) system
that allows visual confirmation of the treated prostate. The TCM’s colour-coding feature highlights
tissue that was not been adequately “heated”, alerting the operator of the need to retreat that section
of the prostate in real time for confirmation of adequate treatment of the entire prostate. An RF signal
is sent to the treated prostate site before HIFU delivery, with another RF signal sent to the same site
after HIFU delivery. Tissue change monitoring calculates and displays the change that occurred, with
tissue change quantified through comparison of RF US pulse-echo signals at each treatment site.

®

The Ablatherm Integrated Imaging incorporates both the imaging (7.5 MHz) and therapeutic
(3 MHz) transducers into a single endorectal probe focused at 40 mm. A custom bed is required
with the Ablatherm device, where the patient lies in a lateral position. The lateral treatment position
permits gas bubbles produced through the heating of prostatic tissue to rise with gravity to a position
lateral to the prostate, thus reducing the risk of acoustic interference with the HIFU waves.
The Ablatherm device includes four treatment protocols specifically designed for the treatment
parameters required in different clinical indications. These include standard, HIFU re-treatment,
post-external beam radiation therapy (EBRT), and post-brachytherapy. The size of the elementary
lesion varies from 19 mm to 26 mm in length, and is 1.7 mm in diameter. Ablatherm Integrated
Imaging offers real-time US monitoring of treatment. The HIFU probe is robotically adjusted, with
a permanent control of the distance between the transducer and the rectal wall. Repeating the shots
and moving the transducer, which is defined by the operator in the planning phase, treat a precise
volume. Treatment is made in transversal layers. The device has many safety features, including
control of the distance between the transducer and the rectal wall; a urethral cooling system; and a
patient motion detector.
Treatment planning is slightly different between the two devices. With the Ablatherm, the prostate
is divided into four- to six-volume boundaries and treated from the apex to the base slice-by-slice
by an entirely computer-driven probe.67 With the Sonablate, the treatment is usually made in three
consecutive coronal layers, starting from the anterior part of the prostate and moving to the posterior
part, with at least one probe switch during the procedure.66
The risk for urethrorectal fistulas (URFs), which was the only significant complication in the early
stages of HIFU development, has been dramatically reduced (incidence between 0% and 0.5% for
primary procedures in contemporary series).68–71
The Focal One is the latest and most advanced HIFU device for the treatment of PCa. With this
device, the procedure is performed with the patient in the lateral position using a conventional operating table. Included in this device is the new dynamic-focusing transducer, made of 16 isocentric
rings. Each ring is driven by a dedicated electronic system comprised of 16 different power lines.
Adjustment of the respective phases of the 16 electrical signals supplying the transducer allows the
operator to electronically steer the US beam and move the focal point of the transducer to a maximum of eight different points that are 32 mm to 67 mm away from the transducer.
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Treatment with dynamic focusing involves unitary HIFU lesion stacking within the prostate along
the transducer US beam axis. Each lesion size is as small as 5 mm, and by stacking two to eight
unitary lesions it is possible to extend the necrotic lesion by 5 mm to 40 mm in order to adequately
target either small or large prostate glands. Each US pulse lasts one second, and there is no interruption time between the different US pulses. Compared with HIFU treatment using fixed focusing, dynamic focusing allows the treatment of larger prostates because the maximum lesion height
is 40 mm instead of 26 mm with previous-generation devices. The wide range in lesion height
(5–40 mm) enables highly precise contouring of the prostate, and treatment duration of PCa is shortened with the continuous shooting process and lack of interruption between firings. Finally, HIFU
using dynamic focusing is anticipated to provide a more homogeneous necrotic zone due to improved
energy distribution within the prostate.
Focal One is the first HIFU device specifically designed for focal therapy of PCa, and combines all
the necessary tools to visualize, target, treat, and confirm the focal treatment. The process is divided
in four logical steps: treatment preparation using imported MRI images and fusion with real-time
US volume; focal target definition; application of precise destructive energy; and confirmation of the
devascularized target area.
Focal One is capable of importing standard Digital Imaging and Communications in Medicine
(DICOM) magnetic resonance (MR) images. Using this MR volume image, the operator can define
the contours of the prostate and one or several regions of interest (ROIs) that have been confirmed
as prostate tumours. These contours can be performed on a desktop computer or on Focal One just
before beginning the treatment. The operator on the live US volume feature of the Focal One transrectal probe executes the same prostate contouring. The software automatically registers the two
volumes and proceeds to an “elastic fusion”; the live US volume is used as the reference volume, and
the MR volume is smoothly deformed to every dimension, so that the 3D contour of the prostate
on the MR volume matches perfectly in three dimensions to the contours of the prostate on the US
volume. The same 3D elastic transformation is applied to the ROI initially indicated in the MR image
so they appear at the adequate position on the live US image.
The application of HIFU energy is planned for transversal slices. On each slice, the operator defines
the contour of the area to be treated. The section of the ROI initially defined on MR image and
transformed in the previous elastic fusion step automatically appears on the live US image of the
transversal view being planned, serving to guide the planning process by surrounding the tumour
focus with the appropriate margin. The Focal One software automatically directs the focus of the
HIFU shot to entirely destroy the defined area. Delivery of HIFU energy begins when all slices within
the block are defined.
Focal One is equipped with the latest generation of HIFU probe (dynamic focusing) and is able to
electronically vary the focal point along the acoustic axis using a HIFU-phased array transducer.
The focal point can be steered from 32 mm to 67 mm away from the probe without any mechanical
movement. A longer lesion is achieved by stacking unitary 5 mm HIFU lesions. At any point during
the HIFU energy delivery process, the operator can observe a live US image of the treated area, and
if necessary pause the treatment to readjust the treatment planning in the case of a shifting prostate
or change in some other aspect, such as swelling.
Available Ablation Energies to Treat Prostate Cancer

271

At the end of the treatment process, while the probe remains in the patient’s rectum, the integrated
US probe is able to acquire a contrast-enhanced ultrasound (CEUS) volume after intravenous (IV)
injection of microbubbles (SonoVue , Bracco, Switzerland). The acquired volume clearly shows the
devascularized area. This image volume can be superimposed with the treatment planning and the
initial MR image showing the targeted lesions. The physician can choose to complete treatment by
planning additional HIFU energy spots.

®

4.2.2

Clinical data

4.2.2.1
Indication and patient selection
Whole-gland ablation
The recommendations and updated guidelines on the use of HIFU for PCa as a primary treatment
option concern patients with localized PCa (clinical T1–T2 stage Nx/0 M0 PCa) who are not suitable
for a radical prostatectomy (RP) for reasons including age >70 years, life expectancy ≤10 years, and
major comorbidities precluding surgery, or those who refuse to undergo surgery.72,73
Focal treatment
There is still no recommendation in the guidelines for focal treatment of PCa. Focal therapy is investigational, and should be performed in clinical trials.
Ideally, candidates for focal therapy should undergo transperineal template mapping biopsies or
multiparametric MRI (mp-MRI) with transrectal ultrasound (TRUS) biopsy (Bx) with an MRI/US
fusion system. Focal therapy should be limited to patients with a low to moderate risk.
The aim of focal HIFU is to treat the cancer foci inside the prostate gland by juxtaposition of elementary lesions. The transrectal route offers an excellent acoustic window to ablate the prostate. The
combination of focused US sources and active cooling of the rectal mucosa minimizes the risk for
rectal injury. HIFU-induced lesions are visible with standard US as hyper-echoic areas, but their
extent is not always accurately defined visually.
Magnetic resonance imaging (MRI) is the gold standard technique for assessing HIFU treatment
efficacy. Gadolinium-enhanced T1W images can effectively reveal the extent of necrosis.74 Magnetic
resonance imaging has also been used to guide and monitor temperature changes during HIFU treatment, but it should be noted that this technology remains in the early preclinical stage of evaluation
for use in transrectal PCa treatment.
More recently, CEUS demonstrated that ablated (devascularized) and viable (enhancing) tissue could
be distinguished immediately after HIFU treatment.75 Pulse echo US backscattered signals have also
been used to estimate changes in tissue properties induced by HIFU.76 These less-expensive, US-based
techniques are now incorporated into routine clinical use with different devices for assessing postHIFU thermal injury to prostatic targets.
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4.2.2.2
Contraindications
There is no definitive contraindication of HIFU. Nevertheless, intense prostate calcifications may
block the US beam, resulting in an incomplete treatment and a risk for posterior accumulation
of energy that may lead to rectal injury unless removed by transurethral resection of the prostate
(TURP). Bowel pathology, such as inflammatory disease, is a potential contraindication because
treatment is applied using a transrectal approach. Anatomical conditions that interfere with probe
introduction or placement within the rectum are a potential contraindication.
Finally, rectal wall thickness >6 mm is a contraindication for the Sonablate and the Ablatherm
devices. This drawback does not apply to the Focal One device because it is able to electronically vary
the focal point along the acoustic axis to adjust to any rectal wall.
4.2.2.3
Outcome
Whole-gland ablation
Among publications on HIFU as a primary therapy for PCa, 16 studies report a series of at least
50 patients,66,70,71,77–89 while the others report on fewer patients.67,90–92 Follow-up varies significantly
between series (range: 6 months to 6.4 years). In most cases, the prostate-specific antigen (PSA) nadir
was reached 3 to 4 months after the HIFU treatment and was ≤0.05 ng/mL in 55% to 91% of the cases.
Many studies have demonstrated that the PSA nadir was a significant predictor of HIFU failure.
Patients with a PSA nadir over 0.5 ng/mL must be carefully monitored.70,85 A PSA nadir >0.2 ng/mL
after HIFU has been associated with a four times greater risk for treatment failure (as defined by
cancer on Bx after HIFU).93
The 7-year disease-free survival (DFS) rate in the longest follow-up multicentre study was 75%, 63%,
and 62% for low-, intermediate-, and high-risk patients, respectively, and the 8-year, cancer-specific
survival rate was 99%.77 Complication rates were low, with sloughing occurring in 0.3% to 8.6%
of patients, impotence in 20% to 77% of patients, and bladder outlet obstruction in 12% to 22% of
patients. The incontinence rate reported in a recent study was grade 1 in 4% to 17.5% and grade 2 and
3 in 0% to 5% of patients.94,95 From a single centre, the 8-year biochemical DFS rates (Phoenix definition) were 76%, 63%, and 57% for low-, intermediate-, and high-risk patients, respectively (p<0.001)
after whole-gland treatment. At 10 years, the PCa-specific survival rate and metastasis-free survival
rate (MFSR) were 97% and 94%, respectively.96
In a study from a prospective database, Shoji et al. included 326 patients who filled out self-administered questionnaires on urinary function, quality of life (QOL), and sexual assessment.97 The
Functional Assessment of Cancer Therapy-General (FACT-G), Functional Assessment of Cancer
Therapy-Prostate (FACT-P), and International Index of Erectile Function-5 (IIEF-5) were used.
Maximum flow rate and residual urine volume were significantly impaired at 6 months (p=0.010)
after HIFU, even if they returned to baseline values at 12 or 24 months after HIFU. The total FACT-G
score significantly improved at 24 months (p=0.027) after HIFU. At 6, 12, and 24 months after
HIFU, 52%, 63%, and 78% of the patients who had not received neoadjuvant hormonal therapy were
potent, respectively.
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In a prospective study, Li et al. compared the IIEF score, penile colour Doppler US, and penile length
and circumference of patients treated for PCa with HIFU or cryoablation.98 A total of 55 patients
in the HIFU group and 47 in the cryoablation group were included. At 36 months, cryoablation
patients experienced a lower erectile function recovery rate compared with HIFU patients (cryoablation=46.8%; HIFU=65.5%; p=0.021). No significant decreases in penile length and circumference
were found in the two groups (all p values ≥0.05). Finally, HIFU treatment seems to be standardized
with similar outcomes between centres.72
In the case of incomplete treatment or treatment failure, HIFU does not result in a therapeutic impasse.
Unlike radiation, there is no dose limitation and no limited number of sessions. The re-treatment rate
is estimated in the literature to be between 1.2% and 1.47%.66,69,77,87 The morbidity related to repeat
HIFU treatment for localized PCa has been studied on 223 patients with a re-treatment rate of 22%.
While urinary infection, bladder outlet obstruction, and chronic pelvic pain did not significantly
differ after one or more sessions, a significant increase was observed for urinary incontinence and
impotence in the group which required retreatment.69
Salvage HIFU after external beam radiation therapy
There appears to be a role for salvage HIFU therapy with curative intent for patients with a locally
proven recurrence after EBRT and without metastasis. Local control was achieved with negative
biopsies in 73% of the cases with a median PSA nadir of 0.19 ng/mL.99 With a mean follow-up of 18.1
(3–122) months, the overall actual 5-year specific survival rate was 84%. The actual 3-year progression-free survival (PFS) (PSA greater than nadir + 2 ng/mL, positive Bx, or salvage treatment requirement) was 53%, 43%, and 25%, respectively, for low-, intermediate- and high-risk patients according
to D’Amico’s risk groups. Disease progression was inversely related to the pre-HIFU PSA and the use
of androgen deprivation therapy (ADT) during PCa management.
In a recent study, we examined the outcomes of salvage HIFU in 290 consecutive patients (nonpublished data). The mean PSA nadir post-HIFU was 1.54±3.38 ng/mL (median 0.14 ng/mL). The
estimated cancer-specific and metastasis-free survival rates at 5 and 7 years were 80% (95% CI:
72.7–88.5) and 79.6% (95% CI: 73.5–86.2), respectively. In the multivariate analysis three factors
were significantly linked to disease progression. The increase of the PFS rate (PFSR) with the preHIFU PSA level was statistically significant (p=0.0002). A previous AD treatment increased the
PFSR by a factor of 1.3 (p=0.01) and a Gleason score (GS) ≥8 increased it by a factor of 1.2 (p=0.01)
compared with a GS ≤6. While the technique offers promising results, it has to be weighed against
the side effects.
Since 2002, the Ablatherm device included specific acoustic parameters for salvage HIFU. The acoustic dose was adapted to the low blood flow inside the gland fibrosis induced by radiation. For incontinence, 54% of the patients had no incontinence after salvage HIFU and 25% had a grade 1 incontinence (no pads + grade 1=79%). The risk for URF was only 0.4% with the introduction of a specific
treatment algorithm designed for radiation failure. The impotence rate increased from 36.9% before
salvage HIFU to 58.7% after treatment.100 With the Sonablate, the biochemical survival rate was 71%
at 9 months101 and 52% at 5 years.102
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Nevertheless, the risk-benefit ratio of salvage HIFU compares favourably with those of the other
available techniques and with less morbidity and similar oncological outcomes. In this context,
HIFU appears to be an effective curative treatment option for local recurrence after radiation failure.
Salvage HIFU after brachytherapy
Sylvester et al. reported 15-year biochemical relapse-free survival (BRFS) rate and cause-specific
survival following iodine-125 prostate brachytherapy in 215 patients. Fifteen-year BRFS for the entire
cohort was 80.4%, and the cancer-specific survival rate was 84%.103 There was no significant difference between the low- and intermediate-risk groups. Salvage surgery is a challenging procedure after
brachytherapy.104
A study with the Ablatherm device is currently being conducted in Lyon, France, and includes 26
patients with a mean age of 67 years with MRI- and Bx-proven recurrence after brachytherapy (nonpublished data). Nineteen patients underwent whole-gland ablation and seven underwent focal therapy (hemiablation). The mean follow-up was 19 months. The mean PSA before HIFU was 5.02±4.8
ng/mL, (median PSA=0.35 ng/mL). Nine patients have undetectable PSA with no hormonal deprivation treatment, eight needed hormonal deprivation treatment for a rising PSA, and nine are recent
cases with a very short follow-up. The complication rate was high in the first nine cases with three
urinary incontinences (grade 3) and one URF. For those first patients, we used the treatment acoustic
parameters defined for radiation failure.
Because of the high rates of rectal injury and severe incontinence, new treatment parameters specifically designed for brachytherapy failure were developed with a decrease in the acoustic dose according
to the intensity of prostate fibrosis. Since the introduction of these new parameters, no URFs occurred
and no rectal lesions were seen on control MRI, and there was no reduction of treatment efficacy.
HIFU focal therapy as primary care treatment
In 2008, Muto et al. reported the outcomes of 29 patients treated with the Sonablate device.105 In
selected patients with cancer confined to a single lobe based on multi-regional Bx, the total peripheral
zone and a half-portion of the TZ were ablated. The average prostate volume decreased from 35.8 cc
to 30.3 cc, and mean PSA level decreased from 5.36±5.89 ng/mL to 1.52±0.92 ng/mL at 36 months.
Of the 29 patients, 28 underwent control Bx 6 months after the procedure. Residual cancer foci were
found in three patients (10.7%).
At 12 months post-HIFU, 17 patients underwent control Bx. Residual cancer foci were found in four
patients (23.5%); only one patient had a urethral stricture. No significant differences were found in
2-year DFS rates between low- and intermediate-risk patients with whole-prostate treatment (90.9%
vs. 49.9%, respectively) and focal therapy (83.3% vs. 53.6%, respectively). Indwelling urethral catheter
following HIFU remained in place a mean of 15±4 days. The frequency of urethral stricture and
urinary tract infection was 4% for each. No significant changes were found in International Prostate
Symptom Score (IPSS) and maximal flow rate pre-HIFU and 12 months post-HIFU. No information
was provided regarding erectile function.
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Ahmed et al. presented the first published series of prostate hemi-ablation with HIFU.106 Patients
with low-moderate risk (GS ≤7, PSA ≤15 µg/mL), unilateral (≤T2bN0M0) PCa on TRUS Bx underwent multi-sequence MRI (T2-weighted [T2W], dynamic contrast-enhanced [DCE], diffusion) and
5 mm-spaced transperineal template Bx for disease localization. All patients received transrectal
HIFU that involved ablation of the entire positive hemi-prostate up to the urethra. Of the 20 patients
(mean age, 60.4 years), 25% had low-risk and 75% intermediate-risk PCa. Before HIFU, the mean PSA
was 7.3 ng/mL, 95% were pad-free, and 95% could achieve an erection sufficient for penetration. At
12-month follow-up, mean PSA decreased to 1.5±1.3 ng/mL and 89% had no histological evidence of
cancer. Two patients (11.1%) had a positive Bx at 6 months with residual 1 mm GS 3+3; one elected to
have HIFU retreatment, and the other active surveillance (AS). Trifecta status was achieved by 89%.
The Association Française d’Urologie (AFU, French Urological Association) initiated a prospective
multi-institutional study (2009–2015) to evaluate HIFU hemi-ablation as primary treatment for
patients >50 years, stage T1 or T2, PSA <15 ng/mL, GS ≤7, with unilateral cancer. A total of 111
patients were treated, with a mean age of 64.8±6.2 years and mean PSA of 6.23±2.57 ng/mL. Gleason
score was ≤6 in 74% and 7 in 26%. Clinically significant cancer (CSC) at follow-up (6–12 months)
Bx was defined by presence of GS of 7 or maximum cancer core length >3 mm in the prostate. The
primary outcome was the absence of CSC at Bx. The secondary outcomes were genitourinary side
effects measured with validated questionnaires.
The patient selection was performed with pre-Bx MRI, and systematic and targeted transrectal biopsies to localize the cancer. Cancer was treated by HIFU template hemi-ablation of the gland. The
PSA nadir value was 1.9±1.5 ng/mL and the PSA at 12 months was 2.5±2.10 ng/mL (mean decrease
of PSA: 59.9%). Ninety patients of 101 (89%) had histological absence of significant disease (GS 7
or maximum cancer core length >3 mm); 5% had a treated side and 5.9% had an untreated side.
However, 32.7% of men had persistent cancer of any threshold. Additional therapies included AS
(n=16 [48.5%]), second-HIFU (n=8 [24.2%]), EBRT (n=3 [9%]), radical surgery (n=6 [18.2%]). The
radical treatment-free survival rate at 2 years was 89%. At 12 months the continence (pad-free) rate
was 97% and erectile function was preserved in 40 of 51 patients with pre-HIFU IIEF-5 ≥16 (78%).107
In 2012, Ahmed et al. published a prospective trial of focal therapy for localized unifocal and multifocal PCa.108 Forty-two patients with localized PCa were included (stage T1/T2, PSA ≤15 ng/mL, GS
≤4+3: 7), 27% had low-risk, 63% intermediate-risk, and 10% had high-risk PCa. Patients received
HIFU focal therapy using the Sonablate 500 device, delivered to all suspected tumour lesions that
were localized using mp-MRI and transperineal template-mapping Bx. A maximum of 60% of the
prostate was ablated. The edge of the ablation zone was ≥10 mm from a neurovascular bundle (NVB)
in unilateral disease, and ≥5 mm from the NVBs in bilateral disease. Of 41 treated patients, 49%
received unilateral single-area ablation, 37% received bilateral two-area ablation, and 15% received a
midline one-area ablation. All patients were able to void through the urethra on the first postoperative day.
A significant decrease in PSA was reported at 12 months, with median baseline PSA of 6.6 ng/mL and
1.9 ng/mL at 12 months (p=0.0001). Histological evidence of tumour was negative in 30 of 39 (77%)
patients biopsied at 6 months. Of the 39 men biopsied (transrectal route) at 6 months, nine (23%) had
evidence of tumour, and three (8%) had evidence of clinically significant tumour (Epstein criteria:
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GS >3+3, > 2 cores positives, >2 mm involvement). Of those with positive Bx, five were placed on AS
and four received a second HIFU session. None of the four men undergoing a repeat focal therapy
consented to further biopsies, but all received control MRI.
After retreatment in four patients, 39 of 41 (95%) had no evidence of disease on mp-MRI at 12 months.
All 38 men were pad free at baseline and remained pad free at 12 months. IPSS score improved, with
a decrease between baseline and 12 months (p=0.026). Of the 35 men with good baseline erectile
function, 31 (89%) had erection sufficient for penetration 12 months after focal therapy. Finally, of the
31 men with good baseline erectile function, 26 (84%) achieved the trifecta status of being leak free
and pad free, with erections sufficient for intercourse, and no evidence of clinically significant disease
on mp-MRI at 12 months. One patient experienced acute urinary retention requiring a urethral catheter for 5 days. One patient received a partial rectal wall injury with extravasation of urine outside the
prostate. The patient was successfully managed with suprapubic catheter and quinolone antibiotics.
This patient required an endoscopic dilatation for a delayed urethral stricture. Two patients with
large prostate size required a limited TURP because voiding did not return to normal.
This study supports the proposition that tissue preservation leads to functional preservation. The
histological outcomes were slightly less than those achieved after hemi-ablation, likely due to reduction in margin around the tumour.
High-intensity focused ultrasound—focal therapy as primary care treatment
Focal salvage HIFU (FSH) represents a new therapeutic option. The aim of FSH is to destroy the
recurrent tumour with minimal risk of severe side effects. The initial results of this new treatment
approach were recently published.109
In this trial, 39 patients received FSH therapy for localized recurrence after EBRT (hemi-ablation,
n=16; quadrant ablation, n=23). Patients with multifocal tumour foci underwent index lesion ablation if the untreated areas had ≤1 core with ≤3 mm 3+3 GS. A PSA response was observed in 87% of
patients; 44% of treated patients achieved a PSA nadir <0.5 ng/mL. Of those who achieved a nadir
<0.5, the 3-year biochemical-free survival rate (BFSR; Phoenix criteria) was 63%. Of those who
achieved a nadir >0.5, the 3-year BFSR was 0%. Two patients developed metastasis and 40% required
salvage androgen deprivation therapy. Twenty-five patients (64%) were continent (pad free, leak free)
at last follow-up. The mean pre-salvage IIEF-15 score decreased from 18±16 to 13±21 after FSH.
More recently, Baco et al.110 reported the short-term results of hemi-salvage HIFU ablation (HSH)
for unilateral recurrent PCa following radiation therapy. Between 2009 and 2012, 48 patients were
prospectively enrolled from two European centres. Inclusion criteria were positive MRI and at least
one positive Bx in one lobe after primary radiation therapy. Mean age was 68.8±6 years and the mean
pre-HIFU PSA was 5.2±5.2 ng/mL. With a median follow-up of 16.3 months, the mean PSA nadir
after HSH was 0.69±0.83 ng/mL.
Disease progression occurred in 16 patients (35.5%). Local recurrence was found in the untreated
lobe in four patients, and bilaterally in four patients. Six patients developed metastases and two had
rising PSA without local recurrence or radiologically proven metastasis. Progression-free survival
(Phoenix criteria) rates at 12, 18, and 24 months were 83%, 64%, and 52%, respectively. No rectal
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fistula was observed. There were no significant changes in European Organisation for Research and
Treatment of Cancer Quality of Life Questionnaire (EORTC-QLQ)-C30 and IPSS scores. Pad-free,
leak-free urinary continence status after HSH was attained in 36 of 48 patients (75%). Four patients
(8.3%) experienced severe post-HSH incontinence. All four had a post-EBRT local recurrence
involving the apex, and HSH was voluntarily performed without a sphincter safety margin. Three
of the four did not show disease progression; their PSA values at last follow-up were 0.12, 0.05, and
0.07 ng/mL. No URFs were observed. Two patients (4%) experienced a delayed pubic osteitis that was
conservatively managed.
There were no statistically significant differences in IPSS and QOL (EORTC-QLQ-C30) scores
between baseline and follow-up. A significant decrease in erectile function score was observed
(IIEF-5 score), with a median of 5 to 7.5 at 24-month follow-up. One URF occurred and was resolved
with urinary and bowel diversion. Sloughing occurred in 18% of patients and urinary tract infection
or epididymitis in 8%. No osteitis was observed.

4.3

High-Intensity Focused Ultrasound
Ablation: Transurethral

4.3.1

Description technology

For energy delivery of HIFU, the transducer can be applied to various locations: transrectal, which is
the most commonly applied method,111,112 transurethral,113,114 and extracorporeal (placing the transducer against the perineum).113 MRI commonly guides the transurethral application of HIFU.
MRI-guided transurethral US ablation is a novel technology that precisely ablates the prostate gland
using real-time MRI monitoring and active temperature feedback control, which makes this technology suitable for focal treatment of PCa. High-energy US is delivered by the device once inserted into
the urethra and is used to heat prostate tissue to the point of thermal coagulation (thermal ablation).
The treatment is conducted entirely within an MRI, which enables real-time temperature images
of the heated region to be acquired during treatment. Magnetic resonance imaging is used during
treatment to measure the temperature distribution in the prostate in real time, enabling closed-loop
feedback control of the heating pattern and precise ablation of the target lesion.
Measurement of tissue temperature is possible through a variety of techniques; however, MRI thermometry based on proton resonance frequency shift115,116 is the most widely applicable because of
its tissue-type independence and linearity over the range of temperatures relevant for thermal ablation. In addition, it has been demonstrated to be able to measure in vivo temperature precisely and
control US ablation.117–119 Therefore, targeting can be confirmed using MR thermometry overlapping
temperature maps onto anatomic images. Coupling US ablation with MRI for real-time temperature
feedback control could improve the accuracy of treatment, thereby reducing the risk for damage to
important surrounding anatomy such as the rectum, urinary sphincters, NVBs, and pelvic bone.120
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Moreover, MRI is used prior to treatment to guide device positioning and perform treatment planning. After treatment, contrast-enhanced MRI can be used to visualize the area not perfused and
assess the extent of thermal ablation. Technically, the US applicator is inserted through the urethra,
and delivers US energy directly into the prostate gland (Figure 4-12).
FIGURE 4-12
Illustration of the MRI-guided
Transurethral Ultrasound
Therapy (TULSA) Device
Image courtesy of Profound Medical
Corp., Toronto, Canada.

A linear array of 10 independent, rectangular transducer elements emits directional high-intensity
US energy directly into the prostate, quickly raising tissue temperatures to thermal coagulation
(Figure 4-13).
FIGURE 4-13
Representative Temperature
Distribution Generated by the
Ultrasound Applicator Along
the Heating Direction

Water flows in the US applicator to cool the transducers and to couple the generated US to the tissue.
A representative temperature gradient generated by the applicator in the direction of heating is shown
in Figure 4-13. Maximum temperatures are maintained below 100°C to avoid tissue carbonization
and boiling, both undesirable during US therapy. Using this technology, a reduction of treatment
times can be achieved resulting in an ablation time of approximately less than 1 minute per 1 cc of
prostate volume.121,122
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There is one device for transurethral MR-guided HIFU ablation available, the MRI-guided transurethral ultrasound ablation (MRI-TULSA or TULSA-PROTM) from Profound Medical Corp. (Toronto,
Canada), which was tested experimentally and in first human case series clinically. A similar prototype for transurethral MR-guided US therapy of the prostate was tested preclinically in dogs (Philips
Healthcare, Vantaa, Finland).123 Other systems have been developed to study the theory and feasibility of transurethral US ablation in vitro and in vivo in animal experiments.124–129 In contrast to transurethral MR-guided systems, there are several transrectal MR-guided focused US ablation systems
available, such as ExAblate 2100 (InSightec, Haifa, Israel)127,130–133 or various MR-compatible HIFU
devices.128,134,135

®

The MRI-TULSA system (Profound Medical Corp., Toronto, Canada) has been developed and validated up to now experimentally by simulating theoretical treatments in computer models, verifying
the performance in tissue-mimicking gel phantoms, validating the therapeutic approach in animal
experiments, and showing safety and feasibility clinically in select patients.
Initial feasibility of using MRI-TULSA for prostate ablation has been evaluated extensively in computer
simulations to optimize US device requirements, MRI thermometry specifications, as well as treatment delivery feedback control algorithms and treatment planning strategies.120,121,136–139 Feasibility,
accuracy, and precision of heating tissue to thermal ablation using a prototype transurethral US
device under MRI guidance have been investigated in tissue-mimicking gel phantoms.138,140,141 Apart
from validation of this technology, tissue-mimicking gel phantom experiments were also used for
refinement of the MRI protocols and thermometry sequences.141
The technique has been investigated in vivo in preclinical experiments using a canine prostate
model.133,142–145 These studies have shown the ability to accurately generate thermal damage in vivo
that conform to target volumes within about 1 mm using closed-loop temperature feedback control.
Histological analysis of the prostate tissue after treatment revealed a close relationship between
necrosis and 55°C target temperature area on MRI thermometry. The boundary of thermal damage
in histological analysis was very sharp, resulting in spatial distance of 3 mm between necrotic and
viable tissue. The surrounding structures, such as urethra and sphincter, as well as the neighbouring
organs were preserved. Importantly, the urethra could also be spared from damage due to temperature gradients generated by the transducer within a margin of approximately 1 mm to 2 mm.
Moreover, using the preclinical canine model, safety and feasibility were studied with a follow-up of
28 days.122 The study showed that this technology is a safe and feasible procedure for the accurate and
precise conformal ablation of prostate tissue.
Using a similar device, a prototype for transurethral MR-guided US ablation (Philips Healthcare,
Vantaa, Finland), focal therapy of the prostate has been investigated in three dogs.123 It was demonstrated that thermal dose estimates and ablation volumes on MRI correspond to the extent of necrosis and non-viability of cells found in histopathology. The device enabled multi-planar temperature
monitoring, allowing for safe, targeted, and controlled ablation of prescribed prostatic lesions.

280

SIU-ICUD JOINT CONSULTATION ON IMAGE-GUIDED THERAPIES FOR PROSTATE AND KIDNEY CANCERS

In clinical use, the procedure using the MRI-TULSA (Profound Medical Corp., Toronto, Canada)
has been performed under general anesthesia.119 The device is connected and used in conjunction
with a 3 Tesla (3T) MRI, which is important for an appropriate spatial resolution. The presence of a
cystostomy is important to drain urine, permanently ensuring a stable anatomical situation of the
lower urinary tract. The treatment delivery control is a standard PC located in the MRI console room
and is connected to the MRI host computer.
The fluid circuit hardware and system electronics are mounted to the system cart, typically located in
the equipment room. The device requires two external grounded electrical outlets, one for the electronic system and one for the treatment delivery console. The general idea is to keep the high-power
electronics outside of the MR suite in order to minimize the MR-compatible equipment and reduce
imaging artifacts. Some electronics remain in the magnet room in a shielded enclosure to minimize
the signals entering the room.
During treatment, the US applicator, the endorectal-cooling device, the positioning system interface box, and the positioning system are located inside the magnetic field environment. They are
connected to the system cart via an electrical cable and fluid tubes. The cable passes through an electrically grounded filter box in the wall of the MRI suite, while the tubes pass through a waveguide.
The US applicator and the endorectal-cooling device are inserted into the patient prior to treatment.
Next, the US applicator is connected to the specially developed positioning system. Positioning of the
US applicator and endorectal cooling device is verified by means of MRI and adjusted if necessary
(Figure 4-14).
FIGURE 4-14
MRI-Guided Device
(Ultrasound Applicator,
Endorectal Cooling Device)
Positioning
Image courtesy of Dr. Sascha Pahernik,
Department of Urology, University of
Heidelberg, Germany.

The endorectal cooling device is important for preventing thermal injury to the rectum. Highresolution treatment planning images of the patient’s prostate and surrounding tissue are acquired by
the MRI scanner and displayed on the treatment delivery console. The surgeon outlines the prostate
boundary in multiple MRI planes using a custom treatment-planning interface within the software.
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During treatment, real-time MR thermometry images are acquired, processed, and displayed on the
user interface. The MR thermometry that is used (proton resonance frequency shift) is sensitive to
tissue motions and changes in the local magnetic susceptibility that can be caused by the motion of
an air bubble in the rectum. Therefore, air bubbles in the field of view should be avoided. Because of
this, a spatiotemporal filtering of MR temperature artifacts has been developed to remove artifacts
arising from bowel motions.146 In addition, Buscopan (hyoscine butylbromide) is usually administered intravenously prior to treatment to avoid peristalsis.

®

The control algorithm uses the temperature distribution information as feedback to control the US
output power, frequency range, and US applicator rate of rotation to raise the temperature of the
acute ablation boundary to the target temperature while keeping the temperature outside of the acute
ablation volume below this value.
The operator can navigate through multiple MR images throughout the prostate and view the heating
pattern in real time. The software monitors heat delivery in the prostate and takes appropriate action
if excessive heating is detected.
The system has several advantages:
Quantitative dosimetry in situ:
Using MR thermometry, the temperature

pattern can be measured in real time during
treatment.115 The temperature information
is given in 12 oblique-axial planes with a
spatial resolution of 2 mm, a temporal resolution of six seconds, and a temperature
uncertainty of 1°C .
Adaptive temperature delivery:
The quantitative information about temper
ature distribution can be incorporated as
feedback (Figure 4-15) into the energy
delivery, allowing for modification of the
treatment to the specific anatomical and
pathophysiological requirements of the
patient.143
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High spatial accuracy and precision:

The system allows a target boundary to be

treated with an accuracy and precision of
±1 mm.119,122
Treatment monitoring:
Contrast-enhanced MRI can be used to

visualize the region of thermal damage
immediately after treatment. Non-perfused
areas have been shown to be in good agreement with histological findings as a marker
for thermal coagulation.117,147,148
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FIGURE 4-15
Magnetic Resonance-Thermometry Maps Overlaid on Corresponding
T2-Weighted Pre-ablation Planning Magnetic Resonance Images

These requirements are important for focal treatment strategies. The transurethral approach for energy
delivery overcomes some of the limitations associated with the transrectal approach, which requires
pauses between sonication to avoid damage to the rectal wall, resulting in long treatment times.
The entire prostate gland can be treated in approximately 30 minutes by the transurethral approach.
It also provides closer access to the anterior area of the prostate, which is especially important for
large prostates. Fluid is required in the US applicator to couple the US to the surrounding tissue and
to cool the US transducers. Cooling through the US applicator and the endorectal cooling device
protects the urethra and the rectal wall from thermal damage. Therefore, the urethra can be spared,
one of the functional advantages of the transurethral approach.
Disadvantages of the system include the complex infrastructure required for the procedure, such as
the availability of an MRI suite, as well as the presence of different practitioners such as urologists,
anesthesiologists, radiologists, and nurses. Moreover, a tumour adjacent to the urethra might not
be treated efficiently due to the temperature gradients that are generated. Lesions in huge prostates
located posteriorly to the peripheral zone might not be treated efficiently. The transurethral approach
is limited to treatment of angular sectors.

4.3.2

Clinical data

Clinical data are available only for the MRI-TULSA (Profound Medical Corp., Toronto, Canada).
Only one case-series study including a total of eight patients with organ-confined PCa (GS ≤7, PSA
≤15 ng/mL) has been reported.119,145 Immediately after MR-guided transurethral US ablation, patients
underwent RP. Ablation was performed focally around the urethra.
The study investigated the safety and feasibility with conservative aims to treat <30% of the prostate volume, far from any critical surrounding anatomy. Whole-mount histology sections confirmed
the presence and extent of a continuous region of thermal ablation, correlating to the 55°C target
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temperature maps. A clear demarcation between normal and ablated tissue with margins (≤3 mm)
could be observed. There was an excellent agreement between the zone targeted for treatment and
the zone of thermal injury. Clinical short-term and long-term outcomes as well as complications
could not be assessed because patients underwent prostatectomy immediately after the procedure.
The intraoperative period was uneventful. The authors concluded that the technology is safe and
feasible for focal as well as for whole-organ treatment of the prostate. [Level of Evidence (LOE) 3]
A single-arm, prospective, phase 1 clinical trial has been performed investigating 30 patients to
determine the safety and feasibility of the device (Clinical Protocol DOC-10246, Food and Drug
Administration [FDA] IDE G130103, Health Canada ITA 199241, Eudamed No. CIV-13-04-010681).
Patients underwent prostate ablation as primary treatment for Bx-proven PCa (cT1c–cT2a; PSA
≤10 ng/mL; GS ≤7a). Under general anesthesia and cystostomy, the transurethral device was inserted
and positioned in the prostatic urethra using MRI guidance. Conservative whole-gland treatment
planning was performed under MRI prostate visualization, including a 3 mm safety margin at the
prostate capsule, and 10% residual viable prostate tissue expected around the gland periphery.
Ultrasound treatment was delivered under continuous real-time MRI thermometry feedback control.
Primary endpoints were safety (frequency and severity of adverse events) and feasibility (conformal thermal ablation on MRI thermometry and CE-MRI). Clinical follow-up included serial PSA,
QOL questionnaires (IPSS, erectile function domain of the IIEF-15, and bowel habits domain of the
University of California, Los Angeles Prostate Cancer Index Short Form [UCLA-PCI-SF]), 12-month
prostate Bx, and MRI.
Specific technical contraindications for transurethral MR-guided US ablation of the prostate include:
Suspected tumour on baseline MRI within
indwelling urethral catheter, brachytherapy,
3 mm of the prostatic urethra, or in the prostate
artificial urinary sphincter, or penile implant)
apex within 3 mm from the sphincter plane.
of the lower urinary tract.
Pathology (urethral stricture, bladder neck
Prostate calcifications >1 cm in diameter
contracture, urethral fistula, urethral diver- Median lobe of the prostate protruding
significantly into the bladder resulting in an
ticulum) or prior interventions (TURP,
obstruction.
urethral stenting, urethroplasty or chronic
4.3.2.1
Summary
Novel transurethral MR-guided US ablation devices combined with real-time multi-planar MR thermometry is a safe and feasible technique in animal experiments and in first human case series, allowing for controlled ablation of the prostate. [LOE 3]

Recommendation
Clinical trials should be performed to investigate feasibility and safety of this technology and the oncological control and functional
outcome of this treatment for PCa. [Grade of Recommendation (GOR) C]
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4.4

Cryosurgery Ablation

4.4.1

Introduction

Prostate cryotherapy was first introduced in the early 1970s as a treatment for PCa, but never gained
popularity due to high rates of recurrence and numerous complications associated with the procedure. The addition of a percutaneous approach, US monitoring allowing for cryotherapy probe placement to be accurately monitored in real time, and urethral warmers to prevent sphincter and urethral
injury have made cryotherapy a more practical treatment option. Cryotherapy is not cancer specific
and will kill all the cells in the ablated area. The process of cryotherapy occurs by lowering the
temperature, resulting in intracellular dehydration, denaturation of cellular proteins, and metabolic
failure, all of which cause apoptosis of the cells.149 Complete cell death occurs at –40°C. The apoptotic
cells are located on the peripheral region of the ablation area. As the ablated area thaws, further cell
death occurs as the extracellular fluid shifts into the intracellular space causing the cells to burst. The
freezing also results in loss of blood supply to the ablated area, further killing the cancerous cells and
resulting in secondary necrosis of the targeted tissue.
For patients with localized, unilateral disease, focal cryotherapy is a viable treatment option. Unlike
radical therapy that treats the entire prostate, focal cryotherapy treats cancer with targeted therapy,
resulting in fewer complications. In this section of the chapter we shall discuss current findings on
patient selection, procedure technique, treatment advantages and disadvantages, as well as possible
adverse events.

4.4.2

Patient selection

Determining selection criteria for patients considering focal ablation is a controversial subject. Patients
and practitioners would like to achieve a proper balance between achieving adequate treatment areas,
avoiding undertreatment of multifocal cancer, and minimizing complications of overtreatment.
A recent study by Singh et al. investigated the role of transperineal prostate mapping biopsies to
determine the best candidates for focal ablation.150 The authors concluded that men with unifocal
cancers or cancers with smaller ipsilateral lesions located far from the nerve bundle are ideal for cryoablation. In addition, multifocal diseases with aggressive lesions or lesions near the nerve bundle are
unsuitable for treatment with cryotherapy. Furthermore, a recent study from the same group found
that transperineal prostate mapping biopsies could correctly identify an index lesion in 44.4% to
59.2% of men having clinically significant disease. The authors concluded that the success of tissuepreserving focal therapy is dependent on appropriate patient selection.
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This selection necessitates an accurate investigative tool that can exclude significant cancer outside
the area to be ablated, while precisely localizing individual cancer lesions, which are to be selectively
destroyed. Based on our experience at Winthrop University Hospital, the optimal patients for focal
ablation have the following characteristics:
PSA <10 ng/mL
3T mp-MRI showing no contralateral cancer,
GS of <7 or GS of 7 with primary pattern 3
no capsular bulge or involvement, and no
Percentage core involvement (in each of the
seminal vesicle invasion
Prostate size: <60 g
12 cores): <50%
Total cores sampled: minimum of 12

4.4.3

Focal cryotherapy

As a primary treatment option, patients can have either a total or focal cryoablation. Focal cryotherapy is defined as less-than-complete ablation of the prostate with ice. Probes (cryoneedles) are
distributed in and around the tumour and the region is aggressively frozen. Typically, four needles
are used during a focal ablation, depending on prostate size. The remaining regions of the prostate
are spared in order to preserve sexual potency and urinary continence.

4.4.4

Equipment

A cryoablation system consists of multiple cryoprobes or cryoneedles, thermocouples, argon and
helium inlets, and computer-monitoring software. Cryoprobes are filled with argon gas, which
rapidly cools the probe, creating an ice ball that ablates the prostatic lesion under high pressure
(Figure 4-16).
FIGURE 4-16
Unfrozen and Frozen
17-Gauge Cryoprobe
A 17-gauge cryoprobe with
ice ball formation.
B Ruler for scale.

A

Image courtesy of Dr. Aaron Katz,
Winthrop University, United States.

B
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The argon gas is then utilized under low pressure to thaw the area. Cryoablation procedures consist
of two freeze-thaw cycles. In addition, compared to the older liquid nitrogen probes that were 2.4 mm
to 3 mm in size, argon gas probes are much smaller in diameter, at 1.5 mm for a 17-gauge probe. A
mapping grid is used as a guide for targeting the lesion with the cryoprobe (Figure 4-17).
FIGURE 4-17
Intra-operative Setup With
Placement of Cryoprobes
Using Radiotherapy Template
Image courtesy of Dr. Aaron Katz,
Winthrop University, United States.

The use of a TRUS allows for real-time visualization of the freezing process. Thermocouples are
placed strategically around the prostate to monitor the temperature throughout the procedure. A
urethral warming device is used to prevent freeze injury by circulating heated saline through a
double-lumen catheter.151 In our experience as well as others that have reported on outcomes, the use
of the urethral warmer has significantly reduced the overall side effects, and the urethral slough rate
is almost nonexistent today.

4.4.5

Surgical technique

Prostate cryotherapy is an outpatient surgical procedure that is done under spinal anesthesia in the
majority of cases. The patient is placed in the lithotomy position and a 7.5 MHz US probe is inserted
into the rectum. A mapping grid is placed close to the perineum and 17-gauge cryoprobes are introduced percutaneously into the treatment area via US guidance. During a focal cryoablation, the
freezing zone of the cryoprobes should be <20 mm apart from each other prior to initiation of the
freeze-thaw cycles (Figure 4-18). The needles should be placed 10 mm away from the urethra and at
least 10 mm from the posterior surface of the prostate capsule. Since the NVB on the treated side will
be intentionally ablated, the cryoprobes should be positioned within 10 mm from the lateral capsule.
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FIGURE 4-18
Transverse View of Prostate
Showing Cryoneedle
Configuration

Temperature probes, placed in multiple areas of the prostate, allow for real-time temperature monitoring throughout the procedure. A urethral warming catheter is placed over a guide wire, which is
inserted via flexible cystoscopy. Once the setup is completed, the procedure begins with the delivery
of argon gas to focally freeze the area of interest. Transrectal US monitors the freeze cycle in relation to nearby organs (Figure 4-19). Once adequately frozen, hydrogen gas is administered to thaw
the area. The argon-hydrogen gas administration is then repeated. Once completed, the cryoprobes,
temperature probes, US probes, and urethral warming catheter are removed and an indwelling 18
Foley catheter is placed. The patient is discharged home the same day as the procedure and the Foley
catheter is removed several days later. Antibiotics are prescribed to prevent postoperative infection.
Typically, pain medication is not required.
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FIGURE 4-19
Needle Placement for RightFocus Cryoablation
A Ice ball formation after first
freeze cycle. Urethra and
rectal mucosa are spared.
B Sagittal view of first freeze
cycle showing ice ball
relation to bladder, seminal
vesicle, and rectum.
C Ice ball formation after
second freeze cycle.
D Second freeze ice ball
formation in relation to
urethra, and rectum.
E Right NVB, visualized using
coloured Doppler.

A

B

C

D

Image courtesy of Dr. Aaron Katz,
Winthrop University, United States.

E

The greatest strengths of cryoablation are the ability to potentially tailor the procedure to the extent
of the patient’s disease and its unique ability to be repeated with no added morbidity. In addition,
patients with recurrent cancer can still be treated with either RP or radiation therapy. The authors
recently published an article on a series of men who were treated with stereotactic body radiosurgery
after a recurrence from focal ablation.152 These patients did very well with no evidence of recurrence
and urethral or rectal toxicity. Recent articles discussing improved cryoablation techniques have
shown excellent success rates, with multiple series showing better than 90% negative Bx rates and
87%, to 95% DFS rates.153 Cryoablation appears to be equal for treatment of all Gleason grades,
including GS >7. Furthermore, recent publications of 5- and 7-year biochemical DFS consistently
report equivalent, if not superior, results to radiation and surgical treatments.154
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4.4.6

Post-surgical follow-up period

As with any cancer treatment, focal cryoablation patients should follow up with their physician to
monitor for the recurrence of disease. A few days post-surgery, patients will need to return for the
removal of their catheter and for a trial of voiding. It is our practice to leave the catheter indwelling
for four nights and then have an active trial of void. More than 98% of the patients void well, and do
not need another catheter.
The patients are routinely placed on an alpha-blocker for 30 days as well as a 5-alpha-reductase
inhibitor (5-ARI) for 90 days. The first visit after catheter removal is then at 3 months where a digital
rectal examination is performed as well as a serum PSA test. Afterwards, patients routinely follow
up every 3 months for the first year and then every 6 months thereafter. We have recently started to
use MRI in follow-up, irrespective of the PSA. We believe that this can be a useful tool to not only
detect an early recurrence but also allow us to ensure that ablation was performed adequately. The
MRI characteristics of cryoablation are well known for renal cancers, and we have extrapolated the
information for PCa therapy.
During these follow-ups, physicians often monitor men’s postsurgical PSA values on a regular basis.
A patient’s PSA nadir is defined as his absolute lowest PSA level following treatment. While literature
is still emerging on what constitutes a successful nadir value, nadir values are nonetheless utilized
as a benchmark to measure a rise in PSA. A steady increase in serum PSA over time, typically three
consecutive tests at least 2 weeks apart, is known as biochemical recurrence. Some doctors prefer to
measure patient’s PSA doubling time (PSADT) rather than strictly serum PSA. A shorter PSADT
may be indicative of disease recurrence and warrant additional treatment. The purpose of closely
monitoring post-cryoablation PSA is to detect and treat any recurrence while it is local, before it
metastasizes into distant disease.
In the event of recurrence, patients may prefer alternate treatment to cryotherapy, such as radiation.
However, the clinician and patient may find it best to repeat the procedure. Any form of cryotherapy
following treatment of PCa is considered to be salvage therapy, and is noted in our database as such.
While the technical aspects of the procedure for salvage and primary cryoablation are essentially
the same, salvage patients may experience more urinary symptoms after treatment such as irritative voiding patterns. Thus, doctors take numerous factors into account when determining whether
a man is eligible for salvage therapy. Ideal candidates for salvage procedures have no evidence of
metastasis; PSA less than 10 ng/mL; PSADT less than 6 months; and a life expectancy greater than
10 years.

4.4.7

Adverse events, side effects, and complications

Immediately following cryoablation of the prostate, men may experience swelling of the genitals.
Testicular swelling is caused by the entry of the needles via the perineum, causing irritation that can
be treated with simple over-the-counter, anti-inflammatory medication. With the 17-gauge ice rods,
we have seen this very rarely, currently in less than 1% of men. Due to the extensive vascularity of
the prostate, another common side effect of cryotherapy is hematuria. This is usually transient and
in more than 2,000 procedures that we have performed, the transfusion rate is 0%. Some patients
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may have slight blood in the catheter immediately after the procedure. As all of the procedures are
performed in our ambulatory centre, which is not near a hospital, it has been our practice to use a
three-way catheter at the end of the procedure and use bladder irrigation for an hour in the recovery
room. To date, we have not had to transfer any patient to the hospital after cryotherapy.
Neither swelling nor hematuria are considered serious side effects, as they typically subside within a
week of the procedure. Very few men experience urinary incontinence after cryoablation (less than
1% ever use a pad). However, this is far more common in salvage cryoablation patients.
A serious but far less common complication of cryotherapy is URF. Fortunately, in the focal cryoablation setting, this complication has not yet been reported. In URFs, a channel forms between the
urethra and the rectum, causing patients to void into their rectum. URFs are more common after RP,
as they occur in less than 1% of present-day cryotherapy patients.155 To date, we have not had a patient
who developed any bowel complications after a focal ablation.
Many of the adverse events of cryoablation are related to sexual function. Cryoablation includes
the destruction of periprostatic tissue and NVBs, similar to non-nerve-sparing RP. Neurovascular
bundles are located on either side of the prostate gland. They consist of erectile nerves that play a
significant role in a man’s ability to obtain an erection.156 As these nerves are localized on both sides
of the prostate, only one side is typically damaged during focal cryoablation, a benefit that is not
available for total cryotherapy patients. Cryoablation thus has a significant impact on postoperative
sexual function and most patients can expect to experience at least some impotence.
However, the recent introduction of 17-gauge cryoneedles and coloured Doppler allows for better
targeting and preservation of the NVB. This may improve the rates of erectile dysfunction (ED)
and potency following cryoablation, and we have found that the majority of patients recover sexual
function over time, usually back to baseline within 6 months. As with other forms of PCa therapy,
it is important to take the patient’s age, capability of sexual function prior to cryoablation, and the
aggressiveness and location of the cancer into account when determining whether the procedure is
the cause of ED. Even if a man can maintain an erection and reach orgasm after cryosurgery, many
report the absence of ejaculate in a condition known as retrograde ejaculation.
In patients suffering from retrograde ejaculation, the urinary sphincter, which controls the opening
from the bladder to the urethra, can no longer function properly. Rather than be discharged through
the penis, the ejaculate is redirected into the bladder. In our experience, the majority of men who
have had a focal ablation are able to maintain their ejaculation to the level that it was present before
the procedure. This is clearly an advantage over radical surgery and radiation.
The greatest concern with focal cryoablation is leaving a significant cancer untreated on the side
opposite the cryoablation. It is well known that 65% to 70% of PCa is multifocal, the recognition of
which constitutes the major theoretical objection against performing focal cryoablation. However,
many studies have noted that multifocal tumours might not be as clinically significant as once
thought,157 and with the use of genomics and MRI, we may be closer now than before to properly
selecting those men with a need for treatment with curative intent.
Available Ablation Energies to Treat Prostate Cancer
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4.4.8

Cryotherapy: a brief review of the literature

Since its introduction to the clinical world, cryotherapy has consistently grown as a treatment option
for PCa. Literature supports cryotherapy as a treatment option for patients who are ineligible for
radiation or RP as well as men who experience recurrence after radiation treatment.158 Furthermore,
the biochemical recurrence-free rate was 75.7% for 2 years after focal cryoablation.159 In comparison
to total cryoablation or radical treatment, focal cryotherapy has been proven to be less detrimental to
the overall health-related QOL of patients. According to the Cryo On-Line Database (COLD) registry, of all cryotherapy procedures, focal cryotherapy rates have increased from 2.1% in 1999 to 38.2%
in 2007.159

4.4.9

Conclusion

Advances in our understanding of the clinical features, natural history, and biology of PCa have
evolved the landscape of PCa management. Patients and practitioners now have numerous options
for less-invasive, localized treatment. The non-invasive nature of cryotherapy makes it an attractive
treatment option for patients with localized PCa. Although much of the clinical data from cryotherapy results are retrospective, new clinical trials and prospective studies will expand our understanding of their efficacy and guide patient selection.

4.5

 ascular-Targeted
V
Photodynamic Therapy

4.5.1

Introduction

®

®

The palladium-bacteriochlorophyll derivatives, TOOKAD (WST09, padoporfin) and TOOKAD
Soluble (WST11, padeliporfin) represent a novel generation of radical oxygen species (ROS)-generating
photosensitizers, also known as laser-activated vascular occluding agents (VOA).
Rather than targeting tumour cells, these compounds have the particularity of being rapidly cleared
from the circulatory system. They remain confined to the vasculature and do not migrate to extravascular tissues. This allows for localized, predictable, and well-controlled vascular damage with
resulting rapid vascular arrest within the illuminated area, as demonstrated by initial preclinical
experiments.160–162
Upon illumination with a near-infrared laser light, the photosensitizer promotes the rapid release
of ROS, leading to the occlusion of tumour-feeding arteries and veins, and resulting in permanent
vascular arrest and subsequent tumour necrosis within 24 to 48 hours after vascular-targeted photodynamic therapy (VTP). The ROS involved are superoxide and hydroxyl radicals, as demonstrated
experimentally with WST09 by Vakrat-Haglili et al., using picosecond and nanosecond time-resolved
spectroscopies, electron spin resonance (ESR) spectroscopy, time-resolved singlet oxygen phosphorescence, and chemical product analysis.163 Similarly, Ashur et al.164 confirmed that WST11 generates
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only superoxide and hydroxyl radicals, with no induction of singlet oxygen species using time-resolved
spectroscopy, ESR spectroscopy, electrochemistry, spectroelectrochemistry, oximetry, and protein
mass spectroscopy. This mechanism has been further studied and comprehensively demonstrated
in a series of experiments conducted at the Weizmann Institute of Science and recently published.
Plaks et al.165 studied the effects of TOOKAD-induced VTP in vivo using a subcutaneous WISH-PC14
human PCa xenograft. The exact sequence of endothelial events induced by TOOKAD VTP therapy
was described by Madar-Balakirski et al., in vivo and in real time using a mouse earlobe MADB106
tumour model and state-of-the-art non-invasive online imaging techniques including dynamic light
scattering imaging (DLSI), fluorescent intravital microscopy (fINM), angiography with fluorescein
isothiocyanate-dextran (FITC-dextran), and photosensitized MRI. TOOKAD VTP induced rapid
vasodilatation (mean volume increase of 70%) of tumour-feeding arteries and transient increase
in blood-flow. This was followed by vasoconstriction, and blood clotting—particularly at precapillary bifurcations—was seen within 25 seconds, together with increased vessel permeability and
decreased flow, resulting in an arterial occlusion at 63.2±1.5 seconds and an irreversible arrest after
10 minutes. A parallel venous occlusion was also demonstrated. More importantly, healthy tissue
vessels appeared intact and functional after VTP, as demonstrated by FITC-dextran angiography and
DLSI monitoring.166
A second paper from this institute has also elucidated the mechanisms involved in the propagation of the TOOKAD soluble-induced oxidative insult among endothelial cells. In a series of experiments using a highly sophisticated methodology, the authors demonstrated that while illumination
of bEnd.3 cell cultures pretreated with WST11 induced the production of ROS in the illuminated
cells, the propagation of the oxidative insult to non-illuminated cells was dependent on the following
conditions:
a. Functional gap junctions
c. Nuclear translocation of c-Jun N-terminal
b. Direct result of de novo generation of ROS as
kinase
well as radical nitrogen species (nitrous oxide d. Apoptosis in all bystander cells adjacent to
the initially injured endothelial cell
and peroxynitrite),
Thus, this led to the propagation of oxidative stress over hundreds of microns from the focal injury.
The authors concluded that functional gap junction intercellular communications were mandatory
for local oxidative stress expansion among endothelial cells.167

4.5.2

Description of the procedure

Analysis of data from phase 1/2 trials with TOOKAD Soluble VTP therapy by Betrouni et al.,168
demonstrated that PDT planning is possible and reliable, allowing the design of a response model
that was subsequently validated. Optimal response is achieved with a drug dose of 4 mg/kg WST11
and a light dose of 200 J/cm (NIR: 753 nm laser light wavelength). The model confirmed an optimal
correlation between the illuminated tissue volume and the resulting volume of necrosis, assessed on
day-7 MRI. This protocol is now implemented as the standard for TOOKAD Soluble VTP therapy of
PCa in the clinical setting.
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The technical aspects and standardization of the procedure for VTP therapy with TOOKAD Soluble
in localized PCa have been described in an exquisitely detailed paper recently published.169
In preparation for surgery, patients received an alpha-blocker for 1 month starting the week before
the procedure to ameliorate the symptoms derived from the prostatic VTP induced swelling.
The procedure is performed under general anesthesia, and curarization is recommended to avoid
any slight movement of the patient that would require a complete repositioning of all fibre insertion
catheters (FICs). The patient, protected from light at all times, is placed in lithotomy position with the
hips flexed to expose the perineum and legs spread to facilitate the positioning of the FIC. Following
antiseptic skin scrub, the patient is fully draped covering the BrachystepperTM and probe, to secure a
sterile operative area.
The bladder is drained with a Foley catheter, which is then sealed with a spigot, pushed in the bladder,
and fixed with tape to the glans penis, avoiding puncture during the procedure.

®

Using the transrectal US and aided by the guidance of the TOOGUIDE software, we then proceed
with the accurate placement of the FICs, which is facilitated by their metallic tips. As described by
the author, “the best way to introduce the FIC was to do it swiftly.” Once all the FICs are in place,
the accurate measurement of each corresponding optical fibre is performed, always respecting the
5 mm safety margins to urethra, rectal wall, sphincter, and capsule. Each optical fibre is calibrated by
inserting its illuminating diffusor into the integrating sphere in the laser generator in order to adjust
the power with the planned values (within ±5 mW), and is then inserted into the corresponding FIC,
fixed by an O-ring clamp and further secured to the plastic drape with steri-strips, as depicted by
Azzouzi et al.169
At the end of this stage of the procedure, the surgeon has to verify that the light density index (LDI)
is above 1, and a final safety check is performed using a light sensor in the lumen of the rectum and
illuminating all fibres in a “test mode” to guarantee that the highest level of light intensity is kept
below 13 mW/cm2.
At this point, with the patient completely protected from light and wearing goggles, a 10-minute
single bolus of 4 mg/kg of TOOKAD Soluble is infused intravenously, through an opaque syringe and
an IV line set. The activation of TOOKAD Soluble is achieved by illumination with a near infrared
753 nm laser light at a power of 150 mW/cm and a light energy of 200 J/cm, delivered by a multichannel diode laser commencing at the end of the infusion and for a period of 22 minutes and 15 seconds
and matching with the peak serum concentration of the photosensitizer.
Once the procedure is completed, which lasts between 1.5 and 2 hours, all fibres and FICs are
removed. The urinary catheter is left on free drainage and the patient is kept protected from light
exposure during the transfer to his bed.
Postoperatively, the patient is kept under dimmed light for at least 6 hours and may be discharged
on the day of the procedure as a day-case surgery, as reported by Azzouzi et al.169 In our institution,
the patients were kept for observation in their room for 24 hours and discharged the following day.
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They are informed of the need to avoid direct exposure to sunlight during the 48 hours following the
injection. The urinary catheter can be removed 3 to 4 hours after the procedure or on the following
day. An alpha-blocker is continued due to the increased risk of lower urinary tract symptoms (LUTS)
during the first 4 weeks.

4.5.3

Preclinical data

4.5.3.1
WST09 Preclinical studies
The bacteriochlorophyll-derived photosensitizer TOOKAD (Pd-Bacteriopheophorbide, also known
as WST09; Negma-Lerads, Toussus-le-Noble, France) was the initial compound assessed in both the
preclinical and clinical settings. WST09 (TOOKAD) PDT effectively induced extensive hemorrhagic
necrosis in preclinical in vivo models.
In a series of experiments, Koudinova et al.170 assessed the in vivo response to TOOKAD (WST09)
PDT. For this, male CD1-nude mice were grafted with the human SCCP (WISH-PC2) in the subcutaneous tissue, intraosseously, and orthotopically. TOOKAD was administered at a dose of 4 mg/kg
and followed by immediate illumination (650–800 nm) from a xenon light source or a diode laser
emitting at 770 nm. Endpoints of the study were: tumour volume, human plasma chromogranin
A levels, animal well-being, and survival. Furthermore, tumour response to PDT was studied by
histopathology and immunohistochemistry. With the animals followed for up to 90 days, complete
tumour response was documented histologically in 69% of subcutaneous xenografts as well as in
approximately 50% of intraosseous and orthotopic tumours.
In 2002, Chen et al.171 evaluated the potential of TOOKAD-mediated PDT in vivo as an alternative
treatment for PCa, using a normal canine prostate model. In these studies, after 5 or 15 minutes
following administration of 2 mg/kg TOOKAD (WST09), the surgically exposed canine prostate was
irradiated superficially or interstitially with a 763 nm light and at light doses from 50 J/cm2 to 200 J/
cm2. In these studies, the adjacent bladder and rectum were also exposed to light.
During treatment, the temperature and light fluence were recorded. Histological assessment of
harvested prostates demonstrated uniform hemorrhagic necrosis and atrophy, with lesions clearly
delineated from the adjacent normal tissue. Optical dosimetry demonstrated that 20 J/cm2 were
required to produce prostatic necrosis, well below the dosimetry required to induce damage to adjacent tissues (40–80 J/cm2), thus, the authors concluded that TOOKAD (WST09)-mediated PDT
appeared to be a promising candidate for prostate ablation in patients with recurrent, or possibly
even primary, PCa.
Later, this same group evaluated the effects of TOOKAD (WST09)-mediated PDT on a canine prostate model pretreated with ionizing radiation (54 Gy 5–6 months prior to PDT). After infusion of 2
mg/kg TOOKAD and employing light fluences of 50 J/cm to 200 J/cm, the interstitial tissue oxygen
profile and light fluence rate were assessed. One week later, histology confirmed well-defined hemorrhagic necrosis, clearly delineated from the RT-induced preexisting fibrosis. The lesion size correlated
with light fluence and it was comparable to that in non-irradiated prostates. Importantly, there was
no noticeable damage to the urethra, bladder, or adjacent colon, suggesting that it could be an alternative for recurrent PCa after RT.172
Available Ablation Energies to Treat Prostate Cancer
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Using spontaneous canine PCa and normal canine prostate models, Huang et al.173 further investigated
the effects of different drug doses and light doses for one- and two-session PDT. Pharmacokinetics
assessment demonstrated a peak of plasma WST09 levels at the end of the infusion, in the order of
0.5, 4.6, and 5.9 μg/mL for administered doses of 0.25, 1.0, and 2.0 mg/kg, respectively, and followed
by a rapid clearance. In this study, conventional CT scans did not show PDT-induced tissue damage,
which was better identified by a blood perfusion scan performed at days 2 and 7 after VTP.
The investigators focused their attention on MRI imaging as an ideal tool for the assessment and
follow-up after VTP therapy. In a preclinical study on dogs, the authors evaluated the optimal MRI
methodology to assess PDT-induced response in the canine prostate. TOOKAD 1 mg/kg was infused
and the exposed prostates illuminated via a cylindrical diffuser with a 763 nm light (50–300 J/cm).
Comparing fast spin echo T2W, contrast-enhanced T1 (CE-T1), and diffusion weighted images
(DWI) on days 2, 7, and 30 post-treatment. The authors concluded that on day 7 after PDT, gadolinium diethylenetriamine penta-acetic acid (DTPA) contrast-enhanced MRI was superior to DWI
and T2W imaging at delineating the PDT-induced tissue necrosis.174
Subsequently, several preclinical and clinical studies have further evaluated and optimized the MRI
imaging protocols for the assessment and follow-up after WST09 therapy. This methodology has
later been implemented in the phase 1/2 and recent phase 3 trials with TOOKAD Soluble, and it now
constitutes the mainstay in the post-VTP follow-up.
4.5.3.2
WST11 TOOKAD soluble preclinical studies
In 2011, Chevalier et al.175 published their initial results with WST11 TOOKAD Soluble in a canine
model and compared it with WST09 PDT. A single bolus infusion of 10 min using varying doses
of WST11 was administered to 34 dogs and of 2 mg/kg WST09 to the other three animals, and the
prostates were illuminated for 33.2 minutes. Circulating WST11 levels increased with drug infusion
and decreased rapidly during 1 hour, being undetectable at 24 hours. Only transient mild urinary
symptoms were recorded and they resolved within 48 hours. Hemorrhage was observed in all treated
prostates in a drug-dose and fluence-dependent manner, and it translated into necrosis, which was
associated with loss of the vessel endothelial layer. In this study, WST11 VTP demonstrated a superior tissue ablation than WST09 in the canine prostate model.
Using the dog model, this group further studied the safety and efficacy of WST11 TOOKAD Soluble
VTP with transurethral illumination, in the context of benign prostatic hyperplasia (BPH). For this,
a 753 nm laser light (200–300 J, 200 mW/cm fluence) was delivered through an urethrally placed laser
fibre. Varying doses of WST11 (5–15 mg/kg) were infused intravenously starting 5 to 15 minutes
before and during illumination, or as a single bolus 5 to 10 minutes before illumination.
Outcomes were measured by US, urodynamic assessment, cystourethrogram, and histopathology.
Follow-up of the treated animals continued from 1 week to 1 year. WST11 TOOKAD Soluble VTP was
well tolerated, with only one dog developing urinary retention. Hemorrhagic lesions were detected
in all treated animals, demonstrating a periurethral necrosis with loss of endothelial layer, and a
concentric outer layer of inflammation and atrophy, with normal blood vessels. During follow-up,
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prostatic urethral width increased as early as week 6, accompanied by a reduction of prostate volume,
reaching 25% by 26 weeks. Urodynamic assessment confirmed a parallel decrease in urethral pressure at 6 weeks, lasting up to 1 year.176

4.5.4

Clinical data

4.5.4.1
Indication and patient selection
Inclusion criteria for phase 1 and 2 studies with WST09 TOOKAD in patients with recurrent PCa
following definitive radiation therapy:177,178
Histologically proven PCa following defini- PSA <20 ng/mL
Prostate volume <50 mL on US scan
tive EBRT
Life expectancy >5 years
GS >6
Organ-confined disease on staging CT
(≤cT2c)
Exclusion criteria:177,178
Previous hormonal therapy within 6 months
Previous chemotherapy
Previous transurethral resection of prostate
Significant history of allergies, particularly to
Chromophore

Hematological disorders
Significant RT-induced cystitis or proctitis
Renal or hepatic disorders

®

Inclusion criteria for phase 2 studies (PCM201, PCM202, and PCM203) with WST11, TOOKAD
Soluble VTP in patients with localized PCa:180,181
Patients with Bx-proven low-risk PCa suitable
In PCM201 and PCM203 studies, Gleason
for AS
pattern 4 was accepted in patients diagnosed
Dynamic contrast MRI performed in all
by transperineal Bx if low burden (<3 cores
patients
affected and ≤3 mm maximum cancer core
Organ-confined
disease
≤cT2b-cN0/
length)
In PCM202 only ≤50% of cores could be
Nx-cTM0/Nx (radiological cT2c acceptable)
PSA <10 ng/mL
affected and ≤5 mm maximum cancer core
Prostate volume <50 mL on US scan
length
GS 3+3 in patients diagnosed by US scanOnly patients with unilateral disease at entry
guided transrectal Bx
were included
Exclusion criteria: 180,181
Previous or current treatment of the cancer,
including: hormonal therapy (excluding
5-ARIs) or androgen supplements in the last
6 months, RT, chemotherapy, or TURP
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Inclusion criteria for the European Randomized Phase 3 Study to Assess the Efficacy and Safety
of TOOKAD Soluble for Localized Prostate Cancer Compared to Active Surveillance CLIN 1001
PCM301 (NCT01310894):182
Men with low-risk PCa
Low-risk PCa defined by (10–24 cores TRUS Bx):
stage up to cT2a (rT2c and pT2c
permitted)
Absence of Gleason pattern 4 or 5
1 core positive (3–5 mm maximum cancer
core length)
Clinical

2–3 cores positive (1–5 mm maximum cancer

core length)

PSA ≤10 µg/L
Prostate volume >25 cc and <70 cc
Life expectancy ≥10 years
Signed informed consent form by the patient

Inclusion criteria for the Latin America- Phase 3 Study of the Efficacy, the Safety and Quality of
Life after TOOKAD Soluble PCM304 (NCT01875393):182
Prostate adenocarcinoma diagnosed using
Clinical stage up to cT2a – N0/Nx – M0/Mx.
Prostate volume >25 cc and <70 cc
prostate Bx showing:
Gleason 3+3 with Gleason 3+4 acceptable
Life expectancy ≥10 years
provided it is not present in >2 cores and no Signed informed consent form by the patient
more than 50% cancer in any core

®

4.5.4.2
Oncological outcomes
WST09, TOOKAD oncological outcomes
In 2007, Trachtenberg et al.177 published the results of the first phase 1 clinical trial assessing safety
and efficacy of palladium bacteriopheophorbide (WST09) TOOKAD VTP in patients with Bx-proven
recurrent PCa following definitive RT (Level 2). Twenty-four patients were enrolled in two consecutive arms: initial drug dose escalation (0.1, 0.25, 0.5, 1, and 2 mg/kg) evaluating drug tolerability
and safety at a fixed light energy (100 J/cm), using only two fibres. Once the safety of the 2 mg/kg
TOOKAD dose was demonstrated, the light dose was escalated to 230 J/cm and 360 J/cm. Treatment
efficacy was assessed by 6-month standard 12-core systematic biopsy (SB), PSA readings at months 1,
2, 3, and 6, and MRI on day 7 and at 6 months post-VTP. Peak plasma concentration was reached at
20 minutes post-infusion. At a dose of 2 mg/kg, plasma levels were undetectable after 2 hours.
The first MRI-detected avascular lesion was achieved with 1 mg/kg TOOKAD at 100 J/cm, increasing
with increasing doses, with response in six of six patients treated with the highest dose schedule (2
mg/kg at 360 J/cm). Data suggested that VTP threshold dose of 2 mg/kg TOOKAD and a light dose
of 100 J/cm was required for a consistent induction of lesions, above which a dose dependence of the
lesion size was observed.
In 2008, the same group reported on the outcomes of a second, light dose escalation study, further
assessing the efficacy of TOOKAD (WST09) VTP as a method for whole-prostate ablation in patients
with recurrent PCa after failure of EBRT. In this phase 2 clinical trial, 28 participants received a fixed
dose of 2 mg/kg TOOKAD and patient-specific light dose as determined by computer-aided treatment planning and with up to six fibres for illumination (Level 2).
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Treatment efficacy was evaluated by means of a 6-month 18-core systematic prostate Bx, MRI imaging at 1 week and 6 months, and PSA measurements at months 1, 2, 3, and 6 after VTP. As expected,
light dose correlated with tissue response as measured by MRI. A complete response as defined by a
negative 6-month Bx required a light dose of at least 23 J/cm in 90% of prostate volume. The finding
was further supported by the PSA response in these patients. This study demonstrated that the day-7
MRI was a reliable surrogate for 6-month Bx. All participants with >60% of devascularized prostate
on day-7 MRI were subsequently found to have a negative Bx.178
Haider et al.179 published separate results from the 25 patients with a mean age of 73 years (58–83)
included in the imaging analysis. Dynamic gadolinium-enhanced T1W and T2W MRI scans were
performed with a mean 12.8 (4–36) days before and 7 days, 30 days, and 6 months after VTP,
and results were correlated with PSA response. Contrast-enhanced T1W MRI on day-7 post-VTP
confirmed intraprostatic necrosis in all 25 patients, with the percentage of necrosis ranging from
0.9% to 80% and irregular treatment margins in 21 of 25 cases. The non-enhanced T2W MRI showed
unclear boundaries in all cases. The NVB appeared to be spared in all patients and urethral preservation was complete in 10 of 25 patients. Maximal MR-depicted necrosis was seen on the day-7
scan, being superior to the 30-day scan when assessing VTP response. Importantly, the MR-depicted
intraprostatic necrosis correlated with the percentage decrease in PSA levels at 4 and 12 weeks.
WST11, TOOKAD soluble oncological outcomes
Results from the PCM201 phase 2 study, conducted across nine university hospitals in Europe and
Canada, were published by Moore et al.180 in 2014. A prospective, multicentre, open-label, single IV
dose-escalation trial of TOOKAD Soluble VTP was designed to determine the optimal drug concentration and light dose parameters to achieve prostate ablation in men with early PCa (Level 2). The
patients received 2, 4, or 6 mg/kg TOOKAD Soluble using a 753 nm laser light at a fixed power (150
mW/cm) and light energy (200 J/cm). Three patients received 2 mg/kg but the dose was considered
insufficient. On the contrary, the 6 mg/kg dose was found excessive, and hence unsuitable for small
prostates.
The primary efficacy criterion was the result of the 6-month Bx, which was negative in 53% of evaluable patients. Furthermore, in the group of patients with optimal conditions (4 mg/kg, 200 J/cm
and LDI ≥1) the negative Bx rate increased to 83%. The secondary efficacy criterion was the volume
of VTP effect, defined as the volume of hypoperfusion at 1 week MRI divided by the mean of the
intended treatment volume at baseline and at 1 week post-VTP MRI. Overall, the mean percentage
treatment effect was 38%, and it increased to 42% in the 4 mg/kg group.
In 2013, Azzouzi et al.181 reported on the initial results from the PCM201 study in patients with
localized PCa (NCT00975429), conducted within seven academic European centres. The phase 2,
multicentre, open-label, multiple-arm, single IV dose-escalation, 6-month, non-randomized clinical
trial was designed to determine the optimal treatment conditions needed to achieve PCa ablation and
to assess the eﬃcacy of TOOKAD Soluble VTP in patients with localized PCa (Level 2).
In part one of the study, patients were initially assigned to 4 mg/kg or 6 mg/kg TOOKAD Soluble
depending on whether the prostate was <60 mL or ≥60 mL, respectively, and a light dose set at
200 J/cm. In part two of the study, patients were assigned to treatment groups with 4 mg/kg or 6 mg/kg
Available Ablation Energies to Treat Prostate Cancer
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TOOKAD Soluble and activated with 200 J/cm or 300 J/cm. Patients were followed for 6 months after
VTP, at which time they underwent a Bx. Magnetic resonance imaging was performed before treatment as well as at 1 week and at 6 months following VTP. PSA was checked at 1, 3, and 6 months.
At the 6-month follow-up, 74% of patients had negative biopsies. Overall, the mean necrosis percentage, assessed by MRI on day 7, was 78% (83 patients) with some evidence of extraprostatic necrosis
reported in 76% of patients, although without sequelae. The mean percentage of necrosis reduced
with time, with values of 8.5% and 7.3% at 3 and 6 months, respectively. Importantly, in the subset
of patients treated with 4 mg/kg TOOKAD Soluble and 200 J/cm light (unilateral), 83% had negative
biopsies and the mean necrosis percentage at 7 days after VTP was 88%.
The LDI was evaluated clinically, with the aim of optimizing the light delivery. The LDI is deﬁned
as the ratio between total light-emitting length of inserted VTP fibres (cm) and the baseline target
volume by planimetry (cm3). In the present study, overall, the mean percentage of necrosis at day-7
MRI after VTP was 88% and 58%, in patients treated with an LDI of ≥1 and an LDI of <1, respectively.
And it increased to 91% in those patients treated with 4 mg/kg TOOKAD Soluble and 200 J/cm light
(unilateral) and an LDI of ≥1. Overall, a higher percentage of patients treated with an LDI of ≥1 had
negative biopsies at the 6-month follow-up when compared with those treated with an LDI of <1 (79%
vs. 63%, respectively).
In 2015, Azzouzi et al.182 published the pooled analysis of 117 men from the three phase 2 studies
(PCM201, PCM202, and PCM203), and evaluated the 6-month effects of VTP TOOKAD Soluble
administered at the recommended dose of 4 mg/kg in a 10-minute, single bolus IV infusion, and
activated by a 753 nm laser light at 200 J/cm, considered the optimal combination in terms of safety
and efficacy (Level 2).
The primary endpoint was the negative 12-core prostate Bx rate at 6 months after TOOKAD Soluble
VTP. Secondary efficacy criteria included change in PSA (checked at months 1, 3, and 6) and MRI
result on day 7 and at 6 months.
Pooled analysis demonstrated that focal VTP treatment with TOOKAD Soluble at 4 mg/kg and
200 J/cm resulted in an overall negative 6-month Bx rate of 68.4% which improved to 80.6% for those
patients treated by hemiablation and with an LDI of ≥1.
Mean percentage of tissue necrosis on day 7 MRI was 76.5 % overall and 86.3% in the protocol population with and an LDI of ≥1. Extraprostatic necrosis was reported in 67.2 % of patients, and this was
usually not associated with clinically significant disorders. Mean PSA level variations from baseline
were −2.1 and −2.0 ng/mL, respectively, at 3 and 6-months. In the protocol population with an LDI of
≥1, PSA changes from baseline were in the order of −2.3 ng/mL at both 3 and 6 months.
Investigators at the Angers University Hospital reviewed the histological findings from 56 patients
included in two phase 2 WST11 trials. In these series, the 6-month Bx was negative in 29 of 56
patients. Scarring, as a result of the TOOKAD Soluble VTP treatment was observed in 53 of 56 cases,
affecting the treated lobe, being minimal or nonexistent in the untreated lobe, and characterized
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by well-demarcated areas of fibrosis, always at least at 5 mm from the prostate capsule, which was
either normal or moderately fibrotic. Coagulative necrosis was observed in 53% of cases. Importantly,
residual tumour was never seen within the scar tissue.183
4.5.4.3
Functional outcomes
WST09, TOOKAD functional outcomes
Functional assessment (IPSS and QOL Patient-Orientated Prostate Utility Scale) performed during
the phase 1 trial of WST09 TOOKAD VTP in patients with recurrent PCa following definitive RT
demonstrated that bowel, urinary, and erectile functions were preserved in the long-term assessment
(6 months) when compared with baseline. In responders, a worsening of urinary function was seen
in the first month, returning to baseline at 6 months. Similarly, during the phase 2 clinical trial, most
patients had an initial deterioration of their IPSS scores, particularly due to storage symptoms that
were controlled with medication. At 6 months, the IPSS had reverted towards baseline levels in all
patients.177,178
WST11, TOOKAD soluble functional outcomes
For all 34 evaluable men in the PCM201 phase 2 study WST11 TOOKAD Soluble VTP, the mean
IPSS score decreased from 7.3 at baseline, to 6.6, 5.4, and 5.1 at 1, 3, and 6 months after VTP, respectively. Among men (n=29) in the optimal treatment group (4 mg/kg and 200 J/cm), the mean IPSS
score decreased from 6.3 at baseline, to 5.6, 3.7, and 3.8 at 1, 3, and 6 months after VTP, respectively.
For the health-related QOL domain of the IPSS score, there was a signiﬁcant improvement from 2.1
to 1.3, from baseline to 6 months after VTP (p<0.013) and comparable between all patients and those
receiving the optimal treatment.
Regarding erectile function, overall, the mean baseline IIEF-5 score was 17.7, falling to 13.8 at 1
month, then rising to 16.5 at 3 months and 16.6 at 6 months after VTP. There was no statistical difference between baseline and 3 or 6 months after VTP. Among men in the optimal treatment group,
the mean baseline score was 18.0, falling to 13.3 at 1 month, rising to 16.4 at 3 months and 17.0 at
6 months after VTP. Over the 6-month follow-up period, four patients developed de novo erectile
dysfunction, defined by a decrease of the IIEF score of ≥10 points.180
Reported functional outcomes from the phase 2 PCM203 trial also showed a decrease of the mean
IPSS score from 6.0 at baseline to 4.8 and 4.7, at 3 and 6 months after VTP. Despite a transient increase
to 8.5 at 1 month, the overall trend indicated an improvement in urinary symptoms, with a decrease
of the health-related QOL domain of the IPSS score from 1.6 at baseline to 1.1 at 6 months after VTP.
In parallel to the previous study, the IIEF-5 questionnaire demonstrated a slight deterioration of
erectile function, with a score reduction from 19.7 at baseline to 13.7 at 1 month, then rising to 15.7
at 3 months, and 15.3 at 6 months post-VTP. Over the 6-month period of the study, nine patients
reported treatment-emergent adverse events (TEAEs) of erectile dysfunction.181
Pooled analysis, assessing functional outcomes in the cohort of patients treated with the optimal
drug (4 mg/kg) and light (200 J/cm) doses, was consistent with the previously published data. The
mean IIEF-5 scores were 19.4, 12.9, 15.1, and 15.3 at baseline and 1, 3, and 6 months, respectively.
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There was a slight deterioration on erectile function (mean –3.0 score change from baseline). For the
same time points, the mean IPSS scores were 6.0, 8.5, 5.1, and 4.7, respectively, representing a slight
improvement in urinary symptoms (mean –1.8 score variation from baseline).182
4.5.4.4
Complications
The aforementioned preclinical studies using a canine model already demonstrated the feasibility, tolerability, and safety of TOOKAD and TOOKAD Soluble VTP therapy. Safety was further
investigated in vivo in studies that evaluated the potential impact on nerve conduction184 and skin
photosensitivity.185
The safety profile has been extensively assessed in the already published phase 1/2 trials conducted
with both WST09 (TOOKAD) and WST11 (TOOKAD Soluble), as well as in ongoing international,
prospective, phase 3 trials.
No serious adverse effects (AEs) were reported by Trachtenberg et al. during the phase 1 trial of
TOOKAD VTP in patients with recurrent PCa following definitive RT. Intra-operative hypotension
was reported in 12 of 24 patients, with no adverse events related to it. No cutaneous photosensitivity was observed on skin testing at 3 hours after infusion.177 During the light dose-escalation phase
2 trial, however, the authors reported two serious AEs due to rectal fistula, one of which resolved
spontaneously.178
Importantly, the intraoperative hypotension observed following infusion of the original WST09 was
related to the Cremophor that was used as a vehicle for the non-soluble WST09. This issue was
resolved with the newer and soluble compound WST11, TOOKAD Soluble, which replaced the original radiosensitizer and is currently undergoing full clinical testing.

®

Moore et al.180 reported a total of 131 AEs in 34 patients, those that were related to treatment were
mild to moderate. In all, 66.7% had at least one AE related to the technical procedure and 33.3% had
at least one AE related to the study drug.
The most common AEs related to the technical procedure were dysuria (n=9), hematuria (n=8),
hematospermia (n=5), erectile dysfunction (n=4), perineal pain (n=4), and transient urinary
retention (n=2).
Three patients reported serious AEs related to the technical procedure, including pelvic pain (n=1)
and extra-prostatic necrosis (n=2) caused by an excessive light dose due to a calibration error, with
both patients recovering without sequelae.
Of the 40 patients who received the complete VTP procedure, none withdrew due to AEs. In all, 87%
(75 of 86) of patients included in the phase 2 NCT00975429 study reported 228 TEAEs, most being
mild or moderate. All 75 patients who had a TEAE reported at least one TEAE that was considered
related to the technical procedures of the study (194 TEAEs in total). Overall, 61% (52 of 86) of
patients reported a TEAE that was considered related to study drug, and 64% (55 of 86) of patients
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reported at least one TEAE that was considered related to the study device, including dysuria (34%),
UTI (86 [14%]), urinary retention (13%), constipation (86 [13%]), and perineal pain (86 [12%]), mostly
considered related to the technical procedures of the study. No patients discontinued due to AEs.
Eight patients (9%) experienced nine serious TEAEs, of which five events were considered related to
the study procedure (n=1 for each of prostatitis, hematuria, epididymo-orchitis, cystoprostatitis, and
stricture). Study drug–related serious TEAEs were reported in two cases (n=1 for each of ischemic
optic neuropathy and inﬂammatory prostatic cyst 193 days after therapy).
There were some minor changes in the biochemical parameters, including elevation of hepatic
enzymes that could have been related to anesthesia. Renal toxicity was not reported.181
Safety analysis of the pooled data from the three phase 2 studies, including patients treated with the
optimal drug and light doses, reported 386 TEAEs in 97 patients (82.9%), the majority of which were
grades 1 or 2. Overall, 52.1% reported at least one TEAE that was considered related to study drug,
45.3% reported at least one TEAE related to the study device, and 76.9% reported at least one TEAE
that was considered related to the technical procedure.
The most frequently reported TEAEs were dysuria (33.3%), erectile dysfunction (16.2%), perineal
pain (15.4%), hematuria (13.7%), urinary retention (11.1%), and micturition urgency (9.4%). No
TEAEs led to study discontinuation or premature withdrawal from the study. Serious TEAEs, related
to the drug, device, or procedure were reported by either treatment groups including extraprostatic necrosis (n=2), prostatitis (n=2), pelvic pain (n=1), hematuria (n=1), urethral stricture (n=1), and
orchiepididymitis (n=1).182
A question when considering the widespread implementation of any particular energy source in the
context of focal therapy is the potential impact on a future rescue of these patients, should this be
required. Indeed, the debate continues regarding the risk of impairing a latter treatment, particularly RP, due to the tissue changes induced by the primary focal approach. Responding to this issue,
Lebdai et al.,186 recently published the first series of salvage RP following TOOKAD Soluble VTP
treatment and reported preliminary results from a cohort of 19 patients pooled from two phase
2 (NCT00707356 and NCT00975429) and one phase 3 (NCT01310894) European clinical trials.
Patients underwent RP (open n=12, laparoscopic n=2, or robot assisted n=5), with a median delay
from VTP of 17 months (8–48).
With a median operating time of 150 (90–210) minutes, median estimate blood loss was 400 (100–
1,000) mL, the median catheterization time was 7 (5–18) days, and the median hospital stay was 7
(4–21) days. The authors reported preoperative complications in three patients: one pelvic hematoma
(Clavien IIIa), one superficial wound infection (Clavien I), and one patient requiring blood transfusion (Clavien II).
When reporting on functional outcomes and with a median follow-up of 10 (1–46) months, 13 patients
were completely continent (68%), five needed ≤1 pad/day, and one needed 3 pads/day (Clavien I).
Eight and 18 patients reported severe erectile dysfunction, before and after RP, respectively.
Available Ablation Energies to Treat Prostate Cancer

303

From the oncological point of view, the median postoperative PSA was 0.02 ng/mL (<0.01–0.3 ng/mL),
and remained undetectable in 84% of patients. Nine patients had positive margins, found to be
significantly associated with bilateral VTP (HR, 4.3; 95% CI, 1.6–11.7; p=0.003) and six received
complementary RT. The authors concluded that rescue RP following VTP therapy is feasible, safe,
and efficient for most of the locally recurrent tumours.186

4.5.5

Conclusion

The increase in early, clinically low-risk PCa that has resulted from the widespread implementation
of PSA testing and the implications of conventional therapies for these patients in terms of overtreatment has turned the field’s attention to less-invasive techniques. As has been seen in many other
tumours, a better understanding of the disease, together with improved energy sources and imaging
technology, has resulted in the rapid development of focal therapy aimed to minimize side effects
while preserving oncological safety. Vascular-targeted PDT is one such technology currently being
evaluated in the clinical setting.
The novel TOOKAD Soluble VTP therapy represents a clear example of a bench-to-clinic technology.
Created with a robust scientific basis and thoroughly tested in a series of preclinical animal model
studies, it is currently undergoing a meticulous and well-designed clinical development plan. With
its efficacy and tolerability demonstrated in several consecutive phase 1/2 trials, and following the
optimization of the technical aspects of the procedure, TOOKAD Soluble VTP has now been tested
in two large, international, multicentre, prospective, phase 3 trials [LOE 1], of which the results were
expected at the end of 2015.

4.6

Irreversible Electroporation

4.6.1

Introduction

Electroporation or electropermeabilization is a technique in which short, micro- or millisecond
electric pulses, travelling between two or more electrodes, are used to create nanopores in the cell
membrane. These pores allow for molecules to pass into the cell. Depending on the field amplitude,
duration, and number of electrical pulses, this process can be temporary (reversible electroporation),
or permanent (irreversible electroporation [IRE]) when above a certain threshold. When permanent, cell death occurs due to cells' inability to maintain homeostasis, resulting in the irreversible
loss of calcium ions and the constant disturbance of the sodium/potassium gradient.187–189 The cell
membrane breakdown and its ability to reseal when introduced in an electric field were first demonstrated at the cellular level in the 1970s.190–195
Over the last decade, reversible electroporation has been commonly used in medicine and biotechnology to introduce non-permeable chemical species across the cell membrane, ranging from
small molecules such as fluorescent dyes, radioactive tracers, and cytotoxic drugs such as bleomycin or cisplatin (now known as electrochemotherapy) to high molecular-weight molecules such as
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antibodies, enzymes, dextrans, nucleic acids, and DNA.196–198 Currently, the primary therapeutic in
vivo applications of reversible electroporation are transdermal drug delivery, electrochemotherapy,
and electrogene therapy, a form of non-viral gene therapy.
The various applications of reversible electroporation require cells to survive the procedure, and
therefore the occurrence of IRE, which leads to cell death, is obviously undesirable in such a setting.
Consequently, during the last three decades, when the field of electroporation has become dominated
by reversible electroporation applications, IRE was viewed as an undesirable side effect and was studied only to define the upper limit of electrical parameters that induce reversible electroporation. It
was quickly noted that this side effect could be advantageous, causing irreversible damage and thus
ablating tissue.
Surprisingly, the ability of electricity to kill cells has been known for centuries. Reports show that this
effect may have been observed as early as 1754 when Nollet studied the discharge of a static electrical generator on the skin,39 and Fuller in 1898 reported that multiple high-voltage discharges had a
bactericidal effect on a water sample.199 Pulsed electrical fields have also been studied extensively as a
method to destroy prokaryotic and eukaryotic cells and amoebae with regards to water decontamination.200,201 Due to the capability of this technology to kill microorganisms, electroporation has also
been used in the food industry since 1961 for sterilization and preprocessing of food.43
Electrical fields causing IRE also gained momentum during the last decade as a method to kill normal202
or cancerous mammalian cells in vitro. This ability was duplicated in vivo and confirmed during
tumour ablation of the liver, pancreas, kidney, and lung,203–206 leading to the development of commercially available IRE medical equipment used in minimally invasive surgery for tumour ablation.207

4.6.2

Device and procedure description

®

The AngioDynamics Inc HVP-01 Electroporation System (also registered as the NanoKnife IRE
System) has received FDA clearance for surgical ablation of soft tissue. It has also been approved by
the European regulatory authorities (CE certificate).
The system is the first commercially available technological platform based on the principles of IRE,
and is intended for applications that require the ablation of tissue that is primarily cellular. The
NanoKnife System consists of two major components: an LEDC generator and needle-like electrode
probes (Figures 4-20 and 4-21).
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FIGURE 4-20
Low-Energy, Direct-Current
Electroporation System
(NanoKnife IRE System,
AngioDynamics)
One is the activator probe
and the other is a standard
probe. Up to five standard
needles can additionally be
connected to the generator
forming five pairs of IRE
circuits with the activator
probe.
Image courtesy of AngioDynamics.

FIGURE 4-21
A Couple of IRE Probes

The NanoKnife Generator delivers LEDC energy to the NanoKnife electrode probes placed around
a targeted area of soft tissue intended for ablation. The NanoKnife electrode probes work in a twopole operating mode, where one is the positive supply and the other is the negative return. There is
no need for a ground pad. Up to six NanoKnife electrode probes can be placed at a fixed distance
apart in soft tissue to create several two-pole electrode configurations. It is important that the probes
are placed in such a way that each one is parallel to the other. In addition, the inter-probe distance
should not be less than 10 mm and not more than 20 mm. Therefore, LEDC is applied in cross pairs
that have less than 2 cm distance apart. The active needle tip has a length of between 0.5 cm to 2 cm
depending on the amount of retraction of the probe protective cap. This means that if the prostate
length is more than 2 cm, the needles require a second treatment session after they have been pulled
back (Figure 4-22).
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FIGURE 4-22
A Three IRE probes placed in
the prostate under biplanar
TRUS guidance with the
help of a 5-by-5 stepping
grid.
B Two, three, and four
NanoKnife IRE probe
configurations. The interprobe distance should be
at least 1 cm and no more
than 2 cm. The protective
cap can be retracted in
order to present the active
tip, which has a maximum
length of 2 cm. Probes
should be parallel to
each other.

A

B

The number and configuration of electrode probes that are placed depends on the size and shape of
the targeted area. During initial experience with IRE, care is taken so that the probes are distanced
at least 5 mm from the urethra, the rectum, the bladder, the urethral sphincter, and the prostatic
capsule (in the case of a nerve-sparing procedure).
Once the probes are properly in place, the user enters the appropriate parameters for voltage, number
of pulses, and the pulse length into the LEDC generator user interface. Prior to the delivery of LEDC
energy, the LEDC generator delivers a test pulse to characterize the electrical current dynamics
between each probe pair during ablation. The unit then charges for approximately 30 to 40 seconds
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and subsequently delivers a series of short electric pulses within seconds. Adjustments to maintain
current within treatment range are made accordingly, and the final component consisting of a train
of 70 pulses per probe pair is used to produce the tissue ablation. Voltages are chosen to attain effective electric field strength of >1,600 volts per cm between any probe pair. The delivery of LEDC
energy can be monitored with real-time US.
The procedure is performed under general anesthesia with full muscle paralysis. This is required
because whole-body muscle spasms can occur during the therapy, and muscle paralysis minimizes
patient movements. Perioperative chemoprophylaxis is always provided. Apart from general medical history, elaborate cardiac history is advisable, as arrhythmia is always possible despite the fact
that the prostate is relatively far from the heart and initial experience suggests the near absence
of cardiac events. The patient is placed in the lithotomy position, catheterized, and prepped. The
needle electrodes are placed transperineally under US guidance with biplane imaging using a 5-by-5
mm template (perineal grid) similar to that used for perineal mapping biopsies/brachytherapy
(Figure 4-23).
FIGURE 4-23
Patient placed in the
lithotomy position and
placement of three IRE
probes in the lesion
with the assistance of a
brachytherapy stepping grid.

As previously mentioned, the number of electrodes required depends on the size of the lesion, with
up to six IRE probes placed in a configuration that will allow encircling the area of interest. The
lesion is seen using MRI/TRUS fusion imaging techniques, or if such elaborate software is not available, under TRUS imaging after cognitively knowing the area of interest from mp-MRI images. A
technique similar to that used for brachytherapy allows for accurate placement of the probes around
the lesion. After placing the needles, the procedure is performed and completed as described above.
In some centres, cystoscopy is performed after needle placement to ensure proper placement.
After the procedure is concluded, the patient is awakened and returned to the floor with the catheter still in place. The catheter is usually removed on the next postoperative day, and the patient is
discharged after usual postoperative recovery goals have been achieved.
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4.6.3

Advantages and safety

As with any other new technology, small steps are taken initially, as safety issues are of major concern.
After a number of bench research and preclinical animal studies showing the feasibility and potential
advantages of this technology, limited human clinical testing has provided feasibility and safety data
in order to proceed with more extended clinical trials.
4.6.3.1
Advantages
Sharp well-defined ablation margins and uniform lesion destruction
Initial studies indicate that due to the fact that IRE ablation is non-thermal in nature, no cold or heat
sink phenomena are observed, as in other forms of energy such as cryoablation, HIFU, or radiofrequency ablation (RFA). As a consequence, a sharp demarcation between ablated and non-ablated
tissue is seen, whereas thermal ablation techniques show a TZ of partially damaged tissue where
insufficient temperatures were reached for definitive ablation. In fact, the IRE ablation area is prima
rily confined to between the electroporation probes, in contrast to RFA and cryosurgery, where the
process of tissue ablation radiates from the RF or cryoprobe outward and is not bounded. With IRE,
whatever tissue is within the electrical field is homogeneously “killed” with no skip lesions observed.
This makes IRE very effective, provided targeting of the cancerous lesion is precise.
However, we still don’t know how dynamic changes during treatment and tissue heterogeneity in
structure and conductivity may affect the area of necrosis. For example, how would electric fields
behave in the presence of radioactive seeds if IRE was used as a salvage procedure after failed brachytherapy? Therefore, the creation of an “electric” sink phenomenon that alters the predicted ablation
zone in a similar fashion to what happens with the heat/cold sink event is possible and requires
further research.208
Rapid ablation results and complete lesion resolution
In thermal ablation techniques, vascularity of the targeted organ may affect the size of the ablation
zone due to the heat/cold sink phenomenon. As a consequence, ablation time with thermal energy
sources may be prolonged, as repeated cycles of ablation may be required. In addition, the “kill” endeffect as observed during imaging follow-up requires time in such protocols. In fact, lesions treated
by both heat- and cold-based sources take several months to show a decrease in size and years to show
complete resolution. Thus, determination of treatment failure by imaging takes time and becomes
elaborate, and is a matter of assessing continued tumour growth at the margins of the treated lesion
or stability of the size of the lesion, signs that usually require experience to follow.
On the contrary, IRE ablation is independent of thermal diffusion. In fact, LEDC energy can be
repeatedly delivered in a very short period of time at the targeted tissue. This results in a rapid lesion
creation, making IRE a fast ablation modality. It was also noted that the treated area quickly resolved
to a minimal scar in approximately 2 weeks, with disappearance of targeted cells, leaving no residual
cavity or distortion.209 It was postulated that the underlying basis for this phenomenon is the preservation of the microvasculature, down to the arteriolar level, throughout the LEDC lesion. Onik
et al.210 believe that LEDC lesions are therefore able to heal throughout their volume, whereas RFA
and cryotherapy lesions are completely devascularized shortly after lesion creation, and are slowly
resolved from the edges of the lesions inward.
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The preservation of the microvasculature inside the lesion raises the possibility of tissue regeneration in that area. With correct targeting of the tumour for complete destruction, regeneration of
the tumour should not be an issue. The possibility that normal tissue might regenerate within the
previously made lesion in organs such as the liver, where normal tissue regeneration is a well-known
phenomenon, is a possibility requiring research.
Rapid resolution of an IRE lesion in the prostate leads also to a fast decrease of total prostate volume.
As a consequence, urinary symptoms may actually improve over both the short and the long term
in patients with PCa and associated BPH. This makes IRE a potential therapeutic modality for BPH
treatment requiring evaluation. Other energy sources like cryoablation have failed in this sense due
to the thermal-based unfavourable characteristics of lesion resolution.
Sparing of sensitive structures such as nerves, vessels, and urethra
Preclinical data show that certain connective and neurological tissues such as blood vessels, ductal
systems, urethra, and nerves may be spared when they are in high electric field zones during IRE
ablation. This may also be correlated with the fact that no significant temperature changes occur
during IRE, as happens with other heat-based forms of ablation.211
Because the IRE mechanism induces cell death by affecting the cellular membrane, it is able to kill
cells in a targeted region without damaging the collagen and other interstitial constituents, thus
preserving the integrity of the critical structures mentioned above. As seen histologically in the NVB
areas, the vessels had variable loss of endothelium and were surrounded by scattered red blood cells,
neutrophils, and edematous stroma. The lumen of affected vessels remained patent; however, without
evidence of thrombosis. In addition, no heat sink effect was evident adjacent to vessels with complete
necrosis adjacent to, and often surrounding, patent vasculature. Nerves within the NVBs appeared to
be intact and unaffected. The margins of the lesions were very distinct, with a narrow zone of transition from normal to complete necrosis as discussed previously.211
Better imaging
Early data indicate that the conformational changes that tissue undergoes in the course of an LEDC
ablation can be detected in real time with US and possibly CT and MRI imaging. Most importantly, these imaging modalities are not rendered useless during the procedure. Conversely, during
cryoablation, physicians are “blinded” to all US image information beyond the proximal rim, due
to the formation of a high echogenicity ice ball along that edge. Similarly, during RF procedures,
tissue out-gassing obscures images to the point of losing all detail, rendering this imaging modality
nearly useless.
Potential use in immunosuppressed patients
Al-Sakere et al. did not observe an increase in the number of immune cells after IRE ablation.187 This
suggests that the immune system is not needed to ablate tumours with LEDC, and therefore IRE via
LEDC may be a viable option to consider within the choice of treatments for immunosuppressed
cancer patients.212
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Does not preclude subsequent radical surgery
Although initial clinical experience is limited, subsequent RP in patients one month after IRE ablation was no more difficult than with any other RP.
4.6.3.2
Safety
Current experience regarding safety and efficacy of IRE in humans shows no major adverse events
during IRE.213 This technology has been used in the liver,214,215 pancreas,216,217 kidney, lung,218 and
prostate.219,220 Most complications were minor and associated with the puncture itself rather than
with the technology. Reported complications in these studies are presented in Table 4-1. For the
prostate in particular, Neal et al.221 treated the first two patients with IRE of the prostate with no
complications apart from mild hematuria, which was self-limiting. Both patients had a catheter for
10 days, which seems from more advanced experience not necessary. Larger series evaluating IRE of
the prostate are presented in more detail in the next section.
TABLE 4-1 C
 omplications Reported in Irreversible Electroporation of the Liver, Pancreas,
Lung, Kidney, and Prostate
Hepatic IRE

6% (8/129)

Pneumothorax
Hemothorax
Pleural effusion
Occlusion of major hepatic vein
Portal vein thrombosis
Bile duct obstruction
Cholangitis
Biliary stent occlusion

Pancreatic IRE

19% (8/42)

Pneumothorax (intubation related)
Subcutaneous hematoma
Portal vein thrombosis
Bile leak
Pancreatitis

Renal IRE

Arrhythmia
Postural hypotension (accidental adrenal ablation)
Transient hematuria

Lung IRE

Parenchymal hemorrhage
Pneumothorax

Prostate IRE

Hematuria
Dysuria
Hemospermia
UTI
Epididymitis
Urethral stricture
Urinary retention
Sepsis
Arrhythmia

Abbreviations: IRE, irreversible electroporation; UTI, urinary tract infection.

Available Ablation Energies to Treat Prostate Cancer

311

4.6.4

Clinical data

Irreversible electroporation is a very new ablation modality, and therefore clinical data are scarce.
Small clinical trials with fewer than 40 patients have been published showing the feasibility and
safety profile of this procedure. An overview of data from all three major centres (Amsterdam-AMC/
Athens-AMS, London-UCL/Sydney-St Vincent, New York-MSKCC222) is presented in Table 4-2.
TABLE 4-2 Clinical Data From Three Major Centres
Centre

Amsterdam-AMC/
Athens-AMS

London-UCL/
Sydney-St Vincent,

New York-MSKCC

Patient characteristics

Prospective study

Retrospective study

Prospective study

16

34

35

IRE as primary treatment

16 (100%)

34 (76%)

27 (77.1%)

IRE as salvage treatment

0

11 (25%)

8 (22.9%)

Mean age (range)

60 (44–75)

65 (59–71)

63.1 (59.3–67.6)

Mean PSA (range)

9 (3.6–25)

6.1 (4.3–7.7)

4.3 (3.3–5.6)

6–8

6–8

6–7

cT1-cT2c

Low/intermediate
risk 97%

Low/intermediate
risk 100%

Number of prostate IRE patients

GS (range)
Prostate cancer stage or risk group
Unilateral

11

Bilateral

5

Operative data
Mean operative time (range)
Mean IRE time (range)
Number of probes (range)
Intraoperative complications
(if yes specify)

104 (65–140) min

73 (56–87) min

13 (2.5–27) min

27 (11–55) min

14 (6.9–27) min

3.5 (2–4)

4 (2–6)

4.8 (3–6)

One additional dose of
muscle relaxant

One self-limited tachycardia

3.05 (3–4) days

1 (1–2) days

1 day

Perioperative data
Mean hospital stay (range)
Postoperative complications
Grade 1

15/16 (93.7%)

12 (35%)

6/27 (22.2%)

Grade 2

8/16 (50%)

10 (29%)

8/27 (29.6%)

Abbreviations: Bx, biopsy; EF, erectile function; IIEF, International Index of Erectile Function; IPSS, International Prostate Symptom
Score; IRE, irreversible electroporation; RP, radical prostatectomy; UTI, urinary tract infection.
Centres: AMC, Amsterdam Medical Center; AMS, Athens Medical School; MSKCC, Memorial Sloan Kettering Cancer Center;
UCL, University College London.

continued on page 313
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TABLE 4-2 Clinical Data From Three Major Centres, Cont’d
Centre

Amsterdam-AMC/
Athens-AMS

London-UCL/
Sydney-St Vincent,

New York-MSKCC

Patient characteristics

Prospective study

Retrospective study

Prospective study

Grade 3 or 4

1/16 (6.25)

0 (0%)

2/27 (7.4%)

Retention (%)

5/16 (31%)

2/34 (6%)

6/27 (22.2)

7 (5–9)

3 (0–9)

(2–15)

Hematuria (%)

10/16 (62.5%)

6/34 (18%)

4/27 (14.8%)

Hemospermia (%)

2/16 (12.5%)

Hematohezia (%)

1/16 (6.25%)

Mean catheter duration (range)

1/27 (3.7%)

UTI (%)

2/16 (14%)

5/34 (15%)

2/27 (7.4%)

Dysuria (%)

2/16 (14%)

5/34 (15%)

1/27 (3.7%)

Urethral stricture (%)
Other

1/8 salvage cases
1/16 (6.25%) sepsis

2/27 (7.4%) epididymitis

Postoperative data
Follow-up mean (range)

1

6 (1–24)

6

Urinary bother at baseline

Mean IPSS

11

Urinary function
≥17

17/22
(77%)

Urinary bother at first follow-up

Mean IPSS
(1 week)

12

Urinary function
≥17 (6 months)

13/16
(81%)

Urinary bother at last follow-up

Mean IPSS
(4 weeks)

12

Urinary function
≥17 (12 months)

15/17
(88%)

Continent at baseline (%)

100%

Continent at first follow-up (%)

72%

Continent at last follow-up (%)

Patient had RP

27/27 (100%)
24/24 (100%)

26/27 (96.3%)
25/27 (92.6%)

Potency at baseline (%)

Mean IIEF

17.3

Potency after first follow-up (%)

Mean IIEF
(1 week)

15.7

Potency after last follow-up (%)

Mean IIEF
(4 weeks)

16.9

19/20 (95%)

EF ≥22

13/22
(59%)

EF ≥22
(6 months)

7/16
(44%)

EF ≥22
(12 months)

11/17
(65%)

Abbreviations: Bx, biopsy; EF, erectile function; IIEF, International Index of Erectile Function; IPSS, International Prostate Symptom
Score; IRE, irreversible electroporation; RP, radical prostatectomy; UTI, urinary tract infection.
Centres: AMC, Amsterdam Medical Center; AMS, Athens Medical School; MSKCC, Memorial Sloan Kettering Cancer Center;
UCL, University College London.
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TABLE 4-2 Clinical Data From Three Major Centres, Cont’d
Centre

Amsterdam-AMC/
Athens-AMS

London-UCL/
Sydney-St Vincent,

New York-MSKCC

Patient characteristics

Prospective study

Retrospective study

Prospective study

All patients had RP

4 patients (17%)
second treatment

Oncologic control

No viable tumour in
ablation zone

6 patients (25%)
lesion on MRI

(+) Bx overall (%)

7/25 (28%)

(+) Bx at ablated region (%)

4/25 (16%)

(+) Bx outside ablated area

3/25 (12%)

Abbreviations: Bx, biopsy; EF, erectile function; IIEF, International Index of Erectile Function; IPSS, International Prostate Symptom
Score; IRE, irreversible electroporation; RP, radical prostatectomy; UTI, urinary tract infection.
Centres: AMC, Amsterdam Medical Center; AMS, Athens Medical School; MSKCC, Memorial Sloan Kettering Cancer Center;
UCL, University College London.

4.6.4.1
Patient selection
All three series included a small number of patients (16, 34, and 35). The absolute majority (97–100%)
of patients had low- to intermediate-risk PCa with only a couple of GS 8 patients included. Mean
PSA values were <10 ng/mL with more patients having unilateral disease. Nevertheless, patients with
bilateral cancer and PSA values >10 ng/mL were included occasionally.
Irreversible electroporation was predominantly used in the primary setting, although some patients
underwent IRE as a salvage procedure. After initial diagnosis, patients usually underwent a confirmatory Bx under mp-MRI-TRUS fusion guidance for better identification/topography of the index
lesion; however, this was not the rule. The patients recruited in Amsterdam and Athens were planned
to have a RP and did not have a confirmatory Bx.
Patients were healthy with life expectancy >10 years. Patients with cardiac history were avoided
because of the possibility of cardiac arrhythmia initiated during the IRE application. However, in
one instance after the procedure, self-limiting tachycardia was encountered, requiring 24-hour inpatient cardiology surveillance. Inclusion and exclusion criteria are presented in Tables 4-3 and 4-4, as
determined in the Amsterdam study.
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TABLE 4-3 Inclusion Criteria for Irreversible Electroporation Ablation of the Prostate in the
Amsterdam Medical Center/Athens Medical School Study

Inclusion Criteria

1.
2.
3.
4.
5.
6.
7.

> 50 years
Histologically confirmed organ-confined PCa (clinical stage T1-T2)
GS ≤7
PSA <20 ng/mL
Able to visualize prostate gland adequately on transrectal US imaging
No prostate calcification greater than 5 mm
Ability of subject to stop anticoagulant and antiplatelet therapy for 7 days prior to and
7 days after the procedure

TABLE 4-4 Exclusion Criteria for Irreversible Electroporation of the Prostate in the
Amsterdam Medical Center/Athens Medical School Study

Exclusion Criteria

1. Other Conditions/Status
a. Bleeding disorder as determined by prothrombin time (PT) >14.5 seconds, partial thromboplastin
time (PTT) >34 seconds, and platelet count <140/µL
b. Active UTI
c. History of bladder neck contracture
d. Anesthesia Surgical Assignment, category IV or greater
e. History of inflammatory bowel disease
f. Concurrent major debilitating illness
g. Prior or concurrent malignancy
h. Cardiac history
i. Implantable cardioverter defibrillator (ICD) or pacemaker
2. Prior or current therapies
a. Biologic therapy for PCa
b. Chemotherapy for PCa
c. Hormonal therapy for PCa within 3 months of procedure
d. RT for PCa
e. TURP, urethral stent
f. Prior major rectal surgery (except hemorrhoids)
g. Inability or unwillingness to tolerate temporary cessation of concurrent anticoagulation therapy
or antiplatelet drugs for a period of 7 days prior to and up to 7 days after the procedure

4.6.4.2
Perioperative outcomes
All patients underwent IRE under general anesthesia with full muscle paralysis. This is necessary,
as small muscle contractions are evident during the application of LEDC energy. In one patient, an
additional dose of muscle relaxant was required due to more intense muscle spasms. Operating time
was around 1 to 2 hours depending on the experience each center had with focal therapy. Operating
times less than an hour were recorded as well. Procedural time for the IRE ablation was much shorter,
ranging from 2.5 to 55 minutes. Mean values ranged from 13 to 27 minutes in the three studies.
Usually 3 to 4 (range, 2–6) probes were used. Hospital stay varied from 1 to 4 days depending on local
administrative routines. All patients were ambulating on the first postoperative day. Patients did not
complain for pain, as visual analogue scale (VAS) scores did not change significantly.
Most complications were grade 1 (18%–97%) and grade 2 (24%–29.6%), which were self-limiting and
did not require hospitalization. Hematuria and hemospermia, as with prostatic biopsies, could take
longer to clear (30 days). Only a couple of cases had serious UTIs requiring hospitalization, among
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them one septic episode required a 6-day hospitalization and one epididymitis required subsequent
orchiectomy. This last patient had a prostate of 61 g, and after the IRE procedure that required selfintermittent catheterizations for 2 weeks is when his epididymitis occurred. This was not responsive
to antibiotics, and removal of the organ was necessary.
Most complications are similar to what could occur during a prostatic Bx. Urinary retention was not
absent as one would expect due to the non-thermal ablation modality associated theoretically with
less swelling of the prostate. This complication ranged from 6% to 31%. Most patients had the catheter
successfully removed after a mean of 7 (5–9) days. Only a minority required longer catheterization or
assistance with self-catheterization.
A deterioration of previous urethral stricture was reported in the MSKCC series in a patient who had
failure after salvage cryotherapy for failed primary brachytherapy.
A rectal fistula was never reported. Nevertheless, most centres during this initial experience were
very attentive to stay far away from the rectal wall.
4.6.4.3
Functional outcomes
Continence
Continence was temporarily affected in 18% of patients in the Amsterdam series although mature
data of post-prostatectomy continence rates after the RP are awaited. In the UCL series, continence
rates after 6 months were 100%. In the MSKCC, all but one patient were continent at 6 months
(continence 96.3%) while one more patient was incontinent after 12 months of follow-up (continence
of 92.6%).
Urinary function
In the MSKCC series, urinary function (UF), determined as UF ≥17, did not change significantly
after the ablation procedure (77% at baseline, 81% at 6 months, 88% at 12 months). In fact, it seems
that in some patients it was improved after the ablation procedure, indicating a potential improvement in BPH symptoms as well. Similarly, in the AMC study where urinary function was evaluated
by IPSS, urinary function did not differ from baseline (mean IPSS=11 at baseline, mean IPSS=12 at 1
week, and mean IPSS=12 at 4 weeks).
FIGURE 4-24
Macroscopic fixed 4 mm–
thick prostate slice and
whole-mount pathology
slide with hematoxylin and
eosin (H&E) staining after
irreversible electroporation
(IRE) ablation.
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4.7

Intensity-Modulated
Radiotherapy and Stereotactic
Body Radiotherapy

4.7.1

Introduction

Radiotherapy has traditionally been administered to the entire gland by external beam or brachytherapy. Over the course of several decades, external beam radiation for PCa has evolved from a
merely non-conformal to conformal radiation. Technological progress has allowed RT to be concentrated more selectively and recently to dose intensify predetermined regions of the prostate. The
ability to dose escalate is notable, as the likelihood for long-term cancer control is directly associated
with the radiation dose. The aim of conformal RT is to treat the target volume as tightly as possible
with a minimal dose to neighboring critical structures and organs. The most advanced technique to
achieve this goal with photon therapy is intensity-modulated radiotherapy (IMRT) and stereotactic
body radiotherapy (SBRT).
Intensity-modulated radiotherapy limits the dose to critical surrounding structures, such as the bladder and rectum. Zelefsky et al. achieved excellent long-term biochemical control rates while improving the toxicity profile by sparing adjacent organs from treatment-related effects.223 Image-guided RT
for prostate is one of many methods for identifying the location of the prostate, followed by adjustment of the treatment fields to target the prostate. Methods for monitoring prostate position include
identification of metal fiducials on kilovoltage imaging, integrated CT prior to each fraction, and the
implantation of electromagnetic fiducials. With increased accuracy of prostate localization comes the
prospect of reducing planning margins and reducing toxicity to surrounding organs.
In keeping with the trend of applying higher doses to more precise areas, investigators have used
IMRT to treat a single lobe of the prostate, or more exactly a biological target volume consisting of a
dominant intraprostatic lesion (DIL). In a feasibility study reported by van Lin et al. using MRI with
magnetic resonance spectroscopic imaging (MRSI) to identify a DIL, the whole prostate was irradiated to 70 Gy with a DIL boost to 90 Gy.224
Brachytherapy seeds as permanent or removable high-dose rate (HDR) implants may represent
the most promising and best studied of current techniques to be considered for focal therapy.
Brachytherapy with MRSI or ProstaScint guided dose escalation targeting intraprostatic lesions
allow boost doses from 150% to 190% beyond the prescription dose.225,226 To provide conformal application of a higher tumour radiation dose, HDR 192-Ir implants have been used to boost EBRT and
less frequently as monotherapy on the whole gland.227,228 Experience with HDR monotherapy has
achieved acceptable biochemical recurrence-free rates,228–230 and in combination with image guidance, it may be a promising technology for focal therapy.231

®
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Radiotherapy appears to be particularly suitable to study as a focal treatment option. It has an established biological basis, known tumouricidal activity, and familiarity to radiotherapists and urologists. When applied as focal therapy, its use remains investigational, as the effects of radiation scatter,
and the long-term tumour control rates and the ability to re-treat are unknown. However, SBRT for
PCa is an emerging technique.

4.7.2

Intensity-modulated radiotherapy

With IMRT, subsegments of the target volume are treated to different intensity levels, shaping the
isodose lines to the contour of the target volume.232,233
For the purpose of radiation, a treatment plan is calculated that determines the radiation intensity to
the target volume subsegments. In addition to delineation of the target volume, organs at risk (OAR)
are also delineated for treatment planning. Organs at risk and structures that have to be considered for prostate treatment are the bladder, rectum, anal canal, urethra, neurovascular penile plexus,
and penile bulb. Because the urethra and neurovascular penile plexus are usually poorly visible on
regular imaging, they are often not taken into account in the treatment planning. Dose and volume
constraints are assigned to the delineated structures for treatment planning.
To design and calculate an IMRT plan, inverse treatment planning is used. Dose and volume
constraints are assigned to the contoured organs and structures (target volume and OAR) in order to
create an inverse treatment plan for IMRT. If the plan is not satisfactory, the dose-volume constraints
are modified for a next iterative planning process. These steps are repeated until a satisfactorily and
acceptable treatment plan is obtained.
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Several techniques can be used to fulfill IMRT:
1. Static segment therapy (also called stepand-shoot). With this technique several
beam directions are designed, each consisting of several segments. These segments are
designed by the aperture of the multileaf
collimator of the linear accelerator. Each
segment is irradiated in sequence, leading to a
non-homogeneous dose deposition from each
beam direction.

Dynamic segment therapy (also called sliding-window). With this technique, the different intensity levels from each beam direction
are designed by the continuously moving
leaves.
3. Volumetric-modulated arc therapy. This technique does not use static beam directions,
but a continuously moving gantry and also
continuously moving leaves.
4. Helical tomotherapy. With this technique,
IMRT is delivered by simultaneous movement
of the couch, gantry, and binary collimator.
2.

Until now there are no reported studies on IMRT for focal therapy of PCa. There are also no trials
listed in the trial register of ClinicalTrials.gov.332 On the contrary, several studies are performed or
recruiting for brachytherapy. The evidence obtained for brachytherapy is discussed in the brachytherapy chapter. Obviously in the radiation community there is a preference to perform brachytherapy rather than IMRT. The planning margins (4–8 mm) needed to account for dosimetric uncertainties with IMRT, certainly if ablative doses of >90 Gy are used, prevent proper usage of IMRT due to
the risk for normal tissue damage.

4.7.3

The CyberKnife

®

The CyberKnife Robotic Radiosurgery System (Accuray Incorporated, Sunnyvale, CA) uses a
robotically mounted linear accelerator to deliver a large number of small conformal beams. The
CyberKnife robotic irradiation system is a unique radio-surgical system capable of treating tumours
anywhere in the body non-invasively and with submillimeter accuracy. The CyberKnife delivers
radiation using a precise targeting methodology allowing a focal treatment margin around the
target, thus limiting the volume of adjacent tissue receiving high doses of radiation. This in turn
allows for the delivery of high doses of radiation to the DIL in the prostate over a short series of
treatments. It consists of a linear accelerator mounted on an industrial robot. The advantages of the
CyberKnife include:
Beam collimation/low penumbra with a
A capacity to deliver higher doses of radiation
sharper field edge
to smaller volumes, reducing the amount of
Precise targeting (≤1 mm) of selected lesions
radiation to surrounding healthy tissue.
A unique ability to provide real-time moni- The latter allows for a reduction of the number
toring of the treated target throughout treatof sessions of RT (hypofractionation), which
ment using an advanced image-guidance
should be associated with an improved
system
patient QOL.
A unique ability to correct during treatment
for limited target motion (e.g., due to small
patient movements)
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These points justify the choice for the CyberKnife to be used as a means to treat DIL in the prostate as
focal therapy. It has been used for more than 7 years in the United States and elsewhere to treat lowand intermediate-risk PCa with hypofractionated regimens typically consisting of four to six fractions. Biochemical DFS and toxicity compare favourably with standard fractionation regimens.234–236

4.7.4

Rationale of focal therapy with stereotactic
body radiotherapy

Studies of patterns of failure following conventionally fractionated EBRT show that the area responsible for local recurrence is the dominant intraprostatic nodule in 89%237 to 100%,238,239 of cases.
It is, therefore, logical that treatment of only the DIL may be able to keep the same biochemical
control whilst avoiding the increase in side effects seen with whole-gland dose escalation. Stereotactic
body RT planning techniques and software have an enhanced ability to dose paint, which enables
heterogeneous doses within the prostate and can mimic the dose distributions seen with HDR
brachytherapy.240,241
Prostate cancer has an unusual radiobiology. The biologically effective dose (BED) of a given dose and
fractionation depends on the intrinsic radiosensitivity of a tumour expressed as a parameter called
the alpha-beta ratio (a/b ratio). The value of this parameter is not precisely known, but is likely to
be less than 2 Gy for PCa cells. This low a/b ratio is lower than that of the dose-limiting organ, the
rectum.242–244 This implies that hypofractionation has a proportionally larger effect on PCa cells than
the normal surrounding tissues. Using large doses per fraction could potentially increase cure rates
while minimizing damage to normal tissues.
These are logical reasons why HDR to only the DIL nodule may keep the same therapeutic ratio
as whole-gland RT. However, this strategy relies on being able to delineate the dominant prostate
disease nodule accurately. The most important factor to make this treatment possible and oncologically efficient is how to accurately detect the DIL in the prostate.
Newer MRI techniques have improved tumour delineation in PCa.245,246 These include DCE-MRI,
which assesses the ability of tissues to take up MRI-contrast agents, often gadolinium. Additional
techniques such as diffusion-weighted MRI (DW-MRI), which assesses the diffusion of water molecules across barriers such as the vasculature, and MR spectroscopy, which measures the ratio of
choline and citrate in tissues, can further increase accuracy and prostate nodule definition. The
normal prostate gland has low levels of choline and high levels of citrate, whereas for PCa the reverse
is true.247

4.7.5

Treatment delivery

CyberKnife prostate SBRT treatment times are much longer than conventional fractionation and
often take 35 to 45 minutes to deliver. The prostate is partially mobile within the pelvis and exhibits
a variety of patient-specific and idiosyncratic movements.248,249 The margin likely to be needed to
account for intrafraction motion, assuming interfraction motion is assessed and corrected, is likely
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to be 2 mm to 3 mm.250–252 Patients have to be tracked for intrafraction motion using gold fiducials
and the CyberKnife prostate-tracking algorithm. A margin of 3 mm to 5 mm is probably needed
around the DIL.

4.7.6

Conclusion

Intensity-modulated radiotherapy and SBRT are known effective treatments for PCa. However, clinically there is very limited experience in focal prostate therapy. One drawback for all external beam
modalities is that because of geometric uncertainties, a larger area than the tumour volume itself
needs to be treated, preventing ablative doses in certain cases. Therefore, there is still a preference for
brachytherapy.

4.8

I nterventional Radiotherapy
(Brachytherapy)

4.8.1

Introduction

Prostate cancer brachytherapy is one of the most frequently used modern treatment techniques in
localized PCa. Brachytherapy uses radioisotopes with short radii of activity to optimize effective
treatment of small target volumes within the prostate as well for minimizing the risk to adjacent
non-cancerous tissues.
FIGURE 4-25
3D Dose Calculations of
Low-Dose-Rate Implantation
3D dose calculation of a
prostate focal low-dose-rate
(LDR) implantation with
I-125 seeds (based on dose
calculation visualization
with the use of sectional
transrectal ultrasound [TRUS]
images).
Legend: red:prostate shape; yellow:
urethra shape; blue: ventral rectum;
grey: reference isodose shape
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FIGURE 4-26
3D Dose Calculations of HighDose-Rate Implantation
3D dose calculation of a
prostate focal high-doserate (HDR) implantation
with Ir-192 stepping source
(based on dose calculation
visualization with the use
of sectional transrectal
ultrasound [TRUS] images).
Grey: prostate shape;
yellow: urethra shape; blue:
ventral rectal wall; green:
reference isodose shape with
afterloading needles.

Brachytherapy offers the optimal technical performance for partial organ treatment in comparison
with other modern RT techniques (Table 4-5). Both low-dose-rate (LDR, Figure 4-25) and highdose-rate (HDR, Figure 4-26) brachytherapy are eligible for delivering partial organ treatments;
however, the stepping source technology used in HDR implants has technological and economic
advantages (Table 4-6). According to an international and interdisciplinary expert panel consensus
report,253 patients selected for focal prostate treatment should have unilateral low- to intermediaterisk disease with clinical stage ≤cT2a. Prostate size, tumour volume, and tumour topography are
important selection criteria that may influence the choice of ablative technology used.
Currently, the optimum staging for men being considered for focal therapy is transperineal template
mapping prostate biopsies. As an additional staging tool, MRI of the prostate using a multiparametric
(MP) technique, including DCE and DWI, is increasingly being used to diagnose and stage primary
PCa with excellent results. However, for general use, these newer imaging techniques require validation in longer-term prospective clinical trials. Until such studies are performed, MRI will in most
centres continue to be an investigative tool in assessing eligibility of patients for focal therapy, but it
should not be relied upon in the absence of Bx.
Additionally, Langley et al.254 published selection criteria for focal therapy with LDR seed implants.
They recommend:
a. Life expectancy >10 years
e. Unilateral disease; lesion size ≤0.5 mL
b. PSA ≤15 ng/mL
(approximately equates to maximum cancer
c. The use of a mp-MRI (T1W/T2W, DWI,
length of 10 mm) with or without clinically
DCE±spectroscopy) prior to Bx, (in order to
insignificant disease on the contralateral side
avoid post-Bx hemorrhagic artifact)
(cancer core length ≤3 mm)
d. Whole gland template-guided prostate
f. GS of index lesion 6–7 (3 + 4)
g. Tumour stage ≤T2b (clinical)
mapping Bx with 5 mm sampling
h. Prostate size ≤60 mL
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TABLE 4-5 Comparison of Technical Eligibility of Modern Radiotherapy Methods in Focal
Treatments for Localized Prostate Cancer
CyberKnife

IMRT

IGRT

Brachytherapy

+ (with image
fusion)

–

–

+

Interfraction movement

+

–

+

+

Intrafraction movement

+

+ (with 4D)*

+ (with 4D)

+

Target dose painting

+

+ (with 4D)

+ (with 4D)

+

Low-dose volumes

–

–

–

+

Dose on organs at risk

+

–

–

+

0.5 cm3

2.0 cm3

2.0 cm3

0.5 cm3

Target definition

Smallest reasonable radiation field

Abbreviations: 4D, four dimensional; IGRT, image-guided radiotherapy; IMRT, intensity-modulated radiotherapy.
*Radiation field “follows” in real time the target.

TABLE 4-6 Comparison of Low-Dose-Rate and High-Dose-Rate Technology
Source

Low-dose-rate
seeds

Linear

Dose painting

Not possible

Radiation
protection

Economics

Simple at
procedure

Expensive

Complicated at
post-transplant
Needs an HDR unit

High-dose-rate
afterloading

Stepping

Possible

No post-implant
protection
necessary

250k € per 100
patients

Fractionation

Single

Economic
25k € per 100
patients

Single

Interventional RT in the form of LDR or HDR brachytherapy as sole treatment (monotherapy is
without complementary external beam radiation) has been widely used for the treatment of localized
PCa, with good long-term outcome results and acceptable toxicity rates.229,255–265
There are no prospective randomized clinical study results comparing LDR with HDR in PCa treatments, however, analysis of dosimetry,266 retrospective patient cohorts,230 as well post-treatment IPSS
scores267 underline the superior potential of the stepping-source-technology (HDR).
In fact, only a very few reports have been published so far on primary focal brachytherapy. The first
large patient cohort in the literature with partial prostate treatment was published by Nguyen et al.,
2012, with 318 patients.268 Selection criteria included GS <3+4, T1c, PSA <15 ng/mL, and eligibility
for MRI-guided implantation. Target volume for implantation was only the peripheral zone of the
gland. Following a median follow-up of 5.1 years, the overall survival (OS) for intermediate-risk cases
was 73% at 5 years and 66% at 8 years, respectively. Of note, this type of partial (peripheral only)
implantation is rather different from the various current proposals for focal brachytherapy.
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Cosset et al. published a preliminary series of a highly selected cohort of patients who had primary
focal brachytherapy.269 In this group, the treatment volume corresponded to a mean value of 34% of
the entire organ volume. After treatment with 145 Gy (average D90 of 183.2 Gy and a mean V100 of
99.3%), the PSA had reduced in all cases 1 year following the implantation. The follow-up was very
short in this series; however, the average PSA of 6.9 ng/mL at diagnosis decreased to a mean value of
5.5 at 2 months and to 2.6 ng/mL after 1 year. In terms of toxicity, there was a borderline improvement in IPSS scores at 6 months and a significantly better IIEF score compared with comparative
historical results for whole-gland prostate implants.
Regarding acute toxicity for partial prostate treatments, Barret et al. reported favourable results in
a cohort of 106 patients with only 2% major complications. The authors did not report any toxicity
related to focal brachytherapy treatments in their patient cohort.270 In a recent review on focal RT,
Kovács et al. highlighted the potential role for this type of treatment in localized PCa; however, they
also underlined the current lack of and necessity for long-term results.271
Clinical trials such as the NCT01830166 (I-125 seeds), NCT02391051, NCT02290366 (HDR), and
NCT01902680 (I-125 seeds) trials should offer more information in the future.
There are few ongoing trials—the NCT01354951 (I-125) as well the NCT02290366 (Cs-131)—that have
already completed patient recruitment. The first publications from these trials are expected soon.25
TABLE 4-7 R
 egistered Studies Using Interventional Radiotherapy for Focal
Prostate Radiation
Study level

Isotope

Starting date

Study
completion

Enrolling
estimation

Endpoint

NCT02290336

Phase 2

Cs-131

2014

2019

100

5 years bNED

NCT01354951

Phase 2

I-125

2011

2016

80

Late toxicity

NCT01830166

Phase 2

I-125

2013

2018

10

QOL

NCT02391051

Phase 2

Ir-192

2014

2027

50

Early toxicity

NCT01902680

Phase 1

I-125

2013

2015

17

Target
definition

NCT01802307

Phase 2

I-125

2013

2018

50

Toxicity

Study

Abbreviations: bNED, biochemical no evidence of disease; Cs, cesium.

4.8.2

NCT02290366 (Cs-131)

The study evaluates focal brachytherapy using the isotope cesium-131 (Cs-131) to treat patients with
low-risk PCa. The goals of the study are to determine the biochemical DFS at 5 years in these patients,
as well as to determine the acute and late urinary, bowel, and sexual toxicity associated with focal
prostate brachytherapy using Cs-131.
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Patients eligible for the study will be men with histologically confirmed adenocarcinoma of the prostate with clinical stage T1c-T2aN0M0, GS ≤3+3=6, PSA <10 ng/mL or a PSA density ≤0.15 ng/cc, and
≤2 cores positive out of a minimum of 12 cores sampled. Additionally, patients must have a single,
dominant index lesion on MRI.
The study is a phase 2 study. Patients will be followed prospectively. Dosimetry will be evaluated
post-procedure, and PSAs will be obtained every 3 months in year 1 and every 6 months from years
2 through year 5. Urinary, bowel, and sexual morbidity will be assessed by patient survey prior to
treatment, at 2 weeks, after treatment, at 3-month intervals in year 1 and at 6-month intervals in
years 2 through 5.
Further study details:
Estimated enrollment: 100
Study start date: November 2014

4.8.3

Estimated

2015

study completion date: August

NCT01354951 (I-125)

The purpose of this study is to identify the side effects of a radiation treatment called focal brachytherapy in treating early-stage PCa. The study is also looking at how useful focal brachytherapy
will be in treating PCa. Additionally, the investigators would like to see how this type of treatment
impacts QOL.
Further study details:
Estimated enrollment: 80
Study start date: May 2011

4.8.4

Estimated study completion date: May 2016

NCT01830166 (I-125)

This investigation develops and evaluates a treatment plan for prostate focal therapy based on
low-dose-rate brachytherapy. The participants entering this study are those suitable for AS. These
participants will be monitored with various imaging methods and interventions such as MR elastography, TRUS elastography, positron emission tomography (PET)/CT, and transperineal mapping
Bx to determine the extent of cancer and suitable treatments. Those suitable for focal therapy will
be offered the option of low-dose-rate brachytherapy (LDRB) focal therapy in addition to AS or
radical therapy.
This study will be used to evaluate the long-term use of multi-modal, MP PCa imaging, combining
data from MRI, US, and 11C-choline PET/CT. Such methods can be used to eliminate the need for
invasive methods such as mapping biopsies.
Further study details:
Estimated enrollment: 10
Study start date: May 2013
Estimated study completion date: January 2018
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4.8.5

NCT02391051 (Ir-192, HDR)

This trial examines the feasibility and toxicity of focal brachytherapy in patients with low-risk PCa.
Further study details:
Estimated enrollment: 50
Study start date: October 2014

4.8.6

Estimated study completion date: July 2017

NCT01902680 (I-125)

This is a prospective, biomedical, pilot study of interventional type which includes 17 patients on
24 months (12 months of inclusion and 12 months of follow-up). The objective of the study is to
verify that the focal therapy technique used (with the help of KOELIS system) allows for obtaining
optimal dosimetric coverage of the prostate target (i.e., dose of 160 Gy ± 5% delivered on the envelope
isodose) evaluated by CT scan performed 30 days after implantation.

®

Further study details:
Estimated enrollment: 17
Study start date: August 2013

4.8.7

Estimated

2015

study completion date: September

NCT01802307 (I-125)

The purpose of this study is to investigate the use of focal, targeted treatment of PCa, that is, to treat
only the small area of cancer instead of the entire prostate. The authors hope to show that this strategy will reduce the amount of side effects without compromising cancer cure.
Further study details:
Estimated enrollment: 50

4.8.8

Estimated study completion date: March 2018

Summary

Focal therapy for localized PCa is technically not different from whole-gland treatments. The principle challenges are appropriate patient selection and the definition of the optimal target treatment
volumes. Therefore, close interdisciplinary cooperation between interventional RT, urology, and
imaging experts is obligatory. At the present time, only a few Level D (expert opinion) reports are
published in the literature. However, several ongoing controlled clinical trials are likely to deliver
higher LOE on this topic in the next years.
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4.9

Laser Ablation

4.9.1

Description technology

Focal laser ablation (FLA), alternatively known as laser interstitial thermotherapy (LITT), has only
been evaluated utilizing one system, Visualase (Houston, United States). In 2014, Visualase was
purchased by Medtronic (Minnesota, United States).272

®

The Visualase platform was approved by the FDA in the United States in 2007 via the 510K pathway for prostate soft-tissue ablation, and represents a novel approach to PCa ablation. Therefore,
clinical series are limited and relatively little data is available. Among the case-series from Canada,
Europe, and the United States, patient selection, preparation, procedural specifications, and followup have varied.

4.9.2

Feasibility studies

A proof-of-principle animal study was performed to establish technical specifications, feasibility, and
histologic outcomes. Stafford et al. placed the laser via laparotomy in five dogs and used 4 W to 14 W
of power for mean treatment times of 2.5 minutes. The resulting treatment lesions were as large as
15-by-27 mm (ellipsoid-shaped), correlated well between MRI and histology, and led to non-viable
regions with a rim of coagulative necrosis.273
A group from the University of Toronto performed FLA on four men who subsequently underwent RP 1 week later.274 Using cytokeratin 8 staining, there was a distinct transition between vital
glandular tissue and the ablation zone, without patches of vital tissue within the necrotic areas.
Additionally, no viable cancer was visualized in the region of ablation between the two laser fibres
that were used, and effective zones of treatment were taken all the way to the prostatic capsule.
Interestingly, MRI-estimated ablation volume was 40% greater than histological-estimated volume
(range, 0%–60%) and 10% greater than vital staining volume (range, 96%–129%).

4.9.3

Procedure

4.9.3.1
Preparation
All patients receive antibiotics, and some centres use a urethral catheter during the procedure.
Anesthesia has ranged from conscious sedation with periprostatic nerve block 275 to regional (e.g.,
spinal) and general anesthesia.
When the ablation takes place in the MRI gantry, patients are positioned either supine or prone,
depending on whether the prostate is accessed via the perineum or rectum, respectively. With
MRI-informed ablation and laser placement guided by US, patients are positioned in dorsal lithotomy.276 When the transperineal approach is employed, an endorectal coil is typically used to optimize image quality and stabilize the prostate.
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4.9.3.2
Laser placement
A 980 nm, 15 W laser (30 W also available) is inserted into the intended region of the prostate. When
placed transperineally, the laser typically traverses through an MRI-compatible brachytherapy
template secured to the patient to minimize motion. When placed transrectally, multiple proprietary
devices can be utilized to facilitate laser placement.
An MR-compatible, 14 G, 14 cm titanium trochar is placed into the intended lesion/region of treatment. Accurate placement of the trochar into the prostate can be time-consuming and involves
multiple iterations of modifying its location based on MR images, often requiring multiple passes
and repositioning.
When a brachytherapy template is used, it has three saline fiducials, which can be identified on a T2W
turbo spin-echo sequence. Data is transferred to planning software on a workstation and a virtual
map of the template and insertion paths are superimposed onto MR images. Based on this information, an entry portal on the brachytherapy template is selected, along with an estimated craniocaudal
distance of insertion.
4.9.3.3
Treatment planning
A 1.6 mm cooling catheter with stylet is then passed through the trochar. The trochar is then pulled
back to expose the tip of the cooling catheter. A laser with a 600 mm core and 10 mm to 15 mm tip is
then passed through the cooling catheter, which has room-temperature sterile saline flowing through
it. One group’s MR sequences and parameters have been previously published.275
A workstation (Figure 4-27) is used to repetitively monitor the acquired MRI images. A hightemperature threshold (e.g., 90°C ) can be set to minimize risk of excess damage within the ablation
zone (e.g., char, vaporization, cavitation), and similar lower-threshold markers (e.g., 45°C) can be
placed near adjacent structures (e.g., bladder, rectum, cavernosal nerves) to lower the risk of damage
and automatically halt ablation if the preset measures are met. A low-energy, short-segment pulse is
administered via the laser (e.g., approximately 5–7 W) to confirm positioning.
Ablation
4.9.3.4
Most commonly, the procedure takes place in the MRI, allowing for real-time monitoring via proton
resonance frequency (PRF) shift MR thermometry. Other investigators have utilized MRI-informed,
US-guided focal laser ablation.276
During ablation at 6 W to 15 W, multiple real-time MRI images are visualized on the workstation,
including sagittal and axial views, along with an Arrhenius estimate of necrosis area. The duration
of ablation is typically 1 to 2 minutes per lesion, depending on the intended volume of ablation. If
necessary, multiple ablations can be performed with the same laser fibre, adjacent to the original zone
or in a separate area. Additional laser fibres can also be used.
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4.9.3.5
Postablation
Following ablation, gadolinium is administered and T1 images are obtained to visualize the prostate.
Men are discharged from the office or hospital setting the same day, and nearly all are able to return
to normal work-related activity the following day. Men are asked to limit physical and sexual activity
for approximately 1 week.

4.9.4

Clinical data

4.9.4.1
Inclusion criteria
Among the reported studies, there are slight variations in patient eligibility, but inclusion criteria
generally consist of men with PSA <10 ng/mL, clinical stage T1c-T2a, GS of 6 to 7, and cancers with
visible lesions on MRI that are concordant with Bx findings (Table 4-8).
TABLE 4-8 Inclusion Criteria for Published Focal Laser Ablation Series
Lindner et al.276

Oto et al.275

Lepor et al.277

12

9

25

PSA

<10 ng/mL

<10 ng/mL

<10 ng/mL

GS

6

≤7

≤7

Bx

<33% of all cores
no core >50%

Subjects

1 sextant with cancer
Clinical stage
MRI

T1c-T2a
Concordant with Bx findings
Lesion ≤1 cm3

≤3 cores
no core >50%

N/A

T1c-T2a

T1c-T2a

Concordant with Bx findings

≤2 suspicious lesions

Abbreviations: Bx, biopsy; GS, Gleason score; PSA, prostate-specific antigen; MRI, magnetic resonance imaging; N/A,
not available.

4.9.4.2
Outcomes
Oncologic
At the University of Toronto, median volume of treatment among 12 patients, as measured by MRI 1
week following treatment was 2.2 cm3. At 3 to 6 months following treatment, a positive Bx outside of
the ablation zone was observed in 17%, and cancer within the treatment zone in 33%.276
The University of Chicago group reported a non-enhancing MRI defect identified in all patients, and
on seven of nine (78%) patients without cancer on Bx of the ablation zone at 6 months following treatment. Both patients with residual cancer (22%) had a low-volume (1–2 mm) of Gleason 6. No significant change in PSA was noted, presumably due to the small lesions that were treated (4–12 mm).275
In a report from New York University and Sperling Prostate Center, mean PSA decreased from
5.3 ng/mL to 2.9 ng/mL. At 3 months following the procedure, residual cancer was identified within
the ablation zone via MR-guided or MR-US fusion Bx in 4% (2 of 28 patients). Early SBs were
not performed.277
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Functional
At the University of Toronto, 25% of patients had acute urinary retention immediately following the
procedure, and there was no significant change in mean urinary (IPSS) or sexual function (Sexual
Health Inventory for Men [SHIM]) within 6 months.276
The University of Chicago group reported no significant change in urinary or sexual function within
6 months, as measured by mean IPSS and SHIM, respectively. No patient had more than a 5-point
change in IPSS. At 6 months after the procedure, six (67%) had a SHIM score within 4 points of
baseline, one (11%) had a 5-point decrease, one (11%) had an 8-point decrease, and one patient (11%)
had a 12-point increase.275
In the patients reported by New York University and the Sperling Prostate Center, 28% had acute
urinary retention, all resolving within 3 days. At 3 months following treatment, mean urinary bother
and erectile function were unchanged, as measured by the American Urological Association (AUA)
symptom score and SHIM, respectively.277
Complications
The University of Toronto group reported 25% of patients with perineal discomfort.276 The University
of Chicago group reported one (11%) patient with a perineal abrasion and one (11%) with penile
paresthesia, both of which were self-resolving without further measures.275
4.9.4.3
Considerations
Relative contraindications include very large lesions, apical location, concern for established extracapsular extension or seminal vesicle invasion, or close proximity to adjacent structures such as
cavernosal nerves, external urethral sphincter, or rectum.
Performing FLA is a time- and technology-intensive endeavour that requires coordination among a
multidisciplinary team. Among experienced teams, it is generally recognized that there is a learning curve to determining the number and size of ablations, and locations, and efficiently placing the
trochar (and ultimately the laser fibre) into the intended ablation zone.
4.9.4.4
Future
Focal laser ablation is a treatment strategy with a novel mechanism, unique technical considerations,
and relatively sparse oncologic and functional outcomes. Among the data reported in the peerreviewed literature, small series with short follow-up suggest a safe, minimally invasive approach
with minimal morbidity. Ongoing follow-up of previously reported series coupled with completed or
ongoing larger trials will ultimately determine the potential role of focal laser ablation in the treatment of select patients with PCa.
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4.10 New Energy Sources
4.10.1

Introduction

From the ablation of a localized small tumour to experimental therapies, different energy sources
have shown an increasing role in treatment of solid neoplasms in the body. Although most widely
recognized in the treatment of hepatic and renal neoplasms, recent advances in imaging, particularly
mp-MRI, and Bx techniques, have increased such opportunities in focal thermal ablation of PCa.
Cryotherapy and HIFU as thermal energy sources for focal treatment of PCa have the most mature
experience, and these along with newer techniques such as laser, photodynamic therapy, and irreversible electroporation have been discussed separately in this textbook. This section of the chapter
examines the rapidly evolving further new ablation modalities in radiofrequency ablation and water
vapour ablation for PCa treatment. Microwave (MW) energy ablation tested in the past for focal
therapy in PCa is also discussed.
Thermal energy-based ablation of tumours causes irreversible cell injury and coagulative necrosis by
application of extreme high or low temperatures. While in many other organs, percutaneous energy–
based ablation techniques have been used for unresectable tumours or in patients who are not good
surgical candidates, the primary goal of focal therapy in PCa is to find the fine balance between
oncologic control and preservation of quality of life, the so–called trifecta of continence, potency,
and oncologic effectiveness.278,279
At the same time, recent reports describing as yet unexplained regression of untreated distant metastases after thermal ablation of the primary tumour have generated interest in a possible systemic
immunomodulation.280–282 This phenomenon has also been observed following RT.283,284 Though not
yet tested for PCa, its implications for immune enhancement have generated a lot of interest among
cancer researchers and may generate further interest in focal thermal therapy in PCa. At present,
focal ablative therapy in PCa is being evaluated for control of primary cancer and also for salvage
therapy.285,286 Although PCa is often multifocal, there is evidence to support that the largest lesion
with the highest grade of cancer in the gland, the index lesion, predominantly determines the natural
history of the disease.287,288 The index lesion is often visible on mp-MRI or detected at Bx, and therefore can be targeted for primary ablation.
While several academic expert centres are attempting to drive changes into how PCa is treated in the
future to maintain trifecta of life, the level and degree of evidence available for widespread adoption
of these new technologies is up for debate.289,290 Though there is agreement across the board that there
is lack of level 1 evidence in the field, and prospective, multicentre, randomized control trials (RCTs)
are the need of the hour to reduce the risk for internal bias,291 it is well known that performing RCTs
in surgical science is challenging.292 And therefore in the absence of high level 1 evidence, it is important that the prospective single-arm trials are of high quality, with a mechanism to assess the quality
of evidence. This would take into account the study design, trial/cohort size, risk of bias, imprecision,
and also publication bias.
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Several energy modalities, namely, freezing effect of cryotherapy,159,293–295 thermal effect of
HIFU,96,106,108,111,112,132,144,296–298 thermal effect of light in FLA,274–277,299,300 activation of a photosensitizer
by light for PDT,181,182 non-thermal IRE219,301 using short pulses of DC current to cause cell death, are
being tested for focal therapy of PCa with a few high-quality prospective studies published in the
literature.302 This chapter will, however, discuss some of the other energy modalities in PCa therapy,
including water vapour ablation, radiofrequency, and MW ablation. There is scant level 1 evidence
with few ongoing prospective trials using these newer energy sources that will be discussed in the
following paragraphs.

4.10.2

Radiofrequency ablation

Radiofrequency ablation uses imaging guidance to directly place the electrodes into the tumour
tissue. Temperatures of 60°C to 100°C are generated by a high-frequency alternating current causing
frictional heating when the ions within the tissue attempt to change directions with the alternating
current. By heating tissue at this temperature, RFA denatures proteins, damages cell membranes, and
is directly cytodestructive.303 Interestingly, temperatures of over 100°C lead to tissue impedance for
electric conduction within the tissue, and therefore make this form of thermal energy less effective.
As with HIFU, the heat-sink effect is a commonly described limitation of RFA and occurs where
flowing blood or air carries the heat away from the site of ablation, thereby decreasing its efficiency
and making tissue adjacent to a vessel less susceptible to damage by hyperthermia.304
Radiofrequency ablation technology has been available since the early 1990s for soft-tissue ablation,
and was first utilized in oncology practice for percutaneous treatment of primary and metastatic
hepatic lesions.305 Within the domain of urology, it has gained widespread use in the treatment of
small renal masses with an approximate 90% clinical efficacy.306 However, RFA for PCa is in its
infancy, with only animal models, proof-of-concept, and small phase 1/2 trials published to date.
The first feasibility study on RFA for PCa was published almost 20 years ago.307 In this seminal paper,
the authors report their experience treating 13 patients with RFA immediately prior to planned RP
for localized PCa, where whole-mount pathology was employed to assess the efficacy of the ablation
comparing various probes and power settings. An additional patient was treated with primary fullgland RFA without RP.
The transperineal RFA was carried out under general or spinal anesthesia with TRUS guidance using
monopolar probes, bipolar probes, or combination. No technical problems were encountered, and all
patients recovered uneventfully from their radical prostatectomies. Maximum temperature at probe
was 103°C, and mean energy delivered was 10.5 kJ. Rectal temperatures never reached above 38°C,
even in patients with planned burn at posterior capsule, and no urethral sphincter injuries occurred.
Unfortunately, the authors found that the size of the lesion induced by monopolar and bipolar probes
poorly correlated with the expected burn based on the energy delivered. It was also found that RFA
interfered with the TRUS image, so that US did not accurately predict the true thermal lesion. The
authors suggest that, although RFA could create large necrotic lesions in the prostate, better imaging
would be needed to advance the modality.
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Interestingly, in another publication from the same group, post-RFA MR and pathology were compared,
and when attempting to create a 2x2x2 cm RFA lesion, the MR-detected burn and pathology-detected
burn were almost identical.308
Radiofrequency ablation has also been used in phase 1/2 trials for salvage therapy. In a 2005 publication, Shariat et al. used focal RFA for 11 patients with hormone-naïve, localized PCa who had failed
EBRT or were not candidates for upfront radical therapy.309 This salvage TRUS-guided RFA was
confirmed with a post-RFA power Doppler and verified at 1 month with MRI. Using a monopolar
device (RITA medical systems 500P generator with semicircular electrodes), focal areas were treated
based on previously mapped transperineal biopsies under IV sedation in an outpatient cystoscopy
suite. Temperatures of 100°C were maintained for 5 minutes, and patients received anywhere from
one to four burns. More than 90% of the patients experienced a PSA decrease of >50%, and overall, PSADT slowed post-RFA from 14 months to 37 months. Long-term oncologic outcomes are not
published for this cohort; however, 60% of patients were free of cancer at systematic TRUS Bx 12
months post-RFA.
This study reported no significant changes in LUTS and no major complications. Minor complications included transient hematuria, bladder spasms, and dysuria in four patients. The authors
concluded that RFA may delay or prevent PCa progression, but the efficacy is limited by proper identification of lesions.
There are several ongoing trials evaluating the ENCAGETM RFA device (Trod Medical, Leuven,
Belgium), which was initially studied in bull310 and canine311 models. This technology uses a device
with a coiled configuration creating a Faraday cage effect, where only tissue within the coil is burned
by the bipolar RFA energy while surrounding tissue is completely spared. The transperineal treatment uses a specially designed driver mechanism intended to position the probe within 0.5 mm of its
target, and is performed under TRUS guidance.312 Study NCT01423006 finished accrual and treated
five patients with very low-risk PCa from 2011 to 2013, but has yet to report its findings aside from a
conference abstract. The abstract reports that 8 mm to 16 mm probes were used, and each ablation
lasted 200 seconds. One patient suffered transient hematuria, and no other complications or oncologic outcomes were reported to date.333
There are now three ongoing ENCAGE trials recruiting patients with localized lesions. The FUSAblate
study at NYU (NCT02303054—Samir Taneja, principal investigator) will treat 21 patients with GS 6
(3+3) or GS 7 (3+4) tumours of up to 1.2 cm on MRI. Primary outcome will be the rate of positive 3DUS
fusion-targeted biopsies at 6 months post-treatment. Patient-reported QOL will also be assessed.334
Two other trials with similar protocols are also ongoing (NCT02328807335—Julio Pow-Sang, principal investigator; Florida, United States; 30 patients; and the ProRAFT study NCT02294903336—Mark
Emberton, principal investigator; United Kingdom; 40 patients).
The evidence supporting the use of RFA for focal therapy of PCa is sparse. Although it has been
demonstrated to be safe, the oncologic outcomes are uncertain, as no long-term data have been
published to date. Several phase 1/2 trials using the ENCAGE device should be reporting in the
near future.
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4.10.3

Water vapour ablation

Water vapour energy is a unique and natural thermal technique for prostate ablation. The technology
involves heating sterile water, which is converted into vapor (steam) and then injected into target
areas of tissue. When the injected vapour condenses back to a liquid state, the stored thermal energy
is released into the tissue, causing the cell membranes in the target zone to rupture resulting in cell
death. The Convective Water Vapor Energy (WAVE ) device is a handheld delivery device that uses
radiofrequency power to heat a few drops of water to approximately 103°C. When water gets heated
to steam or vapour, its volume expands almost 1700 times with 540 calories of thermal energy for
every milliliter.313–315

®

®

The WAVE technology using the Rezūm System uses very small amounts of sterile water (generally
in the range of 0.5 mL) and has multiple holes to ensure uniform vapour dispersion throughout the
target zone of ablation. The vapour delivery is at a slightly higher pressure to push the vapour through
tissue as it condenses and releases the thermal energy into the target tissue. Because the vapour
condenses into liquid state quickly, the energy does not travel further than intended, which therefore
provides a safety factor.
The surgical capsule between the transition zone and peripheral zone also acts as a barrier for the
vapour as it disperses through the tissue. The energy is released against the walls of the target cells
and leads to denaturation of the cell membranes, causing instant cell death of tissue membranes
including nerves and small blood vessels. The device is presently being studied in clinical trials under
an investigational device exemption (IDE) granted by the FDA.
The Rezūm System has been used transurethrally as a treatment for LUTS from BPH. In this study,
seven patients were treated with transurethral intraprostatic injections of sterile steam under endoscopic visualization followed by adenectomy. The extirpated adenomas were evaluated for tissue ablation using triphenyl-tetrazolium chloride (TTC) staining. Another set of 15 patients were treated
similarly but followed by contrast-enhanced MRI performed 1 week after the procedure. The largest
ablated volume in this cohort of patients was 35.1 cc. Ablation was confirmed in all patients and
remained confined to the transition zone. In a separate prospective, randomized, multicentre Rezūm
II trial using the WAVE technology, 136 patients treated using the Rezūm device showed rapid and
sustained improvement in LUTS and flow, with minimal adverse events, which were typically mild
and transient.313–315
Apart from the multicentre clinical trials for the treatment of LUTS from BPH (NCT01912339337—
Claus Roehrborn and Kevin McVary, principal investigators; 195 patients), vapour thermal energy is
also being assessed to treat focal PCa.
In a study recently presented at the annual European Association of Urology (EAU) meeting in March
2015, the authors described the feasibility of the Reviv TM System as a minimally invasive technique
for treating localized PCa.316 In this study across two centres, 14 patients underwent vapour thermal
therapy using the Reviv System followed by RP. The vapor was prospectively targeted in peripheral
zone and/or the transition zone of the prostate gland via a transrectal-guided transperineal approach
using 18-gauge FrancisTM needles.316
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The aim was to simulate focal, zonal, hemi, or whole-gland ablation. Areas were also targeted at the
apex and the capsule. Safety was assessed by real-time US visualization and temperature monitoring
by placement of thermocouples at the posterolateral aspect of the gland.316 Following the ablation,
the patients underwent prostatectomy with whole mounts and TTC staining, which showed good
correlation with the intended treatment, confirming that vapour energy could effectively ablate prostate tissue.316 No thermal effects were seen outside the prostate gland and mild thermal effects were
seen in the prostatic urethra when the transition zone was targeted. While this initial study using
vapour as a source of thermal energy confirms its feasibility as a source of thermal energy for focal
therapy of PCa, the published data on use of this technique is sparse.316 Prospective trials with intermediate to long-term follow-up are needed to assess the trifecta of oncologic outcome, potency, and
urinary continence.316

4.10.4

Microwave thermal therapy

Like radiofrequency ablation, microwave ablation (MWA) uses electromagnetic waves to generate
heat apart from direct hyperthermic injury. An electromagnetic field, typically between 900 MHz
and 2,500 MHz, is created through placement of an antenna within the tumour. The field forces
intrinsic dipoles, mainly water, within the tissue to continuously realign, which increases their
kinetic energy, leading to an increased temperature in the tissue and thermal effects. The advantages
of MWA over RFA as a source of thermal energy include the ability to achieve higher temperatures
and treat larger tumour volumes with a lower susceptibility to heat-sink effects when compared with
RFA or HIFU. With MWA, multiple antennas can be used simultaneously to enhance the ablative
effect. At the same time, MWA systems are more cumbersome to use and the antennas are prone to
overheating, thereby requiring a cooling mechanism.
Thermal therapy with MW technology was first used in the 1980s and was found to improve local
controls of several tumours when employed in the adjuvant setting at moderate temperatures
(40–45°C , termed hyperthermia).317 Hyperthermia was also used in the palliative setting. For example, Montorsi et al. utilized this in men with symptomatic, locally advanced PCa administered with
specialized transurethral applicators to successfully palliate obstructive voiding symptoms.318
In PCa, MW thermal therapy can also be used as primary focal therapy with curative intent because
at higher temperatures (>50°C ) coagulative necrosis ensues.319 Microwave antennas inserted through
an introducer sheath can be organized in an array and treat lesions up to 3 cm using a transperineal
approach with a brachytherapy-like grid. Microwave antennas launch small electromagnetic waves
that heat lesions secondary to electrical resistance of tissues. Helical tip transducers have been used
to decrease interference between probes, several of which are often required to ablate a single lesion.
For areas outside the active zone, thermal conduction is relied on to spread heat to wider zones.
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4.10.5

Published studies

Published studies have been carried out for salvage interstitial peripheral–gland ablation. In a stage
1/2 trial of 25 men with PSA recurrence post-EBRT, bilateral peripheral–gland MW therapy was
performed.320 This was done with transperineal placement of helical probes under TRUS guidance
following creation of a hydrodissected space between the rectum and prostate to prevent rectal burn.
The urethra, rectum, and hydrodissected space were also protected with cooling devices. Target
temperatures >55°C were reached in the ablated zones while urethral and rectal temperatures were
preserved <35°C . Median pre-treatment PSA was 6.5 ng/mL and half of the treated patients reached
a post-treatment nadir of <0.5 ng/mL. However, up to 35% of patients had positive post-treatment
biopsies. Although no major complications occurred, irritative and voiding urinary symptoms were
common (approximately 35%). Although full-gland MW therapy is primarily designed as salvage
treatment, the same group used it with success to treat a man localized PCa who refused all conventional treatments,321 but no long-term functional or oncologic outcomes are available.
In smaller pilot studies, it was demonstrated that neoadjuvant androgen deprivation therapy (ADT)
could be used to shrink the prostate to a size more amenable to treatment,322 and that treatment could
be performed under MRI guidance using MR thermometry.323

4.10.6

Conclusion

Advances in imaging have made image-guided focal ablation possible in PCa. While there is a dearth
of prospective, randomized clinical trials in the field, significant progress has been made. In the
last decade or so, some ablative technologies such as cryoablation, HIFU, and laser ablation have
moved beyond the initial proof-of-principle, animal, or preclinical phase and are now being tested in
humans in phase 1/2 and pivotal trials. However, there continue to be rapid changes in the field. The
newer ablative technologies face an uphill challenge in not only providing high-quality evidence for
their superiority over the available treatment options for PCa but also competing with the existing
thermal ablation techniques in PCa. They need to be accurate, cost-effective, and found to be clinically beneficial to be widely disseminated. Tumour size and location have been important parameters
in selecting the thermal energy source and perhaps an à la carte approach may be needed in this age
of personalized medicine.
The transrectal HIFU approach may not be ideal for an anterior tumour. These anterior tumours
may be ideally suited for transperineal laser ablation or RFA, if the tumour is visible on mp-MRI.
Similarly, if the tumour is sparse and not visible on mp-MRI, a hemiablation approach using HIFU,
or even MWA, rather than a targeted approach may be best suited to the individual. At the same
time, there continue to be advances in modern imaging techniques and in the technology. From an
initial stage of disbelief and denial, we physicians have moved to adoption of these new technologies
in prostate ablation. It is up to us now to provide high-quality trials and a mechanism to assess the
quality of evidence.
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4.11 Recommendations
Recommendations

LOE/GOR

Cryoablation and HIFU can be offered as primary treatment in selected patients.

II/A

Cryoablation and HIFU can be considered as salvage treatment following recurrence from radiation.

II/A

To avoid major complications following (salvage) ablation treatments (including urinary incontinence,
rectourethral fistula formation, and erectile dysfunction), specific protocols should be put in place.

II/A

Focal ablation may be considered for primary unifocal high-volume low-grade or moderate-grade local PCa.

III/C

Transurethral HIFU, IRE, RFA, water vapour ablation, MW thermal therapy, and histotripsy are investigational,
and should only be offered within clinical trials.

IV/D

IMRT radiation therapy and brachytherapy may be explored for focal ablation.

IV/D

(Real-time) imaging should be used for patient selection, treatment guidance, and follow-up in ablative
treatments.

II/A
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5.1

Introduction

Advancements in diagnostic tools such as prostate mapping biopsies and multiparametric magnetic
resonance imaging (mpMRI) have provided clinicians with the ability to identify a specific cancer
focus within the prostate. This improved diagnostic approach has created a clinical paradigm where
one is able to treat that specific focus while sparing the remainder of the gland in order to preserve
sexual and continence mechanisms. As active surveillance protocols modernize with the increased
use of mpMRI and molecular markers, this new approach may better select men for treatment versus
observation.1 Utilizing these new technologies, and recognizing that low-risk prostate cancer is
unlikely to cause mortality, has led to the paradigm shift of treating organ-confined intermediate- or
high-grade tumours to “downgrade” the patient back to being an active surveillance candidate.
However, as we shift away from whole-gland treatment, traditional markers of therapeutic success
are becoming less relevant. After a curative radical prostatectomy, one expects an undetectable level
of prostate-specific antigen (PSA). After radiation therapy, a significant rise in PSA has been agreed
upon as the defining mark of biochemical recurrence. After focal therapy, the PSA level may not
significantly change from baseline pre-treatment levels, reflecting the amount of viable prostate
epithelia that has been preserved. The assessment of oncological outcome then becomes more onerous, requiring the use of imaging modalities and tissue ascertainment.
Paralleling the development of active surveillance strategies as a management option for patients with
prostate cancer, there has been a recent consensus by the World Health Organization (WHO), the
International Society of Urological Pathologists (ISUP), and an international multidisciplinary grading group to develop a new prognostic grading scheme to be reported in parallel with the Gleason
system. Among several other clinical advantages, this scheme potentially allows for better counseling of patients for non-whole-gland treatment approaches. Used in the current manuscript, the new
prognostic grade grouping system, independently validated in over 20,000 patients treated at multiple
international centres by surgery and radiation therapy, is categorized in five groups: prognostic grade
group 1: Gleason score 3 + 3 = 6; prognostic grade group 2: Gleason score 3 + 4 = 7; prognostic grade
group 3: Gleason Score 4 + 3 = 7; prognostic grade group 4: Gleason Score 4 + 4 = 8; prognostic grade
group 5: Gleason Score 4 + 5, 5 + 4, and 5 + 5 = 9 or 10.2
As prostate focal therapy remains a nascent field, long-term outcomes from large cohorts are not
yet available upon which to base recommended follow-up protocols. In this chapter, we review the
best available current evidence, combined with the expert opinion of the panel members, to develop
guidelines for follow-up after prostate focal therapy.
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5.2

Definition of Success/Failure:
Evaluating the Treated Zone vs.
Untreated Area

Following the application of focal therapy, there will be one or more treated segments of the prostate,
and the remainder of the gland will not have received any intervention. Therefore, to holistically/
comprehensively evaluate oncological outcome, we need to divide the definitions of success or failure
into two categories: the treated area(s) and the untreated zones that remain on surveillance. Success
can be defined by radiological or biopsy criteria. A limitation is that these outcome measures are not
as definitive as whole mount pathology. However, successful treatment ultimately is best defined from
the patient’s perspective, that is, eradication of all aggressive or clinically significant disease. In other
words, the portion of the prostate undergoing treatment should have all aggressive disease eradicated, while the untreated portion should be thoroughly interrogated for aggressive disease, whether
with imaging or biopsy, and monitored with active surveillance if low-grade disease is present.
In a consensus meeting (Donaldson 2015) the panel agreed that persistent or recurrent cancer in the
treated zone of Gleason grade 3 + 3 (prognostic grade group 1) with a cancer core length ≤3 mm is an
acceptable treatment outcome, as long as it represents a decrease from the original cancer burden.3
The original cancer lesion should be of a higher grade or higher volume than the cancer that remains
in the treatment field. The Donaldson consensus panel felt that remaining lesions of Gleason grade
3 + 4 or 4 + 3 (prognostic grade groups 2 and 3) in the treated zone should be considered failures,
regardless of cancer core length [Level of Evidence (LOE) 4]. Additionally, the finding of a more
substantial volume of Gleason 6 (>3 mm of core length) does not in itself indicate failure. Rather, it is
important as a predictor of higher-grade cancer, and its presence should prompt an MRI and targeted
biopsy if a target is identified [LOE 3].4

5.2.1

Assessing the treated zone

In the treated zone, the definition of success can be described in terms of immediate or technical
ablative success versus intermediate to long-term oncological outcomes. Immediate or technical
success depends on the operator’s assessment that sufficient energy delivery has occurred to the
target zone with a suitable margin around the target area, depending on the ablative technology
used. For example, with cryotherapy at least two freeze-thaw cycles with an ideal nadir temperature
of -40 degrees Celsius is often required to cause complete cell death within the freeze zone.5 The
posterior margin of ablation is usually visible to the operator as the edge of the ice ball. With thermal
modalities such as high-intensity focused ultrasound (HIFU) or focal laser ablation (FLA), a temperature of 55ºC for 5 seconds is lethal to almost all epithelial cells.6,7 Using in-bore techniques allow
for a more targeted ablation approach. Magnetic resonance thermometry may help in ascertaining
that the target temperature has been reached, and an enhanced scan at the end of the procedure can
assess treatment coverage while the patient is still on the table.8 Similarly, immediate evaluation of
the treated area with contrast-enhanced ultrasound (CEUS) microbubble agents can be performed
to allow for additional focal ablation of any areas suspicious for residual disease. After irreversible
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electroporation (IRE), treatment-related changes in the target zone are not apparent on greyscale
ultrasound but may be visualized using CEUS or dynamic contrast-enhanced MRI techniques.9
Before completing the therapy, the operator should have an assessment of whether the treatment
coverage was adequate. If not, provisions for repeat or additional therapy may need to be made. All
these refer to immediate technical success, which is just one part of treatment or cancer success.
In the intermediate- to long-term, oncological success is defined histologically with biopsy, and
radiologically with mpMRIa. These criteria have their pitfalls. As small foci of significant cancer may
persist at the margins of the treated zone, or exist as skip lesions, longitudinal follow-up with repeated
assessments will be necessary to ensure that success is enduring. Based on the latest pathological data
from ISUP, from an oncological point of view, we would consider small volume Gleason 3 + 3 (prognostic grade group 1) or very small volume (<0.2 cc or <7 mm in diameter) Gleason 3 + 4 (prognostic
grade group 2) as acceptable within the treated zone at longitudinal follow-up. Significant volume
(≥0.2 cc or ≥7 mm in diameter) of Gleason 3 + 4 (prognostic grade group 2) within the treated zone
would be considered failure [Grade of Recommendation (GOR) C].

5.2.2

Appraising the untreated area

The untreated area may be monitored for de novo disease alongside the treated area with radiological
means. If there is low-risk disease in the untreated area, it should be monitored with standard of care
active surveillance protocols. The majority of protocols stipulate a systematic re-biopsy within 12 to
18 months, and thereafter using predefined PSA, PSA-derivative, or radiological triggers.10 The definition of focal therapy failure in the untreated area would be the development of any foci of clinically
significant cancer requiring further therapy [GOR C]. Those who develop such foci early on (within
12–18 months) likely represent selection failure.

5.3

Role of Prostate-Specific
Antigen, Derivatives, and Other
Molecular Markers

5.3.1

PSA

Prostate-specific antigen (PSA) being produced by normal prostatic cells does not usually reduce to
undetectable levels after non-extirpative therapies. Despite this, robust criteria have been developed
to define biochemical recurrence after radiation therapy, and in this setting PSA nadir levels, times
to nadir, and subsequent doubling times (PSADT) have been found to be of prognostic value.11–15
Consequently, these criteria have also been adopted for other non-radiation-based, non-extirpative
treatments such as cryotherapy or HIFU.16,17 After partial gland ablation or true focal therapy with
a
By today’s standards, mpMRI is the best imaging technique, but radiological assessment may entail other imaging modalities to supplement
or complement mpMRI in the future.
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treatment of the index lesion alone, serum PSA levels have been noted to decrease.18 However, the
remaining volume of viable prostate epithelium impairs accurate interpretation of serum PSA levels.
Furthermore, the post-treatment serum PSA trend may be affected by age, benign prostatic hypertrophy, and other non-malignant entities.19,20 There is currently not enough data describing the course
of serum PSA post-focal therapy with long-term prognosis, but expert consensus has been to record
post-treatment PSA levels including density, nadir, and other kinetics for future research purposes
[GOR C, LOE 4].21

5.3.2

Prostate-specific antigen derivatives

Derivatives of PSA have been developed in order to control for factors affecting serum PSA besides
prostate cancer. In cases where focal therapy was applied to disease exclusively located to one or two
foci, could PSA derivatives potentially aid in the monitoring of both the treated and untreated zone(s)
after focal therapy by improving cancer detection?
Adjustment of PSA to account for prostate volume using PSA density (PSAD) has been investigated
in the pre-diagnosis setting.22 PSA density is particularly pertinent to the post-focal therapy setting
as a marked reduction of the treated portion of the gland is routinely observed at follow-up transrectal ultrasound (TRUS) and MRI. However, the critique of PSAD is its user-dependence as a result of
ultrasound-based prostate volume assessment. While this may be less of an issue with the increased
use of MRI for follow-up post-focal therapy, threshold PSADs based on MRI prostate volume are
still being developed.23 The doubling time of PSA (PSADT) is an estimation of the trajectory of the
increase of PSA. It is based on the hypothesis that cancer cells multiply more quickly than benign
prostatic cells and thus cause a rapid increase in serum PSA. The PSA doubling time has been investigated extensively in the active surveillance setting as a trigger for intervention and has been found
to be prognostic after radiation and in the metastatic prostate cancer setting.24–26 However, the lack
of specificity of rapid PSA rise (which often occurs due to prostatitis or other non-malignant causes)
limits its use.27
While PSA derivatives are a promising refinement to serum PSA alone, they have generally been
developed and studied in the pre-biopsy PSA 4 to 10 ng/ml setting, and even here they have not
gained widespread acceptance and use. There is currently no published evidence defining their use in
the post-focal therapy setting [GOR D, LOE 4].

5.3.3

Other molecular markers

Biomarkers beyond PSA have been the subject of intense interest and investigation, particularly in
pre-diagnosis or active surveillance applications. Markers such as urinary PCA3, serum [-2] pre-proPSA, tissue genome prostatic scores, or cell cycle progression scores show some efficacy in predicting
high-grade disease and may hold some value in detecting treatment zone recurrences or de novo
disease/disease progression in the non-treated zone under surveillance. However, there is currently
little evidence to incorporate these into a post-focal therapy protocol [GOR D, LOE 4]. They may be
collected for research purposes.
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5.4

Role of Multiparametric MRI in the
Post-focal Therapy Setting

5.4.1

Introduction

Prostate focal therapy was initially pursued as a hemi-ablation technique, based on biopsy findings
of laterality. Multiparametric MRI, which is gaining widespread acceptance in prostate cancer diagnosis, staging, and surveillance, has revolutionized the identification of prostate cancer index lesions,
their subsequent targeting for confirmatory biopsy, and ensuing targeted focal ablation. After focal
ablation of an mpMRI-detected lesion, the use of mpMRI for post-treatment surveillance provides
the advantage of comparison between the follow-up and pre-ablation treatment zone. Targets can
then be assigned for use as in-bore MRI or a TRUS-MRI fusion confirmatory biopsy of the treated
area and/or suspicious lesion. Furthermore, mpMRI is known to detect higher-grade significant
prostate cancers, and it may play a role in the monitoring of the untreated zone if determined to
contain low-grade, low-risk disease initially [LOE 3].28,29 At recent expert consensus group meetings,
MRI has been recommended at 6- to 12-month intervals after focal treatment of the prostate, with
one group advising a yearly scan for the first five years [LOE 4].21,30

5.4.2

Technical requirements of multiparametric MRI

Multiparametric MRI typically comprises, in addition to the anatomical T1 and T2 sequences, functional imaging such as diffusion-weighted imaging (DWI) and dynamic contrast-enhanced (DCE)
imaging. DWI is widely regarded as the most useful functional imaging sequence for detecting prostate cancer in the untreated prostate, especially for detecting cancer in the peripheral zone with an
inverse relationship between quantitative apparent diffusion coefficient (ADC) values and Gleason
score.31 The main drawback of DWI is that technical expertise and specific equipment are required to
overcome spatial distortion and signal loss due to magnetic susceptibility effects, especially at higher
b values. DWI may also be limited in assessment post-focal therapy because of the fibrosis at the
treated site.32 DCE is a function of vascular flow patterns, and a type 3 curve with rapid uptake and
washout of gadolinium contrast is typical of high-grade cancer.33 Though highly sensitive, its sensitivity is limited when there is prostatitis and benign enlargement, which also display high vascular
flow, especially in the transition zone.34 However, it is generally believed that early nodular enhancement on DCE post-focal therapy is a pattern which suggests residual or recurrent disease at the site
of treatment.35 Magnetic resonance spectroscopic imaging (MRSI) is sometimes performed to examine metabolic activity of the prostate with cancer cells exhibiting a high choline/citrate ratio. While
MRSI suffers from poor spatial resolution and needs more time and expertise to perform, it has been
used in the post-radiation setting to detect prostate cancer recurrence.36 As a combination modality,
mpMRI has high sensitivity and specificity for the detection of clinically significant prostate cancer,
and a high negative predictive value with a modest positive predictive value [LOE 3].37 Thus, a negative mpMRI may be informative, but when there is a suspicious area in the treated zone on mpMRI,
histological confirmation is necessary.
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5.4.3

E
 vidence for multiparametric MRI in active surveillance and
translation to the focal therapy setting

In the active surveillance setting, mpMRI has been found to predict tumours that would be reclassified at a future re-biopsy session whereby both Gleason score and volume progression may occur
[LOE 3].38–40 Furthermore, in a cohort of 72 men on active surveillance undergoing MRI fusion biopsy
of all suspicious lesions, mpMRI was found to have a perfect negative predictive value.41 These findings are applicable to the untreated zone after focal therapy of prostate cancer. A negative mpMRI
finding in this area confers a very low risk of significant disease in the untreated zone. A caveat is that
many of the studies were conducted in academic or highly specialized centres with radiologists who
have a special interest in prostate MRI. Generalizability to the broad academic or community setting
remains to be demonstrated.
The evidence for mpMRI in the post-focal treatment arena is sparse. Multiparametric MRI changes
after prostate ablation with HIFU have been described in a whole-gland series reporting the sensitivity of DCE-MRI between 73% and 87% and a specificity between 73% and 82%.42 It is not known
whether the performance characteristics of mpMRI will be similar in the treated zone after focal
therapy with HIFU. In a more recent study, Ahmed et al. reported on a series of 52 men receiving
focal HIFU where mpMRI was negative in the treatment zone in 10% of men at 6-month follow-up.18
Notably, two men had suspicious mpMRI findings in the untreated zone and both were positive for
significant disease at biopsy. In a longitudinal study using MRSI, it was also reported that local recurrence of prostate cancer after radiation occurred at the same site in eight of nine men, as detected by
MRSI.43 Multiparametric MRI has otherwise not been reported in the follow-up surveillance after
focal cryotherapy or other focal therapy modalities. Long-term imaging, and in particular mpMRI
follow-up data following focal therapy, need to be collected to both study its performance characteristics and interrogate if focal ablation of a segment of the prostate does not lead to any adverse
changes in the untreated portions of the gland.

5.4.4

Summary and recommendations

Multiparametric MRI is a useful tool in follow-up after focal therapy of the prostate for purposes
of monitoring the treated zone as well as the untreated zone. Three-Tesla mpMRI, or 1.5 Tesla with
endorectal coil, should be the minimum standards [GOR C].21 Until further evidence suggests otherwise, given the developmental nature of focal therapy, mpMRI is recommended at least once, 6 to
12 months after initial treatment [GOR C]. Subsequent serial MR imaging should be performed
periodically. The optimal frequency of imaging is not known, and should be determined by patient
factors and resource availability [GOR D]. Given the long natural history of prostate cancer and the
low rate of progression of well-characterized Gleason 6 (prognostic grade group 1) cancer (about 1%
per year), it is likely that repeat imaging in low risk patients can be infrequent [GOR D]. A negative
mpMRI suggests a low risk of disease recurrence or progression [GOR C]. A positive mpMRI should
lead to a targeted biopsy for histologic confirmation [GOR C].
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5.5

Role of Biopsy

5.5.1

Types of biopsy available

Periodic follow-up biopsies are considered to be essential for monitoring after focal therapy. Options
available include extended sextant 12-core TRUS biopsy, saturation TRUS biopsy (>20 cores), transperineal mapping biopsy, in-bore MRI targeted biopsy, or MRI-TRUS fusion biopsy. These modalities
have been investigated in the diagnosis and active surveillance settings, and in general, have shown
that an increasing yield for clinically significant disease is seen with an increasing number of biopsies
performed [LOE 3].44–47 While MRI-fusion biopsy has a higher detection rate for clinically significant disease, it has not detected all clinically significant disease in cohorts undergoing simultaneous
systematic biopsy [LOE 3].48 By today’s standards, targeted biopsy implies either the utilization of
MRI-TRUS fusion technology or in-bore MRI guidance.

5.5.2

Timing of biopsy

One expert panel (van den Bos et al. 2014) had a consensus that TRUS-guided systematic wholeprostate biopsies and additional targeted (software or cognitive fusion) biopsies should be performed
between 6 and 12 months after treatment [LOE 4].49 This interval was recommended to account
for the time taken for resolution of inflammatory effects and formation of scar tissue. It must also
be remembered that ablation of a segment of the prostate followed by the reparative process will
not only cause scarring and contraction of the ablation site, but also distortion and settling of the
untreated area to “fill in” the space created by that tissue contraction. Thus, targeting of the treated
zone post-therapy, depending on when it is assessed, poses its own unique set of challenges. Stromal
fibrosis persists at up to 16 months follow-up but does not impair pathologists’ ability to grade recurrences.50 This method would account for surveying the portion of the untreated gland on surveillance
while assessing oncological outcome of the treated zone. Another expert panel (Muller 2015) recommended a biopsy of the treated zone in addition to a systematic 12-core TRUS biopsy of the whole
prostate (including the untreated zone) at 1 year after treatment and thereafter only when there is
suspicion on imaging [LOE 4].21 A third panel (Donaldson 2015) agreed that the optimal time for
the first prostate biopsy after focal treatment is at 1 year and that the biopsy should be performed in
a targeted manner, as otherwise, previously untreated tissue could easily be inadvertently sampled
[LOE 4].3 This panel remained uncertain about whether post-treatment biopsy should also routinely
sample the untreated gland.

5.5.3

Triggers for biopsy

Traditional triggers for biopsy in active surveillance settings have been based on time since the diagnostic biopsy and on PSA changes. As mentioned, PSA kinetics are difficult to interpret in the postfocal therapy setting. An expert panel (Muller 2015) has recommended mpMRI as the only trigger
for biopsy of both the treated and untreated zone after a first negative 12-month biopsy [LOE 4].21 If
biopsy is required, this group recommends a 4- to 6-core targeted biopsy of the ablation zone in order
to account for fibrosis-related gland deformity and possible misregistration when using software or
cognitive fusion.
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Donaldson’s consensus group agreed that a suspicious area on mpMRI was a trigger for biopsy but
also felt that a rising PSA was a valid trigger [LOE 4].3 However, given the effect of the remnant prostate on fluctuations in serum PSA, using this as trigger may generate more unnecessary biopsies and
thus clinical discretion is advised.

5.5.4

Summary and recommendations

There is currently little longitudinal data in focal therapy series to inform the optimal follow-up
biopsy regimen. While a transperineal mapping saturation biopsy may be informative, it often necessitates general anesthesia and a trip to the operating room. Multiparametric MRI may detect large
and clinically significant lesions in both treated and untreated areas. It should be a part of any focal
therapy program and should trigger a targeted biopsy if a suspicious lesion is detected. By today’s
standards, targeted biopsy implies either the utilization of MRI-TRUS fusion technology or in-bore
MRI guidance. In general we would recommend 4 to 6 cores from the treated zone alone, depending on volume/size of treated area, at 3 to 6 months and 12-core systematic plus targeted biopsy of
the ablation zone at 12 to 24 months [GOR C]. Following 24 months, the gland should be biopsied
only if there is a suspicious change in MRI or PSA/clinical findings [GOR C]. If clinical parameters/
PSA are stable, we would also recommend repeat mpMRI at the 5-year mark with possible biopsies
of abnormal areas [GOR D]. Biopsy may also be triggered by heightened clinical suspicion based on
PSA kinetics, rising PSA, or new mpMRI suspicious findings.
TABLE 5-1: Consensus Recommendations on Follow-up Strategy

Treated Area
Untreated Area

MRI with Possible Fusion Biopsy

Systematic Biopsy

Mandatory biopsy at 3–6 months, 12–24 months,
and again at 5 years

-

12–24 months and again at 5 years

12–24 months and again at 5 years

5.6

Histological Interpretation of
Post-treatment Biopsy

5.6.1

Post-radiation treatment changes

Longstanding data for post-treatment histological changes following non-extirpative prostate cancer
treatment has largely come from post-irradiation series using external beam or brachytherapy. After
radiation, typical histologic changes include a decreased ratio of tumour glands to stroma; atrophy and
squamous-like metaplasia of non-neoplastic glands, with or without atypia; stromal fibrosis; arterial
luminal narrowing due to myo-intimal proliferation; foam cells within vessel walls; and fibrosis and
atrophy of seminal vesicles.51 After 3D conformal radiation, benign prostatic glands show profound
histologic changes that may be confused with prostate cancer.52 In one cohort, routine biopsy after
seed implant brachytherapy found that up to 17% of men have a biopsy reported as indeterminate.53
In another cohort, after external beam irradiation, 17% of men with positive post-treatment biopsy
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remained clinically disease free at 10 years.54 In yet another cohort, even among those receiving highdose rate (HDR) brachytherapy boost for intermediate-risk prostate cancer, persistent cancer cells
on routine 2-year biopsy did not predict which patients would ultimately fail biochemically.55 These
observations have contributed to uncertainty regarding the adoption of post-radiation prostate biopsies as a gold standard for treatment efficacy.56 Immunohistochemical studies for basal-cell-associated
markers (p63, high molecular weight cytokeratin [CK] 5/6), cancer-associated markers (racemase
and ERG), and/or cytokeratin stains to detect subtle infiltrating cancer cells play an important role in
indeterminate cases and must be employed before an indeterminate diagnosis is rendered. If cancer
is present and it shows no recognizable treatment changes, it should be assigned a Gleason grade and
a corresponding prognostic grade group. In cancers with treatment effect, a grading of treatment
effect has been proposed to provide an estimate of the extent of treatment effect. Methods of assessing
viability of cancer by using MIB-1 (Ki-67) proliferation etc. remain experimental at this time.

5.6.2

Treatment changes after high-intensity focused ultrasound

Early reports of the effects of HIFU on canine prostates were of a subtotal hemorrhagic liquefactive
necrosis in 90% of the gland.57 In human prostates, radical prostatectomy specimens at 2 weeks after
HIFU treatment showed a spectrum of morphological changes, from necrosis to subtle ultrastructural
cell damage with all lesions demonstrating loss of cytokeratin 8, signifying severe cellular damage.58
In a 65-year-old man treated with radical cysto-prostatectomy for a prostate-rectal fistula from postradiation salvage HIFU, histological changes of dense fibrosis consisting of fibroblast proliferation,
neuronal proliferation, and chronic inflammation were noted where the prostate should have been
located, with no evidence of residual cancer.59 In an examination of needle biopsies taken 6 months
after HIFU treatment, necrosis, often accompanied by acute, chronic, or granulomatous inflammation, was noted in 72% of the cases, with mild to moderate fibrosis in all biopsies.60 Interestingly, in
the 11 patients with residual prostate cancer detected, few to no treatment changes were seen among
the glands, raising the possibility of insufficient delivery of thermal energy.

5.6.3

Post-cryotherapy treatment changes

Cryotherapy induces tumour ablation through multiple pathways, including mechanical cell destruction by the formation of ice crystals, necrosis, and the induction of apoptosis through metabolic,
vascular, and immune pathways.61 The evolution of the cryogenic lesion has been described as that of
a central coagulative necrosis, surrounded by a relatively thin peripheral zone (freeze margin, where
cell destruction may be initially incomplete), that progresses to edema and necrosis of the central
zone, and apoptosis and secondary necrosis in the marginal area in a few days.62 In the following
weeks to months, the necrotic tissue is then removed by inflammatory cells and replaced by a fibrous
scar. The most frequently described histopathological changes at 1- to 2-year post-cryotherapy biopsy
are chronic inflammation, myxoid stromal change, stromal hemosiderin, and stromal fibrosis.63 As is
found in post-HIFU series, patients with positive post-treatment biopsy have been found to have
glands with little or no typical post-therapeutic histological changes, suggesting under-treatment as
a cause of disease persistence.63,64
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5.6.4

Changes associated with other treatment modalities

There are a limited number of published studies on the histopathological changes associated with
newer partial therapy modalities, most encompassing only a small number of cases.
Laser ablation induces tissue necrosis by thermal injury, and thus the findings are similar to those of
HIFU. Lindner et al. described four patients that underwent radical prostatectomy after laser ablation therapy.65 The ablation zone was characterized by homogeneous areas of coagulation necrosis
surrounded by a small hemorrhagic rim and devoid of vital glandular tissue. Vitality of the residual
glands was assessed by the use of cytokeratin 8, which demonstrated an abrupt transition of positive
(vital) glandular tissue and negative (ablated) glands. The points of insertion of the laser fibres were
easily identified in the whole mount sections of the radical prostatectomy specimen, and the absence
of residual tumour in between the two fibres was evident. The ablation zone extended all the way to
the prostate capsule. Also, there was a good correlation between MRI and whole mount hematoxylin
and eosin (H&E) histological examination, and an even better correlation with the loss of cytokeratin
8 immunohistochemical staining. Oto et al. published results on 6-month post-procedure biopsy
on nine patients that underwent laser ablation.66 Seven patients had no evidence of residual/recurrent disease, while two showed Gleason 3 + 3 adenocarcinoma. Retrospective review of the ablation
images revealed incomplete coverage of the lesion site by the ablation zone for the two patients with
positive follow-up biopsies. Similarly, Lee et al. reported that 12 of their 13 patients who had laser
ablation therapy had no residual cancer on follow-up biopsy.67 The remaining patient had Gleason 3
+ 4 = 7 adenocarcinoma. An additional patient developed a new mpMRI abnormality away from the
treated area that, upon biopsy, revealed Gleason 3 + 3 adenocarcinoma. Both cases were subsequently
re-ablated.
Histopathologic changes associated with photodynamic therapy include hemorrhagic necrosis with
inflammation, gland destruction, atrophy, and vascular thrombosis in the treated area, ultimately
followed by dense fibrosis.68,69 Early changes include hemorrhage and coagulative necrosis. Later to
late changes include stromal edema, acute and chronic inflammation, focal coagulative necrosis,
hemorrhage, hemosiderin deposition, reactive fibroblasts, stromal fibrosis, glandular atrophy, and
hyaline scars. Eymerit-Morin et al. described the histopathologic findings in 6-month follow-up biopsies of 53 patients that underwent focal photodynamic therapy.70 These included sharply demarcated
hyaline scars, rare atrophic glands, mild chronic inflammatory infiltrate, hemosiderin deposition,
and coagulative necrosis. Vascular lesions such as intimal hyaline fibrosis or organized thrombi were
not prominent. Seventeen of the 53 patients had residual carcinoma in the treated lobe, all located
outside the scarred area, usually close to the capsule. The viable carcinoma glands did not display any
therapy-related changes and were easily recognized in most cases with routine histology.
Although a multicentre pilot study is currently underway to evaluate the effects of IRE, including
the assessment of histopathologic changes, a small study by Neal et al. describes the findings in two
patients that underwent radical prostatectomy after IRE.71,72 The treatment areas showed extensive
necrosis with inflammatory neutrophilic infiltrate, surrounded by an area of reactive fibroblasts and
hemorrhage. The adjacent viable ducts displayed squamous metaplasia. Irreversible electroporation is
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believed to show a sharp demarcation between ablated and non-ablated tissue, in contrast to thermal
ablation techniques, which show a transitional zone with partially damaged tissue between ablated
and healthy tissue.71

5.6.5

R
 eporting recommendations for post-focal therapy
treatment biopsies

In biopsies from the treatment area, it is important for the pathologist to report findings that confirm
that the treatment area has been biopsied (necrosis, hemorrhage, acute and chronic inflammation,
stromal edema, glandular atrophy, hemosiderin deposition, reactive fibroblasts, stromal fibrosis).
In the treatment area, a diagnostic menu for biopsy findings may include:
1. Post-treatment changes and benign prostatic 3. Atypical small acinar proliferation, suspiepithelium, no residual carcinoma;
cious for carcinoma (a diagnosis usually
2. High-grade prostatic intraepithelial neoplasia
rendered after examination of multiple levels
(HGPIN);
and/or immunohistochemical studies);
4. Prostatic adenocarcinoma
If no treatment-induced changes are apparent, which is usually the case with focal therapy, a Gleason
score should be assigned to the finding of prostatic carcinoma in the treatment area. A finding of
HGPIN in the treated area following focal therapy is uncertain, but an isolated focus of HGPIN in
this setting is of little clinical significance. As outlined in the introduction, the recently WHO- and
ISUP-recommended prognostic grade groups should be reported in parallel with the Gleason grade.
In core and systematic biopsies outside of the treatment areas, handling and reporting should occur
in conjunction with established practices.

5.6.6

M
 olecular markers to help interpret post-treatment
histological changes

Immunohistochemistry markers are useful in the microscopic interpretation of treated glands in
biopsy specimens.68,69 Basal cell markers such as cytokeratin 34BE12, p63, or cytokeratin 5/6 selectively label basal cells in prostatic glands. These cells are present only in benign glands, thus their
detection is reassuring when the benignity of a group of atypical glands is questioned. The presence
of alpha-methylacyl coenzyme A racemase (AMACR), a well-known marker overexpressed in prostate cancer, has been found to facilitate or support decision making in differentiating cancer from
benign glands with atypia, such as those seen after radiation therapy. Indeed, the use of a p63/highmolecular weight cytokeratin/AMACR immune-histochemical stain cocktail is a common practice
in modern pathology laboratories dealing with prostate biopsy, and its utility has been demonstrated
in the setting of treated prostates, including post-radiation and post-HIFU.50,73,74 Cytokeratin 8 has
been suggested as a marker of gland viability after HIFU and laser ablation therapy.58,65
In a quest for better prognostication after non-extirpative treatment, several molecular biomarkers have been identified to predict disease progression in the post-irradiation setting. In addition to
Gleason score, the presence of DNA-ploidy has been identified as a significant predictor of distant
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metastasis-free survival and cancer-specific survival.75 The cellular proliferation index derived from
MIB-1 labeling is another significant predictor of post-radiation recurrence.76 In an effort to distinguish between biologically active and inactive “residual tumours” following prostate irradiation,
Crook et al. studied the presence or absence of proliferative cell nuclear antigen (PCNA), finding
that a negative PCNA in a positive biopsy predicts an 83% to 97% chance for eventual resolution
of tumour.77

5.6.7

Summary and recommendations

Characteristic changes occur in the prostate following treatment with various energy modalities.
Indeterminate situations can sometimes be resolved with the use of various immuno-histochemical
molecular markers, though these should be further evaluated prior to use in routine practice. Our
recommendation is to treat definitive cancer on biopsy as a positive finding. Indeterminate findings
should be communicated to the patient, and whether to proceed with further treatment should be a
shared decision.

5.7

Clinical Management of Cancer
Recurrence or Persistence

5.7.1

Introduction

There have thus far been no guidelines defined for the management of patients with failure or recurrence after focal therapy. Further treatment should logically be determined by the new disease status—
clinically, biochemically, histologically, and radiologically—coupled with the patient’s comorbidities
and quality of life considerations, just as one would for any newly presenting prostate cancer.
In general, findings of high-grade prostate intraepithelial neoplasia and atypical small acinar proliferation are acceptable. We would recommend that a finding of Gleason 3 + 3 (prognostic grade group 1)
at a significantly lower volume than pre-treatment is considered acceptable and likely can be monitored. Small volume Gleason score 3 + 4 (prognostic grade group 2) lesions at a lower volume than
pre-treatment may be cautiously monitored depending on the clinical situation, or offered further
treatment. A Gleason score 3 + 4 (prognostic grade group 2) lesion of 0.2 cc (or 7 mm in diameter) or
greater should be treated. Any Gleason score ≥4 + 3 (prognostic grade group 3–5) should be treated.

5.7.2

Role of repeat focal therapy

The use of repeat focal therapy remains investigational at this point and we would recommend
caution in its application. Failure in the treated zone may be due to various factors, including potential problems with disease localization, targeting, and energy delivery. Unless one has clearly identified a reversible or correctable factor that encumbered the initial attempt at focal therapy, persisting anatomical or other difficulties may continue to affect the efficacy of a repeat focal therapy. For
example, if the treatment failure was due to incomplete coverage, then re-treatment may be offered.
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However, if the issue was failure to attain the required temperature because of a heat sink effect,
then re-treatment using that particular device would not be recommended. In another example,
HIFU may be less effective at the prostatic apex and a recurrence or persistence there could be better
salvaged with focal cryotherapy or another ablative technique.78 In a consensus meeting report
(Donaldson 2015) the panel agreed that retreatment rates of <20% with focal therapy were clinically acceptable [LOE 4].3 There was agreement that any subsequent whole-gland therapy reflects a
failure of focal therapy. A retreatment rate of <10% with whole-gland therapy was considered to be
clinically acceptable.

5.7.3

Choosing the modality of treatment

Following prostate irradiation, re-irradiation with brachytherapy and/or image-guided radiotherapy
has been found to render up to 50% of patients biochemical relapse-free.79 Re-irradiation following
radiation-based focal therapies might be a reasonable extrapolation of these findings, if not limited
by dose.
Post-radiation salvage radical prostatectomy has traditionally been observed to have much higher
rates of complications, incontinence, and erectile dysfunction.80 There is little data regarding these
outcomes following focal therapy with lesion-ablation, quadrant-ablation, hemi-ablation, etc., but one
might expect complication rates to potentially be higher, and functional outcomes poorer, depending
on the location of the target tissue. The degree of technical difficulty may be dependent on the volume
and location of the lesion within the prostate that had been ablated in the focal setting. If additional
focal therapy is undertaken, it may be reasonable to switch to a different device or mechanism of
action based on the location of the lesion and the goal of treatment (e.g. to preserve continence/
potency when re-treating an apical lesion).

5.7.4

Summary and recommendations

The cause of cancer persistence or recurrence in the treated zone may be multifactorial. Patients
should not be precluded from any of the standard prostate cancer treatment options, including
additional focal therapy if clinically appropriate. We generally would only recommend salvage focal
therapy where the reasons for initial failure can be clearly identified and corrected, and both the
physician and patient believe this option is reasonable [GOR D].
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5.8

Management of the Untreated
Portion of the Gland on
Active Surveillance

5.8.1

Role and method of active surveillance

Prostate cancer is a multifocal disease in 60% to 80% of men.81,82 In men with prostate cancer,
morphologically normal prostate tissues contain high levels of mutations even though they are distant
from the prostate cancer foci.83 Furthermore, focal therapy series treating the index lesion only have
reported detection of clinically significant disease arising in the untreated area at 6-month biopsy.84
It remains unclear at present whether occurrence of cancer in the untreated area is due to disease
progression as a result of field change, or previously undetected small foci of cancer. Nonetheless, the
data provides evidence supporting active surveillance of the untreated area.
Multiple active surveillance protocols have been published. The majority of series include clinical
assessment with digital rectal examination, PSA/ PSA kinetics, and re-biopsy at 12 to 18 months,
followed by time or for cause trigger-based biopsies.10 Modern protocols have started to include
mpMRI and there may be a role for other potential molecular markers.1 Since patients treated with
focal therapy also have areas of untreated tissue, patients will be under a monitoring program likely
encompassing the utilization of both mpMRI and prostate biopsy, which goes hand in hand with
contemporary active surveillance practices.

5.8.2

Summary and recommendations

Detection of significant cancer in the untreated zone following focal therapy should be handled in
the same way as any de novo prostate cancer. Patients should be counseled regarding whole-gland
and focal approaches to treating these new foci where appropriate. One or two well-delineated foci of
significant cancer can be ablated to keep the patient in the “active surveillance pool” [GOR D]. More
extensive disease should be treated with traditional whole-gland techniques.
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6.1

Introduction

The incidental renal mass is a relatively common finding in an era of increased imaging for unrelated
symptomatology. Today, a primary indication for abdominal imaging is to exclude diagnoses that,
if missed, could compromise care and convalescence. In so doing, an era of incidental radiology has
taken shape and, with it, anecdotes and analyses of the benefits and detriments of incidental diagnoses.
The benefits of early detection of many types of malignancies are widely cited. The proof exists in our
current ability to frequently eradicate localized disease (cure) coupled with our inability to adequately
control more advanced disease. Initial management of incidental renal masses was often radical,
meaning full excision (usually by nephrectomy), with acceptance of the associated perioperative,
functional, and quality of life risks. As surgical technologies have developed and minimally invasive surgery (MIS) has become more common, treatment of the incidental renal mass has become
widely accepted, while recovery and perhaps risks have lessened. Concurrently, data have emerged
demonstrating that many incidental renal tumours are more indolent than previously believed, and a
body of literature evaluating judicious active surveillance (AS) with calculated intervention has taken
shape. Indeed, even the lexicon of the incidental renal mass now reflects the growing recognition
that small renal masses (SRMs) may not pose an imminent threat, and prior assumptions should be
cautiously challenged.
Here, we evaluate and summarize the current data on the biological, radiographic, anatomical, and
functional risks of the SRM in the context of patient risk and operative indications for intervention.
The decision to intervene with a diagnosis of SRM should move beyond a “find it–fix it” mentality
and be nuanced, keeping in mind that the goal of treatment (cure with minimal morbidity) must be
traded off against our ability to quantify the biological risk of the tumour and the implications to the
patient sitting in front of us.

6.2

Evaluating the Biological Risk of
the SRM

6.2.1

Introduction

The incidence of renal cell carcinoma (RCC) is rising largely from incidental detection of SRMs.1,2,3
Small renal masses can be solid or complex cystic lesions that are <4 cm with demonstrable contrast
enhancement on radiologic imaging.4 The inherent malignant potential of an SRM increases as the
size increases.5,6
Studies have demonstrated that for solid-enhancing T1 (<7 cm) renal masses, 20% are benign, 60%
are indolent RCCs, and 20% have the potential to be aggressive (i.e. high nuclear grade).7–10
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Thus, resection of all SRMs is an overtreatment for the many patients who are expected to have a
benign histopathology. The largest increase in incidentally detected SRMs occurred in patients aged
70 to 89 years, in whom comorbidities are more frequent and represent competing risks for mortality.7,9
While surgical resection remains the only known cure for RCC, such treatment predisposes patients
to significant perioperative morbidities and the potential for chronic renal insufficiency and its
sequelae. Decisions on the optimal management strategy, such as AS, ablative therapy, nephronsparing surgery (NSS), and radical nephrectomy (RN), could be guided by a clearer understanding of
the patient’s specific biological risk, particularly as we approach an era of personalized medicine. This
section will focus on assessment of the biological risk of SRMs, using renal mass biopsies (RMBs),
clinical risk factors, hereditary syndromes, and unusual histopathology.

6.2.2

Renal mass biopsy

Renal mass biopsy (RMB) has emerged as a useful tool to aid in clinical decision-making. The goals
of RMBs in SRMs are several-fold:11
1.
2.
3.
4.
5.
6.

Rule out metastatic renal disease (8%–13% of
all SRMs).
Rule out pyogenic abscesses.
Rule out renal lymphomas.
Avoid unnecessary invasive procedures in the
elderly and frail.
Avoid treatment of patients with benign SRMs.
Avoid unnecessary operations in those
with compromised renal function and/or a
solitary kidney.

Distinguish lipid-poor angiomyolipoma from
RCC.
8. Obtain tissue samples for pathological analysis prior to ablative therapy.
9. Obtain tissue samples for genetic and other
molecular analyses, such as next-generation
sequencing, that could be used for future
prognostic and therapeutic benefit in the
era of personalized targeted molecular
therapy (TMT).
7.

Renal mass biopsy is considered a relatively safe procedure with an overall complication rate of 1.4%
to 4.7%; major complications occur in just 0.46% of the cases.1,7,12–26
Complications include bleeding, infection, pneumothorax, tumour seeding, arteriovenous fistula,
renal parenchymal injury, and damage to the collecting system.1,7,23,27
Bleeding, the most common complication, and pneumothorax, usually from posterior upper pole
biopsies, are generally self-limiting and managed conservatively.1,16 Gelfoam or a procoagulant pledget along the needle tract promotes hemostasis and helps reduce the risk of bleeding.7 However,
continued bleeding should prompt suspicion for arteriovenous fistulas.23
Tumour seeding has been reported in a handful of cases, and the evidence is anecdotal. Risk of
tumour seeding decreases with the use of coaxial techniques, and the overall risks are considered
very low.1,28,29
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Urothelial carcinomas are associated with a higher risk of seeding than RCC, and thus, if suspected,
caution should be taken when performing biopsy, particularly for centrally located infiltrative
masses.30 Renal mass biopsy sampling is performed through either fine-needle aspiration (FNA) or
core biopsy, and often, both are used simultaneously. Fine-needle aspiration has a reported accuracy
of up to 100% and 92% for malignancy and histopathological subtypes, respectively.31,32
When compared with core biopsy, however, FNA is associated with a higher rate of non-informative
samples, as well as lower diagnostic yields for histological subtypes and grading.7,15,33
Combining both FNA and core biopsy results in a reported 93% sensitivity and 95% accuracy for
malignancy, as well as improvement in assessment of tumour subtype and grade.15,34 Diagnostic
yields from subsequent biopsies are independent from previous biopsies. The diagnostic yield for
re-biopsy of initial non-diagnostic biopsies was 75% to 100%, similar to the 78% to 100% diagnostic
yield of first biopsies.1,15–19,24,25,29,34–40
Inaccuracy of RMB is thought to be due to sampling error, tumour necrosis, and tumour heterogeneity. Specifically, tumour size plays an important role because small masses may be difficult to target,
whereas larger masses could potentially harbor more necrosis.1
In addition, there are concerns that RMB may detect only the benign portion of hybrid histology,
leaving the malignant portion undetected. The largest study to date (n=1,829) found that only 2.7%
(n=4) of patients had hybrid malignant pathology, all of which were chromophobe RCC in the setting
of oncocytomas, and importantly, no benign tumour coexisted with high-grade malignancy.1,40
For additional information, see Chapter 7: Renal Tumour Biopsy: Indications, Technique, Safety,
Accuracy/Results, Pathologic Reporting, and Impact on Treatment Decision-Making.

6.2.3

Clinical risk factors

Recently, a multi-institutional study (n=1,009) reported male sex, tumour diameter ≥3 cm, and a
R.E.N.A.L. nephrometry score (NS) ≥8 points were independently predictive of both malignancy and
unfavorable pathology (defined as RCC with Fuhrman grade III-IV and/or lesions postoperatively
upstaged to pT3a).41 Neither age nor institution was predictive. Those with all three variables had
nearly a 90% chance of malignancy and would likely not benefit from RMB, whereas those with the
lowest risk strata had only a 64% risk of malignancy and would likely benefit from RMB.41
The contribution of gender to malignancy risk of SRMs has been examined extensively. In one study
with SRM patients aged 18 to 45 years, benign pathology was discovered in 36% and 9.5% of women
and men, respectively.6,10
Moreover, the relative risk of benign pathology in women was 1.8 when compared with men.6,42
Similarly, another study found that male gender was a strong predictor of malignancy, but was a
weak predictor of indolent versus aggressive cancer.6
Others have found gender is the only clinical variable associated with benign pathology.29,41,43,44
Goals for Evaluation and Diagnosis of the Small Renal Mass

385

Tumour size and anatomical complexity may also contribute to intrinsic biological risk of malignancy and/or aggressiveness. An increasing NS was identified as a predictor of malignancy, but not
high-grade disease, among patients with SRMs.29,41
Others have demonstrated that tumour location correlates with biological potentiation, with
exophytic tumours exhibiting less malignant lesions and less clear cell histopathology.7,43,44
Moreover, another study identified tumour volume, degree of endophytic component, and symptoms at diagnosis as significant predictors of benign disease. The likelihood of benign disease was
52.6% if the renal mass was <45% endophytic and had a volume <5.67 cm3. Conversely, patients had
only a 5.3% possibility of benign disease if the renal mass had a volume ≥5.67 cm3 and was ≥35%
endophytic; interestingly, the chance falls to 0% if the patients presented with symptoms (flank pain,
hematuria, and/or palpable mass).45 (See Chapter 7: Renal Tumour Biopsy: Indications, Technique,
Safety, Accuracy/Results, Pathologic Reporting, and Impact on Treatment Decision-Making)

6.2.4

SRM in hereditary renal cell carcinoma syndromes

Less than 5% of RCCs occur in hereditary syndromes. Among the many renal cell carcinoma hereditary syndromes (HRCCSs), von Hippel-Lindau disease (VHLD), hereditary papillary renal cell carcinoma (HPRCC), hereditary leiomyomatosis and renal cell carcinoma (HLRCC), and Birt-Hogg-Dubé
(BHD) are the most studied. These HRCCSs share many common features:
1.
2.
3.

Are autosomal dominant
Involve tumour suppressor genes (TSGs)
Have earlier age of onset compared to sporadic
RCC

4.
5.
6.

Are bilateral
Are multifocal
Are less aggressive than sporadic

Exceptions apply to HLRCC and HPRCC, where the former presents as unilateral, solitary, and
very aggressive, while the latter involves a proto-oncogene rather than a TSG. Tumour gene products are pVHL, cMET, fumarate hydratase, and folliculin, respectively. The penetrance of RCC in
these syndromes ranges from 20% to 70%, with VHL carrying the highest percentage. Because of its
aggressive nature, HLRCC-suspected patients must be treated immediately and aggressively, regardless of size of lesions present. Meanwhile, more conservative means could be appropriate with other
syndromes. With the exception of HLRCC, other HRCCSs present as multifocal and bilateral. Such
patients that have a family pedigree of syndromic pathology and syndromic manifestations and/or
positive germline genetic testing may not require an RMB, as biological behavior can be anticipated
by the expected histopathology of the individual syndromes, and should be managed by delaying
surgical treatment as late as possible because of the increased chance of recurrence. A 3-cm intervention rule has been established, especially for VHLD patients.46
Although not hereditary, medullary renal cell carcinoma (medRCC) should be suspected in younger
black patients with sickle cell trait (SCT) and a renal mass. Since medRCC is a poorly differentiated
anaplastic tumour with an extremely aggressive course, these patients may benefit from biopsy to
rule out medRCC. Immediate surgical intervention is perhaps beneficial, though most patients have
metastasis upon presentation, and many die within months of diagnosis.47
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6.2.5

Unusual pathological risks of SRMs

Tubulocystic carcinoma
This newly described subtype of RCC—tubulocystic carcinoma (TC)—typically has a favorable prognosis. Mean reported age is 58 years, with male (7:1) predominance. Grossly, it is a well-circumscribed
tumour, typically a solitary mass involving mainly the renal cortex, and ranges in size from 0.5 cm
to 17 cm, with a left to right (65% vs. 35%) and a subcapsular to corticomedullary (61.5% vs. 38.5%)
predilection.48–51 Most cases are pT1, with nearly 40% <2 cm.51–56
The cut surface reveals multilocular small cystic spaces with a spongy “Swiss cheese” or “bubble
wrap” appearance.48 Histologically, it has well-differentiated tubules and cysts separated by thin
fibrous septae, with nuclei equivalent to Fuhrman grade III. The Fuhrman grade does not seem to
have any prognostic value in TC, as all tumour sizes have similar nuclear grades.48 Tubulocystic
carcinoma is closely related to papillary renal cell carcinoma (pRCC), and both have been shown to
coexist and share numerous cytogenic and chromosomal abnormalities. Both are characterized by
the overexpression of alpha-methylacyl coenzyme A racemase (AMACR). Pathologically, TC could
mimic pRCC, cystic nephroma, and multilocular cystic RCC. Most TCs are low grade (pT1) and are
cured following surgery, with a reported 9% chance of distant metastasis.48–51,53
In one study, metastases were attributed to an associated high-grade pRCC component.51

Xp11.2 Translocation renal cell carcinomas with TFE3 gene fusion
Several translocations involve the transcription factor 3 (TFE3) gene that is located on chromosome
Xp11.2 (i.e. Xp11.2 translocation RCC [Xp11.2 TRCC]).54–65
Many genetic fusions have been identified, such as ASPL-TFE3 (Xp11.2, 17q25), known as alveolar
soft part sarcoma (ASPS); PRCC-TFE3; CLTC-TFE3; NONO-TFE3; and PSF (SFPQ)-TFE3.53,54
Numerous chromosomal translocation foci have been observed, including t(X;17)(p11.2;q25), t(X;1)
(p11.2;p34), and t(X;1)(p11.2;q21), which lead to gene fusions of TFE3 with ASPL, PSF, and PRCC,
respectively.55,57,62,66 Xp11.2 Translocation renal cell carcinoma primarily affects children and young
adults, with a strong female predominance.55,57,58,59
Transcription factor 3–related translocations are found in 35% and 1.6% to 5% of patients with pediatric and adult RCC, respectively. Although TRCC usually presents as an asymptomatic, painless
mass, there have been associations with prior childhood exposure (10%–15%) to cytotoxic chemotherapy, with an estimated post-chemotherapy interval ranging from 4 to 13 years. Other studies
(n=6) did not have a history of prior chemotherapy in their patients.55–61
Grossly, this tumour mimics clear cell renal cell carcinoma (ccRCC). Because microscopically Xp11.2
TRCC mimics ccRCC, pRCC type 2, and clear cell papillary renal cell carcinoma (ccpRCC), immunohistochemical and cytogenic molecular features play an integral part in the diagnosis. Expression
of TFE3 fusion proteins is aberrantly high, perhaps because the fusion partners of TFE3 are ubiquitously expressed, and their promoters regulate the fusion protein. The TFE3 immunohistochemistry
for neoplasms bearing the TFE3 gene has a sensitivity of 97.5% and a specificity of 99.6%.60,67,68
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One retrospective study found that all tumours were cortically located and demonstrated intertumour hemorrhage, infiltrative growth, and invasion of the perirenal fat/renal sinus, but without
any form of vascular invasion. Tumours always had calcifications on computed tomography (CT)
and were mildly hyperintense on T1-weighted magnetic resonance imaging (MRI). In adults, they
were much more aggressive and carried the potential for distant metastasis.54,67,69,70
In children and young adults, Xp11.2 TRCCs seem rather indolent, even when diagnosed at advanced
stages. Poor prognostic indicators for this population subset include the ASPL-TFE3 gene fusion RCCs,
which are more likely to present at advanced stages than any other TRCC.55,65 Xp11.2 Translocation
renal cell carcinomas have been shown to have a similar response rate and progression-free survival
to ccRCC when treated with TMTs. Vascular endothelial growth factor receptor (VEGFR)-targeted
therapies and mechanistic target of rapamycin (mTOR) inhibitors have been shown to be active
against Xp11.2, with sunitinib being more effective than cytokines.55,65

Thyroid-like follicular carcinoma of the kidney
This unusual renal tumour characteristically shows similar histology to thyroid follicular carcinoma, with frequency seen in women that do not have any thyroid lesions. Numerous chromosomal
losses and gains have been detected. A recent report on six cases failed to demonstrate chromosomal
alterations on comparative genomic hybridization (CGH) analyses, and thus, suggested thyroid-like
follicular RCC should be considered as a unique histological subtype.10

Sarcomatoid differentiation
Although about 5% of RCCs have sarcomatoid differentiation, it is only found in 15% of stage IV
tumours (at presentation or post progression).71,72
The volume of sarcomatoid features within a tumour is highly variable (1%–100%), so an RMB may
easily miss it. Therefore, dependence on preoperative identification via RMB is unreliable, with a
sensitivity of only 10%.73,74
One study identified male sex (74%), symptomatic presentation (90%), M1 (69.2%), and median
presenting size of 10 cm as predictors of sarcomatoid differentiation.71
Sarcomatoid histology responds poorly to immunotherapy, even though data suggest that its coex
istence with ccRCC shows it to retain mutations in the hypoxia-inducible factor (HIF) pathways.73,75,76
Presently, the degree of sarcomatoid differentiation plays a critical role in defining the treatment
options because those with large volume sarcomatoid pathology may benefit the most from cytotoxic chemotherapy (doxorubicin and gemcitabine). Patients with ccRCC and minimal sarcomatoid
features were found to have a 20% response rate to TMTs (sunitinib, sorafenib, and bevacizumab).71
Currently, combination treatments of TMTs concurrently with cytotoxic agents are being investigated for the treatment of masses with sarcomatoid pathologies.
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6.2.6

The course of the SRM

Retrospective and meta-analyses have demonstrated that the risk of metastatic progression while
on AS is <2%, with one study (n=82) reporting only one patient developing metastasis after a 3-year
follow-up.77–80
In a non-inferiority trial, the overall survival for primary intervention (PI) and AS was 98% and 96% at
2 years, and 92% and 75% at 5 years, respectively (p=0.06). Additionally, cancer-specific survival was
99% and 100% at 5 years, respectively (p=0.03). Neither tumour size, Eastern Cooperative Oncology
Group (ECOG) score, nor R.E.N.A.L. NS were predictive of overall survival. However, age and an
ECOG score <2 were predictive of progression, with a median growth rate of 0.11 cm/year. The study
supported earlier findings from the Renal Cell Consortium of Canada, which found a growth rate of
0.13 cm/year, progression of 14% (n=25), and development of metastasis in 1% (n=2) while on AS.81
They concluded that AS with delayed intervention appears to be non-inferior in regard to oncologic
outcomes for well-selected patients with SRMs (older, smaller average tumour size, and multiple
comorbidities).77 Currently, the “3-cm rule,” which was extrapolated from clinical data on VHLD
patients, is thought to be the threshold for initiating intervention. Masses <3 cm have a risk of
synchronous metastases (<5%).80
It remains questionable whether such data may be appropriately applied to SRMs (<4 cm), especially
knowing that the risk of metastasis increases with increasing growth rate on sequential imaging.

6.2.7

Recommendations of renal mass biopsy for those with SRMs

Currently, the American Urological Association (AUA) identifies renal mass biopsy (RMB) as an
option for the management of SRM. The European Association of Urology (EAU) recommends
evidence [GOR C] for RMB in those with SRM and on AS. However, given that the non-diagnostic
yield is 20%, and its ability to distinguish high- from low-grade tumours is poor (50%), it is perhaps
more beneficial to incorporate RMB only if pathological diagnosis is expected to either benefit
patients (who are on AS for SRM) or change the management. Healthy, younger patients who could
easily tolerate NSS should not undergo RMB because of the additive complications as well as the risk
of misclassifying an RCC as an eosinophilic neoplasm. Elderly and comorbid patients with SRMs
may benefit from RMB.77
Ultimately, the decision relies on balancing tumour progression/metastasis with the risks of intervention, including risk of progressive renal insufficiency. Currently, renal biopsy has limited capability for detection of high-risk features. Therefore, the urologist will have to rely on the entire clinical
picture, combining the mass characteristics (size, location, complexity, growth rate) with the patient’s
age, comorbidities, and desires.
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6.2.8

Future directions

Much progress has occurred over the past 2 decades in understanding the biology of kidney cancer.
It is now well recognized that substantial genetic and histological heterogeneity in RCC exists, and
this has been documented in many studies.82
Often, epigenetic modifications accompany the genetic changes that occur with RCC. Kidney cancer is
primarily thought to be a metabolic disease, and targeting metabolic abnormalities, such as autophagy,
glucose transport, and energy sensing, is an area of promising research.47
Advances in the understanding of inactivation of histone-modifying genes, DNA methylation, copy
number alterations, and gene mutation and/or expression patterns will aid in further therapeutic
interventions.83
While there is much research on drug therapy for locally advanced disease,84 the role of genomics in
the SRM realm remains an area of investigation and development.
Biomarkers offer several potential advantages, including providing additional information in predicting therapeutic response and in prognostication. Some tissue biomarkers under investigation include
VHL alterations, hypoxia-inducible factor 1-alpha (HIF-1α), vascular endothelial growth factor A
(VEGF-A), and carbonic anhydrase IX (CAIX), among others.85,86
Many markers have been used in prognostic models with some success; however, most biomarkers
still require prospective validation. Tissue array microanalysis has also been used with success to
differentiate the expression of Akt signaling parameters in oncocytoma and ccRCC.87
A major limitation of most biomarkers, with respect to SRM surveillance, is that they require tumour
tissue. As aforementioned, the diagnostic yield can be relatively high (20%), with poor differentiation
between high- and low-grade disease (50%). Nonetheless, core needle biopsy has been used, both for
genomic and proteomic analyses, and has been utilized as a comparator for newer technologies such
as laser capture microdissection.87
Blood-based biomarkers have been investigated as well, such as neutrophil gelatinase-associated
lipocalin (NGAL) and human serum amyloid A. Similarly, others have investigated immunologic
markers and urine markers such as B7-H1 and NMP-22, respectively. Currently, however, there are
no circulating biomarkers to guide ccRCC management.88
In summary, evaluation of the biological risk of an SRM is still in its nascency. Around 80% of
SRMs are benign or low risk. Individual risk is multifactorial, and should include clinical factors (sex,
comorbidities, age) in addition to mass-related factors (size, growth rate, appearance, location). Most
biological information of the mass can be determined by RMB, which has shown increasing popularity over the years. The emergence of genomics, biomarker development, and prognostic models will
aid in the future risk stratification of SRMs, but still require validation. (Level of Evidence [LOE] 2,
Grade of Recommendation [GOR] B)
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6.3

Evaluating Tumour Size and
Growth Kinetics as a Surrogate for
Biological Risk of an SRM

Cross-sectional imaging provides valuable information, helping to guide treatment selection in
patients presenting with solid renal tumours. Of the radiographic features available at the time
of initial diagnosis, tumour size provides insight into the malignant potential of the mass.6,89,90
Additional information on tumour histology and future clinical progression of a renal mass may be
provided by the observed growth rate of the mass in patients selected to undergo AS.

6.3.1

Determination of renal tumour size and growth rate

When considering renal tumour size and growth rate as potential surrogates with biological potential, the majority of studies have evaluated maximal tumour diameter, determined by CT and MRI.
However, a potential limitation of utilizing maximal tumour diameter is that it assumes the tumour
is spherical, and may not provide an accurate reflection of tumour cell number. Tumour volume may
be determined with three-dimensional (3D) reconstructions and provide a more accurate measure
of tumour cell number; however, this is not routinely reported at most centres. In series reporting tumour volumetric growth, volume is often calculated based on the maximum diameter, width,
and/or height of the tumour.
Tumour growth can be evaluated in several different ways. Linear tumour growth is the most common
reported measure and is based upon changes in maximal tumour diameter. A potential drawback of
reporting linear tumour growth is that it is not reflective of overall change in tumour volume. For
example, a change in maximal diameter for a renal tumour from 1 cm (0.52 cm3) to 2 cm (4.19 cm3)
does not represent a doubling of the volume, but rather a 700% increase in tumour volume. However,
a 1-cm change in diameter from 4 cm (33 cm3) to 5 cm (65 cm3) only represents a 97% change in
tumour volume.91 Despite the potential limitations of evaluating linear tumour growth, it is simple
to perform and provides a relatively reproducible means of assessing growth.

6.3.2

Impact of tumour size and complexity on observed
growth rate

The association between renal tumour size at time of diagnosis and observed growth has been evaluated in multiple series. Table 6-1 presents selected AS series evaluating the impact of tumour size and
observed growth. Despite most series having a similar average tumour size at the time of presentation, the impact of tumour size on the observed growth rates is inconsistent. Two series have noted
a direct relationship between tumour size and future growth. In the series by Mason et al., tumours
<2.45 cm at presentation grew at an average of 0.13 cm/year, compared to 0.40 cm/year in tumours
that were >2.45 cm at presentation.92 The second series by Beisland et al. noted increased growth
rates in patients with tumours >4 cm, a size threshold where most patients would not be advised to
undergo AS.93 In contrast to these findings, two series noted an indirect relationship between tumour
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size at presentation and observed growth. In the series by Crispen et al., linear growth was not associated with tumour size at presentation; an indirect relationship was only noted when evaluating
volumetric and proportional changes in tumour growth.91 This indirect relationship is supported by
the findings of increased presumed tumour growth compared to observed tumour growth in patients
with prior normal imaging.94
TABLE 6-1 A
 ctive Surveillance Series Evaluating the Impact of Tumour Size on
Observed Growth
Number of tumours

Average tumour size
at presentation (cm)

Association between tumour size at
presentation and observed growth rate

Crispen et al.91

172

2.0

Smaller tumours grew faster than larger tumours,
based on volumetric and proportional growth

Rosales et al.100

223

2.8

No association

Schiavina et al.101

72

2.1

No association

Mason et al.92

84

2.3

Tumours >2.45 cm grew faster than tumours
<2.45 cm

Matsumoto et al.96

47

1.7

No association

Dorin et al.

131

2.1

Smaller tumours grew faster than larger tumours

Beisland et al.93

63

4.3

Tumours >4.0 cm grew faster than tumours
<4.0 cm

Reference

102

While tumour size at presentation alone does not consistently foretell future tumour growth,
assessment of tumour complexity may provide improved prediction. Several methods of assessing tumour complexity have been proposed, based upon a tumour’s anatomical relationship with
normal components of the kidney.95 To date, the only complexity scoring system to be associated
with tumour growth has been the R.E.N.A.L. nephrometry scoring system. In this system, a significant association was noted between increased tumour complexity and observed growth in both
available series.96,97 Additional investigation of this relationship in other AS series and evaluation
of other tumour complexity scoring systems appear warranted. (See Chapter 7: Renal Tumour
Biopsy: Indications, Technique, Safety, Accuracy/Results, Pathologic Reporting, and Impact on
Treatment Decision-Making)

6.3.3

Growth rate of benign and malignant tumours

Renal oncocytomas represent the majority of benign solid renal tumours and are difficult to distinguish from malignant tumours based on cross-sectional imaging and percutaneous needle biopsy.
Several series have reported observed growth rates of oncocytomas on needle biopsy and following
surgical excision (Table 6-2). To date, no series have noted a significant difference between benign and
malignant tumours. Furthermore, the percentage of tumours not exhibiting growth during observation appears to be similar between benign and malignant tumours. In a pooled analysis of several AS
series, the percentage of benign tumours was noted to be similar between groups of tumours that did
and did not demonstrate growth during observation.98 Based on the available data, observed growth
rate cannot be used to distinguish benign from malignant renal tumours.
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TABLE 6-2 Growth Rates of Benign Versus Malignant Renal Lesions Under
Active Surveillance
Number of
tumours

Growth rate of benign tumours

Growth rate of malignant tumours

Kurup et al.103

33

0.29 cm/yr

NA

Neuzillet et al.21

15

Continued surveillance: 0.07 cm/yr;
surgical treatment: 0.24 cm/yr

NA

Kawaguchi et al.104

69

0.20 cm/yr

NA

Crispen et al.91

61

0.34 cm/yr

Low grade: 0.34 cm/yr; high grade:
0.53 cm/yr

Jewett et al.98

46

0.17 cm/yr

0.14 cm/yr

Reference

6.3.4

Influence of tumour histology of malignant tumours on
observed growth

There are limited data on the association between observed tumour growth, nuclear grade, and
histological subtype of RCCs. Observed tumour growth was not associated with nuclear grade in 48
malignant tumours from the Jewett et al. series.98 However, the majority of tumours within this series
were low grade, 41 of 46. Similar findings were noted by Crispen et al., with an observed growth rate
of 0.34 cm/year in 40 low-grade tumours, compared to 0.53 cm/year in 12 high-grade tumours.91 The
lack of statistical significance in both series may be influenced by the small sample size. With the
limited number of patients undergoing nephrectomy combined with the majority of tumours noted
to be ccRCC in AS series, comparing the growth rates of different histological subtypes has not been
possible.91,98,99 Additional data are required before conclusions can be made regarding the association
between observed tumour growth, nuclear grade, and histological subtype.

6.3.5

Association between observed tumour growth and
metastatic progression

Metastatic progression is the greatest risk when observing renal tumours in patients who are candidates for definitive therapy. Thankfully, the number of patients progressing to metastatic disease has
remained consistently low in AS series (<2%).77 This may be attributed to several factors, including
biased patient selection, indolent nature of most small renal tumours, short duration of follow-up in
available series, or increased rate of definitive intervention for tumours demonstrating accelerated
growth during observation. Given the reported low rate of metastatic progression in AS series, a
pooled analysis was performed to identify potential predictors of disease progression.80 Of the clinical features evaluated, patient age, tumour size at presentation (diameter and volume), and observed
tumour growth (linear and volumetric) were significantly associated with metastatic progression.
Average tumour growth was 0.8 cm/year in tumours progressing to metastatic disease, compared to
0.3 cm/year in tumours that did not progress to metastatic disease. Although these findings are based
on a small number of patients, definitive therapy should be considered for tumours demonstrating
increased growth during AS.
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6.3.6

Conclusion

The use of AS for small renal tumours is gaining acceptance as an alternative to definitive therapy in
select patients. To date, observed tumour growth has not proven to be a useful surrogate for differentiating benign from malignant disease. However, accelerated growth has been associated with the low
number of patients who have demonstrated metastatic progression during observation. Prospective
trials are needed to establish clinical thresholds to commence definitive therapy in patients initially
treated with AS and to further evaluate the association between observed growth rate and tumour
histology. [LOE 3, GOR C]

6.4

 lood, Urinary, and Needle Biopsy
B
Biomarkers of the SRM

The potential role of biomarkers in SRMs lies in detection, differential diagnosis of RCC versus
benign tumours, differential diagnosis of the histological cell type of RCC, and prognosis for stratification of potential aggressiveness. Currently, there is no proven biomarker for SRMs. The molecular
alterations that underlie the initiation and development of SRMs are all candidate biomarkers. These
include DNA sequence mutation, chromosome copy number, DNA methylation, histone modifications, messenger ribonucleic acid (mRNA) and microribonucleic acid (miRNA) expression, protein
expression, and protein modifications. The increasing availability, ease of use, and lower cost of
genome-wide or proteome-wide technologies are leading to the identification of candidate biomarkers for SRMs. The Cancer Genome Atlas has completed separate studies of ccRCC,105 pRCC, and
chromophobe RCC,106 which represent a source of state-of-the-art, genome-wide DNA and RNA data.
While, to date, biomarker discovery studies typically have used resected RCC and benign renal
tumour tissue specimens, the use of surveillance of SRMs dictates that needle biopsy or bodily fluid
(blood or urine) will be the specimen available for the proposed biomarker assay. Blood is known to
contain circulating tumour cells, circulating cell-free tumour DNA, and tumour DNA in exosomes.
Urine also contains tumour DNA, but the source is less clear. The quantity or quality of specimen
must provide a sufficient amount and quality of DNA, RNA, or protein for biomarker analysis. The
different progenitor cells and molecular biology of each type of RCC and benign renal tumour mean
that it is likely that panels of markers or signatures will be used, possibly a hybrid of biomarker
types.107,108
Table 6-3 summarizes the main biomarker studies. The vast majority of studies have examined all
pathological stages of RCC (and oncocytoma, angiomyolipoma, renal cysts), rather than exclusively
SRMs, and compared them to normal renal tissue. In Table 6-3, biomarker studies where pT1a RCC
was included are noted together with the occasional study of interest that included pT1 or stage I.
Studies of resected RCC only and studies that looked at fluids or biopsies are indicated. Of note,
Morrissey et al.109 appear to be the only group to have examined a biomarker in the population to be
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screened—a large series of patients undergoing routine abdominal CT. Ibragimova et al.123 studied
the promoter methylation profile in a specimen set of resected SRMs exclusively. The intended use of
the biomarker (i.e. early detection, differential diagnosis, or prognosis) was given.
TABLE 6-3 Biomarkers in Renal Cell Carcinoma
Biomarker

Specimen source,
type

Intended use

LOE

GOR

Reference

Circulating tumour cells

RCC T1a, onco, blood

Diagnosis

3

C

El-Heliebi et al.107

Circulating tumour cells

RCC pT1, blood

Diagnosis, prognosis

3

C

Bluemke et al.108

Protein expression AQP and PLIN2

CT scan, RCC, urine

Diagnosis

3

C

Morrissey et al.109

AQP and PLIN2

RCC, onco, PCa UC, urine

Differential
diagnosis

3

C

Morrissey et al.109

CAIX

RCC, onco, stage T1,
blood

Prognosis

3

C

Gilbert et al.110

Protein expression CAIX

RCC stage I-II

Prognosis

3

C

Bui et al.111

IMP3

ccRCC pT1a

Prognosis

3

C

Hoffmann et al.112

IMP3

RCC stage I

Prognosis

3

C

Jiang et al.113

Protein expression Hsp27

RCC, serum, urine

Diagnosis

3

C

White et al.114

B7-H1, survivin, Ki-67

ccRCC

Prognosis

3

C

Parker et al.115

Survivin, B7-H1

ccRCC pT1a

Prognosis

3

C

Krambeck et al.116

Survivin

RCC pT1

Prognosis

3

C

Byun et al.117

Survivin

ccRCC pT1a

Prognosis

3

C

Parker et al.118

Metabolites – acylcarnitines

RCC, urine

Diagnosis, prognosis

3

C

Ganti et al.119

Amino acid levels

RCC, serum

Diagnosis, prognosis

3

C

Mustafa et al.120

DNA methylation

RCC, urine, serum

Diagnosis

3

C

Hoque et al.121

DNA methylation

RCC, urine

Diagnosis

3

C

Battagli et al.122

DNA methylation

SRMs

Differential
diagnosis

3

C

Ibragimova
et al.123

DNA methylation

RCC, onco

Differential
diagnosis

3

C

Slater et al.124

DNA methylation

RCC

Diagnosis

3

C

Lasseigne et al.125

DNA methylation

RCC, onco

Differential
diagnosis

3

C

Costa et al.126

Abbreviations: aCGH, array comparative genomic hybridization; AQP, aquaporin; CAIX, carbonic anhydrase IX; ccRCC, clear
cell renal cell carcinoma; CT, computed tomography; FISH, fluorescent in situ hybridization; FNA, fine-needle aspiration; GOR,
Grade of Recommendation; Hsp27, heat shock protein 27; LOE, Level of Evidence; miRNA, microribonucleic acid; mtDNA,
mitochondrial deoxyribonucleic acid; PLIN2, perilipin 2; RCC, renal cell carcinoma; SRM, small renal mass; UC, ulcerative colitis;
VHL, von Hippel-Lindau.

continued on page 396
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TABLE 6-3 Biomarkers in Renal Cell Carcinoma, Cont’d
Biomarker

Specimen source,
type

Intended use

LOE

GOR

Reference

mRNA expression

ccRCC

Prognosis

3

C

Brooks et al.127

miRNA expression

ccRCC

Diagnosis

3

C

White et al.128

miRNA expression

RCC

Differential
diagnosis

3

C

Youssef et al.129

miRNA expression

RCC

Diagnosis, prognosis

3

C

Osanto et al.130

miRNA expression

RCC, some pT1, miR-378
and miR-451

Diagnosis

3

C

Redova et al.131

miRNA expression

Serum only, 5-panel,
some stage I

Diagnosis

3

C

Wang et al.132

Point mutation – mtDNA

RCC stage I, urine

Diagnosis

4

C

Jakupciak et al.133

Point mutation – VHL

ccRCC pT1a, serum

Diagnosis

3

C

Ashida et al.134

Chromosome copy number

RCC, onco (no stage
info), FNA aCGH

Differential
diagnosis

3

C

Vieira et al.135

Chromosome copy number

RCC pT1a, onco,
FNA FISH

Differential
diagnosis

3

C

Barocas et al.136

Abbreviations: aCGH, array comparative genomic hybridization; AQP, aquaporin; CAIX, carbonic anhydrase IX; ccRCC, clear
cell renal cell carcinoma; CT, computed tomography; FISH, fluorescent in situ hybridization; FNA, fine-needle aspiration; GOR,
Grade of Recommendation; Hsp27, heat shock protein 27; LOE, Level of Evidence; miRNA, microribonucleic acid; mtDNA,
mitochondrial deoxyribonucleic acid; PLIN2, perilipin 2; RCC, renal cell carcinoma; SRM, small renal mass; UC, ulcerative colitis;
VHL, von Hippel-Lindau.

6.4.1

Conclusion

To date, biomarkers for SRMs have mostly been examined only as part of a wider specimen set of all
stages of RCC. Relatively few studies of candidate biomarkers have been performed, beyond a discovery set usually of resected tissue specimens. [LOE 4, GOR D]
Advances in technology will facilitate future biomarker discovery studies, which should focus on
SRMs and aim for validation in a different set of SRMs, as well as in needle biopsies and bodily fluids.
[LOE 3, GOR C]
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6.5

C
 ross-sectional Radiologic
Evaluation of the SRM

The biggest single change in the diagnosis of renal masses has been the increase in the number of
incidental SRMs that have been identified. This is related not only to the increased resolution and
the increased frequency of cross-sectional imaging in recent years, but also to a true increase in
the incidence of renal masses, including RCCs. Today, over 80% of all renal masses are detected
incidentally.137,138
While the sensitivity of current day imaging in identifying these SRMs is high, the challenge of being
specific enough to confidently differentiate benign from malignant lesions remains.139 Another goal
for current imaging techniques is to noninvasively predict the types of renal tumours while providing the treating physicians with an idea of the biological behavior of the tumour.140 This includes
identifying the type and grade of RCCs. In addition, imaging provides supplementary information
such as nephrometry and surgical anatomy, which are critical in deciding management.
The three mainstays of imaging include ultrasound (US), CT, and MRI. While US is discussed elsewhere, this section will focus on contemporary CT and MRI.
Computed tomography is currently the modality of choice for characterization and staging of renal
masses.140 In addition, it is the most common imaging technique used to identify the renal mass.
Technical advances such as dual energy or spectral energy scanning have also helped to increase
the tissue resolution, obviate the need for a non-contrast phase, and allow techniques such as
iodine mapping.
Commonly used multidetector computed tomography (MDCT) protocols for evaluation of renal
masses include a non-contrast phase followed by post-contrast phases at multiple points, including
corticomedullary, nephrographic, and excretory phase imaging. While the nephrographic phase is
the best for identifying lesions, the other phases help in surgical planning as well as specifying the
type of renal tumours. Examples of this include the differentiation of clear cell carcinomas from
papillary carcinomas based on enhancement characteristics through the various phases.141–143 The
demonstration of macroscopic fat is well recognized on CT and is critical in identifying angiomyolipomas.144,145 Computed tomography is also good at classifying cystic renal lesions using the Bosniak
classification system.
The demonstration of enhancement is the most critical factor in determining the likelihood of malignancy in a renal mass. In addition, quantification of enhancement in the different phases of CT as
well as visual qualification of the pattern of enhancement are used to differentiate clear cell carcinomas from pRCCs. There have been multiple studies looking to further characterize tumours such as
lipid-poor angiomyolipomas and oncocytomas, which are the two most common benign tumours
that are surgically resected due to the nonspecificity of a preoperative diagnosis.145–150
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The main drawback of CT is the issue of ionizing radiation. Numerous technical advances such as
multidetector technology and the development of iterative image reconstruction techniques have
helped in significantly reducing the radiation dose levels. Dual energy scanning may obviate the need
for a non-contrast phase, thus helping to reduce the radiation dose further.151
Magnetic resonance imaging is often used as a supplementary problem-solving tool in clinical
practice in the evaluation and characterization of renal masses.140 Its strength lies in its ability to
provide contrast resolution without using ionizing radiation. Magnetic resonance imaging is usually
performed on 1.5 T and 3 T units using clinical breath-hold techniques. Examinations consist of
multiple sequences, including T2-weighted imaging, T1-weighted opposed-phase imaging for identification of fat, and fat-suppressed T1-weighted gradient-echo acquisitions before and after gadolinium
contrast injection. As on CT, post-contrast phases on MRI include corticomedullary, nephrographic,
and excretory phase imaging. The opposed-phase imaging allows for detection of microscopic fat.
Advanced MRI techniques such as diffusion-weighted imaging (DWI) are now being widely used
clinically. Diffusion-weighted imaging can potentially augment characterization of renal mass
lesions, with differentiation of subtypes of RCC tumours now being reported in multiple studies. It
is also sensitive to Brownian motion of water molecules in tissue. In cellular tissues such as tumours,
there is restricted diffusion, whereas simple cysts have free mobility. The latter manifests as lowsignal intensity on DWI sequences. This can also be quantified using apparent diffusion coefficient
(ADC) values, which are used to characterize renal masses. Currently, the limitation of diffusion
techniques is a poor signal-to-noise ratio.152–155
An additional MRI technique that has not yet translated to routine clinical practice includes dynamic
perfusion MRI, which would allow quantitative analysis of enhancement and washout of renal masses
following gadolinium contrast administration,156 adding to the techniques used to characterize types
of renal masses. For example, pRCCs tend to have a homogenous low-level enhancement compared
to clear cell carcinomas.
An occasional clinical scenario is the evaluation of a patient with poor renal function who has an
SRM. In non-emergent patients with glomerular filtration rate (GFR) <30 mL/min/1.73 m2, iodinated contrast agents are generally not used due to problems of increasing nephrotoxicity. In these
patients undergoing magnetic resonance (MR) examinations, there is an association with nephrogenic systemic fibrosis, and the current guidelines recommend against using gadolinium in
this scenario.157,158 A combination of non-contrast-enhanced imaging along with US and contrastenhanced ultrasound (CEUS) is often used in this clinical scenario. [LOE 3, GOR C]
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6.6

Ultrasound Evaluation of Solid
Renal Masses

As an imaging modality, US is relatively inexpensive and uses no ionizing radiation, and thus, is
an important tool for the evaluation of renal masses. Contrast-enhanced computed tomography
(CECT) represents the gold standard for characterizing solid renal masses. Although US is less sensitive in detecting RCCs <3 cm that do not deform the contours of the kidney, up to 83% of asymptotic
tumours are detected by US.159,160 Ultrasound imaging for characterization of solid renal masses is
often appropriate. The American College of Radiology identifies US with duplex Doppler as usually
appropriate (tied with contrast-enhanced MRI), 1 point behind CECT for the evaluation of indeterminate renal masses in patients with normal renal function, and the single most appropriate imaging
technique for the evaluation of indeterminate renal masses in patients with renal insufficiency.161
Grayscale US is effective in definitive characterization of category I renal cysts, which demonstrate sonolucent interiors and enhanced transmission of the sound wave through the posterior
cyst wall.162–164 Category II simple cysts are also relatively well characterized using B-mode US.165
Characterization of solid renal masses using grayscale US is more difficult, as a great deal of echogenicity overlap exists between groups of renal tumours.166,167 Common appearances of solid benign
and malignant renal masses are presented in Table 6-4 and Table 6-5, respectively.163,164 While angiomyolipomas generally demonstrate hyperechogenicity and oncocytomas generally demonstrate
hypoechogenicity, RCCs can mimic the appearance of both these masses, reducing the accuracy of
solid tumour characterization by grayscale US.166
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TABLE 6-4 Traditional Ultrasound Appearance of Benign Small Renal Masses
Tumour type

Appearance

Angiomyolipoma

Predominantly hyperechoic

Well defined

May or may not demonstrate posterior shadowing

May or may not demonstrate vascular components

May or may not have cystic areas


Adenoma

<3 cm

Can be solitary/multiple in number

Can be unilateral/bilateral

Typically located below renal capsule

Can demonstrate calcifications, hemorrhage, and/or necrosis


Oncocytoma

Large range in size (can grow to ≤20 cm)

Well defined

May contain a central scar

May be hyper-, hypo-, or isoechoic to renal parenchyma


Leiomyoma

Indistinguishable from RCC

Located peripherally, centrally, or parapelvic

Can be solid, solid/cystic, or cystic

Well defined

Can have retroperitoneal extension

Can have mass effect on the collecting system


Reninoma (juxtaglomerular)

Hypo- or hyperechoic

Well defined

Solid mass

Can be hypervascular


Hemangiopericytoma

No distinguishable features from other benign lesions or RCC


Hemangioma

Commonly located in the renal pyramids or pelvis

Predominantly <1 cm

Solid mass

Hypo- or hypervascular

May cause mass effect on collecting system or vasculature


Abbreviation: RCC, renal cell carcinoma.
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TABLE 6-5 Traditional Ultrasound Appearance of Malignant Small Renal Masses
Tumour type

Hyper-, hypo-, or isoechoic to parenchyma

Solid, solid/cystic, or cystic

Hyper- or hypovascular

May contain hypoechoic rim


Renal cell

Renal cell subtypes

Appearance

Clear cell

Multilocular cystic


Papillary

Frequently bilateral, hypervascular


Chromophobic

Large, generally no areas of necrosis and/or calcifications


Metastases

Most commonly hypoechoic cortical lesions

Most commonly bilateral

Most commonly presenting with multiple lesions

Well defined

Infiltrative capabilities


Lymphoma

Unilateral or bilateral

Solitary mass, diffuse infiltrative involvement, and/or retroperitoneal invasion

Enlarged kidney(s)

Homogeneous hypoechoic


Squamous cell and
adenocarcinoma

Infiltrative mass affecting/involving the collecting system, renal sinus fat, and

renal parenchyma

Associated with chronic hydronephrosis, obstructing calculi, and chronic

inflammation

Solitary intraluminal mass, mural thickening with lumen narrowing, and/or

Transitional cell

infiltrating renal sinus mass

Poorly defined

Hypo- or hyperechoic

May cause pelvicaliectasis


Schmidt et al.168 used both B-mode and tissue harmonic imaging to characterize focal renal masses
with CECT, contrast-enhanced MRI, or pathology as a reference standard; they found that harmonic
imaging significantly improved US sensitivity (88%) and accuracy (83%) due to the improved visualization of lesion conspicuity and fluid-solid differentiation, but a large proportion (80%) of the
masses in their study were simple cysts. Aside from mass characterization, B-mode US may be useful
in AS of the solid renal mass. The overall accuracy of US for estimating tumour size has been well
documented, and B-mode US, therefore, may be a useful and cost-effective tool for serial imaging.
Finally, grayscale US has also been shown useful for guidance of fine-needle or core biopsy, or ablation of solid renal masses.19,24,169–172
As can be seen in Table 6-4 and Table 6-5, an understanding of mass blood flow may be useful in
differentiating solid renal masses, although a great deal of overlap exists between subtypes. As a
consequence of this overlap in Doppler patterns, Doppler US has had limited success in improving
the accuracy of characterization of solid renal masses identified by cross-sectional imaging. One
study evaluated colour Doppler US for renal tumours of all sizes prior to surgical excision.173 This
study was initiated retrospectively and continued in a prospective cohort. The retrospective analysis
indicated a sensitivity of 92% for detecting ccRCC, which declined to 82% in the prospective cohort.
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Specificity in distinguishing between benign and malignant lesions was poor, with 59% of oncocytomas demonstrating increased flow. Jinzaki and colleagues167 evaluated the combined use of grayscale
imaging and power Doppler in small (1.5–3.0 cm), solid renal masses to evaluate the distribution of
flow within the mass. Their group found that peripheral flow (solely or mixed with penetrating flow)
was an indicator of RCC, and improved the accuracy of characterization from 42% with grayscale
imaging alone to 78% with both modes.
The recent commercial availability of acoustic radiation force impulse imaging packages allows
investigators to noninvasively visualize and measure tissue elasticity. One such quantitative method,
shear wave elastography, allows tissue characterization based upon the speed of a shear wave propagating away from a region of excitation.174 Shear wave elastography has been used most extensively
in the quantification of liver fibrosis,175–177 but less so in the kidney to date. Tissue elasticity imaging
has been used to study renal fibrosis or dysfunction,178–180 but little work has been done that focuses
on renal masses. Acoustic radiation force impulse imaging has been used to improve the depiction of
renal masses.181,182 Recently, shear wave speed has been investigated as a means for characterizing solid
renal masses. A pilot study of 28 angiomyolipomas and 19 RCCs demonstrated a significant difference (p<0.001) in elasticity-based strain patterns between angiomyolipomas and RCC.183 Guo et al.180
showed significantly higher shear wave velocities in pseudotumours, compared with clear cell carcinomas or angiomyolipomas (but no significant difference between clear cells and angiomyolipomas)
in 42 patients; shear wave velocities of ≥3.03 m/sec were indicative of pseudotumours. In an attempt
to overcome inherent biovariability with this technique, Keskin at al.184 used the ratio of shear wave
velocity between renal masses and the renal cortex in 65 patients, and found that the ratio was 1.1 ±
0.1 for angiomyolipomas (n=24) and 3.4 ± 0.3 for RCCs (n=41). While the field of renal elastography
is still in its infancy, preliminary results suggest that elastography may eventually be a clinically
useful tool for characterizing solid renal tumours.
Contrast-enhanced ultrasound involves the intravenous injection of gas microbubbles stabilized by
an outer shell for stability. Differences in impedance and compressibility of the gas relative to the
surrounding blood provide US enhancement of up to 30 dB.185 Contrast-enhanced ultrasound is
Food and Drug Administration (FDA)-approved for echocardiography, but can also be used off-label
within the United States for renal applications,186 and represents the primary imaging modality for
numerous vascular applications worldwide.187,188 Due to the size of these agents (1–8 µm in diameter), they remain within the intravascular blood pool and permeate the tumour angiovasculature.189
Additionally, US contrast agents have no renal contraindications and have demonstrated an exceptional safety record (severe reaction rates <0.01%) in retrospective studies,190,191 making them ideal
for renal imaging.
Studies using CEUS for renal masses have primarily focused on differentiating solid from cystic
masses.192 In a recent study, results were reported from 721 individuals referred for CEUS following
an indeterminate MRI or CT exam, with or without contrast based on patient contraindications. The
authors showed CEUS had a sensitivity of 100% and specificity of 95% when using heterogeneous
enhancement equal to or greater than the surrounding parenchyma and early washout of contrast
relative to the surrounding kidney as predictors of malignancy. Over half of the benign masses were
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avascular, including congenital fusion abnormalities, scar tissue, or benign cystic masses. This study
demonstrates the usefulness of CEUS for renal mass characterization when MRI/CT contrast is
contraindicated.193
Similar to MR/CT imaging, the specificity of CEUS still suffers when characterizing only solid renal
masses. Tamai et al.194 completed a study of 29 patients with solid renal masses scheduled for surgical resection, comparing CEUS and CECT peak enhancement levels to histopathological findings.
The group showed CEUS was superior in detecting flow in hypovascular lesions relative to CECT,
but suffered from a poor overall specificity (45.5%). Using early contrast washout relative to the
surrounding kidney, our group observed sensitivities of 67% to 89% and specificities of 75% to 100%
while using either a commercially available harmonic contrast imaging package or investigational
subharmonic imaging software.195 An example of this washout process is provided in Figure 6-1,
showing a papillary renal cell carcinoma (pRCC) at baseline with grayscale US on the left and with
nonlinear harmonic imaging mode on the right. Heterogeneous enhancement of both the mass and
the surrounding kidney is observed approximately 13 seconds after injection of 1 mL of Optison™
(GE Healthcare, New Jersey, United States). Early contrast washout from the mass relative to the
surrounding tissue is observed approximately 30 seconds post injection (indicative of mass malignancy). Gerst et al.196 used CEUS to monitor lesion enhancement, contrast washout, and heterogeneity in 34 patients scheduled for surgical resection. They found 83% specificity for predicting whether
a lesion was cancerous and 82% specificity for predicting whether a lesion was conventional clear cell
carcinoma or another tumour. These findings were consistent with other investigations in which less
enhancement of lower-grade malignant tumours (non–clear cell subtypes) was seen on CEUS.197,198
FIGURE 6-1
Typical Appearance of
a Contrast-Enhanced
Ultrasound Exam of RCC
Baseline imaging of a
biopsy-proven pRCC shows
a 3.1-cm mass on the right
upper pole in grayscale
(left) and nonlinear contrast
imaging mode (right).
Contrast enhancement shows
heterogeneous enhancement
levels with similar overall
intensity to the surrounding
kidney, followed by early
contrast washout relative
to the surrounding renal
parenchyma (an indicator
of malignancy).

BASELINE

ENHANCEMENT

WASHOUT
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Looking beyond the initial characterization of solid renal masses, US may also be helpful in evaluating the treatment response of malignant renal masses to therapy. As previously discussed, tumour
size measurements are readily obtained using grayscale US and may be used to monitor tumour
progression/regression. Contrast-enhanced ultrasound can be used to monitor tumour vascularity
as well as blood flow kinetics; these parameters have been useful for predicting treatment response
of metastatic RCC (with most cases presenting in the liver).199 Most importantly, the benefits of
CEUS for monitoring treatment response to locoregional therapies have been demonstrated. A lack
of contrast enhancement has been shown to confirm complete avascularity after radiofrequency
ablation (RFA) or microwave ablation (MWA), with sensitivities of 64% to 100% and specificities
of 96.6% to 98.7%.200–203 Studies of CEUS following laparoscopic or percutaneous cryotherapy have
demonstrated very high concordance with contrast-enhanced MRI and the extent of residual viable
tumour.195,204–206 Given the lack of contraindications to CEUS in patients with renal insufficiency, the
role of CEUS in monitoring renal ablation is expected to grow.
Ultrasound is a safe, readily available, cost-effective, and portable tool for radiographic evaluation
of solid renal masses. Mass size and the presence of cystic components are readily identified with
grayscale US. Emerging applications of tissue elastography and CEUS are expected to improve on
the current limitations of Doppler US, and will play an important role in monitoring response to
locoregional therapies when other contrast media are contraindicated. [LOE 3, GOR C]

6.7

Molecular Imaging for
Renal Masses

6.7.1

Introduction

The size of renal masses has decreased over the past decade,137,207,208 and correspondingly, the incidence of benign masses has increased.209 Imaging of renal masses, therefore, now needs to include
not merely the presence of a mass in the kidney, but also the identification, as best as possible, of its
phenotype, so the appropriate surgical management may be predetermined.
Advances in cross-sectional imaging—CT, MRI, and US—have contributed considerably to our
understanding of the relationship between perfusion and other functional characteristics of renal
masses, and are covered elsewhere in this chapter. This overview will, therefore, focus on advances in
molecular imaging that have enabled phenotypic characterization of renal masses.
Positron emission tomography with computed tomography (PET/CT) has revolutionized imaging in
general210 by providing real-time and in vivo insight into the metabolic and phenotypic features of a
variety of solid tumours, and this overview will, accordingly, focus on this modality. Positron emission tomography is a nuclear medicine technique that relies on the detection of energy emitted from
radiotracers exogenously administered to patients.
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Tracers are subpharmacologic quantities of substances that can evaluate biological processes without
disturbing the milieu. Hevesy pioneered the tracer principle in 1935,211 and it has been used for over
6 decades to understand a variety of biological processes.
Positron emission tomography images are created by the detection of coincident 511-keV gamma
rays originating from the annihilation of positrons emitted by (positron-emitting) radionuclides, of
which the most common is fluorine-18.212 Positron emission tomography is currently the most sensitive clinical imaging tool, capable of detecting picomolar tracer concentrations; anatomical correlates
provided by CT further enhance the ability of PET/CT to interrogate numerous features of the cancer
phenotype, including cellular metabolism and proliferation, tumour-associated cell surface markers,
and features of the tumour milieu (e.g. hypoxia and stromal/vascular characteristics).213
Imaging of the Warburg effect214 and of glycolysis, in particular, has been made possible by a surrogate
of glucose, [18F]-fludeoxyglucose (FDG), which enters the cell through glucose transporter pathways,
and is then phosphorylated by hexokinase.215 FDG-6-phosphate does not undergo subsequent enzymatic degradation, and thus, accumulates in the cell to an extent determined by these enzymes.215
Most cancers utilize glucose as the preferred energy substrate,214,216 appearing as foci of increased
radioactivity concentration; FDG PET/CT has, consequently, become the most widely used oncologic
molecular imaging modality today.
Other agents that assess metabolic features are also being explored, though none specifically for renal
cancer. Uptake of [18F]-fluorothymidine (FLT) has been shown217 to be directly proportional to cellular proliferation (as assayed in vitro by the Ki-67 proliferation index). Most metastatic renal cancers
utilize glucose as an energy substrate; studies with other metabolic agents such as choline218 and
amino acids, including methionine219 and glutamine,220 are accordingly uncommon in renal cancer.
On the other hand, identification of a molecular phenotype that characterizes a cancer phenotype
using PET/CT was pioneered221,222 in clear cell renal cell carcinoma (ccRCC). This was accomplished
through the use of a positron-labeled antibody (iodine-124 [124I]-labeled girentuximab, Redectane®)
specific to carbonic anhydrase IX (CAIX), an antigen expressed consequent to von Hippel-Lindau
(VHL) oncogene mutations.223 Carbonic anhydrase IX is also overexpressed as a consequence of
unfavorable tumour characteristics, particularly hypoxia.224
The ability of PET/CT to characterize features of the cancer phenotype will be further described with
particular reference to the molecular characterization of renal masses.

6.7.2

Metabolism

[18F]-fludeoxyglucose
As outlined previously, [18F]-fludeoxyglucose (FDG) PET/CT has revolutionized molecular imaging
in vivo. Its ability to identify renal neoplasms, however, is putatively limited by its renal excretion,
with tracer in the collecting system obscuring tumour uptake. However, studies continue to show the
ability of FDG PET/CT to identify renal neoplasms. A few studies will be briefly described.
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Bachor et al.225 identified 20 of 26 primary renal neoplasms using FDG PET. Uptake was greater in
the less differentiated neoplasms, and nodal involvement was accurately identified in all patients.
Goldberg et al.226 had a sensitivity of 90% for malignant renal neoplasms, with a high specificity for
benign lesions as well. Ramdave and colleagues227 found comparable accuracy for FDG PET/CT and
contrast-enhanced computed tomography (CECT) in identifying renal neoplasia, with greater accuracy for FDG PET/CT in identifying recurrent disease in the renal bed. On the other hand, studies by
Aide et al.228 and Kang et al.229 showed less accuracy for FDG PET compared to CECT. Differences in
image acquisition and processing may have contributed to their relatively discouraging results; these
issues were well described in a review of the literature by Aras et al.230
In summary, FDG PET/CT is not currently used for identification of primary renal malignancy, but
is increasingly used for detecting metastatic disease in patients with RCC (Figure 6-2).
FIGURE 6-2
FDG PET/CT of a Patient With
Metastatic Right RCC
The bone and liver
metastases are clearly
visualized (solid arrows),
although the primary lesion
(dashed arrow) is not.

Other metabolic tracers
Relatively few studies in renal cancer have explored tracers that interrogate other metabolic processes.
The advent of targeted therapy creates a need for imaging that can identify a therapeutic response,
and in many cases, this would entail characterization of the primary neoplasm as well. One study231
reported accumulation of [11C]-acetate in renal oncocytoma, while another232 reported, as expected
given its biology, no uptake of this fatty acid in renal carcinoma. Fluorothymidine is a radiotracer
with the ability to image cellular proliferation,233 and may have considerable utility in determining
tumour aggressiveness; there have, as yet, been no published studies on renal cancer.
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6.7.3

Imaging the cancer phenotype

Carbonic anhydrase IX
The identification of carbonic anhydrase IX (CAIX) as an antigen specifically associated with ccRCC234
spurred interest in imaging this cancer phenotype to stratify patients with this most aggressive variant of renal neoplasms. Early imaging studies with an antibody against CAIX revealed targeting to
both primary and metastatic lesions in patients with metastatic ccRCC.235 This led to exploration of
the utility of this antibody, labeled with a positron emitter (iodine-124 [124I]), to characterize this
aggressive phenotype in renal masses.
Two studies were carried out with the [124I]-labeled antibody, cG250 (girentuximab). Both studies
were carried out per FDA Guidance documents for carefully conducted clinical trials.236 Both studied
patients who were candidates for resection of a renal mass. In each case, the histology of the mass was
not known prior to imaging and surgery. The first, the verification trial, was conducted in 26 subjects
at a single centre (Memorial Sloan Kettering Cancer Center), while the second, the validation trial,
was a multicentre trial in 228 subjects across 14 centres in the United States.
The accuracy of [124I]-cG250 in the preoperative characterization of the clear cell phenotype in
patients with renal masses was very high in the verification trial,221 with a specificity of 100% and
a sensitivity of 94%. The validation trial222 also compared the ability of CECT to characterize renal
masses. Although the accuracy was lower, as would be expected in a multicentre trial, sensitivity
and specificity were both around 86%, significantly higher than CECT, with a specificity of 47%
(Figure 6-3).
FIGURE 6-3
ImmunoPET With
124I-Girentuximab
The primary metastasis is
visualized (solid arrow), as
is a vertebral metastasis
(dashed arrow).

A

B

C
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Currently, preoperative histological characterization of the renal neoplasm is possible only by biopsy,
with widely varying success rates.7,21,34,169 Moreover, there are risks inherent in this invasive procedure, making its utilization less frequent in patients with comorbidities.9,30 Biopsy is problematic in
patients with multiple renal masses, confounding resection choice and surgical management. The
incremental utility of preoperative RMB remains controversial, and perhaps, as a consequence, its
actual clinical use is estimated at <10%.30 For PET/CT to noninvasively identify an aggressive phenotype with comparable accuracy, it ought, therefore, to significantly influence the preoperative investigation of patients with renal masses.

6.7.4

Conclusion

Molecular imaging for delineation of tumour characteristics, particularly metabolism and phenotype, has made considerable progress in the last several decades, though its utilization is still far
from routine clinical practice. Better understanding of the role of noninvasive imaging should enable
greater understanding of the pathophysiology and course of diverse renal masses, as well as improve
patient management. [LOE 3, GOR C]

6.8

Evaluating the Anatomical
Risk of the SRM Using
Radiographic Studies

6.8.1

Background

Small renal masses have variable biology and oncologic risk. Imaging characteristics of an SRM can
suggest the tumour’s biology, including subtype and grade, although histopathological evaluation
has proven superior for distinguishing benign from malignant tumours. Although tumour size has
been widely considered an essential predictor of tumour type and risk of metastases, it is inadequate
to describe other characteristics of SRMs that appear to be important predictors of tumour biology and very relevant when considering between multiple treatment options. Evaluation of tumour
features such as centrality and exophycity may help to predict oncologic and functional outcomes in
patients with SRMs. Subsequently, more objective assessments of nephrometry, the various anatomical features of a given renal mass, can provide information regarding its depth, location, and proximity to the hilum or collecting system. Determination of the complexity of an SRM has significant
implications on the management of the lesion and the outcomes expected after such management.
Three types of assessments of the radiographic features of SRMs, in particular, deserve attention:
nephrometry scoring systems to assess tumour complexity, assessment of tumour and parenchymal
volumes, and 3D imaging for treatment planning.
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6.8.2

Nephrometry

Although developed within the last 10 years, a great deal of literature has been generated regarding multiple measures of renal tumour complexity (Table 6-6). In 2008, the first system to measure
tumour complexity was presented and subsequently published. The R.E.N.A.L. nephrometry scoring
system is a point-based system that objectifies differences in the anatomical variations of a renal mass
for the purpose of improving risk stratification, standardizing reporting, and allowing meaningful
comparisons between published reports. Subsequently, the preoperative aspects and dimensions used
for an anatomic (PADUA) classification (PC) and C-index (CI) nephrometry systems were developed. Similar to NS, PC is a point-based system to calculate tumour complexity. C-index calculates
the centrality of a tumour from tumour radius and distance from the centre of the kidney. Each of the
three first-generation scoring systems—R.E.N.A.L. scoring system, PC, and CI—is a strong predictor
of surgery type, and perioperative and postoperative outcomes of treatments for SRMs. Although
direct comparisons of the systems have been made, the overall conclusion from the published literature is that no clear winner has been identified. There is a wealth of literature regarding nephrometry
as a predictor of clinical outcomes in retrospective studies, largely from single centres. Despite the
significant enthusiasm in the use of these systems for clinical research, uptake of nephrometry as a
standard component of clinical practice appears rather limited, in part, because of the multiplicity
of systems and lack of higher quality evidence supporting their use. Second-generation nephrometry systems, including diameter-axial-polar (DAP), surgical approach renal ranking (SARR), and
NePhRO, have been reported more recently, but they do not appear to significantly improve upon the
first-generation systems and have even lesser quality evidence available.
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TABLE 6-6 Number of Publications Utilizing Nephrometric Scoring Systems, Parenchymal
Volume Calculation, Preoperative 3D-Imaging Assessment, or a Combination of
Multiple Radiographic Assessments of Renal Tumour Anatomy
Nephrometry Systems
Reference

Matsumoto96,
Simhan237, Gorin238,
Satasivam239,
Khalifeh240, Kopp242,
Bruner 256, Hayn257,
Weight 258, Mufarrij259,
Liu260, Simhan261,
Kutikov262, Wang263,
Rosevear 264,
Broughton265,
Stroup266, Tobert 267,
Tomaszewski268,
Mayer 269, Altunrende270,
Sisul271, Okhunov272,
Schmit 273, Chang274,
Reyes275, Jung276,
Canter 277, Ellison278,
Lane279
Porpiglia241, Tyritzis280,
Minervini281, Greco282,
Desai283
Samplaski284,
Simmons285
Simmons254, Leslie286,
Tannus287, Wang288,
Maeda289, Yoon290,
Hakky291
Simmons251, Simmons292
Tobert 255

R.E.N.A.L.

PADUA

C-index

Volume Calculation
Second
generation

PFVP

SAVP

3DVP
(volumetric)

3D
imaging

X

X
X

X
X
X

Abbreviations: 3D, three-dimensional; 3DVP, 3-dimensional assessment of volume preservation; PADUA, preoperative aspects
and dimensions used for an anatomical score; PFVP, percent functional volume preservation; R.E.N.A.L., (R)adius (tumour size as
maximal diameter), (E)xophytic/endophytic properties of the tumour, (N)earness of tumour deepest portion to the collecting system
or sinus, (A)nterior (a)/posterior (p) descriptor, and the (L)ocation relative to the polar line; SAVP, surgeon assessment of volume
preservation.
Methodology: We conducted multiple PubMed searches using a variety of terms and term combinations in order to identify the
relevant publications for this chapter. For example, the term nephrometry generated 245 results, R.E.N.A.L. nephrometry generated
231 results, PADUA score renal generated 77 results, renal volume preservation resulted in 303 results, and parenchymal volume
preservation generated 39 results. Additional references were collected from the references lists of several of the most pertinent
publications and from recent journals’ table of contents.
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TABLE 6-6 Number of Publications Utilizing Nephrometric Scoring Systems, Parenchymal
Volume Calculation, Preoperative 3D-Imaging Assessment, or a Combination of
Multiple Radiographic Assessments of Renal Tumour Anatomy, Cont’d
Nephrometry Systems
Reference

R.E.N.A.L.

PADUA

C-index

Volume Calculation
Second
generation

PFVP

SAVP

Sharma249, Mir 253,
Tobert 255, Woldu293

3DVP
(volumetric)

X

Azhar 294, Coll295,
Derweesh296, Gill297,
Ukimura298, Shao299,
Silberstein300
Lagerveld301, Kruck302,
Kobayashi303, Yeon304

3D
imaging

X

X

Esen305

X
X

X

X

X

Okhunov ,
Bylund306, Lavallée307,
Spaliviero308,
Desantis309, MorenoAlarcón310, Nisen311

X

Wang312

X

X

Simmons252

X

X

X

Tobert

X

X

X

272

313

Simmons314

X

Rini315

X

Durso

X

X
X
X

316

Tobert 255

X

Tobert326
Total Identified
References

≥47

≥18

6

9

4

X
X

X

X

X

4

5

5

Abbreviations: 3D, three-dimensional; 3DVP, 3-dimensional assessment of volume preservation; PADUA, preoperative aspects
and dimensions used for an anatomical score; PFVP, percent functional volume preservation; R.E.N.A.L., (R)adius (tumour size as
maximal diameter), (E)xophytic/endophytic properties of the tumour, (N)earness of tumour deepest portion to the collecting system
or sinus, (A)nterior (a)/posterior (p) descriptor, and the (L)ocation relative to the polar line; SAVP, surgeon assessment of volume
preservation.
Methodology: We conducted multiple PubMed searches using a variety of terms and term combinations in order to identify the
relevant publications for this chapter. For example, the term nephrometry generated 245 results, R.E.N.A.L. nephrometry generated
231 results, PADUA score renal generated 77 results, renal volume preservation resulted in 303 results, and parenchymal volume
preservation generated 39 results. Additional references were collected from the references lists of several of the most pertinent
publications and from recent journals’ table of contents.
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There are multiple measures of risk that must be considered in the management of SRMs. These
include the risk of the tumour, such as its potential for metastasis; the risks associated with excision
or ablation of the tumour, such as bleeding and urinary leakage; and the risks associated with the loss
of functioning parenchyma that occurs from excision, ablation, or surveillance of a particular SRM.
Each of the various nephrometry systems seeks to quantify the complexity of a renal tumour’s anatomy by measuring similar aspects, including size, exophytic versus endophytic position, proximity
to hilar structures and the collecting system, and location (medial/lateral and polar/interpolar). The
anticipated result of nephrometry is to provide more meaningful comparisons of treatment choices,
complications, pathology, and outcomes (both functional and survival).
Since their advent, investigators have evaluated the nephrometry scoring systems independently,
collaboratively, and comparatively (Table 6-6), assessing their ability to provide insight into multiple
descriptive and predictive outcome variables (Table 6-7). The initial intention of tumour complexity
(nephrometry) measures was to describe clinically relevant treatment-specific parameters, such as
treatment selection (NSS vs. RN), operative approach (open vs. minimally invasive surgery [MIS]),
operative time, and warm ischemia time (Table 6-7). Specifically, investigators have found that NS,
PC, and CI are each associated with surgical approach, including the use of NSS versus RN and MIS
versus open techniques for partial nephrectomy (PN). Additionally, multiple investigations have used
these systems to describe variations in operative complexity; in general, increasing complexity is
associated with likelihood to perform RN (vs. NSS) and open surgery (vs. MIS), and longer operative
and ischemic times.
TABLE 6-7 L
 evel of Evidence and Grade of Recommendation for Descriptive and Predictive
Uses of Anatomical Tumour Complexity (Nephrometry) Systems
LOE

GOR

Reference

Treatment type or approach

3

C

Weight 258, Kutikov262, Rosevear 264, Broughton265,
Stroup266, Tobert 267, Canter 277, Samplaski284, Esen305,
Bylund306, Simmons314, Hew317, Kolla318, Okhunov319

Operative and ischemic times

3

C

Porpiglia241, Tomaszewski268, Mayer 269, Altunrende270,
Okhunov272, Kruck302, Bylund306, Lavallée307

Complications:

3

C

Kutikov262, Rosevear 264, Bylund306

3

C

Porpiglia241, Hayn257, Weight 258, Mufarrij259, Liu260,
Ellison278, Tyritzis280, Minervini281

Urine leak focus

3

C

Bruner 256

Hemorrhage focus

3

C

Jung276, Kruck302

Conversion to RN

3

C

Kobayashi303

3

C

Schmit 273, Chang274, Reyes275

Nephrometry can predict

After NSS (MIS or open):

After RFA

Abbreviations: 3D, three-dimensional; GOR, Grade of Recommendation; LOE, Level of Evidence; MIS, minimally invasive surgery;
NSS, nephron-sparing surgery; RFA, radiofrequency ablation; RN, radical nephrectomy.
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TABLE 6-7 L
 evel of Evidence and Grade of Recommendation for Descriptive and Predictive
Uses of Anatomical Tumour Complexity (Nephrometry) Systems, Cont’d
LOE

GOR

Reference

After cryoablation

3

C

Sisul271, Okhunov272, Schmit 273, Lagerveld301

Prolonged hospital stay

3

C

Kruck302

Pathology:

3

C

Gorin238, Satasivam239, Kutikov262, Wang312

Histological subtype

3

C

Gorin238, Satasivam239, Kutikov262, Wang312

Surgical margin status

3

C

Khalifeh240, Porpiglia241

Survival

3

C

Kopp242

Tumour growth rate

3

C

Matsumoto96

Renal function

3

C

Okhunov272, Samplaski284, Kruck302, Bylund306

Assessment of volume preservation can predict
Renal function

3

C

Simmons251, Mir 253, Tobert 255, Woldu293, Rini315, Golan320,
Kotamarti321, Isotani322

Precision of excision and reconstruction

3

C

Takagi323

Parenchymal atrophy

3

C

Simmons254, Mir 324, Choi325

Contralateral renal hypertrophy

3

C

Mir324, Choi325

Partial nephrectomy

3

D

Coll295, Derweesh296

Superselective clamping of renal vasculature

3

D

Azhar 294, Gill297, Ukimura298

Preoperative 3D modeling can facilitate

Abbreviations: 3D, three-dimensional; GOR, Grade of Recommendation; LOE, Level of Evidence; MIS, minimally invasive surgery;
NSS, nephron-sparing surgery; RFA, radiofrequency ablation; RN, radical nephrectomy.

The most robust descriptive uses of nephrometry measures have been to correlate tumour complexity with the likelihood of complications with tumour excision or ablation (Table 6-7). Numerous
retrospective investigations have demonstrated that surgical complications, including bleeding,
urinary leak, and conversion to RN, are associated with tumour complexity. Among these publications, Simhan et al. offer perhaps the most robust assessment of risks characterized by NS, detailing
complications by organ system, as well as clinical diagnosis in 390 patients undergoing open or MIS
NSS.237 Taken together, the published data [GOR C] uniformly demonstrate a positive correlation,
primarily between urinary leak/perioperative blood loss/transfusion risk and tumour complexity,
with less evidence in support of less commonly reported surgical and medical complications. Despite
the multitude of reports, most remain single or limited, multi-institutional, retrospective assessments of the uncontrolled results of multiple surgeons with varied skill sets and levels of experience.
Currently, there exists no level 1 data assessing the descriptive role of nephrometry systems leading to
homogenously low LOE and GOR (Table 6-7). Whereas the collective experience with nephrometry
systems is still growing and interobserver variability appears reasonable, the systems are only now
being incorporated into prospectively designed clinical trials.
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In addition to the ability to describe and predict the treatment outcomes for SRMs, nephrometry
also appears to predict oncologic and functional outcomes. Multiple investigators have published
primarily single-institutional, retrospective series using nephrometry to predict histological subtype
according to complexity. Taken together, these data suggest that more complex lesions tend to be
more biologically aggressive, as measured by stage, grade, and type. Moreover, one multi-institutional study found a correlation between NS and risk of upstaging after robotic PN.238 Conversely, less
complex lesions have been correlated with more indolent pathology, including a greater likelihood of
benign histology.239 At least two studies have used NS to predict postoperative margin status following MIS PN.240,241 In patients under AS, tumour complexity has been shown to predict radiographic
growth rates.96 If tumour complexity predicts indolent versus aggressive disease, it would follow
that it may be able to predict survival outcomes as well. At least one group has used their data to
contend that a relationship between tumour complexity and survival outcomes exists following RN
or PN for cT2 tumours.242 Similarly, if complexity predicts ischemic time or amount of parenchyma
resected, then it follows that it may also predict overall renal function following PN. Several investigators have published their experience with nephrometry scores predicting renal function. Taken
together, they note a correlation between decline in renal function and higher complexity indices.
However, measures that account for the volume of resected tumour and parenchyma, and the volume
of preserved parenchyma appear to be more strongly associated with renal functional outcomes. One
recent publication indicates that a hybrid measure of tumour complexity and volume, the tumour
contact surface area with adjacent renal parenchyma, may predict both surgical outcomes and renal
functional outcomes, although validation will be required in subsequent studies.

6.8.3

Assessment of volume preservation

Although the oncologic benefit of PN for SRMs has not been completely resolved, PN is clearly associated with improved renal functional outcomes due to preservation of kidney parenchyma.243–248
Studies assessing the objective measurement of volume preservation have shown that preserved
parenchyma is a strong predictor of function following PN.249–251 The methodology to determine
tumour volume and parenchymal volume preservation varies across studies, ranging from sophisticated analysis of 3D images obtained during thin-slice cross-sectional imaging to surgeon assessment of volume preservation (SAVP) in the operating room after PN has been completed. Despite the
differences in methodology employed at different institutions, the findings of multiple studies validate the concept that volume preservation is the most important determining factor of renal function following PN, even when considering ischemia type and time.249–253 When ascertained following
surgery, the estimated volume of vascularized parenchymal mass is an excellent surrogate for preservation of renal function. Therefore, while assessment of tumour complexity may serve to predict
tumour type and surgical outcomes, the amount and quality of preserved parenchyma appears to be
a better predictor of renal functional outcomes, based on available evidence. [GOR C]
There is very limited evidence to indicate the best manner to assess parenchymal volume preservation. Objective 3D assessment of volume preservation (3DVP) is the most accurate, and can even
quantify atrophy in the adjacent parenchyma and hypertrophy in the contralateral kidney when
obtained >4 months after surgery.254 Nevertheless, formal image review has not been adopted in
practice, largely because it requires significant time and effort to obtain the volumetric calculations. In contrast, SAVP can be readily recorded prior to and following PN, and appears to provide
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comparable information to 3DVP.255 The surgeon simply records the proportion of functioning
kidney estimated to have been preserved during NSS. Surgeon assessment of volume preservation
has been validated in a multicentre study involving relatively low-and high-volume surgeons, but
caution should be exercised in the use of SAVP in the research setting, as the values were not found
to be interchangeable with 3DVP within a 5% level of difference.326 Measures of tumour and kidney
volumes that are less rigorous than 3DVP, but more complicated than SAVP, such as percent functional volume preservation (PFVP), have also been used in single-centre studies and require further
validation before recommendation. With level 1 evidence indicating greater preservation of renal
function with PN than with RN, but only level 3 evidence to support any of the volume assessment
tools, a recommendation for any tool can be graded C at best. More evaluation of volume preservation in prospective trials is needed and underway.

6.8.4

Three-dimensional imaging for treatment planning

PN was first used in patients with absolute contraindications to RN. The need to excise the tumour
completely with preservation of a functioning renal remnant is the central premise of the operation. Urologic surgeons have used every tool at their disposal to prepare for and optimize conditions
for a successful surgery. Beginning with the availability of cross-sectional imaging and continuing to present day virtual surgical simulation with 3D models, renal imaging has improved from
the multitude of technological advances. In the late 1990s, 3D renderings of axial imaging enabled
a more detailed view of the renal vasculature and tumour-parenchyma interfaces. Individualized
videos were recorded for surgeon review immediately prior to each operation and reported to facilitate the operation. More recently, similar approaches have been undertaken to enable surgeons to
perform superselective clamping of the third and fourth order renal vessels, enabling an anatomical
zero-ischemia approach to PN. Virtual surgical planning has even progressed from the computer
screen to the physical with constructions of 3D models of the tumour-bearing kidney. For all of
these advances, however, the LOE is low, with a corresponding GOR of C/D. Nevertheless, each such
advance provides even greater detail and information to the surgeon, and efforts should continue to
be made to use technology to its full extent.

6.8.5

Conclusion

Predictive markers of various outcome measures are the focus of intensive research in the field of
localized kidney cancer. During the last decade, objective measures of the radiographic characteristics of SRMs have been developed and investigated, largely as descriptive and predictive tools.
Nephrometry scoring systems, including the R.E.N.A.L. nephrometry scoring system, have been
used in retrospective studies published by a relatively large number of centres. However, the data all
remain fundamentally limited in that there are no prospective clinical trials to evaluate the clinical utility of this (or any other) measure of tumour complexity. Instead, they represent lower-level
case-controlled series that relate tumour complexity to surgical complexity and related outcomes.
Several reports do indicate that higher tumour complexity is correlated with more aggressive biology,
faster growth rates, and lower survival, but these data again are low level. Three-dimensional analysis
of tumour and renal volumes before and after PN can quantify the amount of volume preserved
with PN. Similarly, sophisticated analysis of thin-slice cross-sectional imaging can facilitate virtual
surgical planning, particularly when superselective clamping or non-clamped PN is to be performed.
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Only low-level data exist to support either of these practices. Finally, retrospective analysis of SAVP is
of growing interest, as preservation of renal parenchyma with NSS is a major predictor of renal functional outcomes. This straightforward assessment can be performed in the office and the operating
room, and prospective evaluations are underway. Taken together, available data provide a provocative look at the value of objectifying the anatomical features of the SRM radiographically in order to
predict tumour biology, surgical results, and functional outcomes. [LOE 3, GOR C]

6.9

Evaluating Patient Risk With SRMs

6.9.1

Introduction

Clinical intuition suggests that the well-documented rise in detection of SRMs due to increased use
of cross-sectional abdominal imaging, and concurrent increase in the number of surgical procedures
performed, should decrease cancer-specific and overall mortality for patients diagnosed with RCC.
However, while the rates of renal surgery have risen simultaneously with increased tumour detection,
mortality rates remain largely unchanged, suggesting that the absolute number of detectable lethal
lesions has not diminished.211 The implications from these emerging data suggest that a significant
proportion of small, localized renal masses may be indolent tumours with little chance of tumour
progression or cancer-related death. As a result, clinicians have begun to reassess contemporary
management algorithms for incidentally diagnosed renal tumours in an effort to reduce overtreatment of patients in which the risks of surgical resection may outweigh a marginal survival benefit.

6.9.2

Quantitating competing risks

When counseling a patient regarding the need for definitive intervention, a number of factors must
be considered, including the natural history of the lesion (if not treated), the patient’s competing
mortality risks, and assessment if procedural risks outweigh any potential survival benefit.
Contemporary best practice guidelines dictate that in most cases immediate intervention is appropriate for enhancing localized tumours. While surgical resection of SRMs in young, healthy patients
is the accepted standard of care,327 management of localized SRMs in elderly or infirm patients in
whom comorbid medical conditions compete with RCC malignant potential as primary causes of
death represents a unique set of challenges. Until recently, it has been difficult to dichotomize a
patient’s risk of cancer-specific death, which for localized low-stage kidney cancer is quite low, versus
competing risks of death from comorbidities, such as cardiovascular or pulmonary disease. There
are currently few randomized controlled trials for localized urologic malignancies that provide a
long-term perspective regarding the effectiveness of surgical interventions.328 However, results from
the well-publicized European Organisation for Research and Treatment of Cancer (EORTC) trial
30904 do provide important insight on this phenomenon. While designed to compare the efficacy of
RN and PN for localized tumours ≤5 cm, 117 deaths were documented over a median follow-up of
9.3 years. Of these, 10.3% were attributable to RCC versus 89.7% from comorbid conditions.247
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A number of other reports quantitating the competing risks of death in patients with RCC have
demonstrated similar results. In a series of 537 patients older than 75 years with renal masses (<7 cm)
and a median follow-up of 3.9 years, Lane et al. reported the most common cause of death was cardiovascular (29%), compared to cancer progression (4%).329 Using the Charlson Comorbidity Index
(CCI) to stratify 192 patients with clinically localized RCC, Arrontes et al.330 reported that patients
with clinically localized RCC and a CCI >2 had significantly reduced overall survival versus patients
with a CCI ≤2. From Surveillance, Epidemiology, and End Results (SEER) data involving more than
26,000 patients surgically treated for RCC, Hollingsworth et al.331 presented 5-year mortality rates
for cancer-specific and competing cause mortality (stratified by tumour size and age at presentation).
The smallest tumours were associated with the lowest cancer-specific mortality, and competing cause
mortality rose with age (28% 5-year competing cause mortality rate in patients ≥70 years).
These findings have raised the question whether such data can be used to objectively and quantitatively estimate competing risks for patient counseling purposes in the preoperative setting. An
ensuing report proposed a nomogram estimating the risk of kidney cancer death, death from other
malignancy, and non-cancer death utilizing select preoperative clinical and demographic variables,
including age, race, gender, and tumour size in a large cohort of patients with RCC identified from
the SEER database.332 However, specific comorbidity information was not available for inclusion in
the analysis, thereby limiting the clinical utility.
To improve on their initial effort, Kutikov et al.333 used linked SEER-Medicare data, adjusting for
patient severity using a claims-derived CCI score, to identify 6,655 individuals aged 66 years or
older with localized RCC. Patients with localized node-negative kidney cancer had a lower 3-year
(4.7%), 5-year (7.5%), and 10-year (11.9%) probability of cancer-specific death, but a significantly
higher overall risk of death from competing causes with 3-year (10.9%), 5-year (20.1%), and 10-year
(44.4%) mortality. Although caution must be used when extrapolating outcomes of patients treated
surgically to counsel patients in the preoperative setting, these nomograms are useful tools in the
clinical setting.
The elderly population presents a unique set of challenges in urologic oncology. In addition to the
known natural history of disease, providers must also consider patient factors such as functional and
nutritional status, comorbidities, and social support when determining the treatment plan.334 The
development of frailty measures and biomarkers to estimate surgical risk shows promise, with several
assessment tools being predictive of surgical complications. Decreased dependence on chronologic
age is important when assessing surgical fitness, as age cut-offs prevent the appropriate treatment of
many elderly patients who would potentially benefit from active treatment.
Historically, decisions regarding operative candidacy have been subjectively determined by the evaluating surgeon. This is limited by interphysician variation in estimates of 10-year life expectancy,
and there is evidence to suggest that elderly patients are less likely to receive guideline-concordant
care.335,336 Traditional risk assessment tools, such as the Charlson Comorbidity Index (CCI),337 the
ECOG performance status,338 and the American Society of Anesthesiologists (ASA) physical status
classification system,339 were developed for accurate data collection, but not specifically to quantify
risk, and all suffer from a lack of prospective validation. While each described classification system
documents the burden of comorbidity to some degree, they do not capture nutritional status, cognitive
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disability, or subclinical physiologic deficits. The Comprehensive Geriatric Assessment (CGA)340 and
the Preoperative Assessment of Cancer in the Elderly (PACE),341 while labour-intensive to perform
in the clinical setting, are tools (or multidisciplinary assessments) that incorporate comorbidities,
physical activity, psychological state, social support, and other metrics. In comparison, the Fried
Frailty criteria,342 which assess weight loss, decreased grip strength, exhaustion, low activity, and
slowed walking speed, can be performed in 10 minutes and are quantitated with a score from 0 (not
frail) to 5 (frail). Recent retrospective series of patients undergoing elective and abdominal surgery
have demonstrated that patients meeting intermediately frail (2–3) or frail (4–5) were more likely to
experience complications, have a prolonged length of stay, or be discharged to skilled nursing facilities.343,344 While a lack of objective trade-offs and guidance often contributes to physician reluctance
to estimate competing risks,345 our hope is that as cumulative experience with geriatric assessment
tools increases, shared decision-making in the clinical setting will become more informed.

6.9.3

Malignant and metastatic potential of the SRM

There is growing concern that increasing incidental detection may result in the overdiagnosis (and
overtreatment) of tumours never destined to progress or metastasize. As a result, there is considerable
interest in quantifying the malignant and metastatic potential of SRMs, of which approximately 15%
to 20% of tumours <4 cm are benign, based on pretreatment radiographic characteristics.346 The most
well-defined prognostic indicator is tumour size. A number of institutional reports demonstrate that
as maximal linear tumour diameter increases, there is increased risk of malignancy,6,92 high-grade
disease, clear cell histology, and presence of synchronous metastases.347,348 Rothman et al. used SEER
data to explore the relationship between primary tumour size at presentation and histopathological
features in 19,932 patients with localized renal tumours, and found that for each 1-cm increase in
size, the probability of a high-grade tumour increased by 13%.349
However, the same authors found that while almost 85% of RCCs <4 cm were low grade, a substantial proportion of lesions >7 cm (70%) were also low-grade lesions. Thus, it appears that localized
renal tumours can grow quite large without acquiring a biologically aggressive phenotype. Although
available data clearly suggest that a significant proportion of SRMs tend to be indolent and only a
small minority present with an aggressive phenotype, size at presentation is also associated with
synchronous metastatic disease. Kunkle et al.347 compared 110 patients with biopsy-proven synchronous metastatic disease at presentation to 250 controls with classically localized RCC. As expected,
tumours associated with synchronous metastases were significantly larger than localized lesions,
without evidence of distant or regional disease (8.0 cm vs. 4.5 cm), and with each 1-cm increase
in tumour size, the odds of finding synchronous metastases rose by 22%. While this does provide
evidence that tumour size at presentation does matter, it is also important to consider that all aggressive, as well as benign or indolent, lesions start off as SRMs. In the above study, while no patients with
tumours ≤2 cm presented with biopsy-proven metastatic disease, close to 5% of patients with distant
metastases presented with tumours <3 cm. A similar study using SEER data confirmed that the risk of
synchronous metastasis for lesions <3 cm appears to be approximately 5%.348 These findings highlight
that the malignant potential of most small lesions is likely low, but illustrate that improved methods
of identifying those with increased oncologic risk are essential to best counsel patients presenting
with a newly diagnosed SRM who are considering AS versus definitive surgery or ablation.
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6.9.4

Pretreatment prediction of malignant potential

One of the great challenges in managing the SRM remains achieving the ability to match specific
tumour biology with an individualized treatment strategy. Currently, use of radiographic characteristics to determine malignant potential is limited, and alternative non-extirpative diagnostic strategies, including predictive statistical models and percutaneous biopsy, have shortcomings.

Percutaneous biopsy
Procedural risk, sampling error, and skepticism regarding the clinical relevance of the data gained
for clinical decision-making, until recently, have largely obviated the utility of percutaneous biopsy,
except in specific circumstances, such as suspicion of lymphoma, renal abscess, or metastatic disease
from another primary malignancy. However, with advances in technique, most notably the use of
18-G core needles and improved immunohistochemical characterization, contemporary studies have
reported more than 90% accuracy in differentiating malignant from benign histologies, as well as
low-risk, minor complications (5%). Despite these improvements, percutaneous biopsy is often insufficient to determine, or tends to underestimate, tumour grade, which is arguably the most important
prognostic indicator for clinical decision-making.350 Although the role of biopsy in the treatment
algorithm for the SRM is evolving and has been incorporated in a number of AS protocols,98,351 it has
not yet been accepted as standard practice in the treatment of young or otherwise healthy candidates
for excision. In our practice, RMB is preferred in patients with absolute or relative indications for AS
(such as significant comorbidity, poor underlying renal function, secondary malignancy) or specific
circumstances, such as synchronous bilateral lesions or a solitary kidney.352 The elusive goal remains
the identification of molecular biomarkers, obtained from percutaneous biopsy specimens, predictive of an aggressive RCC phenotype. While biomarker discovery remains an area of intense interest,
which is beyond the scope of this review, until these markers are available, alternative prognostic
tools are required for risk stratification in patients with SRMs. (See 6.4 Blood, Urinary, and Needle
Biopsy Biomarkers of the SRM; see Chapter 7: Renal Tumour Biopsy: Indications, Technique,
Safety, Accuracy/Results, Pathologic Reporting, and Impact on Treatment Decision-Making)

6.9.5

Imaging techniques

Contrast-based abdominal imaging (either CT or MRI) remains the gold standard for evaluation of a
renal mass to assess characteristics, bilateral renal flow and function, and radiographic staging data.
These imaging techniques can differentiate most renal cystic lesions from solid masses, but cannot
reliably distinguish between benign and malignant solid tumours, histological subtypes, or indolent versus aggressive disease.346 Although also beyond the scope of this review, there are emerging
histology-specific imaging modalities currently under evaluation that may play a more definitive role
in the future.224 (See 6.5 Cross-sectional Radiologic Evaluation of the SRM)

6.9.6

Clinical nomograms

Models to predict disease recurrence following definitive therapy are useful for patient reassurance and to help guide surveillance imaging intensity, but they currently have limited application
for counseling in the preoperative setting. Unfortunately, early algorithms designed to predict the
malignant or biological potential of SRMs using pretreatment characteristics also fall short due to
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poor predictive accuracy. For example, a nomogram published by Lane et al.10 incorporating gender,
tumour size, and smoking history to predict malignant versus benign disease had only modest accuracy (concordance index of 0.64). Similarly, Jeldres et al. developed a nomogram to estimate risk of
high-grade disease based on age at diagnosis, gender, tumour size, and symptom classification, but
their predictive model was only accurate in 58.3% of cases.8
More encouraging data have emerged from recent reports suggesting a relationship may exist
between renal mass anatomical characteristics and pathological features. The nephrometry score was
recently introduced as a means of quantifying tumour anatomy to provide a reliably reproducible
renal mass nomenclature and facilitate meaningful comparison of case mix.95 In 2011, Kutikov et al.
evaluated the relationship between nephrometric characteristics and pathological characteristics at
the time of surgical excision, finding that total nephrectomy score and all individual anatomical
descriptors significantly differed between tumour histology groups, except for anterior/posterior(A)
designation.262 Using institutional data, the authors developed a clinical nomogram integrating
nephrometric variables with patient age and gender, developing the highest predictive accuracy for
malignant histology (area under the curve [AUC] 0.76) and high-grade features (AUC 0.73) to date.
Further, these accuracy rates, particularly for tumour grade, compare favourably with percutaneous
core biopsy results, providing a valuable tool when counseling patients who are poor surgical candidates. This has since been externally validated in a number of institutional cohorts.263,353 [LOE 3,
GOR C] (See Chapter 7: Renal Tumour Biopsy: Indications, Technique, Safety, Accuracy/Results,
Pathologic Reporting, and Impact on Treatment Decision-Making)

6.10 E
 valuating Functional Risk in
Patients With SRMs
6.10.1

Introduction

It has been recognized that kidney function is a critical outcome in the management of SRMs.
Therefore, it is paramount for clinicians to understand the significance of kidney function and to
appropriately assess kidney function as well the renal functional risk a patient may have following
treatment of an SRM.
A major concern in patients undergoing treatment of renal masses is the development of chronic
kidney disease (CKD). Chronic kidney disease has been shown to have implications on overall health
since it is an independent predictor of all-cause mortality, cardiovascular mortality, and kidney failure in a wide range of populations.354 The significance of CKD, however, secondary to the treatment
of a renal mass remains unclear. Several studies have suggested that new-onset CKD from surgical
loss of renal functional volume may not have the same implications as CKD that occurs secondary
to advanced age or chronic medical conditions, such as diabetes mellitus, hypertension, and cardiovascular disease.245,355 Despite the controversy, the prevention of CKD remains a critical endpoint, as
progressive worsening of kidney function, regardless of the etiology, can have a significant impact on
all-cause mortality and morbidity.
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6.10.2

Defining kidney function and chronic kidney disease

Glomerular filtration rate (GFR) is accepted as the best overall measure of kidney function, and is
essential for the detection, evaluation, and management of CKD. A normal GFR depends on age,
sex, and body size, and is approximately 130 mL/min/1.73 m2 and 120 mL/min/1.73 m2 for men and
women, respectively, with considerable variation even among normal individuals.356 Chronic kidney
disease is defined by either a GFR <60 mL/min/1.73 m2 of body surface area or the presence of kidney
damage, regardless of cause, for ≥3 months. Thus, patients with markers of kidney damage, such as
albuminuria or abnormalities on imaging studies or on kidney biopsy, have the disease, even if GFR
estimates are ≥60 mL/min/1.73m2.357
Glomerular filtration rate, however, cannot be directly measured. Therefore, the best method of determining GFR is by measuring the urinary or plasma clearance of a filtration marker.356 An ideal filtration marker is defined as a solute that is freely filtered at the glomerulus, nontoxic, neither secreted
nor absorbed by the kidney tubules, and unchanged during its excretion by the kidney. The gold
standard of exogenous filtration markers is inulin. Other exogenous markers such as iothalamate,
ethylenediaminetetraacetic acid (EDTA), diethylenetriaminepentaacetic acid (DTPA), and iohexol
are also used to measure GFR.356 The classic protocol for measuring inulin clearance is cumbersome,
as it requires a continuous intravenous infusion, multiple blood samples, and bladder catheterization.
Measurement of GFR, however, is impractical for routine clinical use. It is associated with a measurement error of 5% to 20%, with variation greater for higher ranges of GFR.358 Subsequently, GFR is
more commonly estimated as opposed to measured.

6.10.3

Measurement versus estimation of glomerular filtration rate

Estimation of GFR is an essential part of the preoperative work-up for patients with kidney tumours.
The most common methods utilized to estimate the GFR are measurement of creatinine clearance
rate (Ccr) and estimation equations based upon serum creatinine. Creatinine is derived from the
metabolism of skeletal muscle and from dietary meat intake. It is released into the circulation at a
relatively constant rate, freely filtered across the glomerulus, and neither reabsorbed nor metabolized
by the kidney. Creatinine is, however, secreted by proximal tubular cells. As a result, Ccr exceeds the
GFR. Measuring Ccr, which involves 24-hour urine collection, is crude, cumbersome, and susceptible to error, making it impractical for routine use.356
On the contrary, equations estimating GFR are simple and easy to use. Serum creatinine-based equations such as the Cockcroft-Gault (CG) equation, the Modification of Diet in Renal Disease (MDRD)
study equation, and, more recently, the Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPI) equation are commonly used to estimate GFR.356 Estimating equations include variables
such as age, sex, race, and body size, in addition to serum creatinine, as surrogates for muscle mass.
Such equations, however, have been found to be less reliable in patients with unusual body habitus or
diet (i.e. muscle wasting) and GFR >60 mL/min/1.73 m2, as well as those patients being evaluated for
kidney donation.359,360
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An alternative to creatinine-based formulas are GFR formulas utilizing cystatin C (CysC), which is a
member of the family of proteins that plays an important role in intracellular catabolism of various
peptides and proteins. Cystatin C is considered to be a good biomarker of decreased renal function
because it is produced at a relatively constant rate and released into plasma, >99% is filtered by glomeruli, and there is no significant protein binding.361 Since CysC is less affected by muscle mass and
diet than creatinine, it has been considered a potential replacement for serum creatinine. Currently,
CysC is not recommended as an initial test to screen patients for CKD. It may serve, however, as a
confirmatory test to ensure patients with verified CKD receive the appropriate resources for management. In addition, the utilization of CysC may be beneficial in patients with muscle wasting and
chronic illnesses.362

6.10.4

Functional imaging

Imaging provides another method of evaluating kidney function, with the advantage of providing
morphologic information, as well as functional data and kidney volume in the same examination.
Functional imaging also overcomes a major limitation of serum marker-based formulas, which is
the inability to provide individual kidney function. Knowledge of individual kidney function may
be extremely useful when assessing the risk of kidney disease in patients who are considering renal
surgery for a kidney tumour.
Nuclear scintigraphy has been utilized for decades to assess renal obstruction and individual kidney
function. The radiopharmaceuticals available for assessing renal function and anatomy include
technetium-99m (99mTc)-diethylenetriaminepentaacetic acid (DTPA), cleared by glomeruli; 99mTcmercaptoacetyltriglycine (MAG3), cleared by proximal tubules; and 99mTc-dimercaptosuccinic acid
(DMSA), retained in the tubules.363,364 DTPA, which is the least expensive renal pharmaceutical, can
be used to measure GFR. MAG3 provides scintigraphy images superior to DTPA, particularly in
patients with impaired renal function. DMSA is an excellent cortical imaging agent and is used when
high-resolution anatomical images are required, as in the detection of pyelonephritis or parenchymal
scarring. Plasma sampling of these agents along with imaging can also provide individual kidney
GFR, which serum creatinine and estimated glomerular filtration rate (eGFR) cannot provide.
Although nuclear scintigraphy is useful for providing important information, such as split function
and renal obstruction, it is clinically impractical for routine use, given the radiotracer injections,
blood sampling, extended acquisition time, and nearly no available anatomical information. Thus,
these examinations are more commonly used in assessing split renal function, presence of obstruction, and renal cortical scarring, and occasionally, used to distinguish true solid renal masses from
pseudotumours.

6.10.5

Magnetic resonance imaging

Magnetic resonance imaging (MRI) provides an excellent depiction of the anatomy and has shown
promise in noninvasive assessment of renal function. Dynamic contrast-enhanced magnetic resonance (DCE-MR) renography was developed over the last decade, and involves monitoring a gadolinium-containing agent as it passes through the kidneys, with high temporal resolution in the range
of seconds. As mentioned previously, ideal markers for renal function are freely filtered without
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reabsorption or secretion; gadolinium-containing contrast media are exclusively excreted by glomerular filtration. This enables the measurement of dynamic parameters of renal function, such as renal
blood flow, GFR, and urinary drainage, at a single kidney level.365 Thus, MR renography can be used
to evaluate the impact of kidney cancer surgery on kidney function.366 In addition, the baseline function and compensatory response of the contralateral kidney can also be evaluated.367 In the future,
MRI may be useful not only for evaluating tumours and tumour recurrences, but also for assessing
novel renoprotective agents and for preoperatively selecting patients for appropriate surgical treatment of kidney tumours.

6.10.6

Volume correlations with renal function

The use of cross-sectional imaging—CT and MRI—has also been evaluated as a means of calculating
renal volume, and subsequently, preoperative and postoperative renal function. Studies of kidney
donors have demonstrated a correlation between renal volume and function on imaging measurements.368,369 Although US and CT may provide adequate assessment of kidney volume in patients
with acute kidney injury (AKI), such as acute tubular necrosis, or in patients with interstitial kidney
disease, the volume of viable renal parenchyma may not accurately correlate with kidney function.
In this setting, MR renography may prove to be a better measure of function and renal volume since
it not only offers quantitative kidney parenchymal volume, but also delivers a qualitative assessment
of the filtering capacity of the kidney tissue.368

6.10.7

 redicting risk of chronic kidney disease following treatment
P
of surgery for kidney cancer

It has been recognized that patients with SRMs have a higher incidence of CKD at time of diagnosis.
The prevalence of CKD in the US population is noted to be 11%, but is on the rise.370 Glomerular
filtration rate declines over time with increased age and with comorbidities, such as hypertension,
diabetes mellitus, and glomerular disease.371,372 The prevalence of baseline CKD in patients with renal
tumours has been noted in several institutional series to be greater than that of the general population at roughly 25%.373,374
The risk factors for kidney cancer are often thought to be the same as the risk factors for CKD, including smoking, obesity, and hypertension.375 Furthermore, it is speculated that CKD itself may be associated with the development of malignancies.376 The pretreatment assessment of renal function is
frequently rudimentary, depending on the number of kidneys and tumours, and the baseline kidney
function. For most patients with a solitary small renal mass and two normally functioning kidneys,
the assessment of baseline renal function frequently does not go beyond measuring serum creatinine,
estimating GFR through a creatinine-based formula, and evaluating proteinuria on urinalysis. For
patients with multiple tumours, a solitary kidney, or pre-existing kidney dysfunction, more advanced
methods of assessing kidney function, including single kidney function, may be indicated.
The development of CKD following treatment for small kidney tumours is frequently multifactorial
and can be broken down into both modifiable and non-modifiable risk factors. The most significant
non-modifiable risk factors are patient-related and include baseline kidney function, age, and gender.
The impact of comorbid conditions such as diabetes mellitus and hypertension on the development
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of postoperative CKD remains unclear, as several studies have failed to demonstrate an independent
risk of these conditions on developing postoperative CKD.374,377 Tumour-related characteristics can
also be considered non-modifiable risk factors for the development of postoperative CKD. Large
tumours, endophytic tumours, and tumours with a high NS have also been shown to be predictive of
a greater loss of kidney function and renal volume.378,379 For patients with known pre-existing CKD,
particularly those in advanced stages of CKD (3b, 4, 5), surgical treatment of any kind may result in
an increased risk of AKI and/or hemodialysis, and every effort should be made to not only identify
such patients, but also to select the most appropriate treatment for their SRM.
The most significant modifiable risk factor is the treatment type. Although the impact of surgical
treatment on kidney function is discussed in detail in a different chapter, it must be briefly discussed
here since treatment selection for an SRM is an independent predictor of loss of kidney function.373,380

6.10.8

Radical nephrectomy

Radical nephrectomy (RN) has long been considered the treatment of choice for localized renal
masses. Currently, RN remains the treatment standard for larger tumours (>7 cm) and locally
advanced tumours. Despite superior oncologic control, both retrospective cohort studies and
prospective studies have demonstrated that loss of the entire renal unit (i.e. RN) is an independent
predictor of new-onset CKD.373,381
A decrease in GFR is not exactly correlated with kidney mass loss or nephron loss because the kidney
adapts to the loss of some nephrons by compensatory hyperfiltration and/or increasing solute and
water reabsorption in the remaining nephrons. Thus, an individual who has lost one-half of total
kidney mass will not necessarily have one-half the normal amount of GFR. As a result, in patients
with mild kidney disease, a small rise in serum creatinine usually reflects a marked fall in GFR,
whereas a marked rise in serum creatinine in patients with advanced disease reflects a small reduction in GFR. Furthermore, a stable GFR does not necessarily imply stable disease. Signs of disease
progression, other than a change in GFR, must be investigated, including an increase in activity of the
urine sediment, a rise in protein excretion, or an elevation in blood pressure.382 Removal of an entire
kidney in patients with kidney tumours is associated with a median loss of 35% of renal function.373,383
Such a loss is unlikely to be clinically meaningful in patients with adequate renal functional reserve.
However, as demonstrated, up to 25% of patients with a solitary kidney tumour will have CKD at
baseline, making the loss of an entire kidney a significant risk factor for CKD, and subsequently, for
morbidity and mortality down the road. The risk of stage 3a CKD is nearly four times greater following RN than PN for patients with a solitary tumour and two normally functioning kidneys. When
looking at a considerably more important endpoint of stage 3b CKD (GFR <45 mL/min/1.73m2), the
risk is nearly 12-fold. Based on these outcomes, RN is no longer the treatment of choice for patients
with SRMs, and for patients with compromised renal function and a tumour amenable to alternative
treatment options.384
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6.10.9

Partial nephrectomy

Once considered a surgical alternative reserved for patients with significant CKD at baseline, multiple
tumours, or a solitary kidney, elective partial nephrectomy (PN) has become the treatment of choice
for most SRMs. The impact of PN on postoperative kidney disease may be influenced by a variety
of factors, including ischemia time and type. The significance of ischemia time and type can vary
widely, as reflected by studies examining the impact of renal ischemia on postoperative kidney function.385 Review of the data suggest that a shorter ischemia time and the use of cold ischemia can have
measurable benefits in patients with limited renal reserve (pre-existing CKD or solitary kidney). In
fact, studies on solitary kidneys demonstrate an increased risk of AKI or CKD per additional minute
of warm ischemia time.386
In order to mitigate the impact of ischemia time, hypothermia is commonly employed during PN.
The benefit of cold ischemia appears to be most apparent in patients with low functional reserve (such
as solitary kidney) or those undergoing PN with prolonged ischemia time.374,385
Other methods of minimizing or eliminating ischemic injury include more technically challenging procedures such as clampless PN, selective clamping, and zero-ischemia PN. At this time, these
approaches can only be advocated for patients deemed at risk for poor renal functional outcomes due
to inadequate renal reserve.
There do not appear to be significant differences in renal functional outcomes based on the various surgical approaches to PN, such as open versus laparoscopic or robotic techniques. One would
assume that any perceivable differences between the approaches would be ultimately related to ischemia time and type, as opposed to differences among the surgical techniques.
Ultimately, when assessing functional risk following the various approaches to PN, the most important factors to take into account are baseline kidney function and tumour characteristics. Careful
preoperative assessment of the patient and the tumour will allow for the optimal approach for excision of the tumour and reconstruction of the kidney, thus maximizing renal functional outcomes
and minimizing renal functional risks.

6.10.10

Ablation

Ablative techniques, such as cryoablation (CA) and radiofrequency ablation (RFA), are alternative,
minimally invasive, nephron-sparing approaches for the management of SRMs. Ablative therapy,
particularly percutaneous, is considered a nephron-sparing alternative to PN in patients with significant comorbid conditions or who are poor surgical candidates.327 Several clinical series indicate that
ablation may offer the potential for reduced morbidity and recovery compared with extirpative surgical approaches.387,388 Furthermore, ablation does not require renal hilar clamping, thus minimizing
ischemic damage to the remaining renal parenchyma. Despite these perceived benefits, concerns of
oncologic control remain when compared with PN or RN.
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Studies examining renal functional outcomes in patients undergoing ablation are limited by selection bias and short follow-up. Nonetheless, most series demonstrate either equivalent or superior
kidney functional outcomes.387,388 Thus, ablative therapy may be considered a better treatment option
compared with extirpative surgery in patients with SRMs where the renal functional outcomes are
more important than the oncologic outcomes.

6.10.11

Controversies

Although kidney function is recognized as an important treatment outcome in patients with SRMs,
the significance of postoperative CKD remains controversial. Over the past several years, the definition and staging of CKD have undergone important refinements. The duration and etiology of
CKD have become important components in evaluating the risks and outcomes of patients with
CKD. Even the staging system has undergone modifications, recognizing differences in outcomes for
patients with stage 3 CKD and stratifying these patients in stage 3a and stage 3b CKD.5
The significance of new-onset CKD following surgery, particularly moderate CKD (stage 3a) remains
uncertain. Numerous studies (mainly retrospective cohort studies) have demonstrated non-oncologic and overall survival benefits in patients treated with PN.247,389 The findings have been criticized
since the only randomized trial comparing RN with PN failed to demonstrate an overall survival
advantage in those undergoing PN, despite a substantial reduction in the incidence of moderate renal
dysfunction (eGFR <60 mL/min/1.73m2).3 Furthermore, very few patients went on to develop stage
4 or 5 CKD, underscoring the fact that baseline kidney function may be more important than treatment type in many circumstances.
Kidney Disease: Improving Global Outcomes (KDIGO) guidelines acknowledge that the implications of CKD are dependent not only on the GFR (stage of CKD), but also on the cause of CKD (renal
damage vs. volume loss) and the existing comorbid conditions.5 In patients with SRMs, the development of new-onset CKD following treatment is likely multifactorial, with causes including intrinsic
renal parenchymal damage, surgical loss of renal volume, as well as comorbid conditions. In such
patients, the consequences of kidney disease can be expected to be greater than kidney donors, for
instance, who have healthy renal parenchyma, have few comorbid conditions, and have a lower eGFR
due to loss of an entire renal unit. For patients with poor renal reserve, extirpative surgery will likely
further reduce their GFR postoperatively, and subsequently, increase their risk of end-stage renal
disease and mortality. One must keep in mind that decline in kidney function over time is frequently
nonlinear, and may not be apparent without extended longitudinal follow-up. Therefore, it may take
years before the impact of surgical treatment is recognized.

6.10.12

Conclusion

Proper treatment selection for SRMs is dependent on assessing oncologic risk along with renal functional risk. In some patients, the consequences from renal functional decline following treatment
may be worse than the malignant potential of the tumour. Baseline renal function and tumour characteristics, such as nephrometry, should be carefully assessed prior to treatment in all patients with
SRMs, as they have a significant role in the development of CKD following treatment. For patients
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with low renal reserve, additional tests beyond serum creatinine or creatinine-based formulas may be
required in order to allow for an appropriate treatment that maximizes kidney functional outcomes
and minimizes the risk of complications from CKD. [LOE 3, GOR C]

6.11 Absolute, Relative, and Elective
Indications for Nephron-Sparing
Management of the SRM
6.11.1

Introduction/evolution of definitions

Over the last 3 to 4 decades, increasing utilization of nephron-sparing surgery (NSS) has been
spurred by a combination of factors: increased understanding of the biology of RCC and the deleterious consequences of renal insufficiency, improvements in techniques and outcomes,390,391 as well
as an increase in the proportion of smaller renal masses discovered incidentally.392,393 As outcomes
have improved, and our understanding of physiologic and oncologic processes has increased, there
has been a refinement in the indications for NSS.242 The purpose of this section is to describe these
evolving indications in a historical context, focusing on expanding utilization and the changing
definitions of indications over time, which have resulted from our increased understanding of the
biological processes involved.

6.11.2

Historical background

The reintroduction of PN for cortical lesions in the late 1970s and early 1980s with reproducible
outcomes and decreased morbidity was pioneered by Puigvert,394 Novick,395 Schiff,396 Zincke,397 and
Srinivas,398 among others. They applied knowledge from renal ischemia studies, renovascular reconstruction techniques, and oncologic principles to initially treat patients with imperative indications,
defined as tumour in a solitary kidney, bilateral synchronous renal masses, or patients with known
renal insufficiency, defined as an elevated serum creatinine.394–398
The reproducibility of these early outcomes, in addition to increasing the proportion of incidentally
discovered SRMs due to the expanding application of ultrasonography and cross-sectional imaging
modalities (MRI and CT), ultimately spurred the utilization of NSS for smaller renal masses in an
elective setting, first in the setting of clinical T1 tumours,327,399,400 and now, increasingly for largersized masses.242,401–405
Initially, indications for NSS were classified as imperative/mandatory, defined as tumour in a solitary
kidney, synchronous renal masses, and pre-existing chronic kidney insufficiency, and elective, defined
as having a normal contralateral kidney and/or renal function.394–398 With increasing experience in
and application of NSS, an intermediate class of indications, termed relative, was coined in the early
1990s.406 Initially, this category was composed of patients who, while having normal renal function
overall, were at increased risk due to the contralateral kidney having a history of recurrent infection,
Goals for Evaluation and Diagnosis of the Small Renal Mass
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stone burden, and/or obstruction.407,408 Over time, this latter category has broadened as refinement of
our understanding of the risk factors, and progression and sequelae of CKD has developed,373,387,409,410
thus adding a component of medical risk to pre-existing criteria411–414 while also broadening the scope
of what would be considered a relative and imperative indication.415–417

6.11.3

Broadening the definition of relative criteria

In 2005, Go et al. published their seminal study, which correlated progressively increasing risk with
declining kidney function.354 Further works in the urologic literature demonstrate that a significant
proportion of patients presenting for renal surgery with a cortical tumour and with normal creatinine actually fit into the pre-existing CKD stage 3 category, expanding the proportion of patients
with imperative indications for NSS.373,417
The realm of relative indications has expanded as our understanding of the risk factors and drivers
for chronic renal insufficiency has increased. It now encompasses patients with normal renal function (eGFR >60), but with risk factors for renal degeneration, including, but not limited to, morbid
obesity (body mass index [BMI] ≥40 kg/m2), diabetes mellitus with sequelae (proteinuria, neuropathy), and morbid/severe hypertension (requiring ≥3 antihypertensive agents for stable blood pressure
control).392,414,415 In addition, the traditional anatomical/surgical criteria of a morphologically abnormal kidney (significant stone burden, history of prior infarcts/recurrent pyelonephritis, abscess,
multiple access procedures) may be augmented by quantitative renal functional findings, whereby
the contralateral kidney had <40% overall function or GFR of 30 on the preoperative renal scan.418

6.11.4

 oving forward: impact of surgically induced nephron loss
M
on prognosis and a new synthesis

The publication of EORTC 30904, which revealed no difference in overall survival between RN
and PN for RCC patients,245 even in the setting of significantly improved renal function in the PN
arm,419 has raised questions about the impact of surgically induced nephron loss.418 Indeed, despite
the several valid criticisms of this study, this randomized clinical trial has called into question the
emerging paradigms of NSS and called into question evolving assumptions about the salutary impact
of nephron preservation at all costs, especially in the setting of larger tumours.418
Lane et al. examined the impact of surgically induced stage 3 CKD (eGFR <60) and medically
induced stage 3 CKD in a cohort of over 4,000 patients. They found a significantly greater decrement
in eGFR/year in the medical cohort.420 Subsequent work from Lane et al., and other groups with
longer follow-ups, confirms the durability of these findings, yet suggests a subgroup of patients who
nonetheless develop further functional decline after surgically induced CKD—with a postoperative
eGFR value of 45 being the threshold at which surgically induced nephron loss significantly decreases
overall survival, and with pre-existing medical risk factors and decreasing preoperative eGFR being
independently associated with worsened overall survival.421,422
This work points to a further refining of the elective, relative, imperative criteria and to a subtle, yet
important, shift in what may be considered relative criteria in particular. In the evolving paradigm,
the relative criteria may be considered to be the anatomical factors—compromised contralateral
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kidney (whether anatomically or by renal flow scan criteria)—in addition to the patients with medical risk factors for CKD and those who are at risk for development of postoperative eGFR after RN,
but not PN. In this emerging paradigm, predictive models of renal function that rely on predicting the volume of spared parenchyma and incorporating the influence of pre-existing medical risk
factors may play an increasingly important role.423,424

6.11.5

Conclusion

The definitions and criteria for utilization of NSS have undergone development, which has mirrored the
evolving understanding of the biology of SRMs, as well as the consequences of renal insufficiency and
the impact of surgically induced nephron loss. Further refinement of the criteria for nephron-sparing
intervention is requisite, and will likely involve the incorporation of predictive models of volume of
renal parenchymal preservation in different circumstances and algorithms that incorporate preserved
volume and pre-existing factors that may drive renal insufficiency. [LOE 4, GOR D]

6.12 S
 ummary of
Consensus Statements
Proper treatment selection for small renal masses (SRMs) is dependent on assessing oncologic risk
along with renal functional risk. In some patients, the consequences from renal functional decline
following treatment may be worse than the malignant potential of the tumour.
Renal cell carcinoma (RCC) is both genetically and histologically heterogeneous; thus, establishing
the biological risk of RCC upfront may spare surgical treatment and its potential complications.
The biological risk is multifactorial, including clinical factors (sex, comorbidities, age) and tumourrelated factors (size, growth rate, appearance, location). While tumour size provides insight into the
malignant potential of the SRM, the use of tumour growth kinetics as a surrogate for biological risk is
more questionable, simply, because absence of growth does not rule out inherent aggressive features.
Assessment of tumour complexity, like the R.E.N.A.L. nephrometry scoring system and/or clinical nomograms integrating nephrometric variables with patient age and gender, may provide improved prediction.
In the last several decades, considerable progress has been made in the ability to characterize features
of the cancer phenotype using PET/CT, though its utilization is still far from routine clinical practice.
With biopsy of the SRM becoming more popular, the emergence of genomics, biomarkers, and prognostic models will aid in the future risk stratification of the SRM, but still require validation.
Better understanding of the biological risk of the SRM will impact on the definitions and criteria for
utilization of active surveillance, nephron-sparing surgery, or radical nephrectomy in the treatment
of kidney cancer.
Goals for Evaluation and Diagnosis of the Small Renal Mass
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7.1

Abstract

The use of renal tumour biopsy (RTB) is increasing as indications expand. Case selection and modern
techniques with image guidance have resulted in high success rates for obtaining diagnostic biopsy
material. Pathological handling and interpretation of needle cores, which are preferred to fine-needle
aspiration (FNA) specimens, are now sophisticated, and experienced pathologists can provide very
useful information to guide the clinician in making better treatment decisions. Although there
continues to be controversy regarding the impact of biopsy results on clinical management, there is
increasing evidence that a diagnostic biopsy can reduce unnecessary treatment of benign tumours.
A diagnostic biopsy can also enable initial active surveillance (AS), as opposed to surgical treatment
or ablation in some early-stage malignant tumours in select patients. Systemic treatment options are
increasingly being selected with RTB of the primary tumour in advanced stages of renal cell carcinoma (RCC). There are promising future directions for the interpretation of biopsy material.

7.2

Introduction

Renal tumour biopsy is slowly gaining in popularity. In many institutions, it is not performed except
with tumours that are suspected of being secondary metastases or non-neoplastic. This could be
considered a urological oncology disparity in the management of small renal masses (SRMs) when
compared to the use of biopsy for prostate and bladder neoplasms. Many patients, often older and
infirm, are being subjected to arguably unnecessary treatment of benign renal tumours or renal cell
carcinomas (RCCs) with low risk for progression or metastatic potential, because the treatment decision is not based on pathological sampling. The future of individualizing treatment by risk assessment is moving slowly using biopsy material. The disparity is that we generally perform major
urological surgery for the other common genitourinary malignancies without biopsy. For example,
radical prostatectomy is virtually never performed without multiple biopsies that sample the prostate
cancer as well as the benign-appearing gland. Radical cystectomy is not performed without a transurethral or other biopsy of the tumour, as well as adjacent normal bladder if possible. Orchiectomy
for suspected testicular cancer and nephroureterectomy for upper tract urothelial cancer are the
only other scenarios that have a high rate of extirpative surgery that is not routinely planned with a
preoperative biopsy.
More advanced RCCs are now being biopsied, and we have addressed the reasons and indications.
This practice will undoubtedly continue and probably expand. There is now an extensive and growing body of evidence that RTB is safe and useful in planning treatment. Although there are internet
postings or literature reports about the hazards of biopsy, most are outdated and no longer valid.
The adopters of biopsy will tell you that they rarely encounter serious complications, and that they
perform biopsies on an outpatient basis with rare admissions and virtually unheard-of tumour
complications. This information and experience needs to be taught in order to change practice.
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Renal tumour biopsy is a “team sport” and requires imagers experienced with image guidance and
biopsy technique. We have described what we believe to be the optimal technique. More than 90% of
RTBs should be diagnostic after one attempt. Similarly, pathologists have not always been comfortable with RTBs but, where there is experience, the results are accurate and representative.
The clinical impact of RTB on treatment decision making has been limited by the relatively small
series reported and expert centre-only experiences to date. This is a challenge to those of us encouraging adoption. We hope that this will be rectified with contributions like this, presentations, and
other knowledge transfer (KT) initiatives.
Finally, we are on the cusp of personalizing medicine through a better understanding of genomics,
epigenomics, transcriptomics, metabolomics, and much more, which will open new possibilities for
treatment decision making with tissue obtained by renal biopsy.

7.3

Indications for Biopsy

Percutaneous RTB has historically been used with limited indications including: 1) differential diagnosis of lymphoma and renal abscess, 2) diagnosis of renal metastatic disease in the presence of a
known extra-renal malignancy, and, 3) histological diagnosis of primary renal tumours in the setting
of disseminated metastases or surgically unresectable retroperitoneal tumours. Beyond these indications, biopsies of renal tumours have not been used until recently because of a number of uncertainties regarding safety (risk of tumour seeding along the needle tract and hemorrhagic complications),
diagnostic yield, accuracy, impact on clinical decision making, and, most importantly, the perception that all solid renal masses have malignant potential and should be treated after imaging only.
Most of these uncertainties have now been addressed by the growing experience of urologists and
interventional radiologists performing biopsies, by pathologists interpreting biopsy specimens, and
by the growing number of urologists who now believe that biopsy information is useful in clinical
decision making.
The increasing incidence of SRMs, the development and increasing use of alternative treatments for
localized renal tumours in selected patients, and the discovery of effective biological therapies for
metastatic disease have increased the awareness that the histological characterization of renal masses
is important to personalize treatment for each patient.1
Percutaneous biopsy can provide important information that has the potential for a significant
impact on clinical practice, including:

7.3.1

Reduction of unnecessary treatment of benign conditions

Small renal tumours are frequently benign, with the likelihood significantly increasing with decreasing tumour size.2-4 For example, current abdominal imaging techniques (computed tomography
[CT], multiparametric magnetic resonance imaging [mpMRI], and contrast enhanced ultrasound
456
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[US]) do not allow a reliable diagnosis of oncocytoma. The typical presentation of this tumour as a
hypervascular homogeneous mass with a starry central scar was only reported in a limited number
of cases. No other radiological feature was found to be sufficiently reliable for the diagnosis of this
benign renal tumour, although it must be noted that chromophobe RCC and some clear cell RCC
may also have a central scar.5,6 Furthermore, although most angiomyolipomas (AMLs) are easily
diagnosed at CT scan for their characteristic fat component, fat-poor AMLs (leiomyoma-like and
epithelioid variants) cannot be adequately diagnosed with current imaging.7 Overall, Remzi et al.
reported that only 17% of benign tumours are correctly identified by preoperative imaging.8
Performing a percutaneous biopsy prior to a treatment decision can decrease the number of unnecessary surgeries and ablations for benign tumours, especially in the elderly population with frequent
comorbidities and an increased risk of non-RCC–related mortality.9,10

7.3.2

S
 upport for treatment decision making for localized
renal tumours

While a large proportion of SRMs are benign, many are also low-grade RCCs, which appear to have
a relatively indolent biological and clinical behaviour.11,12
Surgical resection is the gold standard treatment for localized RCC. Renal tumour biopsy is useful
to select patients with SRMs who are suitable for nonsurgical treatment with focal ablative therapies
and AS, especially in elderly patients with reduced life expectancy and higher surgical risk. 10,13,14
Pre-ablation RTB can avoid unnecessary treatment of benign tumours, as well as individualize
follow-up. Active surveillance is a valuable option for patients with low-grade RCC. The presence of
high-grade histology at biopsy prompts consideration of surgical treatment, although the evidence
for this stratification is weak. If a biopsy is nondiagnostic but there are radiological findings suspicious for malignancy, a second biopsy or surgical exploration should always be considered.10
A biopsy may also help to tailor the intensity of follow-up of patients based on tumour histology.
Benign tumours can be followed with less stringent follow-up protocols, thereby reducing radiation
exposure and costs. For AS patients or those who have had ablation therapy for RCC, chest imaging
may be performed annually or more frequently based on clinical behaviour for biopsy-proven highgrade RCC and/or neoplasms displaying rapid interval growth patterns.13,14
Tumour size significantly correlates with diagnostic yield of biopsies. Hence, urologists should be
aware of the higher risk of biopsy failure when biopsies of very small tumours (<1 cm) are performed,
and should inform patients accordingly.
A recent meta-analysis showed a significantly lower specificity and, more importantly, lower sensitivity of RTB of cystic renal masses.15 The new classification of cystic RCC with the introduction of
the term multilocular cystic clear cell RCC of low malignant potential, plus the difficulty biopsying
cystic masses where the solid components are very small, limits the application of RTB in cystic
lesions.16 Percutaneous sampling can be indicated for Bosniak category IV cysts, where clear enhancing solid nodules are visible within the lesion. Cyst fluid rarely demonstrates positive cytology even if
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low-grade RCC is present in the walls, so this is not an indication for FNA of fluid. Certain histologic
subtypes of RCC, particularly small and organ-confined RCC, appear not to metastasize or progress
in the short term. These include clear cell papillary RCC and mucinous tubular and spindle cell
carcinoma (MTSCC).
Biopsy can also be considered if a central lesion or a homogeneous infiltration of renal parenchyma
is observed on scans to rule out urothelial carcinoma or lymphoma, respectively.14 However, when a
urothelial tumour is suspected, the higher risk of tumour seeding should be considered, and patients
should be informed accordingly.
Percutaneous biopsy is increasingly being considered for larger, localized renal masses (T1b–T2).
Although the choice to perform radical nephrectomy versus partial nephrectomy (PN) depends
essentially on the patient’s characteristics and the tumour’s radiological features, histological information from percutaneous biopsy may be helpful for treatment decision in cases with high surgical
complexity, e.g. radical treatment may be favoured in the presence of aggressive, high-grade disease,
and nephron-sparing surgery may be favoured in the presence of benign or low-grade disease with
indolent clinical behaviour.

7.3.3

S
 upport for the definition of treatment success for ablative
focal therapies

Although the outcomes of cryoablation and radiofrequency ablation for SRMs are encouraging,
the risk of residual viable tumour after these procedures is not negligible.17 The major urological
guidelines recommend that a percutaneous biopsy be performed after tumour ablation when a suspicious recurrence or persistence of disease is detected at follow-up imaging.10,13,18 Routine postablation
biopsy may allow a better understanding of the oncological outcomes of minimally invasive ablative
therapies. Preablation biopsy is essential to correlate with the outcomes and plan follow-up.19

7.3.4

S
 upport for treatment decision making for metastatic
renal tumours

The histological diagnosis of RCC with sarcomatoid differentiation predicts a poor prognosis, with
limited response to systemic therapy and less benefit of cytoreductive nephrectomy. Surgical treatment can therefore be avoided in these patients to prevent unnecessary morbidity.20,21 Moreover, the
several available targeted agents for metastatic RCC (mRCC) have different response rates, depending on tumour histotype. For instance, mechanistic target of rapamycin (mTOR) inhibitors demonstrated a better activity compared to tyrosine-kinase inhibitors for metastatic chromophobe RCC.
Likewise, foretinib is an active drug for treatment of papillary RCC, particularly in cases with germline mutations of the MET gene.22,23
Currently, percutaneous biopsy of the primary renal tumour is recommended before starting
systemic therapy for metastatic disease when a cytoreductive nephrectomy is not indicated or when
neoadjuvant systemic therapy is planned.10,14
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Recommended indications for renal tumour biopsy
As the field continues to evolve with further evidence becoming available, routine RTB of all incidentally detected SRMs (including cystic renal lesions, Bosniak IV) is recommended in patients for
whom AS or ablative therapy is being considered to avoid unnecessary treatment of benign tumours
and to individualize therapy [Grade of recommendation (GOR) D, Level of evidence (LOE) 4].
Based on these considerations, percutaneous biopsy of renal tumours maybe useful in several clinical
settings, and is currently recommended for the histological diagnosis of:
Homogeneous infiltration of renal parenchyma to rule out lymphoma [GOR C, LOE 2].


Radiological suspicion of recurrence or disease persistence after renal tumour ablation [GOR C, LOE 2].


Suspicion of renal metastases in the presence of a known extrarenal malignancy [GOR C, LOE 2].


Retroperitoneal tumours involving the kidney when initial surgery is not feasible or indicated [GOR C, LOE 2].

Primary renal tumours with metastatic disease before systemic therapy (RTB is increasingly recommended to select systemic

agents), when cytoreductive nephrectomy is not indicated, or when neoadjuvant systemic therapy is planned [GOR D, LOE 4].

Small renal masses <1 cm are difficult to biopsy, and may be followed until they reach this size [GOR D, LOE 4].


7.4

Technique

7.4.1

Image guidance systems

Renal tumour biopsy is usually performed using US or CT guidance. To our knowledge, there are
no data supporting which of these methods yields the best results. Magnetic resonance imaging is
rarely used.
Ultrasound is a useful technique for visualizing the tumour, and has the advantages of real-time
needle placement, multi-planar imaging, low cost, visualization of vascular structures, and no harmful side effects of radiation.24 Also, with experience, biopsy with US guidance is relatively fast and
takes less time than CT or MRI-guided biopsies. To further improve the reflectivity and visualization
of the needle, the surface of the needle can be coated or scored.25 Another major benefit of US is that
the machines are portable, and examinations can be performed at the bedside when necessary. The
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main disadvantage of US is that not all renal masses can be visualized, particularly in patients with
small and/or endophytic renal lesions and in very obese patients. Some of these problems can be overcome by using intravenous contrast enhancement with microbubbles. However, as the microbubbles
wash out in just a few minutes, this only gives the operator a short window of time to perform the
biopsy. Ultrasound is a very operator-dependent technique and there is a significant learning curve,
which may affect the final imaging results.26 In many centres with extensive US experience, biopsies
are primarily performed with US guidance, and CT is reserved for patients in whom US guidance is
not feasible.
Other centres use CT guidance as the primary technique for RTB.27 Computed tomography has a
higher sensitivity for SRMs than US, particularly when lesions are endophytic. The technique of
CT-guided biopsy is less operator-dependent than US-guided biopsy, although considerable skill is
required for adequate biopsy.26 The detection of lesions is improved by using intravenous contrast
medium. Similar to contrast-enhanced US, CT contrast medium can only provide images during a
limited window of time. However, as renal lesions often show a hypodense appearance compared to
normal renal parenchyma on delayed phase CT imaging, the window of time for needle placement is
often sufficient. Moreover, when the renal lesion shows a contour change on CT, the use of contrast
medium is not always required for visualization of the lesion. Many of the newer-generation CT
scanners are equipped with CT fluoroscopy technology, which enables real-time or almost real-time
imaging during needle placement. Otherwise, the patient has to be moved in and out of the bore.
With fluoroscopy, the procedure time is decreased and may increase the yield of CT-guided biopsies
by more accurate needle placement, as well as a better use of the relatively short window of time
after contrast injection in which the tumour shows optimal visibility. Laser guidance may also be of
benefit to decrease procedure time and increase the accuracy of needle placement.28,29 There are also
some disadvantages associated with the use of CT, such as impaired accuracy of needle placement
due to the patient’s respiratory motion, or the patient’s difficulties maintaining a fixed position while
prone during the procedure.
When choosing an imaging guidance method for RTB, one should consider the tumour accessibility,
availability of imaging modality, personal expertise, and individual case characteristics. A urology
panel recently recommended using US for RTB, citing the benefits of no radiation, low cost, and high
accessibility.30 Computed tomography guidance should be considered when US is not feasible and
such a strategy may be most cost-effective.

7.4.2

N
 eedle core versus fine-needle aspiration biopsy

Core biopsy and FNA are the two most common methods of obtaining renal tumour issue. Some
centres routinely use a combination of FNA and core biopsies where the two are used in a complementary manner.26,31 Core biopsy systems are available with needle diameters ranging from 14 to
20 gauge (G). Most commonly, biopsies are performed using 16- or 18-G needles; these are preferred
over FNA because of superior accuracy. Core biopsy samples may be obtained with needles ranging
in size from 14 to 25 G,32 although 18-G needles are most commonly used.33-38 Data obtained from ex
vivo sampling suggests 18-G needles are superior to 20-G needles for core biopsies;39 however, 20-G
needles may be preferred when patients have preexisting coagulation issues or the biopsy tract will
pass through adjacent organs before reaching the kidney lesion.40 Needles of 18 to 22 G are typically
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used for FNA samples.26,31 If only one modality is used, core biopsy is superior in terms of diagnostic yield for malignant lesions, as well as establishing histologic type and grade.26,33,41,42 If biopsy is
indicated, 90% of the clinicians choose core biopsy rather than FNA.43 The tissue obtained from core
biopsy allows for the assessment of tissue architecture and histologic subtype. Furthermore, there is
likely more material for ancillary studies such as immunohistochemistry (IHC) and molecular studies, if needed.

7.4.3

S
 ubmitting and labelling core biopsy specimens

Core biopsy samples should be placed in containers labelled with appropriate patient identifiers, the
kidney biopsied (left, right, or horseshoe), and further specification such as intrarenal location (upper,
mid, or lower pole) from which cores were obtained. In the setting of multiple masses in the same
kidney, one cannot assume they will all be of the same histologic type or that all will be benign or
malignant.44 Core biopsies obtained from multiple lesions should be submitted to the pathology laboratory in separate, appropriately labelled containers indicating the specific sites in the kidney from
which the various core biopsies were obtained. The accompanying requisition form should include
the number of lesions in the kidney (if more than one), the number of lesions biopsied (if more than
one), the size and location of each lesion biopsied, and the number of cores obtained from each.
Any known history of previous renal neoplasm(s), tumour-related syndrome, or previous nonrenal
malignancy should also be included, as well as information on whether the lesion has been treated by
chemo-/targeted or ablative therapy prior to biopsy.

7.4.4

Number of needle cores for single and multiple tumours

Currently, no consensus has been reached with regard to the optimal number of biopsies that should
be performed for renal tumours. Renal tumours are heterogeneous, so multiple biopsy cores should
be obtained to prevent sampling errors. In an ex vivo investigation, investigators showed that adding
core numbers improved the diagnostic yield, with a similar rate for two-core (63%) and three-core
(67%) RTB.45 Neuzillet et al. reported that 88 RTBs with at least two core samplings resulted in a
90.9% diagnostic yield.46 Similarly, Wang et al. analyzed 110 RTBs and demonstrated that biopsy
with at least two cores resulted in 91% diagnostic yield.47
Although increasing the number of cores is associated with improved diagnostic yield, and biopsy
with at least two cores can result in a considerably higher diagnostic yield, ultimately it is the quality
of the core that defines the success of RTB. Currently, a minimum of two good-quality cores for a
single renal tumour is generally accepted.
For multiple tumours, regardless of whether they are unilateral or bilateral lesions, a single RTB is
insufficient because the histological characteristics may be different among the tumours.8 Hence,
biopsy for each of the visible lesions is recommended, and such a procedure could be completed in a
single- or multiple-stage procedure.
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7.4.5

Use of coaxial technique

Most operators perform core biopsy through a coaxial needle or cannula. The use of a coaxial guide
appears to increase the diagnostic yield of biopsy and improve the standardization of sampling.48
Appelbaum et al. reported a 15% increase of the biopsy success rate without increasing the complication rate.49 However, the effect of coaxial technique on biopsy success rate is yet to be confirmed by
large studies. Due to the large size and rigidity of the coaxial guiding needle, locating and positioning
the needle is facilitated with both US and CT. The coaxial needle allows for multiple needle biopsies
with only one access through the skin and underlying tissues, thereby minimizing the risk of needletrack seeding.50 Moreover, with the use of a coaxial needle, there is no need for needle repositioning
after one pass, which may reduce the procedure time and decrease patient discomfort. Finally, the
reduction in reported tumour seeding has been attributed to the use of a coaxial sheath.33

7.4.6

Location of biopsy

There is no standard pattern for the biopsy location, but, in general, necrotic and cystic areas should
be avoided. Hobbs et al.45 investigated the impact of sampling location on the diagnostic accuracy
of renal mass biopsy in an ex vivo study, and found the cancer identification rate could be increased
by an additional central or peripheral core. They recommend at least two peripheral cores for RTB.
It is generally accepted that selecting the location of biopsy should depend on the tumour size. For
large tumours (>4 cm), the incidence of central necrosis is higher, and a proper sampling pattern will
be of greater importance when compared with smaller tumours.51 An international multidisciplinary
panel recommended sampling different regions, including central and peripheral biopsies for large
tumours.30 Jason et al. reported 122 biopsies in 117 ≥cT2 renal tumours and recommended a multiquadrant biopsy technique for large renal tumours, which is defined as sampling from at least four
separate solid-enhancing areas within the tumour.52 Both US and contrast-enhanced CT may show
central areas of hypo-echogenicity or non-enhancement in renal tumours, and these findings should
be taken into account when planning image-guided biopsy.
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Recommended technique for RTB
Based on these considerations, percutaneous biopsy of renal tumours should:
Be performed with image guidance, usually US where feasible [GOR C, LOE 4]

Be the preferred sampling method for a renal mass or density. Fine-needle aspiration, if used, should be used as a complementary

method and should only exceptionally be the sole sampling method [GOR C, LOE 4].

Be done with a coaxial sheath to improve sampling and safety [GOR D, LOE 5].


Include at least two cores from SRMs [GOR D, LOE 5].


Be done for each SRM if there is more than one tumour [GOR D, LOE 4].

Be done from the peripheral area of the tumour if there are necrotic areas on imaging or from the enhancing areas if cystic

[GOR D, LOE 4].

Sample the tumour as widely as possible [GOR D, LOE 4].


7.5

Safety

7.5.1

Risk of tumour seeding

Although needle-track seeding remains a concern, all six reports dealing with needle-track seeding
after RTB of renal tumours were published prior to 1993 and are anecdotal.53 In 2,474 RTBs reported
up to the year 2000 54 and in all recent reports,1,33 no case of tumour seeding has been reported. This
is most likely related to the use of a sheath or coaxial technique, which reduces needle contact with
the surrounding tissue and allows multiple biopsies to be performed through a cannula.1 The use
of a coaxial technique may not only decrease the chance for inadvertent tumour seeding, but also
facilitates the accuracy and speed of the procedure, and is therefore recommended by most operators.
For more information, see the Technique section of this chapter. Somani et al.55 reported no specific
survival difference after nephrectomy among patients with and without preoperative biopsy. Renal
tumour biopsy should be performed with care when urothelial carcinoma of the upper urinary tract
is suspected, due to the increased risk of needle-track seeding. It is therefore of the utmost importance
to critically review the available imaging prior to each biopsy procedure, and to do urinary cytology
when there is uncertainty about RCC versus urothelial disease.
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7.5.2

Complications

In general, complications due to RTB are self-limiting and minor; however, reporting on complications and the grade of complications have not been standardized in the urology and radiology
literature.
Although initial reports suggested substantial morbidity associated with RTB, contemporary series
report infrequent minor complications (4.7%), exceedingly rare severe complications (0.3%), and no
cases of mortality.54 A recent collaborative review of complications reported significant complications requiring active treatment or hospital admission after 0% to 2% of biopsies.1
There are several major complications associated with RTB. Bleeding is the most common. Of 200
biopsies, a number of mild hematomas were identified on CT scans performed immediately after the
biopsy.56 However, clinically significant renal hemorrhages resulting in hospitalization or blood transfusion were extremely rare (0%–1.3%). A recent study evaluating the experience over the last 13 years
confirms the safety of RTBs, with significant complications occurring in less than 1% of cases.33 Of 24
(4.7%) perirenal hematomas, only one needed transcatheter arterial embolization.33 This group also
reported venous bleeding through coaxial sheath (n=12, 2.4%) treated by using hemostatic agents in 7
of the 12 (58.3%) cases. However, the impact of the use of these hemostatic agents on further bleeding
problems remains unclear. Gross hematuria that may or may not be related to arteriovenous fistula
was reported in 1% (n=5), all of them self-limiting. Additionally, 1 skin hematoma was reported.
The risk of bleeding is believed to be greater with larger (≥18-G) needles, but no study has directly
compared complication rates of biopsies performed with needles of different sizes. Similarly, no study
has clearly assessed the correlation among the number of cores obtained, tumour location, operator
expertise, and rates of post-biopsy bleeding and other complications.1 It is also unclear whether the
above-mentioned coaxial technique decreases the chance for bleeding complications, as it decreases
the number of needle passes through the skin and subcutaneous tissues but not the number of needle
passes into the renal tumour itself. In the prospective study from Vienna41 that included routine US
control 6 hours after RTB, there were no serious adverse events, and 4 of 78 (5.1%) patients showed
a clinically insignificant subcapsular hematoma. Lechevallier reported that, of 565 RTBs, only two
cases of symptomatic perirenal hematoma necessitated hospitalization for surveillance; however,
no intervention was needed.27 It is important to distinguish reports of medical renal disease biopsy
from RTB.
Other nonbleeding complications are extremely rare. Richard et al. reported nausea/vomiting in one
(0.2%), persistent pain in three (0.6%), and dizziness in two (0.4%) of 509 patients.33 The risk of clinically significant pneumothorax is reported to be <1%41 and might be virtually absent when a subcostal needle approach is chosen. The occurrence of pneumothorax can be predicted when the lesion
is located in the upper pole and when a transpleural biopsy route is chosen. A small pneumothorax
can usually be treated by needle aspiration of the pneumothorax, followed by observation. Catheter
drainage is only very rarely required. Procedure-related pain is usually transient and can be treated
with oral analgesics with no need for hospitalization.
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Recommendations regarding safety of RTB
Renal tumour biopsy is safe [GOR C, LOE 3].


Needle-track seeding is extremely rare [GOR C, LOE 3].

Renal tumour biopsy should be performed with care when urothelial carcinoma of the upper urinary tract is suspected

[GOR C, LOE 4].

Complications due to RTB are generally minor and self-limiting [GOR C, LOE 3].


7.6

Pathology Perspectives With
Recommendations and Handling
of Renal Tumour Biopsies

7.6.1

Handling and preparation of needle core biopsies

1. Types of Specimens
Biopsy specimens submitted for histologic and/or cytopathologic assessment from renal masses
include needle core biopsies and FNA samples. Needle core biopsies are preferred. This has been
addressed in the Technique section (section 7.4) of this chapter.
2. Role of Rapid Evaluation, Including Specimen Adequacy
Issues pertaining to the definition of specimen adequacy are discussed later in this section (See 7.6.3
Histologic scope of needle biopsy). Here, we discuss aspects that impact rapid evaluation. Most
institutions do not consistently employ a protocol for rapid evaluation. It has been recommended
that at least two cores of tissue be obtained and immediately examined grossly for adequacy (see
section 7.4). Cores less than 10 mm in length or those that are fragmented, necrotic, or hemorrhagic
should be considered inadequate. The biopsy procedure would ideally be repeated until two suitable
cores have been obtained.32,40,41,57,58 While there is obvious merit in considering grossly necrotic or
hemorrhagic cores insufficient, using core length as a determinant of adequacy is debatable. An 18-G
core biopsy may obtain two 1- to 2-cm nonfragmented cores, but consist only of renal parenchyma
with no lesional tissue. Conversely, several 5-mm core fragments may consist entirely of lesional
tissue (Figure 7-1).
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FIGURE 7-1
A Needle biopsy intending
to sample a renal mass
consisting a 15-cm core
of renal parenchyma with
no diagnostic abnormality.
Such a core would be
considered adequate by
length criteria; however, it
does not contain lesional
tissue.
B Needle core biopsy of a
renal mass measuring
only 7 mm, yet consisting
entirely of clear cell–type
RCC.
C Higher power view of upper
end of core illustrated
in (B).

A

B

C

It therefore follows that core length and/or fragmentation are not reliable predictors of adequacy. The
inclusion of non-tumour renal parenchyma in the core biopsy may be helpful in terms of determining whether a tumour is well demarcated or has an infiltrative pattern, which can be important for
establishing a histologic differential diagnosis.59
Generally speaking, renal cortex immediately adjacent to a mass tends to be atrophic and not representative of the background kidney, and is of limited value in terms of assessing glomerular and/or
tubular morphology.
When core biopsy and FNA are used in combination, FNA can be performed first to confirm proper
positioning of the biopsy needle and/or guiding cannula (if a coaxial technique is used). The FNA
samples are smeared directly onto several slides, air-dried or alcohol-fixed, and rapidly stained with
Diff-Quik Romanowsky-Giemsa (for air-dried preparations) or with hematoxylin and eosin (H&E)
or modified Papanicolaou stain (for fixed samples).26 The resulting slides can be rapidly assessed for
the presence of lesional cells by a cytopathologist or experienced cytotechnologist. This approach
may be of particular value in situations where the diagnostic yield on core biopsy alone could be
lower, such as a completely intraparenchymal (non-exophytic) mass that is smaller than 2 to 3 cm in
dimension.33,35 If a sufficient sample has been obtained, FNA material can also be fixed in 10% formalin, centrifuged, and embedded in paraffin, generating cell blocks for additional cytoarchitectural
assessment, immunohistochemical staining, and molecular or cytogenetic analyses.26,60
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As an alternative to using FNAs to assess adequacy, some centres have used touch preparations on
core biopsy samples.34 Damaging or air drying of the core biopsy and compromising the histology
are possible risks associated with this method if care is not taken to perform the imprint cytology
in a rapid and gentle fashion. Adequacy assessments of this nature are routinely performed in some
institutions; however, this is not a consistent practice. See Section 7.6.2 Recommendations.
Performing frozen sections on freshly obtained core biopsy samples is yet another possible approach
for establishing the presence of diagnostic tissue or obtaining a rapid diagnosis. Assessing frozen
sections will not be as rapid as FNA assessment, nor will it be practical unless a cryostat is located
close to the location where the core biopsy is performed. Frozen sections are typically thicker than
the 3 to 5 µm obtained with paraffin sections, therefore potentially wasting valuable tissue that may
be needed for immunohistochemical workup. Frozen section morphology may be suboptimal and
insufficient for establishing a confident, rapid diagnosis. Finally, freezing the tissue may compromise
the tumour morphology, as well as the ability to perform immunohistochemical staining once the
tissue has been properly fixed and embedded in paraffin. The use of frozen sections for assessment of
core biopsy should be discouraged for all of these reasons.
3. Submitting and Labelling Core Biopsy Specimens
As discussed in the Technique section, core biopsy samples should be placed in containers that are
clearly labelled with patient identifiers, and the kidney-biopsied tumour location.
4. Fixation and Processing
All cores designated for routine processing should be placed in 10% formalin and may be fixed for 12
to 24 hours; however, it is possible to fix the samples for shorter periods without compromising histologic quality if rapid processing with same-day reporting is required.61 As has been found for prostate
biopsies, placing fresh cores between nylon mesh or sponges in a cassette at the time of formalin fixation can increase the chances of getting straight, flat cores that are easily embedded, providing the
greatest amount of tissue for histologic examination.62 Depending on the number of cores submitted,
to further maximize the amount of tissue available for assessment, it is advisable to submit individual cores from the same mass in more than one block, enabling conservation of tissue for ancillary
studies. Another approach to conserve tissue for further studies is to obtain numerous (at least 6)
serial sections from each block, staining various levels with H&E, and saving intervening sections on
charged slides for possible use for IHC. These approaches are not consistently practiced (see section
7.6.2 Recommendations). Immunohistochemical staining panels for most renal tumours are typically in the order of 2 to 5 different stains, depending on the differential diagnosis, and rarely exceed
10.63,64 The need for prospective serial sectioning should be determined by individual institutions,
and factors such as the experience of histotechnologists and the amount of lesional tissue should be
considered (Figure 7-2).
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FIGURE 7-2
A Initial H&E section from
a needle core biopsy
of a SRM showing
predominantly renal
parenchyma, with a
tiny fragment of tissue
suspicious for a neoplasm
on one end of the core.
B Deeper level from the
biopsy revealing more
lesional tissue sufficient
in amount to establish a
diagnosis of AML.
C Higher-power view of upper
end of core illustrated
in (B).

A

B
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5. Snap Freezing of Samples for Cytogenetic and Molecular Analyses
Core biopsy samples have been found to be suitable for a variety of genomic, molecular, and cytogenetic assessments.65-68 If this is required for patient care, clinical trials, or tissue banking for translational research, additional cores of fresh tissue can be placed in cryomolds containing optimal
cutting temperature (OCT) frozen section medium or nunc tubes, snap frozen, and stored in liquid
nitrogen. These cores can subsequently be thawed and used as required for histopathologic review or
a variety of molecular analyses.
In terms of patient care, it is important that snap frozen core(s) not be used for any research purpose
until a morphologic diagnosis has been established using diagnostic cores processed in the standard
way. The core(s) designated for diagnosis at the time of core biopsy can be nondiagnostic, creating the
need to examine the research core in the hope of establishing a tissue diagnosis.
Studies demonstrating the feasibility of performing fluorescence in situ hybridization (FISH) and
molecular diagnostics on core biopsy samples are based on ex vivo core biopsy and FNA sampling65-67
of nephrectomy specimens, as well as percutaneous core biopsy.69 These techniques may be of particular benefit in sub-classifying renal tumours when IHC is inconclusive; however, they are only available in selected institutions at this time. Fluorescence in situ hybridization using commercially available probes69 can be performed on core biopsy, FNA samples, and touch preps made from core biopsy,
as well as formalin-fixed paraffin-embedded cell blocks made from FNA samples.
Molecular studies requiring DNA and/or RNA for profiling and genetic sequencing can also be
carried out on biopsy material, as sufficient amounts of these analytes can be obtained from a single
core biopsy,65 the proviso being that the core biopsy contains lesional tissue. The use of these techniques to more precisely characterize tumour subtypes and identify potential therapeutic targets
is expected to grow significantly as we move further into the era of personalized medicine.60 See
sections on Role of Molecular Studies and Future Directions, later in this chapter.
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7.6.2

Recommendations for handling and preparation of needle
core biopsies

Rapid evaluation with a determination of specimen adequacy is very valuable, and pathologists should consider providing this


service. The need for such an approach should be determined institutionally because of the importance of rapid evaluation as
the best practical opportunity to receive adequate material for appropriate diagnosis. [GOR D, LOE 4]

It is optional to procure additional tissue cores and snap freeze them for cytogenetic and molecular analyses. This determination


should be made based on patient care needs, as well as research and tissue banking protocols in place at an institutional level
[GOR D, LOE 4]

Specimen handling:
If multiple cores from a single lesion are submitted in one container, we recommend submission of individual cores in more than

one block to enhance the ability to perform additional studies, if necessary [GOR C, LOE 4]
We recommend multiple prospective serial sections for renal core biopsies, up to six blanks with the first and last levels stained

with H&E, and the remaining levels saved on charged slides for prospective IHC [GOR C, LOE 4]

7.6.3

Histologic scope of needle biopsy

Defining the pathologic process
The accuracy of determining the nature of a mass-forming lesion in the kidney has been excellent
for biopsies determined to be diagnostic. The nomenclature promulgated in the WHO classification of urogenital tumours 2016 (WHO “blue book”) (Table 7-1) should be used.70 A systematic and
algorithmic approach is recommended (Figure 7-3). This includes the identification of both benign
and malignant processes. Benign processes that are reliably diagnosed on needle biopsies are largely
restricted to benign neoplasms, including oncocytoma, AMLs, and others. In those series, making a
specific diagnosis of oncocytoma or considering a diagnosis of oncocytic neoplasm as benign was the
most commonly rendered benign diagnosis (39%–81% of benign diagnoses).28,33,35,41,47,71-73
The identification on non-neoplastic mass-forming lesions is much more problematic. Gellert et al.34
reported that 2 of 218 biopsies (0.9%) yielded non-neoplastic tissue diagnostic of an inflammatory
process (xanthogranulomatous pyelonephritis and abscess). Similarly, Lebret et al.28 considered 5
of 94 diagnostic biopsies (5.3%) to be diagnostic of xanthogranulomatous pyelonephritis or abscess.
In another report, Shah et al.74 found 2 of 52 adequate biopsies to represent inflammatory processes
(xanthogranulomatous pyelonephritis and granulomatous lesion). Volpe et al.58 reported 4 of 84 diagnostic biopsies as “inflammatory lesion”75 or “fibrotic lesion,”75 and Veltri et al.76 considered 8 cases
(6%) to be diagnostic of “fibrous tissue/complicated cyst.” Given the difficulty of excluding inflammation and/or fibrosis representing a response to a tumour, a definitive diagnosis of an inflammatory
process is best made in conjunction with the clinical and radiological findings.
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TABLE 7-1 World Health Organization (WHO) (2016) Classification of Tumours of the Kidney70
Clear cell RCC
Multilocular cystic renal neoplasm of low malignant potential
Papillary RCC
Hereditary leiomyomatosis and RCC (HLRCC)–associated RCC
Chromophobe RCC
Collecting duct carcinoma of the kidney
Renal medullary carcinoma
Microphthalmia transcription factor (MiT) family translocation carcinomas
Succinate dehydrogenase (SDH)–deficient RCC
MTSCC
Tubulocystic carcinoma
Acquired cystic disease–associated RCC
Clear cell papillary RCC
RCC unclassified
Papillary adenoma*
Renal oncocytoma
Metanephric tumours
Nephroblastic and cystic tumours occurring mainly in children
Mesenchymal tumours
Mixed epithelial stromal tumour family
Renal hematopoietic neoplasms
Neuroendocrine tumours
Germ cell tumours
Metastatic tumours
* A diagnosis of papillary adenoma in needle biopsies should be made with extreme caution because the presence of capsule or
grade heterogeneity issues may not be visualized in biopsies.
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FIGURE 7-3
Diagnostic Approach to Needle Core Renal Biopsies
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Oncocytoma
Renal oncocytoma is the most frequent benign lesion diagnosed on biopsies of renal masses, accounting for 50% to 81% of cases.28,33,35,72,74,76 Renal oncocytoma is made up of cells with moderate to abundant granular eosinophilic cytoplasm (Figure 7-4).77,78 The cells have uniform round nuclei with
visible nucleoli. Mitoses are absent or, at most, vanishingly rare. In about a third of cases, pronounced
degenerative nuclear atypia is present. Architecturally, the tumour has variably sized solid nests,
tubules, and small cysts. The nests can be closely packed but, in almost all cases, areas with a loose
hypocellular stroma are present. Observation of necrosis, mitotic activity, solid growth, and nondegenerative atypia (pleomorphism with nuclear chromatin alternations) is inconsistent with the
diagnosis of renal oncocytoma. The list of renal epithelial tumours that can have eosinophilic cytoplasm is long and includes chromophobe RCC (particularly the eosinophilic type), papillary RCC,
clear cell RCC, MiTF family translocation carcinomas, acquired cystic disease–associated RCC,
SDH-deficiency–associated RCC, HLRCC-associated RCC, collecting duct carcinoma, and unclassified RCC. The major problems, however, are chromophobe RCC, so-called hybrid tumours, and
tubular patterns of papillary RCC. Immunohistochemistry and histochemistry may or may not be
helpful in the diagnosis (see following section).63,64
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FIGURE 7-4
Renal Oncocytoma
A Low power
B High power

A

B

Rendering a specific diagnosis of oncocytoma on a biopsy specimen remains a controversial issue
among specialized urologic pathologists. Oncocytoma has been included as a diagnostic category
in most of the published biopsy series.28,35,38,41,47,52,64,72,74,76,79,80 Other authors have used terms such
as “renal neoplasm consistent with oncocytoma,” “low grade oncocytic renal cortical neoplasm,
favour oncocytoma,” “oncocytic neoplasm suggestive of oncocytoma,” “oncocytic renal neoplasm
with features most consistent with oncocytoma,” or simply “oncocytic neoplasm.”33,34,58,59,73 If typical diagnostic features of renal oncocytoma are observed in a needle biopsy, the diagnostic term
“renal oncocytic neoplasm with features consistent of renal oncocytoma, see comment” may be used
(Figure 7-5). Even in cases where morphology of chromophobe RCC may be additionally encountered, the prognosis for small organ-confined tumours is extremely favourable. Those authors using
such qualified terminology have nonetheless placed these lesions in the benign diagnosis category
while reporting their studies.
The concern regarding making a specific diagnosis of oncocytoma has largely revolved around the
differentiation from so-called hybrid tumours that have areas mimicking both oncocytoma and
chromophobe carcinoma. These tumours have been referred to as hybrid oncocytic/chromophobe
tumour.70 These tumours are most often reported in the setting of renal oncocytosis81,82 and BirtHogg-Dubé syndrome83,84 although rare de novo cases also occur.85-87 In Birt-Hogg-Dubé syndrome,
these tumours have FLCN gene mutations and fall within the range of renal tumours found in that
clinical syndrome.88 In renal oncocytosis, it has been shown that these tumours lack the cytogenetic features of chromophobe RCC, and have been considered in that setting to represent a type
of renal epithelial neoplasm specific to that entity.82 De novo hybrid tumours have also been shown
to lack the genetic features of chromophobe RCC.86,87 The concern about misdiagnosis is somewhat
allayed by the excellent prognosis these tumours (sporadic and in renal oncocytosis) have had, with
no examples of metastases in the reports to date in small organ-confined tumours lacking sarcomatoid change.80-82,86,87,89
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FIGURE 7-5
Renal Oncocytic Neoplasm
In this example, a definitive
diagnosis between an oncocytoma and a chromophobe
RCC cannot be made.
A Low power
B High power

A

B

Based on the review of needle biopsy series, it is evident that many authors are comfortable with
making a specific diagnosis of oncocytoma, while other authors have recommended a noncommittal
approach, as outlined above. For the authors making the diagnosis of oncocytoma, most recommend restricting the diagnosis to those cases with typical morphologic features and supportive ancillary studies, including Hale colloidal iron staining and IHC.5-7,13,21,28,58,72,74,80 The antibody uniformly
included in these recommendations is cytokeratin 7, with selected others such as vimentin, S100A1,
CD117, alpha-methylacyl coenzyme A racemase (AMACR), CD10, and E-cadherin included in some
panels.28,58,64,72,74,80 Regardless of the approach, in virtually all series these tumours are placed in the
benign category. Either approach to diagnosis is reasonable, and we would not specifically advocate
for either.
Angiomyolipoma
Renal AML is the second most frequent benign diagnosis on needle biopsies of renal mases, accounting for 9% to 28% in larger series.28,35,47,58,72,73,76 Most cases of renal AML can be diagnosed by imaging
based on the presence of adipose tissue within the lesion. Some AMLs are smooth muscle predominant and have minimal fat, and these are the tumours most likely to be biopsied and/or resected.90 In
most cases, these are readily recognized by the presence of smooth muscle bundles and thick-walled,
malformed blood vessels. Smooth muscle cells can be spindle shaped to more epithelioid. Nuclear
atypia can be present, but mitoses are distinctly uncommon. Perivascular sclerosis can produce a
trabecular architecture. Fat can be minimal or absent.
In pure smooth muscle lesions, the possibility of a smooth muscle neoplasm (leiomyoma/leiomyosarcoma) could be considered. In such cases, the diagnosis is readily confirmed by IHC. The presence
of large ganglion cell–like cells with or without mitoses or necrosis should prompt consideration
of an epithelioid AML. These tumours can have pure histology or can be mixed with more typical
AML. In patients with tuberous sclerosis, rapid change in size or an atypical radiological appearance in a lesion can prompt a needle biopsy. In some instances, this can be due to development of an
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epithelioid AML91,92 or RCC.93,94 The possibility of a sarcomatoid carcinoma can be considered when
the sample is limited and nuclear atypia is present; however, the degree of pleomorphism and mitotic
activity associated with this are absent in AML. The spindle cell component of MTSCC can closely
resemble smooth muscle, and the presence of tubules or mucin in the background should suggest
the possibility.
Other
A number of other benign neoplasms have been reported in needle biopsy specimens, including
metanephric adenoma (Figure 7-6),33,35,47,76 leiomyoma,33,76,95 mixed epithelial and stromal tumours,47
and benign cysts.47,76 Metanephric adenoma is distinctive with small, bland cells with scant cytoplasm arranged in tiny nests or tubules, often in a dense fibrotic stroma (Figure 7-5). The tubules can
be branching, and intratubular proliferations forming glomeruloid structures can be seen. Mitoses
are absent or, at most, rare. Psammomatous calcifications are common and can be numerous. Major
differential diagnostic considerations are epithelial-predominant Wilms’ tumour and pure tubular
patterns of papillary RCC. In challenging cases, IHC can usually resolve the diagnosis.
The 2016 WHO classification of renal tumours includes a revised definition for papillary adenoma.96
The revised criteria include increasing the size allowed from 5 mm to 15 mm. Additional criteria
include a nuclear grade of 1 or 2, and the absence of a pseudocapsule. The new size criteria will therefore include lesions that are likely to undergo needle biopsy. Because of the grade and capsule criteria,
a definitive diagnosis probably should not be rendered on needle biopsy, although if the size of the
mass is known, the possibility of papillary adenoma could be suggested.
FIGURE 7-6
Metanephric Adenoma
A Low power
B High power

A

B

2) Histologic characterization of the neoplastic process
The vast majority of malignant renal masses subjected to biopsy are RCCs. In most series, these
account for more than 95% of cases.28,33,34,38,41,58,72,73 Less frequently, urothelial carcinoma presents
as a mass lesion and is diagnosed by percutaneous needle biopsy.28,34,41,58,72,73 In some cases, it is not
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possible to specifically classify the origin of the carcinoma.58,72 Occasional examples of metastatic
carcinoma involving the kidney are included in published series (Figure 7-7).28,33,34,47,58,72 Finally,
other tumours, such as sarcoma and lymphoma, can be recognized.28,34,47,74,76 The accuracy of properly classifying the nature of the neoplastic process has been very high, with most series reporting
between 95% and 100% agreement between biopsy and resection specimens.34,35,41,47,58,72,73,76
FIGURE 7-7
Metastatic Adenoid Cystic
Carcinoma From the Parotid
Gland to the Kidney

A

B

The possibility of urothelial carcinoma should be considered when the tumour demonstrates an
infiltrative growth pattern with associated stromal desmoplasia. These tumours can have an intratubular growth, and this can be recognized in some cases. The presence of squamous differentiation
in a high-grade tumour would also strongly suggest urothelial origin (Figure 7-8). When urothelial
carcinoma invades renal parenchyma, it can closely mimic collecting duct carcinoma, and that is
the major differential diagnosis. Other considerations would include renal medullary carcinoma,
HLRCC-associated RCC, and metastatic carcinoma. In most problematic cases, the distinction of
urothelial carcinoma from RCC can be made with selected immunohistochemical stains (see discussion below).
In very rare cases, especially if adequate tissue is not available for immunohistochemical studies,
the diagnostic term “unclassified carcinoma, differential diagnosis includes renal versus urothelial
versus metastatic” may be used.
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FIGURE 7-8
Urothelial Carcinoma of
the Pelvicalyceal System
Secondarily Involving the
Renal Parenchyma
A Low power
B High power

A

B

3) Histologic subtyping of RCC
The current classification of RCC is complex and includes a large number of recognized entities (Table
7-1).70 Fortunately, over 95% of cases are accounted for by the four most common types of RCC: clear
cell RCC, papillary RCC, chromophobe RCC, and clear cell papillary RCC. Not surprisingly, then,
the literature has repeatedly reported a high degree of accuracy in subtyping RCC on needle biopsy.
In a review published in 2014, Gellert et al.34 found that the accuracy of subtyping RCC ranged from
78% to 100% in contemporary series (2007–2013). The overall accuracy was 93%, based on the 547
cases summarized.28,41,47,58,72,75,79,95 In their experience, the accuracy was 97%, but this was based on
only a small percentage (22%) with biopsy/resection correlation. In a recent large series, Richard et
al.33 reported on their experience with RTB of 529 patients with tumours ≤4 cm, where paired biopsy
and resection specimens were available for 166 of the cases diagnosed as RCC. Subtyping was accurate in 155 of the 166 cases (93.4%). It is beyond the scope of this section to provide a detailed review
of the histology of all the types of RCC; however, the most common types of RCC with selected
comments are provided below. The IHC of the tumours is detailed in a later section.
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Clear cell RCC
FIGURE 7-9
Clear Cell RCC
A Low power
B High power

A

B

Clear cell RCC is the most common type of RCC diagnosed on needle biopsy. Morphologically, the
tumour consists of cells with moderate to abundant clear cytoplasm arranged in nests, tubules, and
alveolar structures. A fine sinusoidal vascular network is characteristic (Figure 7-9). In some cases,
the cells have granular eosinophilic cytoplasm, usually associated with higher-grade tumours, but
retain the architectural features. Areas of cyst formation, fibrosis, and necrosis can be present.59,97-99
Well-defined papillary architecture and/or psammomatous calcifications should indicate an alternate
diagnosis such as a papillary RCC, with cells having clear cytoplasm or an MiTF family translocation
carcinoma. Growth in broad trabeculae or prominence of the cell membrane raises the possibility of
a chromophobe RCC. The presence of branching tubular structures, particularly with short, stubby
papillary infoldings, raises the possibility of clear cell papillary RCC, as does the presence of prominent stroma with a smooth muscle or smooth muscle–like appearance. The latter also can be present
in RCC with angioleiomyoma-like stroma. In any case where a tumour at first glance suggests clear
cell RCC but unusual features are present, confirmation of the diagnosis by IHC is recommended.
Papillary RCC
Papillary RCC is the second most frequent type of RCC encountered. These tumours are characterized by the presence of well-formed papillary structures, although tubular and solid architectures
can be seen (Figure 7-10).100-102 Tumour cells range from small and cuboidal with scant or basophilic
cytoplasm to large and columnar with eosinophilic cytoplasm. Nuclei tend to be uniform and round.
The tumour cells can be arranged as a single layer or with pseudostratification. In many cases, foamy
macrophages are present in the papillary stalks and hemosiderin deposition can be prominent,
including in the cytoplasm of tumour cells. Psammomatous calcifications can be present. Type 1
tumours characteristically have a single cell layer with most being low nuclear grade and composed
of cells with scant to basophilic cytoplasm. In contrast, type 2 tumours have pseudostratification,
with most made up of cells with high nuclear grade and abundant eosinophilic cytoplasm. Papillary
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RCC with voluminous, finely granular, evenly distributed eosinophilic cytoplasm and oncocytomalike nuclei have been called “oncocytic papillary RCCs.” The nuclei are typically single layered and
linearly arranged. Oncocytic papillary RCC has not been formally accepted as a subtype of papillary
RCC in the new WHO classification.70
FIGURE 7-10
Papillary RCC
A Low power
B High power

A

B

When well defined, papillary structures are present with solid areas mimicking clear cell RCC, an
MiTF family translocation carcinoma should be considered. If there is an associated high-grade
infiltrative component and cells having macronucleoli (“viral inclusion-like”), an HLRCC-associated
RCC should be entertained. Similar tumours with the papillae less well defined should also suggest
the possibilities of collecting duct and medullary carcinomas. Short, blunt papillae within branching
ducts or cystic spaces and composed of clear cells would indicate a clear cell papillary RCC. When
tubular architecture predominates and there is mucinous material in the background, MTSCC is a
possibility. The tubular pattern when composed of cells with eosinophilic cytoplasm can mimic renal
oncocytoma. The message is that, for tumours with papillary and/or tubular architecture where the
appearance is not typical, alternate diagnoses must be considered.
Chromophobe RCC
Chromophobe carcinoma is the third most common type of RCC.103-105 Morphologically, there are
two patterns that are characteristic. The typical or classic type is composed of variably sized but
mostly large cells with pale eosinophilic to clear cytoplasm (Figure 7-11). Concentration of cell
organelles at the periphery results in prominent eosinophilia resembling a thick cell membrane
producing the plant cell–like appearance. Nuclei are often large and can have a striking wrinkled or
“raisinoid” appearance. Binucleation is common. The cells are arranged in broad trabeculae or sheets
with prominent vessels. The eosinophilic variant has small polygonal cells arranged in closely packed
and relatively uniform nests. Individual cells have eosinophilic cytoplasm and often have a zone of
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prominent perinuclear clearing. The nuclei tend to be round and uniform, with small or inconspicuous nucleoli. The nests are separated by a prominent vascular network. Edematous areas can result in
the nests being pulled apart in cords and variable cell clusters.
FIGURE 7-11
Chromophobe RCC in a
Needle Biopsy
A Low power
B High power

A

B

When the classic type of chromophobe RCC is considered, the presence of a more nested or alveolar
architecture raises the possibility of clear cell RCC. Similarly, somewhat smaller cells with more
optically clear cytoplasm also would suggest clear cell RCC, or even an MiTF family translocation–
associated carcinoma. For the eosinophilic variant, the presence of more variability in the size of the
nests, prominent tubular differentiation, or a separation of the nests in a loose hypocellular stroma
would make renal oncocytoma a strong consideration. Prominent cytoplasmic vacuoles should
prompt consideration of a SDH-deficiency–associated RCC. Any papillary architecture, the presence
of foamy histiocytes, or hemosiderin deposition would bring papillary RCC into the differential diagnosis. Immunohistochemistry, as detailed below, can be helpful in these various differential diagnosis considerations. In some cases of oncocytic renal tumours where the nuclear and/or cytoplastic
features are not diagnostic for chromophobe RCC, and depending on how suggestive the diagnosis
is, in needle biopsy settings descriptive diagnoses such as “renal oncocytic neoplasm, cannot rule out
chromophobe RCC” or “renal oncocytic neoplasm favour chromophobe RCC” may be used.
Clear cell papillary RCC
Although only recently added as a distinct tumour to the classification of RCC, clear cell papillary
RCC is now generally acknowledged to be the fourth most common type of RCC.106,107 These tumours
are almost always partially solid and partially cystic, are composed of cells with clear cytoplasm, and
are of low nuclear grade (1 or 2) (Figure 7-12). Other characteristic features are a tubular architecture
with branching tubules, short blunt papillae within tubules or cysts, nuclei located toward the apical
end of the cells, and a prominent stroma that can have smooth muscle features.
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FIGURE 7-12
Clear Cell Papillary RCC
A Low power
B High power

A

B

This tumour can have areas that are virtually indistinguishable from clear cell RCC, with small nests
and a prominent sinusoidal vascular network. In the absence of the characteristic features described
above, clear cell RCC should be excluded by IHC. When the smooth muscle stroma is prominent
or hemangioma-like areas are present, the possibility of RCC with angioleiomyoma-like stroma is
considered. It is currently debated whether this tumour falls within the spectrum of clear cell papillary RCC or represents a distinct tumour type.108-110 If papillae are well developed, the possibilities of
MiTF family translocation–associated carcinoma and papillary RCC should be considered.
RCC, Unclassified
Renal cell carcinoma, unclassified is not a distinctive type of RCC but a diagnostic category of tumours
that do not fit any of the subtypes of RCC. Some tumours may be low grade, including tumours
with extensive cytoplasmic eosinophilia in which the differential diagnosis includes oncocytoma,
although most cases are high grade (Figure 7-13). Although there are no formal studies, a higher
number of cases in needle biopsies may be unclassified compared to in resection specimens where
there is the possibility of having multiple sections to appreciate the architectural and cytological
features, as well as adequate material to perform immunohistochemical studies for more appropriate
classification. In needle biopsy specimens, due to inherent limitation of amount of tissue, “RCC, not
otherwise specified, further histologic subtyping not possible in needle biopsy material” may be used.
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FIGURE 7-13
Unclassified RCC
This high-grade carcinoma
does not have histologic
features specific or diagnostic for any of the subtypes
of RCC.
AH
 &E;
B PAX 8 IHC supporting a
renal histogenesis for
this carcinoma.

A

B

4) Histologic grade of RCC
Nuclear or nucleolar grading has been shown to be a significant prognostic indicator for clear cell RCC
and papillary RCC.111,112 Its significance in chromophobe RCC has been the subject of debate for many
years and, in general, it is not considered to be a proven prognostic parameter in these tumours.113,114
For the most part, there are insufficient data on the role of nuclear or nucleolar grading in other types
of RCC. Nuclear grading using the system of Fuhrman et al.115 has been the standard for over three
decades, with substantial supporting data in the literature. It has, however, been recognized that most
urologic pathologists have focused primarily on nucleolar size and, to a lesser degree, on nuclear shape
and pleomorphism in assigning Fuhrman grade.116-118 For that reason, this generally accepted application has been codified by the International Society of Urological Pathology (ISUP) as the ISUP grading system, and has been subsequently adopted by the WHO in 2016.70,118 The current ISUP/WHO
grading system is recommended, and the Fuhrman grade should also be reported until there is more
widespread understanding about the former (in reality, in most urologic pathologists’ hands the ISUP/
WHO and Fuhrman grade will be identical in practically all clear cell and papillary RCCs). There are,
at the present, few studies that have used the ISUP grading system as defined in 2012. It should also be
noted that all of the needle biopsy series to date have utilized Fuhrman grading alone.
Grade heterogeneity in RCC is well recognized, and data in the literature support the assignment of the
highest grade present as the most prognostically relevant. Grade heterogeneity has been shown to be
significant even in SRMs.71 This heterogeneity and the likelihood of under-grading on needle biopsy is
well recognized and has been addressed in several reports. Overall concordance between biopsy and
resection grade has ranged from 38% to 76%.28,33,34,38,41,52,75,79,119-121 Regarding the frequency of upgrading from low (grades 1 and 2) to high (grades 3 and 4) nuclear grade, results have ranged from 6% to
50%.28,33,34,38,41,52,79,119,121 Over-grading is also described but is much less frequent. Given the limitations
on grading in needle biopsies, it has been recommended that grade be assigned using the phrase “at
lease grade X” to highlight this uncertainty.
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5) Reporting of other prognostic parameters
There are a number of other morphologic parameters beyond histologic type and nuclear grade that
have been demonstrated to be of prognostic significance. Sarcomatoid change in any type of RCC
is associated with a poor prognosis. This can be seen in needle biopsy specimens and, when present, should be reported.52,120 In a series of biopsies of large (≥cT2) renal masses, Abel et al.52 identified sarcomatoid change in 87% of tumours where it was present in the resection specimen using
a technique with 4 cores taken from different areas of the tumour, compared to 25% when a standard approach was utilized. Microscopic tumour necrosis is also known to be significant prognostic
feature for clear cell RCC and is included in the Mayo Clinic SSIGN score.122,123 This has also been
found in papillary RCC, though with more limited data.124 More recently, the presence of microscopic necrosis has been used in conjunction with ISUP grading to create a new grading system that
uses both parameters.118 Bernhard et al.38 identified microscopic tumour necrosis in 10% of needle
biopsies in a group of tumours that, on resection, had necrosis present in 28% of cases. Microscopic
lymph-vascular invasion has been studied in resection specimens and correlates with increased
tumour recurrence and decreased cancer-specific survival.112 Identification has not been described in
biopsy series but could be reported if present. Finally, the biopsy could demonstrate tumour invasion
beyond the renal parenchyma and, if this is present, it should be reported. There have been no studies
that have reported on the frequency of this observation in needle biopsy specimens.
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Recommendations for histologic scope of the needle core biopsies

The diagnostic nomenclature recommended for use in renal core biopsies is the WHO 2016 Classification System (Table 7-1)

[GOR B, LOE 3].

The diagnosis of renal oncocytoma should be made with caution in needle core biopsies. If a definitive diagnosis of renal


oncocytoma is made, it requires rigid morphologic criteria combined with supportive histochemical and immunohistochemical
studies. In cases with classic diagnostic features, we recommend the diagnostic terms “renal oncocytoma” or “renal oncocytic
neoplasm with features consistent of renal oncocytoma.” In other circumstances, the term “renal oncocytic neoplasm” may be
used with an explanation in the comments explaining which features are unusual for an outright diagnosis of renal oncocytoma
[GOR C, LOE 4].

An attempt to further subclassify RCCs should be made in every case. Before a diagnosis of “RCC, unclassified type” or “RCC, not


otherwise specified, further histologic subtyping not possible in needle biopsy material” is rendered, metastasis and urothelial
carcinoma should be ruled out based on morphologic and/or immunohistochemical criteria [GOR B , LOE 3].

The highest (majority of cells in a single high power field) histologic grade observed in a carcinoma should be provided. Due to


grade heterogeneity in RCC, the recommended diagnostic term should include “at least grade X” to acknowledge the uncertainty
that a higher grade may be present [GOR B, LOE 3].

For the common subtypes of RCC, specifically clear cell and papillary RCC, the ISUP/WHO grading system is recommended for

use.70 There is no accepted grading system for chromophobe RCC and rarer subtypes of RCC [GOR B, LOE 3].

In needle biopsies, other adverse prognostic parameters should be reported only if observed. These include sarcomatoid change,


cells with rhabdoid features, necrosis, vascular-lymphatic invasion, and tumour infiltration of adipose tissue (suggesting pT3
disease) [GOR B, LOE 3].
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7.6.4

Role of Immunohistochemistry

Renal neoplasms are a heterogeneous group of lesions that span the spectrum from primary epithelial-derived tumours to mesenchymal and metastatic tumours. While most primary neoplasms have
characteristic morphological features, some share histological features, at least focally, while others
can express significant morphological heterogeneity within different areas of the same tumour mass.
High grade and poorly differentiated tumours can present a significant diagnostic challenge, an issue
that is magnified in needle biopsy samples. Because tumours commonly harbour a characteristic
antigenic phenotype, IHC can be a valuable adjunct in establishing a precise diagnosis.34,63,64,125
Several guiding principles should always be followed when using IHC assays to evaluate a lesion:
a. Antibodies should be applied in panels rather c. Antibody panels should be modified over
than singly, and the panel should be tailored
time, as novel markers are clinically validated
to the differential diagnosis being considered.
and found to be superior in sensitivity and
b. Qualitative and quantitative characteristics of
specificity.
the stain should be taken into consideration.
The ISUP has recently provided several best practice recommendations in the application of IHC in
urologic pathology in general, and kidney tumours in particular.126
1) Determination of primary site and cell of origin
Both primary and metastatic tumours may involve the kidney. Apparent primary tumours may be of
epithelial, mesenchymal, or even hematolymphoid origin. A proper clinical history is critical in the
pathological evaluation of needle biopsy material and should be provided by the submitting clinician. If a patient with a renal mass is known to have a primary tumour elsewhere, knowing this
information will direct the pathologist on how to work up the case. For example, in the case of
adenocarcinoma of the lung, not only is the antigenic make-up of this tumour distinct from virtually
all renal epithelial neoplasms (thyroid transcription factor 1 [TTF-1] and napsin positive while PAX8
negative), but the pathologist will be sure to preserve tissue for mutational profiling, which could
inform subsequent systemic therapy. Other examples include melanoma (cytokeratin negative while
S-100 and HMB-45 positive), which may require BRAF testing, and lymphoma (cytokeratin negative
while positive for various lymphoid markers, depending on cell lineage), which may be critical for
establishing proper therapy.
PAX8 is the most useful IHC marker for establishing a diagnosis of a primary renal neoplasm, as it is
expressed in all RCC subtypes with a sensitivity of 95%.63,127,128 The monoclonal antibody to this transcription factor (PAX8R1) exhibits a greater degree of specificity in staining virtually all RCC, as well
as Müllerian and thyroid neoplasms. However, it is important to recognize that up to 20% of upper
tract urothelial tumours can be PAX8 positive, an important potential pitfall. Urothelial tumours
are usually immunoreactive for GATA3, as well as p63 (clone 4A4) and high molecular weight cytokeratin 34ßE12, a combination of antigens rarely, if ever, expressed in renal cortical neoplasms.129-131
Given its poor specificity, the RCC marker antigen is of limited utility, as it is expressed in a significant percentage of other primary carcinomas such as breast, lung, colon, and adrenal. As such, usage
should be limited to very specific circumstances and never outside of a panel.132-134 It is important to
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keep in mind that several IHC markers, such as TTF-1, the intestinal marker CDX2, prostate-specific
antigen (PSA), and estrogen receptor, are almost always negative in renal neoplasms. As such, positive staining for any of these analytes is strong evidence against a primary RCC.
The diagnosis of AML is usually made radiographically, given its trilineage differentiation and presence of fat density. However, its cellular components can be quite variable, with some cases being
predominantly composed of smooth muscle, epithelioid cells, or, less frequently, fat. It is the smoothmuscle–predominant and epithelioid variants that lack fat density that are mistaken as solid renal
masses and consequently more likely to be biopsied or resected. Angiomyolipoma, irrespective of its
cellular components, will lack expression of PAX8 and epithelial markers, while variably expressing
smooth muscle actin, HMB-45, Mart-1, and cathepsin K.91,135,136 These markers are shared among
tumours derived from perivascular epithelioid cells and classified under the term PEComas. The
epithelioid variant of AML can be easily confused with RCC, while a smooth muscle predominant
AML can be confused with sarcomatoid carcinoma or leiomyosarcoma. Dedifferentiated liposarcoma arising in the retroperitoneum may present as a renal mass and be mistaken for a sarcomatoid carcinoma. These tumours classically lack PAX8 and epithelial markers, but are more likely to
coexpress S-100 protein, CDK-1, and MDM2.
2) The histological subtyping of RCC
Although the histological features of many renal neoplasms are well defined and classification rarely
requires ancillary studies, this is not the case when confronted with the limited material provided by
needle biopsy, in which between 30% and 50% of the cases will require these assays.33,34,99
Factors that contribute to this problem include sampling adequacy, tumour heterogeneity, cellular
preservation, and tumour grade (degree of differentiation), including sarcomatoid features. Cystic
neoplasms can be particularly challenging. The inclusion of antibody panels in the work-up of selected
cases increases the diagnostic rate to over 90% in cases with adequate sampling. Another confounding factor is that multiple novel entities have recently been described and accepted by the ISUP and
will soon be incorporated into the next edition of the WHO classification of renal tumours.16 While
some of these novel entities have well-defined morphology and immunophenotype, in others the
entire spectrum of morphologies and antigen expression is still evolving. Good examples include
the expanding spectrum of translocation-associated carcinomas, tumours associated with specific
germline mutations, tumours with oncocytic features, clear cell carcinomas associated with a prominent myoid stroma, so-called type 2 papillary RCC, and unclassified RCC. The latter two categories
are unquestionably non-entities representing a heterogeneous group of tumours that will certainly
evolve over the years. In these situations, it is unlikely that a needle core biopsy will provide sufficient material to allow a pathologist to render a precise diagnosis. Despite these challenges, we have
found that selecting among 5 well-characterized antibodies will resolve most cases that require IHC
for proper classification of the more common tumours, depending on the differential diagnosis.64,137
These include carbonic anhydrase IX (CAIX), AMACR, CK7, CD10, and CD117. Other antibodies
should be applied if the differential diagnosis includes less common tumours.
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Differential diagnosis of tumours with clear cell features:
While clear cell RCC is the most common type of renal tumour, many other renal tumours may
exhibit a variable percentage of clear cells.98,137 Importantly it is common for high-grade areas of clear
cell RCC to not show cytoplasmic clearing. Clear cell RCCs are characteristically immunoreactive for
CAIX in a diffuse and circumferential membranous distribution. This pattern of staining is not seen
in any other type of renal carcinoma. Carbonic anhydrase IX is under the control of hypoxia inducible factor (HIF), which is invariably dysregulated in clear cell RCC. Expression can be focal in up
to 25% of cases and can be negative in poorly differentiated areas.138 Other markers positive in clear
cell RCC but of lower specificity include epithelial membrane antigen (EMA) and wide spectrum
cytokeratins (CK-Pan), vimentin, and CD10. They are usually negative or only focally positive for
CK7, AMACR, and CD-117.125,139-141 Other renal tumours that can mimic clear cell RCC include clear
cell papillary RCC, chromophobe carcinoma, translocation-associated RCC, and epithelioid AML.
Table 7-2 summarizes the antibodies that can be used when considering this differential diagnosis.
TABLE 7-2 Immunoprofile of Renal Tumours Composed of Clear Cells
Tumour type

Usually positive

Usually negative

Clear cell RCC

CAIX*, CD10, EMA AE1/AE3, Vimentin

AMACR, CK7, CD117

Clear cell papillary RCC

CAIX*, CK7†

AMACR, CD10, CD117

Chromophobe RCC

CD117, CK7†

CAIX, AMACR, CD10, vimentin

TFE3 translocation–associated carcinoma

TFE3‡, cathepsin K§

CAIX, AE1/AE3, CK7, CD117

TFEB translocation–associated carcinoma

TFEB , cathepsin K , HMB45

CAIX, AE1/AE3, CK7, CD117

Epithelioid AML

HMB45, cathepsin K§

AE1/AE3, TFE3/TFEB, PAX8

‡

§

*	C AIX

is characteristically diffuse and membranous (box like) in clear cell RCC, diffuse but sparing the luminal border (cup like) in
clear cell papillary RCC.
†	CK7 is diffuse and strong in clear cell papillary RCC. In chromophobe RCC, it is diffuse cytoplasmic, but eosinophilic variants can
have patchy or focal expression only.
‡	
A ntibodies for TFE3 and TFEB are difficult to perform on automated platforms, and most laboratories have found them to be
unreliable. FISH break-apart probes are more useful.
§	C athepsin K is expressed in only a subset of TFE3 RCC but in virtually all TFEB RCC and epithelioid AML.

Differential diagnosis of tumours with papillary architecture:
The prototypic example and most common type of papillary renal tumour is papillary RCC, type 1,
which will rarely cause a diagnostic dilemma, even on needle biopsy. These tumours are commonly
immunoreactive for CK7 and AMACR.34,63 CD10 is variable, while CAIX is negative or only expressed
at the tips of the papillae.64 Type 1 papillary RCC can exhibit some cytological heterogeneity characterized by larger nuclei, prominent nucleoli, and more abundant eosinophilic cytoplasm.142 These
areas can mimic so-called type 2 papillary RCC and have a more variable immunophenotype. These
features could lead to misdiagnosis at the time of needle biopsy. Other renal tumours that can mimic
papillary RCC include clear cell papillary RCC, metanephric adenoma, translocation-associated RCC,
type 2 papillary RCC, and some tumours with distal nephron morphology. Type 2 papillary RCC
remains in the ISUP and WHO classification of renal tumours, even though it has been shown to be
a heterogeneous category of tumours that includes tumours associated with HLRCC syndrome.16,143
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These tumours can have a variable immunophenotype, but commonly express AMACR and, less
frequently, CK7. (Figure 7-14). Equally challenging to diagnose on needle biopsy are the rare tuberous sclerosis complex (TSC)–associated RCC, some of which contain a prominent papillary architecture lined by cells with voluminous clear-to-granular cytoplasm.93,94,144 Table 7-3 summarizes
antibodies that can be used when considering the differential diagnosis of renal tumours with a
papillary architecture.
TABLE 7-3 Immunoprofile of Tumours With a Papillary Architecture
Tumour type

Usually positive

Usually negative

Papillary RCC, type 1

CK7^, AMACR

CAIX +

Papillary RCC, type 2

AMACR, CAIX

CAIX +, CK7^

Clear cell papillary RCC

CAIX*, CK7^

AMACR, CD10, CD117

Metanephric adenoma

WT-1, CD57

AMACR, CK7

TFE3 translocation–associated carcinoma

TFE3†, cathepsin K‡

CAIX, AE1/AE3, CK7, CD117

HLRCC

AMACR

CK7, FH (loss)

^	CK7 is diffuse and strong in type 1 papillary RCC and clear cell papillary RCC. In type 2 papillary RCC, CK7 can vary from negative

to variably positive.

+	C AIX may have a cytoplasmic staining pattern, particularly adjacent to areas of necrosis.
*	C AIX is characteristically diffuse but sparing the luminal border (cup like) in clear cell papillary RCC.

	A ntibodies for TFE3 are difficult to perform on automated platforms, and most laboratories have found to be unreliable. FISH
break-apart probes are more useful.
‡	C athepsin K is expressed in only a subset of TFE3 RCC, correlating with the type of rearrangement.
†

FIGURE 7-14
Immunohistochemistry in the
Diagnosis of Papillary RCC
A CK7;
B A MACR/racemase; both
positive. In the right
morphologic context,
this IHC profile is highly
supportive of the diagnosis
of papillary RCC.

A

B
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Differential diagnosis of tumours with oncocytic features (cytoplasmic eosinophilia):
Oncocytomas comprise less than 10% of resected primary renal masses, but are more prevalent in
series that look at SRMs.34,145,146 As such, they can be readily encountered on needle biopsy material,
but very challenging to classify. It is one of the few variants of renal epithelial neoplasms that is, by
definition, benign. Classic examples are immunoreactive for CD-117 in a membranous distribution
and typically show strong positive reactivity for CK7 in a small percentage of cells (<5%), or are
completely negative. The main differential diagnosis is with the eosinophilic variant of chromophobe
RCC, which can focally mimic oncocytoma morphologically. While classic examples of chromophobe RCC express not only CD-117 and CK7 diffusely, the eosinophilic variant can have variable
expression of CK7.63 Thus, lack of expression of this antigen on needle biopsy does not rule it out.
Other antibodies, such as S-100A, claudin, and kidney-specific cadherin, have been advocated to
address this differential diagnosis, but these are either unproven in large series or rarely used in
diagnostic laboratories.147-150 Other rarer entities enter into this differential diagnosis, such as the
oncocytic variant of AML, tumours associated with the Birt-Hogg-Dubé syndrome, tumours with
germline mutations of SDH, or tumours with TSC genes.82,144,151,152
The concept of hybrid oncocytic/chromophobe tumours (HOCT) is now in common usage in the
renal pathology literature.16 Traditionally, we and others limited this term to tumours encountered in
a syndromic setting, particularly Birt-Hogg-Dubé Syndrome or in cases of renal oncocytosis where
tumours with oncocytoma and chromophobe-like areas could be seen. The term is now being applied
to unifocal sporadic cases with similar histology.81,153 Without the proper clinical history, it would be
impossible to make these diagnoses on needle biopsy. Table 7-4 summarizes antibodies that can be
used when considering the differential diagnosis of renal tumours with oncocytic features.
TABLE 7-4 Immunoprofile of Tumour With Oncocytic Features
Tumour type

Usually positive

Usually negative

Oncocytoma

CD117, S100A1

CK7, HMB-45, cathepsin K

Chromophobe carcinoma, eosinophilic variant

CD117, CK7 +/-*

HMB-45, cathepsin K, S100A1

Papillary RCC, oncocytic

AMACR, CK7 +/-*

HMB-45,

AML, oncocytic

HMB-45, cathepsin K

CK7, EMA, CD117

* CK7 can exhibit variable or absent staining in tumour with strong cytoplasmic eosinophilia, irrespective of cell of origin.

Differential diagnosis of tumours with spindle cell (sarcomatoid) features:
Most tumours with spindle cell morphology are high grade by definition, with the exception of the
rare MTSCC of the kidney. Unless the needle biopsy contains other morphological components,
it is very likely that a precise diagnosis is not achievable, and the pathologist should be content in
establishing that the tumour is of epithelial and renal origin. Toward this goal, CK-Pan, EMA, and
PAX8 may be useful.137,140 Statistically, most cases of RCC with sarcomatoid differentiation are clear
cell RCC. Up to 75% of cases have some membranous staining of CAIX, but this fact is unlikely to be
diagnostic on needle biopsy, since similar staining can be seen in any tumour adjacent to necrosis.
Mucinous tubular and spindle cell carcinomas have bland-appearing spindle cells and are likely to
express both CK7 and AMACR.154
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Other renal tumours that would enter into the differential diagnosis include variants that are high
grade and exhibit sarcomatoid differentiation, including papillary RCC, chromophobe RCC, and
distal nephron–type carcinomas. Other tumours to consider include smooth-muscle–predominant
AML, sarcoma, and sarcomatoid urothelial carcinoma. In the case of AML, lack of expression of
epithelial markers in combination with expression of cathepsin K and HMB45 are diagnostic.63,125,137
The immunophenotype of sarcomas will depend on the cell of origin.
Differential diagnosis of tumours with distal nephron morphology:
This category includes tumours associated with high nuclear grade, solid, tubular, or papillary growth,
and a fibro-inflammatory stromal reaction.137,155,156 These nonspecific findings are more commonly
associated with tumours thought to be associated with the distal nephron, such as collecting duct
carcinoma, medullary carcinoma (Figure 7-15), and urothelial carcinoma of the renal pelvis. Some
papillary RCC can exhibit similar features.143 The age of the patient and clinical history of sickle
cell trait are critical factors to take into consideration when considering this differential diagnosis.
While all are likely to be immunoreactive for CK7, sickle cell trait and INI-1 loss are preferentially
encountered in medullary carcinoma, while urothelial carcinoma is more likely to express GATA3
and coexpress p63 and 34ßE12.155-157 Table 7-5 summarizes antibodies that can be used when considering this differential diagnosis.
FIGURE 7-15
Renal Medullary Carcinoma
A Low power
B High power

A

B
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Renal cell carcinoma, type unclassified:
This category of renal epithelial neoplasm is included in both the ISUP and WHO classification.16,70,158
By definition, it includes any renal tumour that does not fit into any of the other well-defined categories. In essence, it constitutes a diagnosis of uncertainty. In large series, it represents 3% to 5% of
resected neoplasms.16,159 If used in association with a needle biopsy, the pathologist should try to
give some type of estimation as to the degree of malignancy or, if appropriate, the favoured diagnosis. Many pathologists have used the term only in reference to high-grade, poorly differentiated
tumours, although this is not how it is defined. For example, renal tumours with oncocytic features
may be difficult to classify and fall into this category of tumours, with the stated caveat that they
are “at worst of low malignant potential.” Others use the term “renal oncocytic tumour” (RON)
(Figure 7-5) or hybrid oncocytic/chromophobe tumours (HOCT) to describe such lesions. These
designations in no way suggest a more precise diagnosis, although invariably at worst they suggest a
low malignant potential.34
TABLE 7-5 Immunoprofile of Distal Nephron–Like Carcinomas*
Tumour type

Usually positive

Usually negative

Urothelial carcinoma

GATA3, p63 (4A4), CK7, FH (retained)

INI-1 (retained), OCT 3/4, PAX8†

Collecting duct carcinoma

CK7, FH (retained), INI-1 (retained) ‡

OCT 3/4, p63

Medullary carcinoma

CK7, OCT 3/4, FH

INI-1 (loss)

HLRCC

AMACR

CK7, FH (loss)

* These tumours commonly share morphological features, including high-grade nuclei and stromal fibrosis.

PAX8 may be positive in urothelial carcinomas.
Up to 15% of collecting duct carcinomas have been reported to have INI-1 loss.
AMACR, alpha-methylacyl coenzyme A racemase; FH, fumarate hydratase.
HLRCC: hereditary leiomyomatosis and RCC.
†
‡

Recommendation for IHC in renal needle core biopsies
A judicious panel approach of using immunohistochemical stains with attention to qualitative and quantitative characteristics

may be required in needle core biopsies, especially in cases of limited tissue [GOR C, LOE 4].

Panels should be constructed based on the specific differential diagnostic situation created by the needle biopsy findings


on H&E sections and/or clinical history of previous malignancy, i.e. determination of primary site and cell of origin versus
histologic subtyping; in the latter, a pattern-based approach (with clear cell features, with papillary architecture, with spindle
cell features, with distal-nephron morphology) is necessary [GOR C, LOE 4].
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7.6.5

Role of cytogenetic/molecular studies, predominantly
fluorescent in situ hybridization

TABLE 7-6 S
 ummary of Common Cytogenetic Alterations and Related Commercial
FISH Probes That May Play a Role in Confirming Histologic Subtyping of
Renal Tumours
Tumour type

Cytogenetic alteration

Related FISH probe

Comments/
Reference(s)

Clear cell RCC

Loss of chromosome 3p25 (VHL gene) locus

3p25 (VHL)

9 of 20 cases were
available66

Papillary RCC

Trisomy of chromosomes 7 and 17
Loss of chromosome Y

CEP 7, 17, Y

6 of 7 cases were
available66

Chromophobe RCC

Multiple losses involving chromosomes 1, 2,
6, 10, 13, 17, and 21

CEP 1, 2, 6, 10, and
17; LSI 13 and 21

2 of 3 cases were
available66,167

Oncocytoma

Loss of chromosome 1,14 and Y
Rearrangement of CCND1 gene (chromosome
11q13)

CEP 1, 14, Y; break
apart probe CCND1

2 of 3 cases were
available66

MTSCC

Multiple chromosome losses including
chromosomes 1, 4, 6, 8, 13, 14, and 15

CEP 1, 4, 6, 8, 14, and
15; LSI 13

1 of 1 case was
available66

Xp11.2 RCC

Translocation between TFE3 and ASPL, PRCC,
SFPQ(PSF), CLTC, or NONO genes

Break apart probe for
TFE3 gene

171,172

RCC with t(6;11)(p21;q12)

Translocation between TFEB and MALAT1
(Alpha) genes

Break apart probe for
TFEB gene

173

RCC with ALK rearrangement

Translocation between ALK and VCL, EML4,
or TMP3 genes

Break apart probe for
ALK gene

Data limited174

Ewing sarcoma/primitive
neuroectodermal tumour (PNET)

Translocation between EWSR1 and FLI1 or
ERG genes

Break apart probe for
EWSR1 gene

Most cases were
available197

Malignant rhabdoid tumour

Alteration of SMARCB1 (INI-1) gene
(mutation or loss of gene locus)

SMARCB1/LSI 22q
dual probe

164

Synovial sarcoma

Translocation between SS18 (SYT) and SSX1
or SSX2 genes

Break apart probe for
SS18 gene

1 of 1 case was
available163

The combination of histology and FISH can improve the diagnostic accuracy in RTB, compared to
histology alone.1 Barocas et al. reported that histology alone was 87% accurate for the decision of
tumour subtyping, whereas the combined procedure was 94% accurate, using 14-G needle biopsy
specimens.66 Chyhrai et al. performed three US-guided percutaneous biopsies in 25 patients with
indeterminate renal masses using 18-G needles. The combination of histology and FISH resulted in
higher accuracy (95.5% vs. 90.5%) in tumour-subtyping diagnosis than histology alone.69 As FISH
studies are generally performed in formalin-fixed and paraffin-embedded tissue and there are many
commercially available probes to aid in renal tumour diagnosis, FISH can be a powerful adjunct
for the definite diagnosis of renal tumour masses in select situations (Table 7-6). However, intratumoural heterogeneity of chromosomal abnormalities or inappropriate sampling may contribute to
false-negative rates.
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Ewing sarcoma/primitive neuroectodermal tumour, sarcoma, malignant rhabdoid tumour
Ewing sarcoma/PNET of the kidney generally affects young adults and should be histologically differentiated from the small round cell group, such as blastemal Wilms’ tumour, synovial sarcoma, desmoplastic round-cell tumour, rhabdomyosarcoma, small cell carcinoma, and malignant lymphoma. The
translocation between chromosomes 11q24 and 22q12 causes the production of the EWS-FLI1 fusion
gene. The partners of variant fusions include ERG, ETV1, E1AF, FEV, and ZSG. Fluorescence in situ
hybridization study of EWSR1 gene can detect the EWSR1 translocation (Figure 7-16).160,161 Synovial
sarcoma needs to be morphologically distinguished from primary renal sarcoma, metastatic sarcoma,
or sarcomatoid RCC. Monophasic synovial sarcoma often shows SS18-SSX2 fusion, whereas biphasic
synovial sarcoma demonstrates SS18-SSX1. In both types, translocation involving SS18 gene locus
can be detected using a SS18 dual colour break-apart probe (Figure 7-17).162,163
In some cases of malignant rhabdoid tumour, FISH analysis may show the loss of INI gene locus,164
although this determination can be made by immunohistochemical analyses also.
FIGURE 7-16
FISH analysis of break of
EWSR1 gene (22q12) using
break-apart rearrangement
probe (Vysis EWSR1 Break
Apart FISH Probe Kit, Abbott
Molecular/Vysis) in formalinfixed paraffin-embedded
tissue.
Nuclei with one fusion
(yellow), one orange, and one
green (split) signal pattern
indicative of a rearrangement
of one copy of the EWSR1
gene region.
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FIGURE 7-17
FISH analysis of break of SYT
(≈SS18) gene (18q11.2) using
break-apart rearrangement
probe (Vysis SS18 Break
Apart FISH Probe Kit, Abbott
Molecular/Vysis) in formalinfixed paraffin-embedded
tissue.
Nuclei with one fusion
(yellow), one orange, and one
green (split) signal pattern
indicative of a rearrangement
of one copy of the SYT
gene region.

7.6.6

RCC subtypes, including translocation-associated carcinoma

Histology alone seems to be more sensitive in the classification of the more common subtypes of RCC,
including clear cell RCC, papillary RCC, and chromophobe RCC, than FISH alone.67 The cytogenetic
profiles that have potential diagnostic utility are outlined here. Clear cell RCCs frequently show the
loss of chromosome 3p25 involving VHL gene locus or chromosome 3p21, mutations, or hypermethylation of VHL gene.66,67,69,163 Additionally, some chromosomal alterations in clear cell RCC may have
prognostic implications: gain of chromosome is linked with favourable prognosis, whereas losses of
chromosomes 4q, 9p, and 14q are associated with poor prognosis.67 In papillary RCCs, gains of chromosomes 7 and 17 are frequently observed,66,67,69,163 more frequently in type 1 than type 2.
Chromophobe RCCs often demonstrate multiple losses involving chromosomes 1, 2, 6, 10, 13, and
17.66,67 Gains of chromosomes are reported recently in several papers.165-167 In renal oncocytoma,
losses of chromosomes 1, 14, and Y may be observed.1,67 Normal chromosome or rearrangement of
CCND1 gene at chromosome 11q13 may be seen in renal oncocytoma.66,67,69 This information may
be useful in separating renal oncocytomas from chromophobe RCC, although the utility of FISH
studies in the renal biopsy setting has not been extensively studied, nor are these studies routinely
employed.67 Tubulocystic carcinomas show gains of chromosomes 7 and 17. These findings suggest
that tubulocystic carcinomas may be closely related to papillary RCCs.168,169 In cases with MTSCC,
multiple chromosomal losses including chromosomes 1, 2, 13, and 17 are identified.66, 170 Morphology
alone, or appropriate and judicious IHC is sufficient for most tumours discussed in this paragraph.

Renal Tumour Biopsy: Indications, Technique, Safety, Accuracy/Results, Pathologic Reporting,
and Impact on Treatment Decision Making

493

FIGURE 7-18
FISH analysis of break of
TFEB gene using TFEB breakapart FISH probe (Empire
Genomics) in formalin-fixed
paraffin-embedded tissue.
Split signals of TFEB gene
(arrow) are observed.

FISH may play a vital and confirmatory role in the appropriate classification of tumours of the MiT
family translocation carcinomas (Xp11.2 and t(6;11) RCC. Xp11.2 RCCs generally affect children and
young adults, but adult Xp11.2 RCCs have been reported and account for approximately 1% of all
renal neoplasms. The TFE3 gene located at the chromosome Xp11.2 can fuse one of the partner genes,
including ASPL at chromosome 17q25.3, PRCC at chromosome 1q21.2, NonO at chromosome Xq12,
PSF at chromosome 11p34, and CLTC at chromosome 17q23. The formation of these chimeric transcripts gives rise to the up-regulation of TFE3 protein expression. The FISH analysis using TFE3 gene
break-apart probe can detect the rearrangement of TFE3 gene in Xp11.2 RCCs.171 However, possibility
of TFE3 gene amplification, which may cause the up-regulation of TFE3 protein expression, should
be always considered.172 RCCs with t(6;11)(p21;q12) commonly occurs in children and young adults,
but adult-onset cases have also been reported. The frequency of this tumour comprises less than 1%
of all adult renal tumours, and Alpha-TFEB gene fusion is observed. The TFEB gene split FISH assay
can demonstrate the rearrangement of TFEB gene (Figure 7-18).173 Recently, RCCs with ALK gene
rearrangement have been identified. The fusion partners include VCL, EML4, or TMP3. Renal cell
carcinomas with VCL-ALK gene fusion seem to be closely related to carcinoma. The ALK gene split
FISH assay can find the ALK gene rearrangement.174 Finally, FISH analysis in needle renal tumour
specimens may be applicable to the diagnosis of mRCC, as well as primary RCC.68
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Recommendation for FISH in renal needle core biopsies
In the context of morphology and differential diagnosis, FISH testing plays an important role in the diagnosis of certain tumour
types in renal core biopsies; these include Xp11.2 RCC, t(6:11) RCC, RCC with ALK rearrangements, Ewing Sarcoma, and synovial
sarcoma [GOR C, LOE 4].

FISH testing is resource intensive and expensive. FISH probes should be appropriately chosen to confirm a diagnosis based on
morphologic and immunohistochemical studies [GOR C, LOE 4].

FISH studies add limited value if the light microscopic findings and IHC are diagnostic [GOR C, LOE 4].

7.7

Results of Biopsy

7.7.1

Adequacy of renal tumour biopsy

There is presently no agreed-upon pathologic definition of the adequacy of an RTB specimen, but
clinicians use the term “diagnostic” to indicate that the biopsy yielded tissue adequate for a definitive
diagnosis.33 This could include determination of the nature of the mass (e.g., inflammatory, neoplastic); for neoplastic diagnoses, the ability to determine the type of tumour (e.g., epithelial, mesenchymal, etc.); the ability to more specifically classify the tumour (e.g., if epithelial: RCC, urothelial
carcinoma, etc.); whether the specimen is sufficient for further subtyping (e.g., if RCC: clear cell,
papillary, etc.); and, finally, accurate definition of other important parameters (e.g., for clear cell
RCC: grade of the tumour). Each of these levels of refinement will likely require increasing amounts
of tumour tissue to allow for the utilization of ancillary techniques such as IHC, as well as multiple
samples from different areas of the tumour to address the problem of tumour heterogeneity.
In one recent report, sample adequacy was defined as “the presence of representative lesional tissue
in the biopsy sufficient for diagnosis.”34 Biopsies can be inadequate if they contain only normal tissue
(renal parenchyma, perinephric fat), fibrous tissue (with or without inflammation), necrotic debris,
or only minute fragments of tumour. Given that the vast majority of mass-forming lesions in the
kidney are neoplastic, biopsies containing non-neoplastic tissue have a high likelihood of being falsenegative samples. In the study from Gellert et al.,34 of 25 specimens containing non-neoplastic tissue
(excluding ablation site cases), 23 (92%) were false negatives. In another series, 24 of 26 patients with
initial nondiagnostic biopsies were found to have a malignant tumour on repeat biopsy or resection.75 A recent meta-analysis reported that the accuracy of core biopsy in distinguishing benign
from malignant tumours was 88.9% in series published before 2001, but was vastly improved to 96%
between 2001 and 2009.54 A recent published paper with a large series demonstrated that the accuracy rate of core biopsy is up to 94%.33
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Sampling different areas of a tumour compared with multiple biopsies from a single part of the
tumour has been demonstrated to significantly improve the obtaining of diagnostic material.52 The
importance of sampling different areas of a tumour to identify aggressive pathologic features has also
been studied.52 Abel et al.52 identified sarcomatoid change in 87% of tumours where it was present
in the resection specimen using a technique with 4 cores taken from different areas of the tumour,
compared to 25% using a standard approach. It has been recommended that, for larger tumours,
different tumour regions, including central and peripheral, be sampled.30
Most large series have defined “inadequacy” as biopsies consisting of non-neoplastic or necrotic
tissue. Adequacy has not been based on a quantitative evaluation of the number or size of the biopsy
cores.34,75 Menogue et al.75 found that independent predictors of a diagnostic biopsy were tumour
size, size (mm) of tissue submitted, and year of diagnosis. It is noteworthy that it was the cumulative
length of the tissue submitted rather than the number of cores taken that was most significant. Volpe
et al.58 reported that length of the biopsy core trended (p=0.07) toward predicting biopsy adequacy. A
recent International Consensus panel recommended that a minimum of 2 needle cores be obtained
using an 18-G or larger needle.30 Based on the available data, it would appear that adequacy cannot be
based specifically on the number or size of cores, but rather on the presence or absence of diagnostic
material. An International Consensus panel defined nondiagnostic biopsies as “those with insufficient tissue for analysis, as well as biopsies that, on pathological analysis, do not yield a diagnosis that
explains the aetiology of the renal mass.”30
The use of RTB appears to be increasing, and most contemporary series report a diagnostic rate
in excess of 80%, with a median of 92% (interquartile range: 80.6%–96.8%) recently reported in a
systematic review.175 Nondiagnostic rates ranged from 0% to 36% and, in the series from the Princess
Margaret Cancer Centre, it was recently reported at 10%.33 It is well known that the diagnostic rate
with cystic lesions is lower; this will not be covered in this chapter. Variables associated with a diagnostic biopsy include tumour size and exophytic location.33 In instances where a nondiagnostic
biopsy is followed by repeat biopsy, the success rate exceeds 80% for a diagnosis.73
In order to truly appreciate the accuracy of RTB, one must measure the concordance with a surgical specimen. To date, 14 studies have reported histologic concordance, with a median rate of 90%
and a kappa of 0.683, a good degree of agreement.175 The concordance rates ranged from 84% to
94%.175 Histologic subtyping of RTB can be challenging and is obviously limited by the adequacy of
the sample and how representative it is of the entire tumour. Small renal masses tend to be lowergrade tumours with less heterogeneity and, thus, overall histologic subtyping accuracy is excellent.
However, mixed tumours can exist.115 “Hybrid tumour” is a term that specifically refers to tumours
that contain both chromophobe and oncocytoma.176 Furthermore, the ability to further differentiate
between different subtypes of a particular histology has been particularly challenging. For example,
in the Princess Margaret experience, distinguishing between papillary types 1 and 2 was accurate in
approximately 50% of cases.31 In particular, biopsies originally classified as papillary type 2 were, on
final pathology, reclassified as type 1 67% of the time. The converse was rare.177
Fuhrman grade is a powerful prognostic variable for clear cell RCC,178 and grade in general is relevant
to RCC outcomes. Currently, the ISUP/WHO grading system is recommended for use, although
there are no published data using this system with needle biopsies. Since the ISUP/WHO system is
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based largely off of the Fuhrman system, the application in needle biopsy specimens is likely to be
valid (see discussion above). The ability of RTB to accurately grade a tumour is less robust than has
been reported for histologic subtyping. Several studies have reported on Fuhrman grade concordance and the median kappa was 0.34 (range: 0.13–0.52), which indicates a fair agreement.175 The
accuracy varied and was dependent on whether a four-tier system or two-tier system was used to
grade the tumours. The median concordance rate between RTB and the surgical specimen was 62.5%
and 87%, for a four-tier and two-tier system, respectively.175
The literature contains multiple reports related to the diagnosis of oncocytoma on needle biopsy.
In one series, 2 of 13 cases diagnosed as oncocytoma were considered to be hybrid tumours in the
surgical specimens.41 In both cases, the final diagnosis included the utilization of IHC, but whether
IHC was applied to the needle biopsy specimens was not reported. Neuzillet et al.80 reported 15 renal
oncocytomas diagnosed by needle biopsy; the diagnosis was confirmed in 6 cases surgically resected,
and 9 patients were followed without incident (mean: 50 months). Shannon et al.72 followed 26 cases
diagnosed as oncocytoma, with 24 remaining stable in size and 2 increasing in size (one by 1 cm after
6 years and the other by 0.6 cm after 1 year). Follow-up of 7 cases of oncocytoma diagnosed by needle
biopsy in the study of Wang et al.47 revealed no tumour growth with limited follow-up; one resected
case had the diagnosis confirmed. Volpe et al.58 followed 7 cases of oncocytoma without significant
progression in size (length of follow-up not provided). Lebret et al.28 reported confirmation of the
diagnosis in 6 of 7 resected oncocytomas (one case considered to be uncertain on biopsy was revealed
to be a chromophobe carcinoma) and followed 8 additional patients without progression.

7.7.2

Predictors of successful biopsy

An adequate biopsy with appropriate morphologic and immunohistochemical workup (if necessary)
should provide adequate information regarding the nature of the lesion, i.e., benign or malignant,
epithelial, mesenchymal, or other, and primary or metastatic. If it is a primary tumour, it is important to attempt to establish the histological subtype and provide information on grade and other
prognostic parameters in the tumour, as specified in the sections above.
Factors influencing the success of the biopsy in terms of providing this information include tumour
size, solid versus cystic nature, and location. Some clinical aspects are also:
1) Size of the tumour
The size of a tumour by itself is not a contraindication for biopsy. For tumours ≤4 cm, also referred
as SRMs, the rate of nondiagnostic biopsy seems to be higher than that of larger renal masses.
Wunderlich et al. reported on 250 fine-needle RTBs and demonstrated that, for tumours smaller than
4 cm, the individual accuracy of a central and peripheral biopsy is 83.3% and 75%, respectively.51 The
accuracy rate could go up to 96.7% when both peripheral and central biopsies are used concurrently.
However, it should be noted that peripheral biopsy for SRMs may not obtain enough tissue because
of the small lesion size. Hence, a high-quality biopsy core might be more important to a specific
sampling pattern for SRMs. Recently, a meta-analysis demonstrated that percutaneous biopsy for
SRM (<4 cm) is a very accurate method to detect malignancy, with sensitivity of 94% and specificity
of 100%.36 Even small renal tumours (as small as 1.0 cm) may be successfully biopsied, providing an
opportunity for accurate diagnosis.73,119 Wang,47 in a series of 106 patients with tumours smaller than
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4 cm, reported a success rate of 90.9%. Among the 10%, the indeterminate group, the median size was
1.9 cm. A review by Gellert et al.34 demonstrated that the diagnostic accuracy has improved over the
last few years, with the correct histological subtyping being achieved in the range of 77.5% to 100%.
There is a different situation pertaining to biopsies performed in large tumours (e.g., planning neoadjuvant treatment for advanced tumours). Larger tumours may show more heterogeneity and have
hemorrhagic and necrotic areas. Thus, the radiologist should avoid these potential areas in order to
maximize viable tissue for analysis.
2) Solid versus cystic nature
Usually the accuracy of core biopsies for cystic tumours is less than for solid tumours, as diagnostic
areas may not be represented in a biopsy.58,73 The potential for negative results or inadequate biopsy is
higher, as are complications such as cyst rupture. Some studies have shown that, in some situations,
especially in a context of solid-cystic tumours, a complementary FNA may improve diagnosis accuracy. Li showed that the success rate of using both FNA and core biopsy was superior (92.9%) to that
of the FNA group alone (62.5%) and core biopsy group alone (76.7%).31
3) Location
The location of the tumour can impact on the success of a biopsy. There is no known association
between histological subtype and location of tumour, although some tumour types are more likely
to occur in the medulla/hilum of the kidney, e.g., renal medullary, collecting duct carcinoma, or
urothelial carcinoma.
Usually, the best success rates are with exophytic tumours located in the lower pole and posterior
locations. Tumours located in the superior pole are more difficult to biopsy due to their spatial relationship to the liver. For some rare cases, a transhepatic biopsy may be needed to access the tumour.
4) Patient characteristics
There are no reports pertaining to patient body characteristics and successful biopsy rates, although
body mass index may have some influence in biopsy access.1
Overall, a multidisciplinary team approach is crucial for the success of the biopsy. Close interaction
between the urologists, interventional radiologists, and pathologists is helpful.
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Observations based on current results of RTB
There is no agreement among pathologists as to what constitutes an adequate biopsy, but clinicians use the term “diagnostic”

for biopsy tissue that provides a definitive diagnosis, and this can be achieved in approximately 92% of biopsies. Cystic lesions
need to have a solid, enhancing component that can be targeted.

Accuracy in terms of concordance with subsequent surgical specimens is approximately 90%, including grade [GOR C, LOE 4].


Certain pathological conditions, such as oncocytoma, present difficulties for interpretation [GOR D, LOE 5].


7.8

Impact on Decision Making

The essence of the controversy regarding the utility of RTB in SRMs is whether the results will change
management. If not, the additional risks, costs, and patient discomfort are not justified. The outcome
of an RTB performed for an SRM is either diagnostic or nondiagnostic, as discussed previously and
represented in Figure 7-19. In cases where a biopsy will not change management, such as when a
biopsy reveals cancer in a very elderly or frail patient, watchful waiting or no follow-up at all is the
management of choice. Generally, very small tumours ≤1 cm are observed until they are >1 cm, at
which time the diagnostic rate of an RTB increases.14,33 If re-biopsy will change management, it has
the same chance of being diagnostic as the first one.33 The diagnostic biopsy will usually demonstrate
that the SRM is a primary renal tumour, but it may be benign, in which case a clinical decision can
be made to observe.
The potential change in management from immediate treatment for a presumed malignancy to
initial AS for a proven benign tumour is the most immediate benefit from RTB, and is clinically
underappreciated at present based on the lack of widespread use of biopsy. In part, this is related to
concerns about accuracy, which is also an underappreciation of the recent literature’s results, which
we discussed previously. If treatment is recommended, the type of treatment may be determined by
the tumour type. For example, large and growing oncocytomas may be managed by PN, but margins
can be so thin that they are really enucleated with minimal renal damage or need to control bleeding.
Angiomyolipomas will frequently be embolized if symptomatic, if growing, or for other indications.
Growth rates and the actual risk of hemorrhage have not been well defined.
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FIGURE 7-19
SRM Biopsy Strategy
AML, angiomyolipomas;
AS, active surveillance;
cc, clear cell; p, papillary;
RCC, renal cell carcinoma;
RTB, renal tumour biopsy;
SRM, small renal mass; WW,
watchful waiting.
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Malignant primary tumours are usually RCC and, as we learn more about the risk and natural
history by RCC subtype and grade or other characteristics, it may be possible to stratify treatment by
tumour type. Alternatives may include partial versus radical nephrectomy, ablation versus surgery,
and, possibly, an increase use of initial AS.
FIGURE 7-20
Algorithm for Management of
Biopsy-Characterized SRMs
by Patient Characteristics

AS

Young/Fit

Elderly/Infirm

SRM AML

SRMccRCC(LG)

SRMOnco

SRM AML
SRMOnco

Treatment

SRMccRCC

SRMccRCC(LG)

AML, angiomyolipomas; AS, active surveillance; cc, clear cell; HG, high grade; LG, low grade;
Onco, oncocytoma; RCC, renal cell carcinoma; SRM, small renal mass.

500

SIU-ICUD JOINT CONSULTATION ON IMAGE-GUIDED THERAPIES FOR PROSTATE AND KIDNEY CANCERS

Current management options that incorporate the patient’s age and health are illustrated in Figure
7-20. Currently, young and fit patients with RCC, regardless of type and grade, are generally managed
by surgery or, occasionally, ablation. However, AS is a reasonable option for the elderly and/or infirm.
The number of high-grade SRMs is low, so we do not know if initial management is indicated when
the risk of treatment is very high. In general, in centres that do RTB, there is a sense that treatment
should be more aggressive in high-grade tumours.
Although the focus of this chapter has been SRM RTB, there is interest in biopsy in larger but localized tumours, as well as in mRCC. Indications are not well defined, but possible roles include decision making about the partial versus radical nephrectomy in very high–grade RCC and systemic
agent selection for the treatment of mRCC.

7.9

Summary of Recommendations,
Special Situations, and
Future Directions

We have reviewed the relevant literature and practice of RTB, and hope to see increased study of what
we believe is a safe and impactful tool for the management of kidney tumours, benign and malignant,
small and large, localized and metastatic. We believe that RTB should be considered in the management
of most patients with early-stage localized RCC, as well as metastatic disease; maybe we will even see
the day of repeated biopsy through the trajectory of care. Not only do we want to see efforts in KT at
meetings of all involved clinicians from imagers to pathologists and medical oncologists, but we hope
that the explosion of knowledge in basic and translational science will open doors for new applications
of biopsy that will allow full personalization of care for those afflicted by any type of renal mass.
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7.9.1

Recommended indications for RTB

As the field continues to evolve with further evidence becoming available, routine RTB of all incidentally detected SRMs (including cystic renal lesions, Bosniak IV) in patients for whom AS or ablative
therapy is being considered to avoid unnecessary treatment of benign tumours and to individualize
therapy [GOR D, LOE 4].
Based on these considerations, percutaneous biopsy of renal tumours maybe useful in several clinical
settings, and is currently recommended for the histological diagnosis of:
Homogeneous infiltration of renal parenchyma to rule out lymphoma [GOR C, LOE 2].


Radiological suspicion of recurrence or disease persistence after renal tumour ablation [GOR C, LOE 2].


Suspicion of renal metastases in the presence of a known extrarenal malignancy [GOR C, LOE 2].


Retroperitoneal tumours involving the kidney when initial surgery is not feasible or indicated [GOR C, LOE 2].

Primary renal tumours with metastatic disease before systemic therapy (RTB is increasingly recommended to select systemic

agents), when cytoreductive nephrectomy is not indicated, or when neoadjuvant systemic therapy is planned [GOR D, LOE 4].

Small renal masses <1 cm are difficult to biopsy, and may be followed until they reach this size [GOR D, LOE 4].
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7.9.2

Recommended technique for RTB

Based on these considerations, percutaneous biopsy of renal tumours should:
Be performed with image guidance, usually US where feasible [GOR C, LOE 4].


Provide needle core tissue +/- FNA, which may be complementary but will not provide as high a diagnostic yield [GOR C, LOE 4].


Be done with a coaxial sheath to improve sampling and safety [GOR D, LOE 5].


Include at least two cores from SRMs [GOR D, LOE 5].


Be done for each SRM if there is more than 1 tumour [GOR D, LOE 4].

Be done from the peripheral area of the tumour if there are necrotic areas on imaging or from the enhancing areas if cystic

[GOR D, LOE 4].

Sample the tumour as widely as possible [GOR D, LOE 4].


7.9.3

Recommendations regarding safety of RTB

Renal tumour biopsy is safe [GOR C, LOE 3].

Needle-track seeding is extremely rare [GOR C, LOE 3].

Renal tumour biopsy should be performed with care when TCC of the upper urinary tract is suspected [GOR C, LOE 4].

Complications due to RTB are generally minor and self-limiting [GOR C, LOE 3].
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7.9.4

 ecommendations for handling and preparation of needle
R
core biopsies

Rapid evaluation and determination of specimen adequacy is not routinely performed. The panel is of the opinion that rapid

evaluation with a determination of specimen adequacy is very valuable, and pathologists should consider providing this service.
The need for such an approach should be determined institutionally because of the importance of rapid evaluation as the best
practical opportunity to receive adequate material for appropriate diagnosis. [GOR D, LOE 4]

It is optional to procure additional tissue cores and snap freeze them for cytogenetic and molecular analyses. This determination


should be made based on patient care needs, as well as research and tissue banking protocols in place at an institutional level
[GOR D, LOE 4].

If multiple cores from a single lesion are submitted in one container, we recommend submission of individual cores in more than

one block to enhance the ability to perform additional studies, if necessary [GOR C, LOE 4].

We recommend multiple prospective serial sections for renal core biopsies, up to six blanks with the first and last levels stained

with H&E, and the remaining levels saved on charged slides for prospective IHC [GOR C, LOE 4].

7.9.5

Specimen sampling

Core biopsies from multiple lesions should be submitted separately [GOR C, LOE 3].

Specimen requisitions should optimally specify information such as the number of lesions in the kidney (if more than one), number

of lesions biopsied (if more than one), location of each biopsy, and number of cores obtained from each lesion [GOR C, LOE 4].

It is optional to procure additional tissue cores and snap freeze them for cytogenetic and molecular analyses. This determination
should be made based on patient care needs, as well as research and tissue banking protocols in place at an institutional level
[GOR D, LOE 4].
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7.9.6

R
 ecommendations for histologic scope of the needle
core biopsies

The diagnostic nomenclature recommended for use in renal core biopsies is the WHO 2016 Classification System (Table 7-1)

[GOR B, LOE 3].

The diagnosis of renal oncocytoma should be made with caution in needle core biopsies. If a definitive diagnosis of renal


oncocytoma is made, it requires rigid morphologic criteria combined with supportive histochemical and immunohistochemical
studies. In cases with classic diagnostic features, we recommend the diagnostic terms “renal oncocytoma” or “renal oncocytic
neoplasm with features consistent of renal oncocytoma.” In other circumstances, the term “renal oncocytic neoplasm” may be
used with an explanation in the comments explaining which features are unusual for an outright diagnosis of renal oncocytoma
[GOR C, LOE 4].

An attempt to further subclassify RCCs should be made in every case. Before a diagnosis of “RCC, unclassified type” or “RCC, not


otherwise specified, further histologic subtyping not possible in needle biopsy material” is rendered, metastasis and urothelial
carcinoma should be ruled out based on morphologic and/or immunohistochemical criteria [GOR B, LOE 3].

The highest (majority of cells in a single high power field) histologic grade observed in a carcinoma should be provided. Due to


grade heterogeneity in RCC, the recommended diagnostic term should include “at least grade X” to acknowledge the uncertainty
that a higher grade may be present [GOR B, LOE 3].

For the common subtypes of RCC, specifically clear cell and papillary RCC, the ISUP/WHO grading system is recommended for

use.70 There is no accepted grading system for chromophobe RCC and rarer subtypes of RCC [GOR B, LOE 3].

In needle biopsies, other adverse prognostic parameters should be reported only if observed. These include sarcomatoid change,


cells with rhabdoid features, necrosis, vascular-lymphatic invasion, and tumour infiltrating of adipose tissue (suggesting pT3
disease) [GOR B, LOE 3].
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7.9.7

Recommendation for IHC in renal needle core biopsies

A judicious panel approach of using immunohistochemical stains with attention to qualitative and quantitative characteristics

may be required in needle core biopsies, especially in view of the fact that there is limited tissue [GOR C, LOE 4].

Panels should be constructed based on the specific differential diagnostic situation created by the needle biopsy findings


on H&E sections and/or clinical history of previous malignancy, i.e. determination of primary site and cell of origin versus
histologic subtyping; in the latter, a pattern-based approach (with clear cell features, with papillary architecture, with spindle
cell features, with distal-nephron morphology) is necessary [GOR C, LOE 4].

7.9.8

Recommendation for FISH in renal needle core biopsies

In the context of morphology and differential diagnosis, FISH testing plays an important role in the diagnosis of certain tumour

types in renal core biopsies; these include Xp11.2 RCC, t(6:11) RCC, RCC with ALK rearrangements, Ewing sarcoma, and synovial
sarcoma [GOR C, LOE 4].

FISH testing is resource intensive and expensive. FISH probes should be appropriately chosen to confirm a diagnosis based on

morphologic and immunohistochemical studies [GOR C, LOE 4].

FISH studies add limited value if the light microscopic findings and IHC are diagnostic [GOR C, LOE 4].


7.9.9

Observations based on current results of RTB

There is no agreement among pathologists as to what constitutes an adequate biopsy, but clinicians use the term “diagnostic”

for biopsy tissue that provides a definitive diagnosis, and this can be achieved in approximately 92% of biopsies. Cystic lesions
need to have a solid, enhancing component that can be targeted.

Accuracy in terms of concordance with subsequent surgical specimens is approximately 90%, including grade [GOR C, LOE 4].


Certain pathological conditions, such as oncocytoma, present difficulties for interpretation [GOR D, LOE 5].


Core biopsies and FNA samples are typically used to diagnose renal tumours and help in treatment decision making. In general,


core biopsy is superior to fine-needle aspirates, although indications for performing the two techniques may vary based on the
clinical situation [GOR B, LOE 2].
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7.9.10

Special situations and limitations (e.g., bone metastases)

Previous studies have confirmed the prognostic value of molecular and genetic markers in RCC, such
as Ki-67, p53, vascular endothelial growth factor (VEGF) receptor, loss of 9p, etc.179,180 Biopsy could
help attain tissue samples suitable for molecular or genetic tests. By virtue of these tests, we may
better differentiate renal tumours with more metastatic potential, and can use the information to
optimize individual patient management of RCC. Hence, further studies investigating the molecular
and genetic information from RTB are warranted.
There are still some limitations of RTB at present. The heterogeneity of renal tumours consistently
hinders the accuracy of RTB, and a common biopsy cannot reflect the complex nature of such tumours.
Grade heterogeneity in the same renal tumour exists in up to 25% of cases,181 which contributes to
the suboptimal accuracy of grade assessment. For hybrid tumours, such as ones that include the
oncocytoma area in a chromophobe RCC or a hybrid oncocytic/chromophobe tumour, conventional
renal biopsy method could correctly provide diagnostic information only when the biopsy samples
the hybrid area by chance. The multi-quadrant method proposed by E. Jason may be a promising way
to solve the problem of renal tumour heterogeneity;52 however, this method still needs to be replicated in further studies. In addition, oncocytoma diagnoses continue to be a challenge in the clinical
practice. The special case of such challenge is the differential diagnosis: oncocytoma, low-grade chromophobe RCC, a hybrid oncocytic/chromophobe tumour, and papillary type 2 (eosinophilic) RCC.54
More accurate methods that could resolve this diagnostic problem are required.

7.9.11

Future directions

In the era of personalized molecular pathway-based therapies for mRCC, the importance of obtaining renal biopsies in the primary or metastatic settings is increasing. This may not only assist in accurate subtyping of renal tumours to select appropriate therapy, but also to obtain additional material
for prognostic and predictive biomarkers. While IHC is the most widely used technique, a variety of
molecular tests are already being utilized at major academic centres or at cancer institutes around the
world. These include next-generation sequencing, microribonucleic acid (miRNA) profiling, methylation analysis, and comparative genomic hybridization (CGH) assays.
1) MicroRNA profiling
MicroRNAs are non-coding, single-strand small RNA molecules that can bind to messenger RNAs
and act as post-transcriptional regulators. MicroRNA panels predicting recurrence and unfavourable prognosis have been identified,182 and a unique pattern of expression in the miRNA profile has
been shown to discriminate between the most common types of kidney tumours.183 The reported
upregulation of miR-210 and miR-122 in clear cell RCC has been proposed as a potential regulator of
VHL genes, modulating HIF and miR-210, correlating with CAIX expression.184 Other miRNAs (e.g.,
miR-34 and miR-18a) are upregulated in clear cell RCC, papillary RCC, and clear cell papillary RCC,
but miRNA downregulation is more common in clear cell RCC. Stepwise downregulation of miRNA
expression has been observed in the transition from normal kidney to primary RCC and mRCC.185
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MicroRNAs have both advantages and disadvantages as potential biomarkers. Much work is necessary in terms of standardization of methods and cutoff values, as even minute amounts of paraffinembedded tissue can provide profiling of a large number of miRNAs even from small tumour biopsy
fragments. An increasing number of studies are exploring miRNAs quantified by RT-PCR to evaluate
their use as predictive factors of response. In mRCC, high levels of miR-942, a regulator of plateletderived growth factor receptor (PDGFR), have been reported to upregulate VEGF secretion, enhance
endothelial migration, and confer resistance to sunitinib.186
2) Immunohistochemical biomarkers
Immunohistochemical biomarkers are currently not used for prognostication in biopsy and partial or
radical nephrectomy samples,125 but there have been promising results from recent studies using tissue
microarrays. For example, inactivated BRCA-1 associated protein-1 (BAP1), a molecular mutation
reported in 15% of RCCs,187 is associated with poor survival.188 RCC patients with BAP1 loss have a 2to 3-fold increased risk of death with respect to BAP1-positive patients. Immunohistochemical assaying has similar predictive power to mutation analysis with exome sequencing or Sanger sequencing.189
Other promising biomarkers are beta-catenin expression (dysregulated in 17% of RCCs), which is an
independent predictor of recurrence-free and cancer-specific survival,190 and MUC-1 immunoreactivity, which is associated with poor prognosis when a circumferential staining pattern is observed.191
These immunoassays, together with markers of proliferation, need to be tested to evaluate their
usefulness in biopsy samples.
3) Next-generation sequencing technologies
Each analytic technique has minimum quantity requirements. Kurban reported the following
amounts of tumour tissue from needle biopsy cores to be adequate:65 300 ng/sample for CGH analysis, 5 µg/sample for exome and whole genome sequencing, 200 ng/sample for RNA studies, and
200 ng/sample for microarray and whole transcriptome sequencing. A single biopsy sample may not
contain adequate tumour tissue in some cases; hence, several cores may be required for complete
analysis. This limit to a better understanding of the molecular alterations in RCC has not stopped the
application of next-generation sequencing technologies to characterize exomes, transcriptomes, and
single nucleotide polymorphism–based genome-wide copy number alterations in RCC. For example,
detection of MET alterations may play a role not only in molecular profiling of papillary RCC, but
also in the selection of appropriate targeted therapies (i.e., trials involving MET inhibitors).22
The establishment of the Von Hippel-Lindau (VHL) mutation as a poor prognostic biomarker makes
the study of other mutations in the chromatin-modulating genes polybromo 1 (PBRM1),192 SET
domain containing 2 (SET D2),193 BAP1,187 and lysine (K)-specific demethylase 5C (KDM5C),193 probably more useful for the assessment of tumour aggressiveness and clinical outcome.194,195
4) Reverse-phase protein arrays
There have been promising preliminary results from recent studies using laser capture microdissection and reverse-phase protein arrays (RPPAs) in liquid nitrogen–frozen sections to determine the
signalling pathway status in tumour cells. Laser capture microdissection enables the separation of
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tumour cells from their complex microenvironment, and RPPA can quantitatively measure protein
expression and activation in a minimal sample, measuring the states of key signalling protein that
span many signalling pathways.196
In summary, while there are several emerging prognostic and predictive biomarkers that have potential clinical value in RCC, their optimal detection methodology, sensitivity, specificity, and reporting
issues need to be addressed and studied before they can be applied in routine clinical practice.

Recommendations for emerging tests discussed in this section
Novel markers and technologies that are helpful in the diagnosis, prognostication, and therapy
selection in RCC have been recently described. While many of these studies show promise, there is
currently no evidence to suggest that these tests should be routinely used in clinical practice. Tests may
be used based on institutional multidisciplinary best practice recommendations [GOR C, LOE 4].
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8.1

Introduction

Over the past decades, the annual incidence of kidney cancer has been rising, with the greatest
increase observed for cases with localized tumours. This rise is due mostly to the increasing detection
of small (≤4 cm) tumours through better diagnostic capabilities.1 Widespread diffusion of abdominal
imaging has driven the identification of a distinct population of small renal cortical tumours (cT1a
No Mo), comprising roughly 70% of all renal tumours incidentally detected.2 However, 15% to 20% of
patients undergoing an operation for suspected renal cell carcinoma (RCC) have had a benign lesion
at final histopathological evaluation (including angiomyolipomas and oncocytomas).3 Furthermore,
most of the small RCCs are either indolent or have low aggressiveness features, neither of which are
identifiable by computed tomography (CT) scan or magnetic resonance imaging (MRI). Biopsy of
this small renal tumour is not devoid of limitations, especially in determining grade accurately.4
Small renal tumours, followed expectantly by active surveillance (AS) programs, can remain stable
for years or grow at slow rate (0.49 cm/year). Metastasis is also rare for masses less than 4 cm in size.5
Radical nephrectomy is an excessive treatment for such small renal tumours, and nephron-sparing
surgery (NSS), whenever technically feasible, is the first surgical choice in cT1 renal tumours, with
excellent oncologic outcomes.6,7
In an attempt to minimize perioperative complications and preserve kidney function, ablation therapy emerged in the past decade as a reasonable treatment option for select patients, namely the elderly
and patients with comorbidities or with high surgical risk.8,9 Ablation therapy obviates the need for
renal vascular pedicle manipulation, and parenchyma excision and reconstruction. Thus, hypothetically, such therapy lessens the likelihood for surgically induced renal function impairment and perioperative complications. Among all the ablation technologies, cryoablation (CA) and radiofrequency
ablation (RFA) have been truly incorporated as real treatment options for kidney tumours, especially
for small renal masses (SRMs).8,9 Selection criteria have been explored in the past years, and their
value and limitations are explained elsewhere.10,11 In this chapter, we will review the mechanism
of action and results of CA and RFA of renal tumours, as well as emerging ablation technologies.
Last, a comparison between ablation outcomes and other treatment option outcomes for SRMs will
be presented.

8.2

Methodology

A systematic literature review was performed using PubMed, Embase®, Scopus, Science Citation
Index, and Cochrane Reviews from January 2006 to September 2015 to identify eligible studies (e.g.
those reporting a comparative analysis of different ablative procedures for kidney cancer, or those
comparing kidney ablation to partial nephrectomy [PN] or AS).
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Only studies in English and in a clinical setting were included. Electronic searches were performed by
applying a “free-text protocol” for a variety of search terms, including kidney ablation, renal cryoablation, renal radiofrequency ablation, and renal focal therapy. Article selection proceeded according
to the search strategy based on Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) criteria (www.prisma-statement.org). In addition, cited references from select articles and
from review articles retrieved in the search were assessed, and if relevant, they were included.
The standard, recognized ablation technology exclusion criteria included the following:
Publications not written in English
Studies lacking outcomes specific to compliConference abstracts
cations and tumour control
Studies with 30 or fewer patients
Studies lacking methodology or specifics of
treatment necessary for critical appraisal
Additionally, for studies published from the same institution with overlapping patient populations,
the most recent or most complete publication was prioritized for review, unless the publication
included a unique comparison cohort. Meta-analyses and review articles were reviewed for original
publications that may have been omitted in the original search process.
Experimental studies were manually retrieved and included when judged relevant. When enough
evidence was available, a systematic review of the clinical outcomes was performed. For these clinical studies, attention was specifically directed to publications including original treatment outcomes.
Given the inclusion of both procedural- and tumour-specific outcomes, proven malignant pathology was not required, thus allowing one to capture a greater breadth of the potential limitations
of treatment.
The Level of Evidence (LOE) of included studies was rated according to the criteria by the Centre
for Evidence-Based Medicine.12 Whenever available, the most recently published meta-analysis was
considered. The section “Ablation in Perspective” contains the results of the meta-analysis of comparative studies for relevant outcomes that was performed, as none was available, using Review Manager
(RevMan) software statistical package (The Cochrane Collaboration, Oxford, United Kingdom). In
the case of multiple series from the same authors/institutions, the one with the largest number of
cases or more complete data was considered for the purpose of the meta-analysis. Total numbers,
proportions, means, and standard deviations (SDs) were extracted from each study. The weighted
mean differences (WMDs) and the odds ratios (ORs) were used to compare continuous and dichotomous variables, respectively. All outcomes were reported with 95% confidence intervals (CIs). For
continuous variables, the difference in mean values and the 95% CI were calculated. This method
requires that a study report the standard errors of the mean, the SDs, or the CIs. However, some studies did not report any of these parameters, but presented continuous data using median and range;
under this circumstance, an approximate transformation was made using the technique described by
Hozo et al.13 Heterogeneity was evaluated with I2 statistics and the chi-square test for heterogeneity.
In the case of heterogeneity among studies (p<0.05), a random effects model was applied, otherwise
a fixed effects model was used.
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8.3

Established Ablation Technology

8.3.1

Cryoablation

8.3.1.1
Technology and mechanisms of action
Cryoablation uses extreme cold (cryo) to destroy or damage tissue (ablation). Briefly, CA is performed
using dedicated hollow needles (cryoprobes) through which cooled, thermally conductive fluids are
circulated following the Joule-Thomson effect, using argon to freeze and helium to thaw.14 Cryoprobes
are inserted into or placed adjacent to the oncologic tissue. When the probes are in place, the cryogenic freezing unit removes heat, or “cools,” from the tip of the probe, and by extension, from the
surrounding tissue, leading to tissue death (devitalization).
In summary, the mechanism of action of CA can be synthesized into three steps:
1. Formation of ice crystals within cells, thereby
2. Coagulation of blood, thereby interrupting
disrupting membranes, and interrupting
blood flow to the tissue, causing ischemia and
cellular metabolism and other processes
cell death
3. Induction of apoptosis, the so-called
programmed cell death cascade
8.3.1.1.1
The freezing-thawing cycle
Proper cryosurgical technique requires, ideally, that the tissue be frozen rapidly, thawed slowly
and completely, and then, exposed to a second freeze cycle. Optimal technique accomplishes the
goal of achieving a lethal temperature in the target tissue while assuring a safe margin around the
tumour. Every phase of the freezing-thawing cycle—the cooling rate, nadir tissue temperature, duration of freezing, and thawing rate—is considered to be injurious, cooperating together to lead to
tumoural death.15
Rapid cooling increases the probability of lethal intracellular ice crystal formation and should be
induced as fast as possible.16,17 However, the maximum cooling rates are a function of the cryogen type,
the cryoprobe design, and the applied technology. Moreover, the repetition of the freezing-thawing
cycle allows for the repeat and amplification of the injurious events. This double freezing-thawing
cycle is often considered to be important for ensuring proper destruction of malignant tumours.
The concept of nadir temperature is of pivotal importance in the cryosurgical technique. It rests
upon the fact that as tissues experience deeper freezing, cells progressively die. Cancer cell viability
sharply decreases with declining temperatures, and most cells (both tumoural and normal) die as
temperatures approach −40°C. However, as some cancer cells have been shown to survive at lower
temperatures, there is a need for a double freezing-thawing cycle to −40°C.18
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The thawing rate also affects cancer cell survival, and proper thawing is as lethal as proper freezing.
Rapid thawing rates are less damaging and are to be avoided. Slow thawing affords a longer interval of exposure to subfreezing temperatures after the damage induced by the freezing phase of the
procedure. In clinical practice, the slow thawing of the frozen lesion is passive, simply performed
by switching off or using the standby mode of the cryogenic system. It relies upon body heat as the
source of heat energy for the thaw. Cryosurgical devices with thaw mechanisms can provide heat
only to the freeze zone adjacent to the cryoprobe, which serves to loosen the cryoprobes for removal
at the end of the procedure and/or for eventual repositioning. This focused, rapid thawing occurring
adjacent to the cryoprobe does not impact cell survival in that region.
Regarding the freezing duration, physician instinct (anecdotal evidence) guides toward longer durations. Few basic research studies have been conducted to provide laboratory-based evidence pertinent to duration, except to note that a significant increase in cell death occurs when freeze duration is
increased from 5 minutes to 10 minutes.19 In this study, it was further noted that exposure intervals of
less than 1 minute for a given temperature often yielded significantly lower cell death compared with
freeze durations of greater than 1 minute. Moreover, it must be considered that with modern cryosystems, the steady state of the ice ball is typically achieved within an interval of 10 to 20 minutes, and
prolonged freezing duration will not further increase the diameter of the covered area.
8.3.1.1.2
Cryogenic injury
The mechanisms of cell death following CA are a complex cascade of events, including direct injury
to the cells by ice crystal formation, failure of the microcirculation following thawing, and induction of apoptosis and necrosis. During the rapid freezing phase, extracellular ice crystal formation
removes water from the cells. This, in turn, creates deleterious metabolic disturbances related to
the freeze concentration of solutes, a process referred to as the “solution effects.” Ice crystals cause
mechanical damage due to the shearing forces affecting cell membrane integrity, especially in highly
organized tissues.16 Intracellular ice crystal formation occurs secondarily in the freeze zone and is
lethal. Moreover, during the passive (slow) thawing phase, the ice microcrystals that were formed
during the rapid freezing phase, instead of melting, recrystallize into macrocrystals, thus leading to
further mechanical destruction of the cell membranes.
The loss of blood supply due to vascular stasis in the volume of previously frozen tissue occurs soon
after thawing, increasing the probability that the cells will not survive. While the relative contribution of these two mechanisms of injury can be debated, they are clearly synergistic in cryoinjury.19-22
Both intrinsic (mitochondrial-related) and extrinsic (membrane-related) apoptosis have been shown
to affect cell death in a cryogenic lesion.23-26 Disruption of the normal function of mitochondria
through the influence of the Bcl2 family of proteins is critical to the intrinsic apoptotic pathways.
Levels of Bax, a pro-apoptotic protein found in the cytoplasm, increase immediately after thawing.
Analysis of Bcl2, a prosurvival protein, and Bax reveals that immediately post-thaw, a mitochondrialbased signal promotes cell death. An extension of the apoptotic cell death cascade occurs with activation of the extrinsic pathway at lower temperatures.25 In this regard, exposure to ultracold, freezing
temperatures (below −30°C) was recently reported to result in the rapid initiation and progression of

528

SIU-ICUD JOINT CONSULTATION ON IMAGE-GUIDED THERAPIES FOR PROSTATE AND KIDNEY CANCERS

the extrinsic, membrane-mediated apoptotic pathway.25 This recent discovery has shown there is a
molecular component to cancer cell death in the core of a cryogenic lesion, where historically intracellular ice formation was believed to be the predominant mechanism of cell death.
Following the initial freeze rupture of all cell types, the release of cytokines leads to the recruitment
of circulating immune cells and local inflammation. The cryoimmunologic response occurs later,26
and may overcome the local immunosuppressive actions of tumour-associated immune cells. With
destruction of the tumour microenvironment, any surviving cancer cells are deprived of essential
support, losing proliferative and, therefore, mutagenic capabilities. As a result, any surviving cells
within the freeze target are likely to undergo delayed or secondary necrosis for a period of days
to weeks, which is observed histologically as a region of coagulative necrosis. It is the sequence
and consequences of the three ablative processes (i.e. freeze rupture, apoptosis, and necrosis)25 that
uniquely support an outcome of prolonged tissue destruction.
8.3.1.2
Technique and approach
Renal CA was initially performed via an open approach in the early 1990s as a nephron-sparing
option for very select cases. Nowadays, the open approach should be considered anecdotal, as nearly
all CA procedures are performed laparoscopically or percutaneously.
Laparoscopic renal CA was performed with encouraging, short-term and midterm results, both in
the United States and Europe, at the end of the 20th century and beginning of the 21st century.28,29
The next years were followed by the widespread diffusion of percutaneous CA procedures, performed
both under CT or MRI guidance,30,31 due mainly to the technological evolution of the various cryosystems available on the market, specifically small-diameter probes (17–18 G).
Long and coworkers32 recently performed a literature review to clarify the differences between a
surgical (laparoscopic) approach and a percutaneous approach to renal CA. Their analysis evidenced
how surgical CA facilitates direct tumour visualization via tissue mobilization and subsequent probe
insertion, while percutaneous CA obviates the need for general anesthesia. Currently, use of each
approach depends largely on institutional traditions and surgeon preference. Some institutions use
a purely laparoscopic approach, modified only by treating anterior lesions using a transperitoneal
laparoscopic approach and posterior lesions using a retroperitoneoscopic approach. In other centres,
anterior lesions are treated laparoscopically and posterior lesions percutaneously. A third philosophy
is to largely avoid laparoscopy, and perform only percutaneous CA.
8.3.1.3
Procedural and perioperative outcomes
Perhaps related to techniques where imaging can act as a surrogate for pathology, specific definitions
for CA procedural and oncologic outcomes have been suggested. Such standardized terminology
and reporting criteria were developed by the International Working Group on Image-Guided Tumor
Ablation and updated in 2014.33 The term technical success addresses whether a tumour was ablated
according to protocol and covered entirely by the ablation zone, analogous to margin status following
resection. Such a definition may be applied to any renal mass, irrespective of histology. In contrast
to technical success, the term technique success is used to describe efficacy of the ablative treatment
over time. Such a term is best applied to those masses shown to be malignant. While controversial,
secondary efficacy has been used to describe successful re-treatment of locally recurrent tumours.
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Finally, local tumour progression has been proposed as an alternative to local tumour recurrence.
This is based on the premise that a tumour at the ablation margin represents progression of the
residual tumour following a presumed initially successful treatment.
Such terminology has led to confusion when assessing renal tumour ablation outcomes, with heterogeneous application of the definitions to treatment success, thereby compromising formal comparison of surgical standards. In contrast, the National Cancer Institute defines locally recurrent cancer
as, “cancer that has recurred (come back) at or near the same place as the original (primary) tumor,
usually after a period of time during which the cancer could not be detected.”34
The modified Clavien criteria are commonly used in reporting ablation complications, with grading based on degree of deviation from normal clinical recovery.35-38 Reporting standards for renal
ablation have been proposed by the Society of Interventional Radiology (SIR), with endorsement of
previously published grading of complications.39,40 Such criteria are generalized, with emphasis on
deviation from normal level of care and limitations in the classification of those patients routinely
hospitalized after treatment.
Of the initial 199 publications included in the original search, 46 met the criteria detailed in the
methodology. All were observational case series [LOE 3] detailing CA complications and/or efficacy
in renal mass treatment. Nine of the 46 publications included a non-randomized comparison cohort
consisting of patients treated with either surgical resection or RFA. When not specified in the methods of the series, previously described outcome definitions were applied.
Additional studies were included separately in this review when they illustrated specific attributes
of ablation outside of the primary inclusion criteria, notably when published as a unique cohort of a
larger published patient population.
The ability to visualize the ice ball generated during the CA process, either directly or with imaging, gives the operator a high level of confidence in complete tumour treatment, secondarily yielding a high technical success rate for most tumours. The leading edge of the ice ball, as visualized
by CT, is 0°C.41 This simple fact allows extrapolation of lethal isotherms for the tumour treatment
process. Overall technical success rates, not including re-treatments, range from 86% to 100%.42-44
Such outcomes are similar between laparoscopic cryoablation (LCA) and percutaneous cryoablation
(PCA). Additionally, the synergy of multiple cryoprobes allows for technically successful treatment
of large tumours, including cT1b and cT2 masses, although staged treatments may be needed.45-48
However, there may be limitations with intraoperative monitoring during the ablation of endophytic
tumours; a single study found that such tumours have a higher risk for treatment failure.49 Otherwise,
treatment of centrally located tumours can be successfully performed.50
Perhaps because the term technical success was derived from the percutaneous ablation literature or
because the procedural term has questionable relevance to oncologic efficacy, the reporting of such an
outcome has been inconsistent. In addition, particularly when one considers tumour re-treatments
and subtotal ablations, discriminating between technical and technique failure in manuscripts can
be difficult.51
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8.3.1.4
Complications
The complications following CA have been thoroughly characterized in several publications. Overall
complication rates range from 0% to 40%.49,52 Summarizing the incidence of major complications is
more difficult due to variable Clavien grades assigned as “major.” If one assumes a complication of
Clavien grade II or greater to be a major complication (to allow for a broader inclusion of published
experience), the reported major complication rates published since 2006 range up to 40%, although
conversions to open technique and intraoperative blood transfusion confound the reporting of such
complications.52,53 When one considers two large, published experiences detailing the complications
of LCA54 and PCA,35 the rate of major complications (Clavien grade ≥II) was similar (7.7%–10.1%).
Specific to PCA, complications may be greater in those centres with less procedural experience.55
When one considers complications related to CA, it is important to recognize the level of comorbidity
in the selected patient population, as directed by the American Urological Association (AUA) guidelines.8 In fact, the average Charlson Comorbidity Index (CCI) scores reported by many publications
range from 5 to 7.43-45,52,56 Many studies also report the mean/median body mass index (BMI) of the
patient population to be 30 or greater.48,56-60
Some studies have shown that the R.E.N.A.L. nephrometry score may be associated with complications following percutaneous thermal ablation.37,42,61-63 The R.E.N.A.L. nephrometry score consists
of (R)adius (tumour size as maximal diameter), (E)xophytic/endophytic properties of the tumour,
(N)earness of tumour deepest portion to the collecting system or sinus, (A)nterior (a)/posterior (p)
descriptor, and the (L)ocation relative to the polar line. When considering both LCA and PCA, Sisul
et al. showed that the R.E.N.A.L. score was significantly associated with complications due to CA,
with the nearness (N) to the collecting system being the most predictive component.62 Schmit et al.
showed that the tumour nephrometry score for patients with a complication following thermal ablation was 8.1 compared with 6.8 for those without a complication (p<0.001). A subsequent publication
by the same group showed that certain tumour-related factors were significantly associated with
major complications using their reported “(MC)2” scoring system. Factors evaluated included the
maximum diameter of the tumour (M), prior myocardial infarction (M), central tumour location
(C), and complicated diabetes mellitus (C).64 Recognizing the derivation of the nephrometry scoring
systems in predicting extirpative outcomes, it is intuitive that more specific predictive measures of
tumour characteristics can be applied to thermal ablation techniques.
Of the complications related to CA, hemorrhage is the most common. Reported hemorrhagic complication rates vary, but most experiences quote a range from 1% to 10%.45,65 Major hemorrhage following CA has been shown to be related to tumour size, number of cryoprobes, and central location.35,66
Such hemorrhage may result in the conversion of LCA to an extirpative technique.67,68
Higher transfusion rates are reported for LCA compared with PCA. This may be because of the
clearly visible and dynamic bleeding present at the time of surgery that warrants real-time management. Such bleeding is typically only appreciated on static imaging obtained following PCA, often
similar to the bleeding known to occur after other renal interventions.69 Additionally, the closed
retroperitoneal space created by the percutaneous approach may provide a tamponade effect, limiting the amount of blood loss.
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As more commonly seen with PCA, nerve injuries may result in either sensory or motor deficits. Such
complications occur in 10% to 16% of patients, and are typically related to injury to the intercostal
nerves or the nerves coursing along the psoas muscle adjacent to the tumour. 38,56
Hematuria is not uncommon following CA, although a significant obstructing ureteral clot warranting ureteral stent placement may occur in up to 2% of patients.35,70 Collecting system injuries resulting in urine leakage may occur and are typically self-limited, although events requiring percutaneous drainage, ureteral stenting, and nephrectomy have been reported.42,44,56,71
While difficult to quantify, medical events are relatively common following CA. Such events include
myocardial ischemia, cardiac arrhythmia, hypertension, pulmonary edema, pneumonia, and bronchospasm. Deep venous thrombosis, pulmonary embolus, and cerebrovascular events may also occur.
It has been suggested that CA may induce a hypercoagulable state, predisposing patients to such
thromboembolic events.72 Additional complications following CA include injury to adjacent viscera
(bowel, diaphragm, spleen, and liver), pneumothorax, and ileus, port site hernia, and infection.
8.3.1.5
Tumour-specific treatment outcomes
Following the initial description of renal CA in 1995, the durability of the technique in the management of renal masses has been demonstrated.73 Treatment outcomes reporting has evolved over the
past 10 years, migrating from describing generalized tumour control outcomes to RCC-specific
outcomes. This reflects an early practice of both inconsistent performance of biopsy prior to treatment
and added emphasis to reflect feasibility and safety of the treatment, with secondary justification to
include all tumour pathology when publishing one’s experience. As long-term oncologic outcomes
evolve, specific cancer-related outcomes become evident, allowing for more prudent validation of the
technique in RCC management.
8.3.1.5.1 Limitations
When considering outcomes, some limitations should be kept in mind. It is worth noting potential
variances in reporting. In particular, given the recognized triage of select patients to ablation, a preexisting history of RCC may confound assessment of oncologic outcomes. In addition to RCC-specific
outcomes, the reported tumour control rates following technically unsuccessful ablation are occasionally dubious. Specifically, it is occasionally unclear whether such patients were included in the
long-term outcome analysis. Cancer control rates may also be difficult to report for patients with
multifocal or metachronous tumours. In contrast to some prior surgical reports including ipsilateral
metachronous tumours,74 all 45 publications considered in this review since 2006 defined local recurrence as new tumour specifically at the ablation site, based on imaging. While imaging is often used
to diagnose locally recurrent tumours, one needs to consider the role of a negative result following
biopsy of a suspicious finding.70
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Within one’s clinical practice, there is a selection bias that is introduced the moment a patient is
triaged to a primary treatment option for a renal mass. While selection criteria are often generalized,
they do specify those patients with comorbid illness or other relative contraindications to surgery.
However, the feasibility of ablation is often a poorly defined impression on behalf of the operator, and
based on the expectation of a favourable outcome. Specifically, some patients may be appropriately
excluded from ablative treatment based on tumour size or location, thus creating a bias compared
with those without such exclusion criteria or compared with other definitive treatment methods (e.g.
nephrectomy). The increasing application of nephrometry scores in renal mass management will
allow such selection criteria to be better appreciated.
It is also important to consider the heterogeneity of treatment techniques and operator experience
in performing PCA or LCA. Breen et al. demonstrated a trend toward improved tumour control
outcomes with longer duration of operator experience.45 Variances in the performance of CA applicators are also recognized. Appreciating the strengths and weaknesses of such specific applicators may
be a challenge, particularly, as demonstrated, with the use of a single cryoprobes.60,75,76
Of the 46 reviewed publications since 2006, 39 included outcomes specific to treatment efficacy or
oncologic outcomes. Of these 39, 24 included tumours shown pathologically to be RCC, although
only 18 reported outcomes specific to RCC, either technique success or recurrence-free survival
(Table 8-1). Six of the 18 studies included patients treated with both LCA and PCA. Otherwise,
LCA was performed in seven studies and PCA in five. Five of the studies reporting LCA outcomes
included a small minority of patients treated with open CA in the outcome analysis.
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TABLE 8-1 Patients and Tumour Characteristics, and Oncologic Outcomes of
Cryoablation Series
Reference

Year

LCA (no.
tumours)

PCA (no.
tumours)

% RCC

Patients (N)

Mean patient
age

Atwell et al.82

2013

–

189

56

163

68

2007

68

20

55

78

68

Beemster et al.

2010

100

–

54

92

69

Breen et al.45

2013

–

171

–

147

67

Finley et al.52

2008

24
–

–
19

67

19
18

–
–

Georgiades et al.46

2014

–

134

100

134

68

Goyal et al.43

2012

54*
–

–
154

52
73

53
141

68
70

Johnson et al.67

2014

112

–

76

92

60

Kim et al.59

2014

167
–

–
123

52
63

145
118

69
73

Kim et al.77

2015

68*

–

66

68

62

Klatte et al.44

2011

41

–

85

41

75

Larcher et al.

2015

174

–

63

174

66

Littrup et al.70

2007

–

49

73

48

67

Schwartz et al.53

2006

85*

–

59

84

67

Strom et al.48

2011

84*
–

–
61

58
76

84
61

66
68

Yoost et al.84

2010

47

–

58

45

68

Bandi et al.57
79

68

Abbreviations: CSS: cancer-specific survival; DFS: disease-free survival; f/u: follow-up; LCA: laparoscopic cryoablation; PCA:
percutaneous cryoablation; OS: overall survival; RCC: renal cell carcinoma; RFS: recurrence-free survival.
*Small number of open cryoablations included in published experience.
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TABLE 8-1 Patients and Tumour Characteristics, and Oncologic Outcomes of
Cryoablation Series, Cont’d
Mean/
median
size

Size details

Mean/
median f/u
(yr)

RFS, % all
tumours

RFS, % RCC

DFS, %

CSS, %

OS, %

2.3

≤3 cm

1.8

95.6 (at 5 yr)

90.6 (at 3 yr)

–

–

–

2.6

LCA: 2.7; PCA: 2.2

1.6

98.7

100

–

100

88.5

2.5

–

–

94 (at 3 yr)

92 (at 3 yr)

100

100

90 (at 3 yr)

3.3

T1a: 48; T1b: 14

1.7

99.2

98.4

–

–

–

3.0
2.7

–
–

1.1

95.8
94.7

96.6

–

–

–

2.8

T1a: 115; T1b: 19

–

97.0 (at 5 yr)

97.0 (at 5 yr)

–

100

97.8

2.1
2.4

–
–

3.7
3.0

94.4
98.0

85.2 (at 5 yr)
95.6 (at 5 yr)

–
–

100
98 (5 yr)

78.8 (at 5 yr)
77.7 (at 5 yr)

2.3

–

–

–

86.5 (at
10 yr)

–

98.2
(at 10 yr)

70.7
(at 10 yr)

2.4
2.7

20% ≥3 cm;
34% ≥3 cm

5.9
3.2

85.5 (at 5 yr);
86.3 (at 5 yr)

84.3 (at 5 yr)

–

98.8 (at 5 yr)

98.8 (at 5 yr)

2.3

0.3–5.7

5.0

83

84.6

–

–

100

2.5

all T1a

2.8

–

83 (at 3 yr)

–

100

–

2.0

T1a

–

97.1

95 (at 10 yr)

81 (at 10 yr)

100

61 (at 10 yr)

3.3

1.7–7.2

1.1

93.8

91.7

–

–

–

2.6

≤5.0 cm

0.8

98.2

100

–

–

–

2.5
2.7

T1b: 4 (4.8%);
T1b: 6 (9.1%)

3.5
2.6

94.0
83.6

89.8
82.6

91.7
93.7

–
–

89.3
88.9

2.7

1.2–5.4

1.1

83.0

87

–

–

–

Abbreviations: CSS: cancer-specific survival; DFS: disease-free survival; f/u: follow-up; LCA: laparoscopic cryoablation; PCA:
percutaneous cryoablation; OS: overall survival; RCC: renal cell carcinoma; RFS: recurrence-free survival.
*Small number of open cryoablations included in published experience.
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When one considers the available sum experiences reflected in Table 8-1 and the outcomes specific to
RCC, a total of 740 of 791 (94%) RCCs were effectively controlled using either LCA or PCA, although
there is considerable variation in the duration of mean follow-up among patients as a whole, ranging from 0.8 to 5.0 years.53,77 Longer-term follow-up is reflected in recurrence-free survival (RFS),
where 3-year, 5-year, and 10-year RFS rates range from 83% to 96%, 84% to 97%, and 87% to 95%,
respectively.
As one might expect, patients with SRMs treated with ablation have favourable cancer-specific
survival (CSS) rates, although such outcomes are complicated by those patients with prior history of
RCC. Published experience reports CSS rates ranging from 98% to 100%. Including a clearly defined
cohort of 116 patients with isolated, sporadic RCC, Schmit et al. demonstrated 100% CSS at 3 years.78
Overall survival (OS) rates are less favourable, likely reflecting the selection bias toward those patients
with advanced medical comorbidities.74
Disease-free survival (DFS) has been more difficult to elucidate, perhaps, in part, due to the inclusion
of patients with prior RCC in the outcome analysis. Published DFS rates following CA range from
81% to 100%.65,66,68,79
When one considers the ablation of renal masses as a whole, important observations can be made
that will help shape patient/tumour triage processes in the future. As previously stated, it is technically feasible to treat larger renal masses using CA. While the treatment of such tumours carries
added procedural risk, the oncologic outcomes may remain favourable compared with other treatment alternatives. In one study detailing the treatment of 46 patients with cT1b RCC, imaging followup showed a 3-year RFS rate of 96%.31 For the treatment of tumours measuring up to 6.5 cm in diameter, Blute et al. showed that size was not associated with tumour recurrence.63 Following PCA of
38 tumours measuring 1.2 to 7.0 cm, Spreafico et al. reported only two treatment failures in tumours
measuring 2.8 cm and 3.0 cm.66 This finding led the authors to suspect that a learning curve, rather
than tumour size, may be a limiting factor in achieving treatment success.66
Others have reported less than favourable outcomes with CA of larger tumours. With CA of 26
tumours, using conscious sedation, Derweesh et al. found local recurrence in three (11.5%), all
measuring over 4 cm in size.58 Local recurrence also developed in all four patients with T1b RCC
treated with LCA in the Kim et al. series.77
While heat-based thermal ablation may have limitations in the management of central/endophytic
renal masses due to thermal sink effects,80,81 such tumours may be successfully treated with aggressive CA.45,50,82 In one study comparing PCA with RFA of renal masses measuring 3 cm or smaller,
central location was not associated with PCA failure.82 Similarly, Breen et al. found no association
between local recurrence and central tumour location following PCA.45
Others have demonstrated potential limitations in successful CA of centrally located renal
masses.49,58,83,84 In the treatment of 47 tumours with LCA, Yoost et al. showed a treatment success
rate of only 53% for tumours with broad-based interface with the renal sinus, compared with 97% for
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tumours without such contact.84 Wright et al. also demonstrated considerable difficulty with successful LCA of centrally located renal masses, suggesting that there may be technical limitations with
intraoperative ultrasound (US) in the treatment such tumours.49
8.3.1.6
Renal functional outcomes
Published studies detailing renal functional outcomes following both LCA and PCA show little,
if any, change in renal function following treatment. Beemster et al. found a mean decrease of
7 mL/min/1.73 m2 in estimated glomerular filtration rate (eGFR) following LCA.79 This was felt to be
of questionable significance in a patient population where most patients presented with a preoperative eGFR ≥60 mL/min/1.73 m2. In this group, 15% of patients progressed to moderate chronic kidney
disease (CKD), and of those with preexisting moderate CKD, only 13% progressed to severe CKD.
In a comparison study including patients with solitary kidneys undergoing minimally invasive nephron-sparing surgery, a significantly greater drop in eGFR was seen following laparoscopic partial
nephrectomy (LPN) compared with CA at 6 months.85 Tanagho et al. also demonstrated the advantage of CA (both LCA and PCA) in the preservation of renal function compared with robotic partial
nephrectomy (RPN), with a 6% decrease at last follow-up in patients treated with ablation compared
with 13% in those treated with RPN.86
In comparing LCA with PCA, both Derweesh et al. and Kim et al. have shown no significant difference in renal function changes.58,83
8.3.1.7
Conclusion
Cryoablation has been shown to be an effective treatment option in select patients with SRMs.
Selection criteria for triage to nephron-sparing tumour management strategies preclude formal
comparison and will make future randomized studies difficult. Nevertheless, CA warrants consideration in renal mass treatment algorithms. (LOE 2c, Grade of Recommendation [GOR] B)

8.3.2

Radiofrequency ablation

8.3.2.1
Technology and mechanism of action
Radiofrequency ablation involves the delivery of alternating currents between 375 and 500 kHz to
a target tissue. Heating occurs when the tissue surrounding the probe impedes the electric current,
which results in a transfer of heat energy.87,88 Two basic systems are available for the delivery of
radiofrequency (RF) energy: the temperature-based system and the impedance-based system.
Temperature-based systems determine the treatment endpoint by monitoring the temperature of
the probe and terminate the procedure once a set temperature is reached. A target temperature of
60°C is often cited as adequate to achieve cell death, although higher temperatures are often used.89
Impedance-based systems determine the treatment endpoint by monitoring the tissue impedance to
the RF current. Impedance is measured in ohms (Ω), in accordance with Ohm’s law, and increases
as the tissue desiccates. Radiofrequency current can be delivered via monopolar or bipolar probes.
When monopolar probes are used, the current flows through the probe, into the patient, and then to
a grounding pad. The grounding pad is generally placed on the thighs or back, and away from metal
implants to eliminate internal heating. Monopolar probes are used to a much greater extent than
bipolar probes.
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Several devices are commonly used to perform RFA. The StarBurst® Radiofrequency Ablation System
(AngioDynamics, New York, United States) for radiofrequency interstitial tissue ablation (RITA) is
a temperature feedback–based system. The probe averages the temperature of the tines deployed,
and once a preset temperature is reached, the generator maintains the RF current for a specified
duration, which is largely dependent on the tumour size. Multiple treatment algorithms have been
published for temperature-based systems.90-92 The Cool-tip™ RF ablation system (Covidien, Dublin,
Ireland [Covidien was acquired by Medtronic in 2015]) is an impedance-based system that emits
up to 200 W at 480 Hz. Current is emitted from the probes until the surrounding tissue reaches
30 Ω above baseline. The power is then briefly switched off, or if using multiple probes, transferred
to another probe. This is repeated throughout the duration of the treatment cycle. Multiple treatment techniques have also been reported using the Cool-tip system.93-95 The RF3000™ system (Boston
Scientific, Minnesota, United States) is an impedance-based system that uses tines deployed in an
umbrella-shaped pattern. In this system, the power is steadily increased until there is a loss of current
due to the surrounding tissue impedance. To date, there is no evidence to suggest one type of ablation
system is superior to another. In a study pooling 27 series, Modabber et al. showed clinical efficacy
was similar for both temperature- and impedance-based systems (91.0% for temperature-based RFA
systems vs. 91.5 % for impedance-based RFA systems; p=0.73).96
8.3.2.2
Technique and approach
Radiofrequency ablation of renal tumours can be performed either percutaneously using CT guidance or laparoscopically using US guidance. This section will focus on percutaneous RFA (PRFA).
Although many of the studies reported combined laparoscopic radiofrequency ablation (LRFA)
and PRFA,90,97-99 attempts were made to separate the results. However, this is likely not critical, as
several studies have demonstrated no differences between PRFA and LRFA in terms of oncologic
outcomes.98,100 A more in-depth discussion on imaging modalities used for targeting renal tumours
(CT, MRI, and US) will be discussed in subsequent sections.
Radiofrequency ablation has been reported to be successful when performed under both general
anesthesia and conscious sedation. There are no reported series directly comparing the outcomes
between anesthesia types, although there are theoretical advantages to each. General anesthesia
allows for more precise respiratory control, which may lead to more accurate probe placement and
greater ablation success.101 General anesthesia may also allow for greater patient tolerance and a
higher chance of completing the planned procedure.101 Conscious or intravenous sedation allows for
RFA to be performed as an outpatient procedure, and has been used successfully at several institutions.102,103 Intravenous sedation in PRFA has further been shown to be effective in patients who are
at high surgical risk, and who may not otherwise tolerate general anesthesia.104
8.3.2.3
Procedural and perioperative outcomes
Radiofrequency ablation success is often defined as lack of enhancement in a targeted region based on
contrast-enhanced imaging, most commonly CT scan and less commonly contrast-enhanced MRI.
Published series have typically used 10 to 20 Hounsfield units (HU) as the upper limit of acceptable enhancement in the targeted region for RFA to be considered successful. Other studies have
used only the subjective finding of enhancement.74,93,98,105 Still, several studies include lack of tumour
involution or tumour growth in their definition of failure.99 When using MRI, most series report any
enhancement in the targeted region as a failure, although several studies have reported an objective
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15% increase in enhancement as a failure.93,94 Weight et al. questioned the use of enhancement as a
surrogate for RFA success by performing post-RFA biopsies. In this study, 6 of 25 patients (24%) without evidence of enhancement demonstrated viable tumour at 6 months. The study concluded that
there is a poor correlation between post-RFA radiographic findings and biopsy results.106 Another
study reported that post-RFA biopsies of targeted tumours failed to involute, but did demonstrate
enhancement. Of the 43 tumours biopsied, 5 were positive, 3 of these in non-enhancing regions
of ablation.99 Conversely, Raman et al. demonstrated the absence of viable tumour by performing
biopsies of non-enhancing areas 1 year after RFA (n=20 tumours). They showed no viable tumour in
any biopsy specimen. The authors maintained that the tissue architecture continues to change up to
6 months post-RFA, and cell viability should not be assessed by biopsy earlier.107 Currently, there is
not a consistently used definition of RFA success, and there remain conflicting studies regarding the
correlation between post-RFA radiographic findings and tumour viability. Therefore, the need for a
consistent definition of RFA success remains.
Technical success refers to the initial success of RFA treatment at the time of the first imaging followup (typically 4 weeks to 3 months). This is often reported based on the enhancement patterns on
cross-sectional imaging and is rarely confirmed by biopsy. Early in the RFA experience, studies
reported technical success based on two or three RFA attempts.103 The practice has been replaced by
a more strict definition, allowing for only a single RFA attempt. In reported series, technical success
after one RFA attempt ranged from 87% to 99.6%.90,95,105,108,109 It must be noted that these studies
were heterogeneous, specifically in terms of average tumour size (1.9–3.0 cm), with several studies
identifying different size cut-offs that stratify RFA success. Best et al. showed a significant difference
in technical success for tumours less than 3 cm compared with tumours 3 cm or greater (96.6% vs.
80%, respectively).90 Atwell et al. reported their technical success for all tumours less than 3 cm to
be 99.6%, with an average tumour size of 1.9 cm.82 Using the TNM staging system, Pstuka et al. also
showed that technical success was dependent on size, with 94.6% of T1a and 80.9% of T1b tumours
successfully treated.105 Finally, Zagoria et al. reported no technical failures for tumours less than 3.5
cm, noting those that failed ablation had a median size of 5.2 cm.93 Tumour location has also been
examined as a factor influencing technical success. Gervais et al. showed on multivariate analysis
that both small size (p<0.001) and non-central location (p=0.005) were independent predictors of
success after the first ablation.103 Gahan et al. examined the use of the R.E.N.A.L. nephrometry score
in predicting RFA success. They found that the combined location components of the R.E.N.A.L.
score (endophytic properties of the tumour, nearness to sinus, and the location relative to the polar
lines) correlated significantly with technical success (p=0.033).110
8.3.2.4
Complications
Identifying factors contributing to complications following RFA is difficult, as a standardized classification system has not been consistently used throughout the ablation literature. The two systems
most commonly used are the Clavien-Dindo classification to objectively report surgical complications, and the Society of International Radiology criteria, a standardized way to classify complications after radiographic procedures.35,111 Although several studies report complications based on
these systems,34,108,112,113 the majority of studies either do not address complications or report them
in a non-standardized manner. Table 8-2 shows RFA series reporting complications based on the
Clavien-Dindo classification or those describing the complications in detail. The rate of overall
complications in RFA is generally low, ranging from 7% to 13.1%, with the majority of complications
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described as minor (Clavien-Dindo grade <III).34,98,112,113 The most common minor complication
reported was nerve injury or pain, seen in up to 3.9% of patients (Table 8-2).34,114 The vast majority
of nerve injuries reported were self-limited.34,114 Other minor complications are described, but these
occurred sporadically and in small numbers.
TABLE 8-2 S
 elected RFA Series Reporting the Two Most Common Major and
Minor Complications
Major
complications
(Clavien ≥III)

Most common major
complications

Nerve injury: 3.0%;
pneumonia: 0.7%

2.3%

Urinary tract: 1.5%;
death: 0.4%

5.9%

Hemorrhage: 3.5%;
nerve injury: 1.2%

4.8%

Hemorrhage: 2.4%;
urinary tract: 2.4%

9.8%

Grade I: 5.1%;
grade II: 1.2%

Nerve injury: 3.9%

Grade III: 3.5%;
grade IV: 0%

Urinary tract: 2.4%;
hemorrhage: 0.8%

274

27.3%

Grade I: 26.2%;
grade II: 5.8%

NR

Grade III: 3.3%;
grade IV: 1.5%

NR

2013

199

7.0%

Grade I–II:
5.0%

NR

Grade III: 2.0%;
grade IV: 3–4%

Hemorrhage: 1.0%;
pneumothorax: 0.5%

Chang et al.97

2014

170

12.4%

Grade I–II:
8.8%

Nerve injury: 2.9%;
fever: 2.4%

Grade III: 3.6%;
grade IV: 0%

Urinary tract: 2.9%;
hemorrhage: 0.6%

Lorber et al.98

2014

53

26.4%

Grade I: 18.9%;
grade II: 7.5%

NR

0%

NR

Wah et al.108

2014

165

13.9%

7.3%

Nerve injury: 3.0%;
hemorrhage: 2.4%

6.7%

Urinary tract: 3.5%;
abscess: 1.2%

Minor
complications
(Clavien <III)

Reference

Year

N

Overall

Johnson et al.114

2004

133

8.3%

6.0%

Gervais et al.103

2005

85

10.6%

Atwell et al.82

2012

254

Leveillee et al.95

2013

Seideman
et al.112

Most common
minor
complications

Abbreviation: NR: not reported.
Urinary tract injury includes ureteral stricture (and ureteropelvic junction obstruction), urine leak, or urinoma.
Nerve injury includes sensory deficits (pain or paresthesia) or flank laxity.

Major complications (Clavien-Dindo classification ≥III) following RFA are reported in up to 6.7%
of patients. Of the major complications, injury to the urinary system (ureteral stricture or leak) and
significant hemorrhage were the most common, occurring in up to 2.9% and 3.5% of patients, respectively. In an attempt to mitigate urinary system injuries, retrograde cold perfusion has been used
during ablation of tumours near the ureter or collecting system.108,115 Wah et al. found this technique effective, although strictures still developed when the tumour was within 1 cm of the ureter.108
Hydrodissection has also been shown to be effective in minimizing RFA-associated complications.
Several studies report being able to achieve more than 1 cm of separation from critical structures
(colon), ensuring safe ablation.103,116 Leveillee et al. reported safe and effective treatment of tumours
less than 5 mm from the collecting system could be performed using real-time temperature monitoring. However, this study did not report specific complications in higher-risk tumours.95 It should be
noted that several series state that major complications occurred early in their experience (specifically urinary system injuries), altering patient selection. In a study by Johnson et al, greater than 50%
of the complications occurred in the first one-third of patients treated.114
540

SIU-ICUD JOINT CONSULTATION ON IMAGE-GUIDED THERAPIES FOR PROSTATE AND KIDNEY CANCERS

In the largest series looking at factors contributing to complications, Atwell et al. showed that
increased size and central location were associated with complication grade (p<0.01); however, this
series combined both CA and PRFA, thus limiting conclusions specific to PRFA.82 Chang et al.
showed that RFA complications correlate with tumour complexity based on the R.E.N.A.L. nephrometry score, with all patients in the highest complexity tertile experiencing some form of complication, although LRFA was the only modality used.113 A recent study in which PRFA was the primary
modality (85%) did not find the R.E.N.A.L. score to be predictive of RFA complications.112 In this
study, complications did not correlate to tumour size or any of the individual components of the
R.E.N.A.L. score. It is not clear whether the R.E.N.A.L. score has a role in predicting PRFA complications, as it was originally designed to assess tumours undergoing extirpative treatment.117 Overall,
RFA has been demonstrated to be safe, having a low rate of complications, with the majority of
these being reported as minor. Limited conclusions can be drawn concerning factors contributing to
RFA complications due to significant selection bias in many series and non-standardized reporting.
However, it is generally accepted that tumours in close proximity to the ureter or collecting system
pose a greater risk, and advanced PRFA techniques or treatment modalities other than PRFA may be
reserved for these tumours.
8.3.2.5
Tumour-specific outcomes
Radiofrequency ablation oncologic outcomes are now being reported using standard oncologic
measures. These include RFS, metastasis-free survival (MFS), DFS, CSS, and OS. Table 8-3 shows the
oncologic outcomes for select RFA series. Of note, all series are retrospective case series and demonstrate significant heterogeneity in terms of patient and tumour characteristics.
TABLE 8-3 Selected RFA Series Showing Tumour Characteristics and Oncologic Outcomes
Size
(cm)

Followup
(months)

RCC,
%

Definition
of
recurrence

Technical
success,
%

DFS,
%

CSS,
%

OS, %

PRFA

3.1

55

87

>10–15 HU

69

NR

100
(5 yr)

55
(5 yr)

208

PRFA: 172;
LRFA: 68

2.4

27

79

Subjective

97

NR

99

NR

Best et al.90

159

PRFA: 102;
LRFA: 57

2.4

62

72

>10 HU

95

91
(5 yr)

98
(5 yr)

75
(5 yr)

Pstuka et al.105

185

PRFA

3.0

77.2

97

10–15 HU

87

88
(5 yr)

>99
(5 yr)

73
(5 yr)

Leveillee
et al.95

274

PRFA: 174;
LRFA: 112

2.5

26

67

>20 HU

96

NR

99
(5 yr)

74
(5 yr)

Atwell et al.82

222

PRFA

1.9

34.8

54

>20 HU

>99

93
(5 yr)

NR

NR

Reference

N*

Approach
(no.
tumours)

McDougal
et al.119

23

Tracy et al.109

Abbreviations: DFS: disease-free survival; CSS: cancer-specific survival; HU: Hounsfield units; LRFA: laparoscopic radiofrequency
ablation; NR: not reported; OS: overall survival; PRFA: percutaneous radiofrequency ablation.
*Number of patients undergoing ablation.
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TABLE 8-3 Selected RFA Series Showing Tumour Characteristics and Oncologic
Outcomes, Cont’d
Size
(cm)

Followup
(months)

RCC,
%

Definition
of
recurrence

Technical
success,
%

DFS,
%

CSS,
%

OS, %

PRFA

2.9

46.1

92

>20 HU

96

94
(5 yr)

98
(5 yr)

76
(5 yr)

180

PRFA

2.1

34.8

41

Subjective

NR

98
(3 yr)

NR

82
(3 yr)

Lorber et al.98

53

PRFA: 29;
LRFA: 24

2.3

65.6

100

>20 HU

NR

91
(10 yr)

100
(10 yr)

93
(10 yr)

Chang et al.97

45

PRFA: 9;
LRFA: 36

3.0

66

98

>10 HU

NR

87
(5 yr)

96
(5 yr)

90
(5 yr)

Reference

N*

Approach
(no.
tumours)

Wah et al.108

200

Thompson
et al.74

Abbreviations: DFS: disease-free survival; CSS: cancer-specific survival; HU: Hounsfield units; LRFA: laparoscopic radiofrequency
ablation; NR: not reported; OS: overall survival; PRFA: percutaneous radiofrequency ablation.
*Number of patients undergoing ablation.

Recurrence-free survival was defined as the proportion of patients without local disease recurrence,
and included technical failures along with local recurrences. The estimated 5-year RFS in the reported
series ranged from 92% to 95%.98,100,105,109 Disease-free survival was also reported (in some cases in
place of RFS), and included local as well as distant recurrences. The estimated 5-year DFS ranged
from 87% to 94%.82,90,94,105,108 These series also included a heterogeneous patient and tumour population. As with technical success, RFS and DFS were shown to be dependent on tumour size. As multiple series have demonstrated, larger tumours are more likely to recur, even after achieving complete
ablation.82,90,93 Pstuka et al. showed local recurrence following successful ablation was significantly
less in T1a tumours compared to T1b tumours (4.2% vs. 14.4%, respectively; p=0.020).105 Gahan et
al. examined the role of the R.E.N.A.L. score in predicting RFS. They found that when the R variable
was modified to include a 3-cm cutoff, rather than a 4-cm cutoff, the R.E.N.A.L. score was predictive of RFS based on tertile stratification (p=0.003). This suggests that tumour size is the primary
predictor of RFS, with tumour location being less important.110 Atwell et al. reported a somewhat
different result, showing tumour location was more significant. This study noted the 3-year RFS for
central tumours was 77.9% compared to 97.8% for exophytic tumours.82 It has been theorized that
tumour histology (as a surrogate for tumour biology) may have a role in RFA outcomes. In a study
involving two institutions, Lay et al. demonstrated that patients with clear cell RCC are more likely
to develop local disease recurrence compared to patients with papillary RCC, independent of tumour
size (89.7% vs. 100% for 5-year DFS, respectively; p=0.04).118 This study suggests the vascular nature
of clear cell tumours makes clear cell RCC more susceptible to recurrence following RFA.
A standardized reporting system for tumour location is not yet widely used. As such, there are inconsistent and conflicting data as to the effect of tumour location on RFA outcomes. There are also
limited data to support that tumour subtype is a factor in RFA outcomes, and more studies are needed
before drawing any conclusions. However, there are now a significant number of well-performed case
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series with sufficient follow-up, which means that RFA can be recommended as a treatment option
for small renal tumours. Given the higher rate of technical failures and local recurrence in larger
tumours, RFA is best reserved for tumours less than 3 cm (grade C).
The number of metastases occurring in any single series is small, ranging from 0.4% to 2% of pati
ents.61,74,82,95,97,98,105,118 This finding remains consistent when evaluating series with longer follow-up
(65–77 months), with the majority of metastases reported in the first 3 years.98,105 The low incidence
of metastasis limits the ability to assess risk factors associated with the development of systemic
disease in the post-RFA setting. Cancer-specific survival following RFA is high, ranging from 94% to
100%, and is a reflection of the low rates of metastasis observed.74,95,97,98,105,108 Overall survival varies
significantly across series, ranging from 63% to 93%.74,95,97,98,100,105,108 This is likely related to the age
and comorbidities of the treated population. Lorber et al. 98 reported an average CCI score of 3.8, with
an OS of 98%, while Psutka et al.105 reported an average CCI score of 5, with an OS of 64%. Thompson
et al, on multivariate analysis comparing RFA and PN, found the only significant factors predicting
patient death were CCI score and age (p<0.001), not treatment approach (p=0.08).74 There are significant differences in average age and degree of comorbidities across published case series, in addition
to inconsistent use of an objective reporting system for comorbidities. Therefore, a comparison of OS
rates between RFA series or other treatment modalities is often not possible.
When considering RFA failures, the majority of RFA recurrences occur locally and relatively soon
after treatment.119 Atwell et al. showed overall that 3.2% of patients experienced recurrence, with a
median time to recurrence of 2.8 years.82 Tracy et al. reported nine recurrences, all occurring within
3 years of ablation.109
In general, the majority of local recurrences happen within 3 years of ablation, although there are
long-term failures. For those patients who experience recurrence, options include repeat ablation
(RFA or CA), extirpative treatment (radical or PN) or, AS. In a pooled analysis of seven institutions, 63 patients were identified who experienced technical failure or recurrence after ablation.120
The majority (59%) underwent repeat ablation, with 37 (80.4%) of those patients having successful treatment. This study was limited in that it included CA failures, although this represented a
minority (6.2%) of the population. Lorber et al. reported four local recurrences in their series of 53
patients.98 Three patients were treated with repeat ablation (PRFA or LRFA) and one with radical
nephrectomy. All patients remained recurrence-free after salvage treatment. Nguyen et al. analyzed
22 patients undergoing salvage treatment after PRFA. Four patients progressed, needing radical
or PN. Specifically, they reported no significant increased difficulty of the extirpative procedures
following RFA, although the numbers were small, and conclusions were based on operative reports
and lack of complications.121 In a series of healthy patients, Ma et al. reported three failures (5.8%).100
All patients underwent repeat ablation; however, all progressed to radical nephrectomy as repeat
ablation was not successful. Although more aggressive treatment was likely pursued given the young
and healthy patient population, this is not explicitly stated. As detailed here, there is significant variation in the number of patients undergoing repeat ablation and extirpative therapy, thus limiting any
general conclusions regarding treatment of RFA failures.
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8.3.2.6
Functional outcomes
The majority of studies report minimal or no impairment in renal function following RFA.108,122-124
The best evidence for this comes from several studies examining renal functional outcomes in a
solitary kidney population.121,123,124 In a multi-institutional study, Raman et al. (n=47) showed that
92.9% of patients experienced no decline of renal function at 3 months, with 89.6% maintaining renal
function at greater than 12 months.125 Krokidis et al. (n=23) showed no significant change from baseline renal function (eGFR: 47.0 mL/min/1.73 m2) compared with renal function at 3 months (eGFR:
38.0 mL/min/1.73 m2) or at 1 year (eGFR: 41.0 mL/min/1.73 m2).122 Similarly, Pieper et al. (n=38)
reported no patients with an eGFR >60 had a significant decline in renal function, and that patients
with an eGFR <60 had a minimal decline in renal function (mean decline: 1.68 mL/min/1.73 m2).124
Wah et al, in contrast, reported a mean decrease in eGFR of 3.1%, which was significantly different
from pre-RFA measurements (p<0.001), although only four (2.4%) patients had a decline in eGFR
>25%.108 Maintenance of parenchymal volume has recently been shown to be an independent predictor of renal function following nephron-sparing treatment.126 Woldu et al. showed PRFA resulted
in favourable parenchymal preservation. They also showed that, on average, 92.4% of the parenchymal volume was preserved, which was significantly higher than extirpative techniques.127 Based on a
number of case series, renal function appears to be minimally impacted following RFA, and is thus
considered a favourable nephron-sparing approach for the treatment of SRMs.
8.3.2.7
Patient selection
The average patient age in RFA series ranges from roughly 55 to 75 years, with the majority of series
reporting an average age >65 years. Overall patient health using objective measures, such as CCI
score or American Society of Anesthesiologists (ASA) score, is infrequently reported, although most
series state that the treated patient population was unfit for surgery or was in relatively poor health.108
The few series that did utilize objective measures reported significant morbidity, with CCI scores
ranging from 2.1 to 5.74,98,105 In contrast, several recent studies have published results with younger
and healthier patients. A study by Ma et al. examined long-term RFA oncologic outcomes in a healthy
patient population (ASA: 1 or 2; mean age: 57).100 This study demonstrated an estimated 10-year RFS
of 94.2%, with no patients developing metastases or dying of RCC (MFS and CSS: 100%). Chang et al.
also reported favourable RFA outcomes in a younger patient population (mean age: 52.9).113 In this
study, 5-year RFS and CSS were 86.7% and 95.6%, respectively. This study was limited by sample size
(n=44), and did not report patient comorbidities, but did show durable oncologic outcomes over a
median follow-up of 66 months.
There remain limited data demonstrating durable RFA outcomes in younger or healthy patients. The
majority of case series represent an older and unhealthy patient population. Therefore, RFA remains
preferentially reserved for patients who are older or have significant comorbidities. [GOR C]
8.3.2.8
Conclusion
There are now a sufficient number of larger series with sufficient follow-up to support RFA as a safe
and effective treatment option for SRMs, with optimal results for tumours up to 3 cm. The patient
population best suited for RFA is older and with significant comorbidities, although newer studies
are questioning this doctrine. Going forwards, new publications should make every effort to report
data in a standardized manner, using accepted definitions for oncologic outcomes, complications,
and comorbidities. [LOE 2c; GOR B]
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8.3.3

Targeting the lesion

Compared with other urologic tumours (e.g. prostate), kidney tumours are amendable to crosssectional imaging (CT/MRI). Focal therapy requires exact planning with high-quality imaging
preoperatively, and transferring of obtained data to the intraoperative setting for targeting and navigation. However, the intraoperative application of imaging in soft tissue surgery is limited because of
considerable organ shift and tissue deformation caused by breathing, heartbeat, patient movement,
and manipulation by the surgeon. Systems currently available are not able to predict organ motion,
which reduces the predictive value of the preoperative imaging data.
The problem of “targeting the lesion” during any procedure is being approached with different intraoperative imaging devices, such as US, fluoroscopy, CT, or MRI.128 Intraoperative US is widely used
for laparoscopic surgery as well as for percutaneous approaches due to its real-time imaging and
easy use. Furthermore, it is a noninvasive and inexpensive procedure. However, these benefits come
at the cost of low image quality and validity. To enhance the image quality of US, different deve
lopments have been made, including contrast-enhanced ultrasound (CEUS) and fusion of US with
cross-sectional imaging.129 Fluoroscopy is also a commonly used method of intraoperative imaging.
Especially in urology, we experience difficulties in accessing the kidney in our daily work.130 Based on
their success in vascular and cardiac surgery, intraoperative CT systems are also becoming a focus of
urology. The syngo DynaCT (Siemens Healthcare, Erlangen, Germany), for example, is an isocentric
C-arm system, equipped with a large, flat-panel detector for intraoperative imaging. It has the ability
to acquire a small three-dimensional (3D) volume in cone-beam CT image quality within 32 seconds
by rotating around the patient. It, therefore, enables the surgeon to visualize the entire abdominal
area at the current position of the patient. Apart from these commonly used methods, some efforts
have been made to integrate open MRI intraoperatively, which showed successful image guidance
with near real-time magnetic resonance (MR) images and 3D visualization in some experimental
settings. However, due to cost and time, standardized integration in clinical settings has not been
achieved yet.129
8.3.3.1
Ultrasound
Ultrasound imaging features low costs and high availability. It is easy and quick to apply, acquires
images in real-time, and does not expose the patient or physician to radiation.131 However, correct
interpretation of US images is not trivial, especially when image quality is low. Furthermore,
some lesions are not visible at all on US images because their echogenicity is similar to that of the
surrounding tissue.
To address these issues, US imaging can be enhanced using preoperative data of higher quality.
Referred to as fusion imaging or real-time virtual sonography (RVS), this technique involves the fusion
of real-time US and preoperative CT or MR images, as illustrated in Figure 8-1. Fusion of the images
is often achieved by localizing the US probe in 3D space (tracking) and transferring the preoperative
image to the tracking space (registration). Most commercial US systems that feature image fusion are
based on electromagnetic (EM) tracking.132 With EM tracking, no line of sight is required to localize
the US probe, which is beneficial for integration of such systems into clinical workflows. However,
an awareness of the lack of robustness against sources of distortion is necessary, as EM tracking
accuracy can be compromised by magnetic field distortion due to nearby medical diagnostic devices
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or other ferromagnetic objects.133 Image registration can be achieved manually, by using tracked
markers attached to the patient, or by selecting anatomical landmarks such as vessel bifurcations in
both images. In practice, the registration procedure is sometimes separated into two steps: (1) rough
registration (e.g. performed with external markers) and (2) fine-tuning adjustment (e.g. based on
anatomical landmarks).134 Robust automatic approaches for image registration are a subject of ongoing research.135,136
FIGURE 8-1
Fusion Imaging of a
Renal Cyst
Real-time US data (left) is
fused with preoperative CT
data (right). The image was
taken with an Esaote Virtual
Navigator US machine.

Ultrasound fusion can be used for not only noninvasive diagnosis, but also invasive procedures. For
example, using a conventional needle guide allows for accurate needle placement during percutaneous interventions. This includes targeting of lesions during renal CA137 and RFA.138–140
Technically, tracked US, as used in US fusion, requires accurate calibration of the tracking system and
US probe. Such calibration methods have been the focus of research for many years.141,142 However,
commercial tracked US systems are usually calibrated by the manufacturer. With a tracking system
available, several other methods of computer assistance are enabled in addition to image fusion. By
taking advantage of a tracked two dimensional (2D) US probe, a 3D US image can be acquired.141 In
addition, it is possible to localize instruments in 3D space, which allows for performing enhanced 3D
navigation techniques. This includes path projections from a needle to the US plane, making needle
guides obsolete and allowing for out-of-plane needle trajectories.143–145
With tracked US, new technical components, such as the EM field generator and EM sensors, have
been introduced that have to be placed near to the patient. This results in higher complexity procedures, and can possibly hamper integration of such systems into clinical routine. To address this
issue, new concepts to integrate tracking systems with US probes into a single combined device were
proposed recently. It was shown that it is possible to integrate EM field generators145 as well as optical
tracking systems146 with US probes, thus simplifying the setup of tracked US systems. However, these
systems have not yet been used for image fusion.
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8.3.3.2
Computed tomography
In contrast to US, CT imaging features high image quality and is less operator dependent.131 For some
lesions that are difficult to see on US (e.g. due to the patient’s body habitus or intervening structures,
such as air or bone), CT guidance might be preferable for accurate targeting. However, many CT
scans are only taken for diagnostic purposes, before the actual intervention. As mentioned previously, the intraoperative application of these images in soft tissue surgery is limited because organ
shift and tissue deformation are usually not taken into account, and may lead to a high localization
error of the lesion that needs to be targeted.
To enable accurate conventional CT guidance, minimally invasive interventions such as percutaneous needle insertions are performed in an interventional CT suite.147 Here, CT is used during
the intervention to provide updated images whenever required. For CT guidance in more complex
intraoperative settings, the patient is sometimes transferred from the CT suite to the operating room,
which is time-consuming and bears several risks to the patient. Intraoperative CT scanners, such as
C-arms, enable the acquisition of CT images inside the operating room during an intervention.
A robotic C-arm features extended options for targeting a lesion under CT guidance in the intraoperative setting.148 The syngo DynaCT is such a device and is available from Siemens Healthcare
(Erlangen, Germany). The C-arm can be moved automatically by a robotic arm, and is able to acquire
3D cone-beam CT scans and 2D real-time fluoroscopic images by means of a flat-panel detector.149
As the position of the C-arm in relation to the patient stretcher is always determined by the angles
of the robotic arm’s joints, 3D-CT data can be merged with fluoroscopic 2D images automatically.
An insertion trajectory planned on the 3D data set can then be visualized as overlay in the 2D fluoroscopic image and used to insert a needle under fluoroscopic control. In addition, a laser system is
integrated into the device to mark a planned insertion point on the patient’s body and to align the
needle to the correct angle, as shown in Figure 8-2.
FIGURE 8-2
Targeting a Lesion with the
Laser Marking of a Robotic
C-arm System
Figure provided by Dr. Dogu
Teber, University of Heidelberg,
Heidelberg, Germany.

A common application of this principle in urology is to gain the percutaneous kidney access, first
shown by Ritter et al. in an ex vivo model.150 After performing a Uro DynaCT with 3D rendering
and post-image processing, the 3D reconstruction is used to plan the puncture of the renal pelvis.
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From there, the urologist will mark the target point and the possible point of needle insertion in
one plane of the reconstructed images, taking into consideration the surrounding structures. After
cross-checking the insertion pathway of the needle in all planes of reconstruction, the puncture is
best started in the bull’s eye view—the insertion point of the needle that was marked with the previously mentioned laser alignment (Figure 8-2). During insertion of the needle, the laser cross needs
to be kept in an inline position to the needle; needle position can be checked using the indicated
roadmap on the fluoroscopy monitor. With this principle, the authors could show that a laser-guided
Uro DynaCT allows for fast and successful percutaneous access to the kidney in 9 of 10 cases with a
median puncture time of 3.2 minutes.150 A limitation of this ex vivo model is that the complete static
setting must be mentioned. Transferring this system to patients, organ shifting and deformation
need to be considered as complicating factors. This problem was addressed by the same authors in a
more recent study, where percutaneous kidney access was established successfully in 9 of 12 patients
using the described system. With a short median planning and puncture, the Uro DynaCT–based
puncture technique also shows promising results in the clinical setting.151
Recently, an intraoperative CT-supported approach to gaining kidney access has assumed importance in the treatment of SRMs due to the exact planning demanded by focal therapy. Due to the
known heterogeneity of renal masses, multiple and precise tumour biopsies are required before
planning ablation therapy.152 A renal tumour biopsy may be further complicated by cystic tumours,
which makes targeting even harder. Therefore, a reliable, exact planning, and guiding tool is needed,
such as the dynamic CT-guided puncture technique for gaining access to the renal pelvis that was
recently proposed.153
Current developments tend toward intraoperative computer-assisted use of CT modalities: the principle consists of a combination of augmented reality tools, which have been presented by different
research groups,140,154,155 as well as fluoroscopy and CT image fusion. However, all groups faced the
problem of intraoperative organ shifting, observed especially in renal surgery. Furthermore, changing the patient’s position from supine to flank leads to ventral and caudal movement of the kidney.
This might impair the surgeon’s orientation compared with standard preoperative CT scans.
Intraoperative CT imaging and fluoroscopy fusion enable imaging at any time during surgery to
facilitate during difficult steps. For image fusion, a known spatial relation between the imaging
device and the patient (c.f. DynaCT) or a landmark-based transformation can be used. For the latter,
radiopaque skin markers,156 specially designed needle-shaped markers applied to the organ154 or
anatomical landmarks, were proposed. With these methods, the authors were able to gain experience
in PN, and found the application to be feasible and helpful. In particular, small and total endophytic
tumours could be located faster and more securely, which may not only prevent tissue trauma and
positive margins, but also spare renal function. Additionally, this application allows for realizing
laparoscopic approaches in complex cases where open surgery is usually preferred. Another application of intraoperative CT was demonstrated by Nozaki et al. Those authors performed lymph node
dissection with the support of intraoperative CT. Using surgical clips as markers, they were able to
identify the dissection template more precisely.157 As virtual guidance by means of merged 3D data
sets remains challenging, a method of using mobile displays, such as the iPad, for intuitive visualization was recently proposed.156 However, these systems are still experimental and currently reserved
for complex cases due to cost and time.
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8.3.3.3
Conclusion
Although progress is being made to optimize puncture and targeting of renal lesions, at the present,
there is no integrated system applicable in clinical practice. [LOE 4; GOR D, as no recommendation
is possible]

8.4

Emerging Ablation Technology

New ablation technology aims to overcome the limitations of RFA and CA. When considering emerging ablation technologies, increasing the volume of the ablated zone and overcoming the downsides
of RFA and CA are of capital importance. The latter includes possible damage to vital structures in
the vicinity of the ablation zone (e.g. the collecting system or intestine), and unpredictable results
due to difficulty in monitoring the ablation zone and “thermal sink” effect. Novel ablation technologies such as microwave (MW) and irreversible electroporation (IRE) are not susceptible, or are less
susceptible, to the thermal sink. They have the potential to spare tissue architecture and minimize
damage to the blood vessels, nerves, and collecting system. Nonetheless, the main question remains
whether there is enough evidence in the literature to recommend MW and IRE as standard ablation methods, or whether a higher level of evidence is needed before they overcome the label of
“emerging technologies.”
The mechanism of action and physical process of the different ablation technologies, as well as the
tissue characteristics that can modify their effects, remain important considerations when a range
of technology is available. Similarly to standard ablation technologies, these emerging technologies
exhibit a broad variation of published outcomes. These outcomes are frequently difficult to interpret
due to the absence of standardized reporting criteria, and the preliminary or investigational nature
of the reports.

8.4.1

Microwave ablation

8.4.1.1
Technology and devices
Microwave ablation (MWA) is a heat-based needle ablation, and has already used in breast, liver, and
lung. Alternating electrical currents are used to generate electromagnetic MWs in frequencies ranging from 900 to 2,450 MHz. Microwaves agitate water molecules and cause friction. These polarized
molecules are then forced to continuously realign with the oscillating MW field, resulting in increasing kinetic energy and tissue temperature.158
Similarly to radiofrequency, the high temperature of MWA induces cellular death by coagulative
necrosis. However, MWs do not need ground pads, and are not limited by tissue impedance. Because
they are able to radiate through desiccated tissue, more consistent and larger ablation volumes are
reached in a shorter time than with RF.159-161 The minimal thermal dispersion reduces thermal sinking, and the MW effect seems to be less sensitive to tissue type.159,162-166
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The electromagnetic field induced depends on the antenna design, and drives the size and shape
of the ablated zone. Currently, three different types of MW systems are available. The first generation of MW systems, without active antenna cooling and limited to low power and short duration,
was likely unpowered to reach high temperatures.167 The second generation included antenna cooling, but still had limited generator power. The third generation of MW systems integrated shaft
antenna cooling (with water, saline, or CO2) and high generator power, delivering increased energy
to the target tumour and minimizing injury to surrounding tissue.158,166 Overall, fluid-based cooling
systems require a larger antenna diameter, while gas-cooled systems work with a smaller antenna
diameter (17-G).
The new antenna designs aim for more rounded and forward-weighted heating that, at least theoretically, allows for the safe treatment of smaller tumours. In general, the higher temperature is reached
within 1 cm of the antenna tip, and the effect of multiple antennas is synergistic.168 CO2-cooled
systems permit the creation of an early, small ice ball to stabilize the position of the antenna. Both
frequencies, 915 MHz and 2.45 GHz, create large ablation zones, although the longer wavelength at
915 MHz seems to result in larger ones.169-171
Performance of the different systems varies depending on the antenna diameters, number of antennas, power generated, frequency, and power lost between the generator and the tip of the antenna.
Understanding the characteristics of the system being used is critical for properly selecting patients
and evaluating outcomes.162,172 As for other ablation methods, the expected ex vivo ablation diameters
are provided by the manufacturer.
8.4.1.2
Animal ex vivo and in vivo trials
A considerable number of studies have assessed MWA in the liver, lung, and kidney. Different ablation protocols in terms of generator power (watts; W), number of antennas, and ablation time have
shown in pig livers consistent ablation zones between 3 cm and 6.4 cm using a single antenna.
The first generation of MW systems showed inconsistent and asymmetric ablation zones, denuded
urothelium, antenna charring, and damage to the collecting system in in vivo porcine kidneys.173
More advanced systems have assessed the effect of different MWA powers (60–180 W) and times of
application (2–6 minutes), using a 1.8-mm antenna and 2.45-GHz system, in bovine liver and porcine
muscle and kidney. Increased power settings and time significantly increased ablation volume in the
three tissues by up to 140 W. Optimal efficiency for this novel probe and system was found at settings
of ≤140 W for 6 minutes.174 He et al. tested 50 W at 10 minutes in in vitro, and acute and chronic in
vivo porcine kidneys, showing the predictability of thermal tissue injury.175
Ex vivo studies show variable degrees of contraction of the ablation lesion, depending on the tissue
tested. The degree of contraction in liver (30%–38%) or lung (47%–52%) is superior to that in kidney
(4%–7%), and proportional to tissue vascularization and desiccation.176,177
A porcine kidney ex vivo study using 90-W MWA showed significant variations in differential postintervention volumes (–3.8% to –7.2%), depending on application time, but similar dehydration rates
(62.6%–64.2%). The authors concluded that the coagulation zone is underestimated by visualization,
and the effective coagulation volume is significantly greater with higher deployed energy.178
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The use of double antennas enlarges considerably the coagulation zone. A single MW antenna results
in a significantly larger ablation zone than a single RF electrode. High-power triaxial MW antennas
also produce larger ablation zones in porcine kidneys than RF with similar-sized and number of applicators.166 Furthermore, the 32 ablated areas produced by a novel, refrigerated, 17-G antenna (Amica™,
Mermaid Medical, Stenløse, Denmark) showed a mean diameter of 1.2 cm to 4.2 cm, depending on
power time and exposure.179 In this study, 50-W power offered the optimal necrotic lesion size and
spherical index. Pathological evaluation with nicotinamide adenine dinucleotide (NADH) staining did
not show skipped lesions in any of the ablated tissues.179
So far, animal kidney studies have failed to show that antegrade pyeloperfusion with cooled 5% glucose
protects the collecting system during MWA. Consequently, MWA of central lesions abutting the
collecting systems should be carefully considered or avoided.180
Lastly, when comparing temperature- and power-controlled MW systems on porcine kidneys, no
significant differences were found in ablation zone geometry. However, system failures occurred less
frequently with temperature-controlled systems (0% vs. 13%).178 Attempts to establish treatment guidelines in terms of power and time have been made based on the in vivo porcine kidney. Hope et al.
proved that the diameter of the ablated tissue (n=308) varies significantly by time and power applied,
and their interaction. With their system, the optimal setting to perform kidney MWA was settled at
45 W for 10 minutes.181
In summary, animal kidney studies show that the optimal MWA protocol is highly dependent on the
system characteristics, and the whole technical procedure should be adapted to the desired targeted
ablation zone.
8.4.1.3
Human trials
Three phase 1 studies have focused on the feasibility and safety of MWA for kidney tumours, prior
to nephrectomy or tumour enucleation. In spite of the different protocols and probes used, all of the
studies showed the presence of coagulative necrosis with uniform and reproducible ablation lesions,
and absence of vital tumour cells inside the induced lesion. Up to three probes were used in one study,
resulting in a large mean ablated lesion size of 5.7 x 4.7 x 3.8 cm. Most importantly, the surrounding
healthy tissue was preserved. Complications were negligible in these studies.182-184
Besides a number of retrospective studies, one structured report on CA versus MWA and one randomized controlled trial (RCT) comparing MWA with open partial nephrectomy (OPN) in kidney tumours
have been conducted so far.
A meta-analysis comparing CA with MWA for SRMs was published in 2013.185 Overall, there were
seven studies included, and a total of 164 patients treated by MWA. Patients with familial/hereditary
syndromes were excluded,167,183,186-190 and one of the studies included only hamartomas.186 Half of the
patients received laparoscopically assisted MWA and 37.2% received percutaneously assisted MWA.
Mean tumour size was 3.13 cm (SD: 0.8). At a mean follow-up of 18 months (SD: 8), primary effectiveness was 91.3%, and CSS was 96.8%. Local tumour progression was observed in 2.54% of patients,
without any metastatic progression. A total of 11 complications were observed in the MWA group. The
reported complication rate (detailed within the reported raw number) was 61%.
Available Ablation Energies to Treat Small Renal Masses

551

The most recent results of four series published after the meta-analysis are depicted in Table 8-4.191-194
These retrospective series support the previously reported outcomes. Of note, all the systems delivered
high power through cooled antennas, and most SRMs included were of low or intermediate complexity.191 Treatment was performed percutaneously and under general anesthesia in most of the patients.
Hydrodisplacement with a 5% dextrose sterile water solution was necessary in 38% of the cases in the
Moreland et al. series.191 Carrafiello et al. followed seven patients with MWA-treated Bosniak III–IV
cysts radiologically for 24 months, observing minimal reduction in diameter, and even increase in
diameter in some cases (range: –4 mm to +3.3 mm), although the differential Hounsfield unit was
below 10 in all cases during follow-up.193
TABLE 8-4 Most Recent Studies on Human Microwave Ablation
No pat /tumours

Methodology

MW system/
approach

Age, yr (mean)

53 RCC
(biopsy proven)

Retrospective

2.45 GHz; CO2 cooled;
percutaneous

66

14/15
(suspect small RCCs)

Retrospective

2.45 GHz; CO2 cooled;
percutaneous

62

Lin et al.194

14/16
Functional
monokidney*

Retrospective

KY-2000; double
cooled; percutaneous

51.2

Carrafiello et al.193

6/7
Bosniak III–IV

Retrospective

915 MHz; saline
cooled; percutaneous

74

Reference
Moreland et al.191
Horn et al.192

Abbreviations: MV: microwave; RCC: renal cell carcinoma; CSM: cancer-specific mortality; RFS: recurrence-free survival (local
and metastatic).
* Three cases already M+.
† Three cases >4 cm, including RCCs and one von Hippel-Lindau.
‡ Pseudoaneurysm renal artery branch.
§ By means of two sessions in six cases.

continued on page 553

Besides these observational studies, the RCT by Guan et al. deserves special mention. Those authors
compared PN with MWA (open or laparoscopically assisted) in SRMs.187 During the minimum
follow-up of 2 years (median: 32 and 36 months for MW and PN, respectively), surgical and hospitalization times were similar for both arms. Estimated blood loss (p=0.0002) and complication rate
(p=0.0187) were significantly lower in the MWA group (12.5% vs. 33% for the MWA and PN arms,
respectively). Of note, one MWA patient developed urinary leak. Decline in postoperative renal
function (p=0.0092) was also significantly lower in the MWA group; although at last follow-up, the
decrease in eGFR was similar (p=1.0). Kaplan-Meier estimation of the RFS rate at 3 years was 91.3%
for MWA and 96% for PN (p=0.054). For RCC, the 3-year RFS rate was 90.4% for MWA and 96.6%
for PN (p=0.46). Accordingly, MWA was proved to be even safer and as equally efficient as PN in this
trial. However, the sample size of this RCT was very small, and selection bias cannot be ruled out. In
spite of the highest evidence, currently, it seems prudent to await confirmation of the data.
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8.4.1.4
Conclusion
Preclinical animal studies and phase 2 human trials support the emerging utility of MWA in kidney
tumours. There is evidence on procedural safety and short-term efficacy. Early differences in terms
of efficacy and complications may reflect variations among MW systems and settings. However, with
the new high-powered cooling devices, the rate of complication has decreased to a low level.
There is still a lack of large prospective trials and long-term outcomes reports. A unique [LOE 2b]
comparing MWA with PN (laparoscopic or open) shows a lower perioperative complication rate for
MWA and similar 3-year outcomes for both techniques. While there is agreement that third-generation
TABLE 8-4 M
 ost Recent Studies on Human Microwave Ablation, Cont’d
Mean tumour size, cm
(range)

Complications

Follow-up, months

Outcomes

2.6 (0.8–4)

11% (Clavien I: 5; Clavien II: 1)

Median: 8
(in 38 patients)

RFS: 100%

2.2 (1.0– 3.9)

6.7%‡

Mean: 3

Complete necrosis: 93.3%;
enhancement at 3 months:
6.7%

3.2 (1.0–8.4)†

Minor: 4.5%; mild pain
at puncture site: 14.5%;
gross hematuria: 7.1%

Median: 9

Complete ablation: 93.8%§;
CSM: 14.3%

1.7 (1.4–2.7)

No major complications

All 24

Technical effectiveness: 100%; RFS: 100%

Abbreviations: MV: microwave; RCC: renal cell carcinoma; CSM: cancer-specific mortality; RFS: recurrence-free survival (local
and metastatic).
* Three cases already M+.
† Three cases >4 cm, including RCCs and one von Hippel-Lindau.
‡ Pseudoaneurysm renal artery branch.
§ By means of two sessions in six cases.

MWA is safe and feasible for SRMs, caution is still recommended regarding long-term outcomes, as,
so far, follow-up is clearly insufficient for pronouncing sustained efficacy. [LOE 3; GOR C]

8.4.2

Irreversible electroporation

8.4.2.1
Technology
Electroporation or electropermeabilization is a technology in which electric pulses traveling between
electrodes are used to create nanoscale defects (nanopores) in the cell membrane.195-197 The process
can be temporary—reversible electroporation (RE). However, above a certain electrical threshold,
the nanopores become permanent, causing cell death due to the inability to maintain homeostasis—in a process called irreversible electroporation (IRE).198-200 In recent years, interest has turned to
IRE as a tumour ablation modality, leading to the development of commercially available medical
equipment.197,201
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Although the presence of nanopores following the delivery of electrical pulses has been visualized
using electron microscopy,195,196 it remains unclear whether these pores are the true mechanism of
IRE-induced cell death.202,203 Nevertheless, IRE appears to offer a number of advantages. First, it
is not dependent on thermal energy, and therefore, is not influenced by thermal sink. Second, IRE
should confine damage to the cell membrane, sparing tissue architecture and minimizing damage to
blood vessels, nerves, and renal collecting system.204
8.4.2.2
Device and procedure
At the time of this writing, only one IRE platform had specific clearance for the ablation of soft
tissue, namely the NanoKnife® IRE System, also registered as the HVP-01 Electroporation System
(AngioDynamics, New York, United States). This platform consists of a low-energy direct current
(LEDC) generator, capable of connecting up to six monopolar needle electrodes (16 G). Parameters to
be adjusted in IRE ablation are voltage, pulse number, pulse length, electrode number, and electrode
spacing. Irreversible electroporation procedures take place under general anaesthesia with additional
muscle relaxation in order to prevent severe muscle contractions as a result of the electrical pulses.205
Irreversible electroporation pulses have the potential to cause cardiac arrhythmia. Therefore,
synchronization of the IRE pulses with the cardiac rhythm is advised—performed by interfacing
a synchronization device to the IRE console. The IRE electrodes are placed in a similar fashion to
RFA or CA probes. Parallel insertion of the probes is important to guarantee equal distribution of
the electrical field. Generally practiced IRE settings for tumour ablation are electrode spacing of
15 to 20 mm, electrode tip exposure of 15 to 20 mm, 70 to 90 pulses of 70 to 90 µs (synchronized
with electrocardiogram [ECG]), and a pulse intensity of 1,500 V/cm. Due to the fast repetition and
microsecond pulse length, an IRE pulse cycle will take only 5 to 10 minutes.
8.4.2.3
Animal trials
Early in vivo experiments of IRE in rat livers showed that ablation of the parenchyma produced a
sharp boundary between treated and untreated tissue. Furthermore, preservation of blood vessels
and ductal structures was observed.206 Kidney-specific animal testing, using a porcine model, has
confirmed acute, short-term and midterm safety of IRE.199,207-209 Monopolar and bipolar IRE ablation were both tested. Bipolar IRE was found to result in smaller ablation volumes, and was more
likely to cause urothelial erosion and necrosis.207 Following this, the focus turned to monopolar IRE.
Irreversible electroporation of the porcine kidney, including the renal collecting system, can result
in damage to the urothelium. However, histological evaluation at 14 days post-IRE shows the onset
of cellular repair and repopulation.199,207,210 Furthermore, it was noted that the basement membrane,
collagen, and fibroblasts remained unaffected.210 These results support the theory that IRE could spare
vital structures within the ablation zone. On the contrary, repetitive high-intensity electric pulses, as
used in IRE, have the potential to cause joule heating. A study measuring temperature development
and distribution during IRE of the porcine kidney, using generally practiced settings, showed a peak
temperature increase of 47°C in the heart of the ablation zone.211 Such temperatures lead to thermal
damage, warranting the consideration of safety measures such as temperature monitoring. On CT
imaging, acute and subacute lesions showed cortical necrosis and pelvic urothelial necrosis with
preservation of pelvic extracellular matrix. Midterm follow-up showed cortical fibrosis and urothelial regeneration.208 Dynamic contrast-enhanced MRI showed inhomogeneous necrosis with small
perifocal edema at short-term follow-up and sharp delimitable scars at midterm follow-up.209
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8.4.2.4
Human trials
The feasibility and safety of IRE ablation of RCC in humans was first tested by Pech et al. in an
“ablate and resect” pilot study performed during anesthesia in six patients directly before kidney
resection.200 Patients were monitored by ECG and basic laboratory sampling. Blood gas analysis and
laboratory blood testing showed no abnormal changes. In one patient, one intraoperative supraventricular extrasystole was encountered; this was not followed by any further ECG abnormalities.
Histopathological examination of the resected tumours showed swelling of the ablated cells, but no
actual dead cells were observed. These histopathology results are in line with the supposed mechanism of IRE. As the induced cell death involves predominantly apoptosis, the IRE effects need more
time to become visible.200 This pilot study addressed, in particular, the possible risks associated with
the need for general anesthesia (to induce muscle relaxation) and with the need to synchronize IRE
pulses with the refractory period of the cardiac rhythm (to avoid rhythm disorders).
Thomson et al.212 investigated the safety of IRE in humans by ablating tumours in 38 volunteers with
advanced liver, lung, or kidney malignancies. This was a single-centre, prospective, non-randomized
cohort study in which IRE of the kidney was performed in 10 cases in 7 patients. Safety analysis
consisted of clinical examination, basic laboratory sampling, and CT scans performed before, directly
after the procedure, and at 1 month and 3 months post-ablation. One patient developed obstruction
of the ureter, which was previously damaged by RFA ablation. The other six patients showed no signs
of stricture while the ureter or collecting system was within the ablation zone. Transient hematuria
was observed in two patients who had IRE treatment extending into the central portion of the kidney.
Two patients required a second IRE treatment after 3 months of follow-up.212 Recently, Trimmer et al.
reported on 20 cases of IRE in SRMs, with 1 year of imaging follow-up. Two of the 20 cases presented
with residual tumour at 6-week follow-up imaging, which were treated with salvage RFA. Six-month
follow-up was available for the 15 cases showing no signs of recurrence. One-year follow-up was
available for the six cases, of which one showed recurrence, treated by PN. No major complications
were observed.213
A phase 2a trial is underway aimed at confirming the efficacy of IRE for the ablation of SRMs,
by performing PN 28 days after ablation. Short-term follow-up, between IRE and resection, will
be performed using MRI. When completed, this trial will provide data on the histopathology of
(partially) resolved IRE lesions and valuable insights into post-ablation MRI.214 When these shortterm efficacy results become available, the next step will be the first phase 3 follow-up trial of this
new ablation modality.
Based on the studies of Pech et al. and Thompson et al., it seems that, besides the need for general
anesthesia with additional muscle relaxation and the need to synchronize IRE pulses with the refractory period of the cardiac rhythm, IRE is a feasible and safe procedure.200,212 This can give further
body for the second step in investigating the efficacy of IRE. A study has to be performed to investigate the effect of IRE after days or even weeks, with pathology as the reference standard, to confirm
the early ablation effect. The trial by Wendler et al. is underway, and will, hopefully, shed light on this
matter.214 After pathological confirmation of the IRE ablation effect, research can progress to followup trials addressing intermediate-term and long-term ablation success. Table 8-5 displays the main
findings of animal and human studies in kidney IRE.
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TABLE 8-5 Main Findings for Animal and Human Studies on Irreversible Electroporation of
the Kidney
Number
of IRE
ablations

Reference

Tissue
type

Trimmer et al.213

Human
kidney
tumour

20

Pech et al.200

Human
kidney
tumour

6

Thomson et
al.212

Human
kidney
tumour

Olweny et al.

199

Porcine
kidney

11

Follow-up
method

CT

MRI


Pathology


CT

Retrograde


24

pyelogram

Histology


Follow-up

Conclusions

Type of
study

1 year


Renal IRE appears safe for
the treatment of small renal
tumours. CT and MRI are
feasible imaging techniques for
follow-up after IRE.

Case series

Ablation/


IRE of human kidney tumours is
feasible and safe.

Prospective
cohort

Directly

1 month

3 months


IRE of human kidney tumours is
safe if pulses are synchronized
with ECG.

Prospective
cohort

24 hours

7 days

21 days


IRE of porcine kidney is safe and
effective. High-intensity IRE
protocols showed significant
collecting system injury.

In-vivo
animal
study

IRE of porcine kidney leads
to histological changes
characteristic of cellular death
within 1 hour after ablation,
with relative urothelial sparing.

In vivo
animal
study

IRE of porcine kidney showed
sparing of connective tissue,
and relatively early resolution of
ablation defect on axial imaging.
No evidence of early collecting
system damage observed.
Good correlation between
histopathology and imaging.

In vivo
animal
study

IRE of porcine kidney showed
preservation of adjacent renal
parenchyma, connective tissue,
and urinary system. MRI is a
suitable imaging technique for
follow-up after IRE, providing
higher soft tissue contrast
compared to CT.

In vivo
animal
study

resection

10


minutes

Tracy et al.207

Deodhar et al.208

Wendler et al.209

Porcine
kidney

Porcine
kidney

Porcine
kidney

24

29

8

Histology


CT

Histology


MRI

Histology


1 hour

7 days

14 days


<24 hours

36 hours

3 weeks


30

minutes
7 days

28 days


Abbreviations: IRE: irreversible electroporation; CT: computed tomography; MRI: magnetic resonance imaging; ECG:
electrocardiogram

continued on page 557
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TABLE 8-5 Main Findings for Animal and Human Studies on Irreversible Electroporation of
the Kidney, Cont’d
Tissue
type

Reference

Sommer et al.210

Porcine
kidney

Number
of IRE
ablations

10

Follow-up
method

CT

Histology


Temperature

Wagstaff et
al.211

Porcine
kidney

8

monitoring,

Gross


histology

Follow-up

Conclusions

Type of
study

Ablation/


IRE of porcine kidney with
involvement of the renal pelvis
is feasible and safe. Size, but
not shape, of the treatment
zone is significantly affected by
applicator configuration.

In vivo
animal
study

Ablation/


IRE ablation of porcine kidney,
using clinically practised
settings, causes a lethal rise
in temperature within the
ablation zone.

In vivo
animal
study

resection

resection

Abbreviations: IRE: irreversible electroporation; CT: computed tomography; MRI: magnetic resonance imaging; ECG:
electrocardiogram

8.4.2.5
Conclusion
Irreversible electroporation is an experimental technology for the treatment of renal masses that
is offered as an alternative to already existing focal therapies such as RFA and CA. The literature
is scarce in evidence, with only five porcine studies evaluating IRE effects, and only three human
studies on the feasibility and safety of IRE. Furthermore, as the three human studies are case series
or poor-quality prospective cohort studies, they should be considered level 4 evidence, according
to the University of Oxford’s Centre for Evidence-Based Medicine. Therefore, at this stage in the
development of the technology, we do not recommend routine clinical use of IRE for renal masses.
Irreversible electroporation of renal masses should be performed only in the setting of a well-designed
study protocol. [LOE 4; GOR C]

8.5

Investigation Ablation Technology

This section summarizes the current evidence on investigational ablation methods for the treatment
of primary renal tumours, including the CyberKnife®, high-intensity focused ultrasound (HIFU),
and photodynamic therapy (PDT).

8.5.1

CyberKnife

Although radiotherapy is an accepted palliative treatment for bone and brain metastases in RCC,
historical randomized trials testing preoperative and postoperative radiation of primary tumours
or renal fossa have been unsuccessful.215-217 These studies had several limitations, including patient
selection, study power, dose, and dose delivery. With laboratory data showing RCC to be the least
radiosensitive tumour among 76 cell types,218 RCC has been considered radio-resistant, limiting the
possible role of radiation therapy to unresectable primary tumours.
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In general, radiation therapy can be delivered as a single-treatment session (radiosurgery), or over a
course of 3 to 5 treatment sessions (hypofractionated) or 2 to 6 weeks (fractionated). The term radiosurgery is misleading, as it does not involve surgery and is fully noninvasive. Stereotactic radiosurgery (SRS) and stereotactic body radiotherapy (SBRT), also known as stereotactic ablative radiation
therapy (SABR), use an external coordinate system to deliver a safe, high, single hypofractionated
dose of radiation of up to 25 Gy.219 These techniques have gained recent attention as potentially curative treatments for primary renal tumours. Compared with cryotherapy or RFA, they are capable
of treating larger tumours, and those close to major vessels and the collecting system. Procedures
are usually performed on an outpatient basis without anesthesia. A wide range of devices, doses,
and dose fractionation schedules have been used in the past two decades, and have been reviewed
recently.220
A specific challenge in the treatment of the kidney is synchronous, respiration-induced organ
movement. The CyberKnife® Robotic Radiosurgery System (Accuray Incorporated, California,
United States) uses a true robotic manipulator, which can correct for kidney and tumour movement
throughout the respiratory cycle. In vivo studies showed that the effect of the CyberKnife is focal,
and surrounding renal parenchyma remains unaffected.221 Percutaneous insertion of gold fiducials in
renal parenchyma or tumour is usually necessary to facilitate tumour tracking.
Several noncontrolled, prospective case series of CyberKnife for primary renal tumours have been
published (Table 8-6). Kaplan et al.222 reported a phase 1 dose-escalation trial in medically inoperable patients with renal tumours of up to 5 cm (clinical trial registration number: NCT00807339).
Stereotactic body radiosurgery (SBRS) dose levels were 21 Gy, 28 Gy, 32 Gy, or 39 Gy delivered in
three fractions. Three patients were treated per dose cohort. One patient treated with 21 Gy had local
progression. There was no relevant acute or chronic toxicity. Two patients with preexisting CKD had
worsening renal function during follow-up, while all other creatinine levels remained stable. A phase
2 trial (NCT01890590) is currently recruiting patients at the same institution, but results are not
expected until 2019.
TABLE 8-6 Treatment Details and Oncologic Outcomes of Recent CyberKnife Studies
Local
control,
%

Complete
response,
n (%)

Partial
response/
minor,
n (%)

SD, n (%)

Country

Year

n

Treatment

Followup,
months

Kaplan et al.222

United
States

2010

12

21–39 Gy,
3 fractions

NA

92

NA

NA

NA

Nair et al.223

Canada

2013

3

39 Gy,
3 fractions

13

100

0

1 (33%)

2 (67%)

Lo et al.224

Taiwan

2014

3

40 Gy,
5 fractions

12–40

100

NA

NA

NA

Germany

2015

45

25 Gy,
1 fraction

28

98

19 (42%)

19 (42%)

7 (16%)

Reference

Staehler et al.225
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Nair et al.223 published an initial Canadian series of three patients with inoperable renal tumours,
including two with a solitary kidney and one with local recurrence after RFA. Median tumour volume
was 21 cm³. Patients were treated with 39 Gy in three fractions. There were no acute or chronic treatment-related toxicities. Renal function remained unchanged. After a mean follow-up of 13 months,
local tumour control was achieved in all patients, with two having stable disease and one showing a
partial response.
Lo and colleagues224 treated three patients with CKD and stage I RCC. A total of 40 Gy was delivered
in five fractions. Local control was achieved in all patients. One patient developed lung metastases
9 months after the procedure. Toxicity was generally mild and self-limiting.
Staehler et al.225 published the largest series to date, reporting outcomes for 40 patients with 45
tumours who had an indication for nephrectomy, and would have subsequently been on hemodialysis. Tumours were treated with a 25-Gy dose in a single fraction (SRS). Of the 45 lesions, 30 were RCC
and 15 were transitional cell carcinoma (TCC). The median follow-up was 28 months. The 9-month
local control rate was 98%. A complete response was achieved in 42% of patients. The complete
response rate was higher in patients with TCC (13/15; 87%) than RCC (6/30; 20%). No significant
changes in renal function were noted, and the authors observed only minor early toxicities, including
erythroderma (n=1), fatigue (n=3), and nausea (n=2).

8.5.2

High-intensity focused ultrasound

High-intensity focused ultrasound has the advantage of not needing to puncture the tumour, precluding the possible risk for hemorrhage and tumour spillage.226 There are two possible approaches: extracorporeal/percutaneous or intracorporeal/laparoscopic.
Häcker et al.227 reported outcomes of 19 patients with renal tumours treated with extracorporeal
HIFU who underwent nephrectomy after HIFU lesions were placed. Histology showed limited signs
of tissue ablation in about 80% of kidneys, although the ablated volume never reached the targeted
volume. Marberger et al.228 published on 16 patients with small renal tumours. Fourteen tumours
were removed following ablation, showing again that the ablated volume comprised only 15% to
35% of the targeted volume. Ritchie et al.229 presented 3-year follow-up data of 17 renal tumours
with a mean size of 2.5 cm. After 12 days, radiologic evidence of a treatment effect was seen in 7
of 15 tumours (47%). Fourteen patients were evaluated after 6 months, of which 6 (43%) showed a
mean decrease in the tumour area of 12%. Four patients had irregular enhancement on imaging and
underwent alternative therapies. Ten patients continued follow-up after a mean interval of 3 years;
thus, percutaneous HIFU achieved stable lesions in only two-thirds of patients.
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Problems with respiratory movement and interphases are avoided when an intracorporeal probe
is brought directly to the target through a 12-mm or 18-mm laparoscopic port.230 Klingler et al.231
performed a clinical phase 1 trial, and ablated eight small renal tumours with curative intent. Of the
seven tumours that were removed directly after HIFU, four showed complete ablation of the entire
tumour, two showed a 1- to 3-mm rim of viable tissue at the surface of the tumour, and one showed a
central area with vital tissue (skipping). Ritchie et al.232 published comparable results with his series
of 12 patients. The ablated zones were within the targeted area in all patients, and about 90% to 100%
of the target zones were ablated. No intralesional skipping was seen, but small areas of subcapsular
skipping at the tumour surface were observed in two patients. At present, there are no data regarding
the oncologic efficacy of laparoscopic HIFU for tumours left in situ after ablation.

8.5.3

Photodynamic therapy

Photodynamic therapy is another investigational ablation method for primary renal tumours. In
general, a photosensitizer is administered intravenously and accumulates in the target tissue, which is
illuminated percutaneously or interstitially, leading to subsequent necrosis. In a mouse model using
the photosensitizer m-tetrahydroxyphenylchlorin (mTHPC) to target tissue and vessels, Kroeze et
al.233 observed complete loss of cell viability at a drug-light interval of 4 hours. Vascular-targeted
PDT with the novel water-soluble photosensitizer WST-11 has been tested recently. Kimm et al.234
performed 30 percutaneous, image-guided ablations in 16 pigs. In contrast to other focal therapies,
the normal renal tissue, blood vessels, and collecting system were completely spared, supporting the
photosensitizer’s clinical evaluation for tumours close to sensitive structures, such as the renal hilum
or renal pelvis. A clinical phase 1/2 trial is currently ongoing (NCT01573156).

8.5.4

Conclusion

CyberKnife is an investigative ablation method in the early stage of clinical development. It is technically feasible and has shown encouraging results regarding short-term local tumour control,
treatment-related toxicity, and maintenance of renal function. However, as inclusion criteria, treatment schemes, and outcome measures were not standardized between studies, the studies are
difficult to compare. There was no histological assessment of the tumour prior to ablation in many
cases. Furthermore, these results have to be interpreted in the context of AS, where renal tumours
have shown a mean annual growth rate of 0.3 cm, and about 23% have exhibited zero net growth.235
Finally, CA and RFA ablation have set a high bar for the safety and oncologic efficacy of new ablation
methods.236 Extracorporeal HIFU of renal tumours showed poor outcomes, and results appear to be
inferior compared with established ablation methods. Intracorporeal HIFU and PDT are still early
clinically and require in-patient data. [LOE 4; GOR D]
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8.6

Ablation in Perspective

In this chapter, kidney ablation techniques are put into perspective by summarizing and analyzing
the best available evidence of studies, comparing these techniques with other treatment options (PN
or AS), and looking at comparative outcomes of different ablative procedures. Studies comparing
kidney ablation with radical nephrectomy, those in which thermal ablation was used in conjunction
with PN, or those in which CA and RFA were pooled together were not considered.

8.6.1

 omparative analysis: kidney ablation versus
C
partial nephrectomy

8.6.1.1
Cryoablation versus partial nephrectomy
As partial nephrectomy remains the standard of care in the management of SRMs, it is of foremost
importance to compare kidney ablation techniques with this procedure. Since the first study reported
in 2005 by Desai et al,237 several others have reported on comparative cohorts of CA versus extirpation, although a true randomized trial has not been performed.
Using a matched-pair analysis to include age-adjusted Charlson Comorbidity Index (CCI) and preoperative aspects and dimensions used for an anatomical score (PADUA) scores, Klatte et al. compared
the outcomes of 41 patients who underwent LCA with 82 patients who underwent OPN.44 The 3-year
RFS rate was significantly (p=0.015) better for those patients who underwent OPN (100%) vs. LCA
(83%). Complication rates and renal functional outcomes after surgery were similar.
Haramis et al. published a retrospective analysis of patients treated with LPN and LCA.238 At the relatively short follow-up in each treatment arm (median: 22 months for LPN and 14 months for LCA),
recurrences were found in 2.2% of tumours treated with LCA and 1.1% of those treated with LPN
(p=0.588). Complications were significantly less common following LCA (8.0% vs. 11.9%; p<0.001).
In a study reflecting very early outcomes (median follow-up: 5 months) following RPN, the Cleveland
Clinic showed promising oncologic outcomes for RPN compared with LCA. There were no local
recurrences in the robotic PN group, and there was an 11% local recurrence rate in the LCA group
(although positive surgical margins were found in 2% of RPN patients).239 A greater decrease in eGFR
was reported the day after RPN, although there was no significant difference in eGFR between the
two groups at 1 and 6 months after ablation. Complications were more common in patients treated
with RPN (23% vs. 12%).
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A similar comparison study but with longer follow-up in the robotic PN cohort was conducted.240
Although positive surgical margins were found in 6% of patients treated with RPN, there were no local
recurrences at a mean follow-up of 17 months. Local recurrences were found in 2 of 56 (4%) patients
treated with LCA at a mean follow-up of 31 months, both of whom were successfully re-treated with
CA. Complication rates were similar between the two groups.
Thompson et al. recently published a large retrospective review comparing treatment of T1 renal
masses using PN, PCA, or RFA.74 Although selection bias could not be ruled out, there was no significant difference in RFS between the three treatment methods in the management of cT1a renal masses.
However, duration of median follow-up was much greater in the PN cohort. Perhaps more surprising
was that there was no significant difference in RFS among patients with a cT1b renal mass treated
with PN versus those treated with PCA.
A recent structured report and meta-analysis compared outcomes of LCA (n=564) with robot-assisted,
laparoscopic, invasive PN (n=627).241 Thirteen retrospective, observational studies were included, of
which seven (53%) were of high quality according to the modified Newcastle-Ottawa Scale. Patients
undergoing CA were older (WMD: 6.1 years), had a higher ASA score (OR: 2.65), and presented
with smaller tumours (WMD: 0.25 cm). Laparoscopic cryoablation was associated with significantly
shorter operative times (WMD: 35.4 minutes), lower estimated blood loss (WMD: 130.1 mL), shorter
length of stay (WMD: 1.2 days), and lower risk of complications (relative risk [RR]: 1.82). Patients
undergoing LCA had a significantly increased risk of local (RR: 9.39) and metastatic tumour progression (RR 4.68). Overall, this meta-analysis suggests that oncologic outcomes are substantially worse
for LCA than for minimally invasive PN, although LCA is associated with improved perioperative
outcomes. Similar conclusions were drawn in another recent meta-analysis by Tang et al. of a smaller
number of studies.242
8.6.1.2
Radiofrequency ablation versus partial nephrectomy
Eleven retrospective case-controlled studies were identified where a direct comparison of outcomes
between RFA and PN was performed (Table 8-7).74,85,97,125,243-249 For two of them, a propensity score
analysis was applied.97,246 Radiofrequency ablation (n=547) was performed by either percutaneous
(n=346; 63.2%) or laparoscopic approach (n=201; 36.7%), whereas PN (n=1,407) was performed by
either open (n=1,176; 83.5%) or laparoscopic approach (n=204; 14.5%). In one more recent study,
robot-assisted LPN (n=27) was performed.249
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TABLE 8-7 Radiofrequency Ablation Versus Partial Nephrectomy—Published Comparative
Series (All Retrospective Case-Controlled Studies [LOE 3])
Reference

Approach (N of cases)

Age, years

ASA score

Baseline
eGFR, mL/
min

Tumour
size, cm

Follow-up,
months

DFS, %

PN

RFA

PN

RFA

PN

RFA

PN

RFA

PN

RFA

PN

RFA

PN

RFA

Bensalah
et al.244

LPN: 50

LRFA:38

56.5

62

NA

NA

NA

NA

2.6

2.3

15

25.2

NA

NA

Stern
et al.243

LPN: 7;
open: 30

LRFA: 14;
PRFA: 26

56.4

60.5

NA

NA

NA

NA

2.4

2.4

46.7

29.8

95.8

93.4

Turna
et al.*85

LPN: 36

PRFA: 29

60.3

60.7

NA

NA

65

53.2

2.5

2.6

42.5†

14†

100

33.2

Raman
et al.*125

OPN: 42

LRFA: 9;
PRFA: 38

59.6

65.9

2†

3†

55.9†

46.5†

3.5†

2.7†

30†

18.1†

NA

NA

Bird et al.245

LPN: 33

LRFA: 36

57.8

75.2

2.2

2.8

82.3

62.7

3.1

2.8

27

12

NA

NA

Olweny
et al.246

LPN: 28;
open: 9

LRFA: 12;
PRFA: 25

54.1

63.2

1.9

2.3

NA

NA

2.5†

2.1†

74.7

77.7

89.2

89.2

Youn
et al.‡247

OPN: 14

LRFA: 41

59.1

53.9

1.7

1.7

72.9

73.7

2.4

2.3

50

50

NA

NA

Chang
et al.‡97

LPN: 35;
open: 10

LRFA: 36;
PRFA: 9

56.9

64

1.7

1.7

104.8

99.1

4

3.6

69

67.6

89

81

Chang
et al.248

LPN: 15;
open: 14

LRFA: 15;
PRFA: 12

52.8

52.9

1.5

2.1

86.4

78.8

5.2

4.7

70.2

65.9

88.5

86.7

Thompson
et al.74

OPN: 1,057

PRFA: 180

60.1

70.7

NA

NA

NA

NA

2.5

2.1

36

36

NA

NA

Kim et al.249

RPN: 27

PRFA: 27

60.3

58.6

1

1.6

86.7

84

1.7

1.8

10.9

16.7

NA

NA

Abbreviations: ASA: American Society of Anesthesiologists; DFS: disease-free survival; eGFR: estimated glomerular filtration rate;
LPN: laparoscopic partial nephrectomy; LRFA: laparoscopic radiofrequency ablation; PRFA: percutaneous radiofrequency ablation; NA:
not available (or calculable); OPN: open partial nephrectomy; PN: partial nephrectomy; RFA: radiofrequency ablation; RPN: robotic partial
nephrectomy.
Values expressed as means (unless otherwise specified) and percentages.
* Only patients with solitary kidney.
† Median values.
‡ Propensity score analysis used.

Meta-analysis of extractable data showed that patients treated with RFA presented with significantly smaller tumour size (WMD: –0.37 cm; 95% CI: –0.4 to –0.3; p<0.001). They were also older
(WMD: 6.7 years; 95% CI: 4.2–9.1; p<0.001), and had higher ASA scores (WMD: 0.44; 95% CI: 0.18–
0.69; p<0.001), and worse baseline estimated renal function (WMD eGFR: –7.33 mL/min/1.73 m2;
95% CI: –13.8 to –0.8; p=0.03). Moreover, they tended to have a shorter length of follow-up (WMD:
–5.89 months; 95% CI: –12.53 to 0.74; p=0.08). Radiofrequency ablation exhibited significantly shorter
hospital stay (WMD: 1.88 days; 95% CI: 2.54–1.22; p<0.001), and there was no significant difference
in terms of complications (OR: 0.66; 95% CI: 0.39–1.12; p=0.12). Moreover, there was no statistically
significant difference in terms of tumour recurrence (OR: 1.6; 95% CI: 0.7–53.9; p=0.25), and the
use of RFA allowed for a less significant decline in terms of estimated renal function (WMD eGFR:
–4.4 mL/min/1.73 m2; 95% CI: –6.93 to –1.88; p<0.001) (Figure 8-3). Given the recognized limitations
of a meta-analysis of case-controlled studies, the data hereby confirm that patients undergoing RFA
are usually sicker and at higher surgical risk, representing a “per se” selection bias. Radiofrequency
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ablation can be regarded as an effective treatment option for select patients with localized kidney
cancer, as it allows for the achievement of comparable oncologic outcomes to the “gold standard” PN,
with the advantage of a better preservation of renal function.
FIGURE 8-3
Forest Plots of Meta-analysis
Outcomes of Comparative
Series: Radiofrequency
Ablation Versus Partial
Nephrectomy
A Hospital Stay:
Radiofrequency
Ablation Versus Partial
Nephrectomy
B Major Complication
Rate: Radiofrequency
Ablation Versus Partial
Nephrectomy
C Tumour Recurrence:
Radiofrequency
Ablation Versus Partial
Nephrectomy
D Decline in Estimated
Glomerular Filtration
Rate: Radiofrequency
Ablation Versus Partial
Nephrectomy

A

B

C

D
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With maturing data, there are now series available that are reporting long-term (5-year) oncologic
outcomes. Olweny et al. first reported such outcomes in a single-institutional study involving consecutive patients with a single histologically confirmed T1a RCC treated by RFA (n=37) or PN (n=37).246
The 5-year OS rate was 97.2% versus 100% (p=0.31), CSS was 97.2% versus 100% (p=0.31), and DFS
was 89.2% versus 89.2% (p=0.78). Based on these findings, the authors suggested that indication for
RFA may be extended to selected younger and healthier patients looking for a minimally invasive
therapeutic option. These findings were recently corroborated by a comparative propensity score
match analysis from China, where 90 patients with T1a renal tumours (RFA: 45; PN: 45) were studied.97 In this series as well, no differences in relevant oncologic outcomes at 5 years, including OS
(90.2% vs. 93.2%), CSS (95.6% vs. 97.7%), and DFS (86.7% vs. 88.5%), were found. On the other hand,
in the largest comparative study reported to date, including 1,424 cT1a patients (PN: 1,057; RFA:
180; CA: 187), local RFS was found to be similar among the three treatments (98% for all treatments;
p=0.49), but metastases-free survival was significantly lower for RFA (93%) compared with PN (99%;
p=0.005) and CA (100%; p=0.021). However, the authors recognized that this finding should be interpreted with caution given the small number of patients.74
Chang et al. also reported the long-term outcomes of 56 patients (RFA: 27; PN: 29) with T1b
tumours.248 In this study, RFA patients were older, with higher ASA scores, and smaller tumour
size, accounting for an obvious selection bias. No significant difference was found between the two
techniques in terms of overall CSS and DFS.
In regard to the functional outcomes, it is worth looking at the two studies that included only patients
with a solitary kidney, as estimate of renal function in this subset of patients is more reliable. Turna
et al. found that LPN was associated with the greatest decrease of renal function at 6 months, with a
higher likelihood for temporary or permanent dialysis.85 Conversely, the authors found a much lower
DFS rate for RFA compared with LPN (33.2% vs. 100%; p<0.001). In the second study looking at this
same subset of kidney cancer patients (RFA: 47; OPN: 42), those treated with OPN had a greater
decline in glomerular filtration rate (GFR) at all time points, including early after the procedure
(15.8% vs. 7.1%; p<0.001), 12 months after surgery (24.5% vs. 10.4%; p<0.001), and at last follow-up
(28.6% vs. 11.4%; p<0.001).125
8.6.1.3
Microwave ablation versus partial nephrectomy
The only study comparing MWA with PN was reported in 2012 by Guan et al.187 The authors
conducted a prospective randomized study including 102 patients (PN [open or laparoscopic]: 54;
MWA [open or laparoscopic]: 48). Surgical and hospitalization times were comparable between both
groups. The MWA group had a significantly lower mean estimated blood loss (PN: 466 mL; MWA:
138 mL; p<0.001) and complication rate (PN: 33.3%; MWA: 12.5%; p=0.01). Decrease in renal function at the last available follow-up was similar in both groups. Kaplan-Meier estimates of the local
RFS rate at 3 years were 96.0% for PN and 91.3% for MWA (p=0.54).
Ablation versus partial nephrectomy in solitary kidney
8.6.1.4
A kidney tumour in a solitary kidney represents a challenging scenario, yet it provides a unique
investigational opportunity, as it allows for a more reliable evaluation of the effect of treatment on the
loss of renal function. So far, seven studies have been reported comparing the outcomes of thermal
ablation (either cryotherapy or RF) with PN in this specific subset of patients.85,125,250-254 Yang et al.
Available Ablation Energies to Treat Small Renal Masses

565

recently reported a meta-analysis including all these studies.255 They found that changes in eGFR in
the ablation arm were significantly less than those in the PN arm (p<0.0001). Moreover, significantly
less onset of CKD was observed in the thermal ablation group (p=0.04). In regard to perioperative
outcomes, patients who underwent ablation had significantly shorter operation times (p=0.002), less
blood loss (p<0.0001), shorter length of stay (p<0.00001), and lower transfusion rate (p=0.01). In
addition, they suffered less intra- and postoperative complications (p=0.007 vs. p<0.00001, respectively). On the other hand, DFS (p<0.00001) and CSS (p=0.01) were significantly better in the PN arm.
Among available studies, Panumatrassamee et al. was the only one to report functional outcomes in
relation to tumour complexity.254 Interestingly, those authors found that CA provided better perioperative outcomes (operative time, estimated blood loss, transfusion, hospital stay, and complications),
and change in renal function was slightly greater in the PN group; however, statistical significance
was not reached for any of the tumour complexities.
8.6.1.5
Laparoscopic cryoablation versus robotic partial nephrectomy
Given its recognized advantages, robot-assisted partial nephrectomy (RAPN) is rapidly gaining popularity as the preferred technique for minimally invasive PN.256 In three single-institutional studies,
the outcomes of CA (mostly laparoscopic) were compared with those of RAPN (Table 8-8).86,239,240
TABLE 8-8 C
 ryoablation Versus Robotic Partial Nephrectomy—Published Comparative
Series (All Retrospective Case-Controlled Studies [LOE 3])
Reference

CA
technique

N of cases

Age, years

Baseline
eGFR, mL/min

Tumour
size, cm

Follow-up,
months

RAPN

CA

RAPN

CA

RAPN

CA

RAPN

CA

RAPN

CA

Guillotreau
et al.239

Laparoscopic

210

226

57.8

67.4

86.3

65.8

2.4

2.2

4.8*

44.5*

Tanagho
et al.86

Percutaneous
and
laparoscopic

233

267

57.4

69.3

84.5

66.3

2.9

2.5

21.9

39.8

Emara
et al.240

Laparascopic

47

56

60.5

69.7

NR

NR

32.8

25.6

16.5

31.3

Abbreviations: CA: cryoablation; eGFR: estimated glomerular filtration rate; RAPN: robotic-assisted partial nephrectomy; NR:
not reported.
Values expressed as means unless otherwise specified.
*Median values.

Meta-analysis of extractable data from these comparative studies suggests that patients undergoing
RAPN were younger (WMD: –10.7 years; 95% CI: –12.12 to –9.29; p<0.001), had a better baseline
renal function (WMD: 18.89 mL/min; 95% CI: 15.5–22.2; p<0.001), and had larger tumours (WMD:
0.46 cm; 95% CI: 0.11–0.8; p=0.009). In terms of surgical outcomes, RAPN was associated with higher
estimated blood loss (WMD: 78.3; 95% CI: 22.4–134.2; p=0.006). No difference was found for the
hospital stay (p=0.55). Cryoablation carried a lower odds for postoperative complications (OR: 2; 95%
CI: 1.3–3.1; p=0.001). There was less decline in eGFR in patients undergoing CA (WMD: 5; 95% CI:
1.7–8.3; p=0.003). In terms of tumour recurrence, this was more likely to happen in the CA group
(OR: 0.03; 95% CI: 0.01–0.16; p<0.001) (Figure 8-4).
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FIGURE 8-4
Forest Plots for Different
Outcomes Meta-analysis:
Cryoablation Versus RoboticAssisted Partial Nephrectomy
A E stimated Blood Loss:
Cryoablation Versus
Robotic-Assisted Partial
Nephrectomy
B Postoperative
Complication Rate:
Cryoablation Versus
Robotic-Assisted Partial
Nephrectomy
C Decline in Estimated
Glomerular Filtration
Rate: Cryoablation Versus
Robotic-Assisted Partial
Nephrectomy
D Tumour Recurrence
Rate: Cryoablation Versus
Robotic-Assisted Partial
Nephrectomy
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Recently, Weinberg et al.257 reported an analysis of the Nationwide Inpatient Sample, looking at
patients undergoing RAPN (n=10,034) or laparoscopic CA (n=4,241). No differences were identified in terms of perioperative complications, transfusion, length of stay, or median cost between the
two procedures. On multivariate analysis, sicker patients were more likely to have LCA (OR: 1.34;
p=0.048), and they had greater postoperative complications (OR: 3.30; p<0.001).

8.6.2

 omparative analysis between different
C
ablation technologies

8.6.2.1
Cryoablation versus radiofrequency ablation
Two meta-analyses of studies evaluating either CA or RFA for SRMs have been published to date
(Table 8-9).
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TABLE 8-9 Cryoablation Versus Radiofrequency Ablation for Small Renal Masses—
Overview of Published Cumulative Analyses
Kunkle and Uzzo 258

El Dib et al.259

47
22
25

31
20
11

No. of kidney lesions
CA
RFA

1,375
600
775

1,007
500
507

Mean patient age, years
CA
RFA

67.2
66.3
67.8

NR
64
64

Mean tumour size, cm
CA
RFA

2.6
2.6
2.7

NR
2.5
2.7

Preferred approach, %
CA
RFA

Laparoscopic (65)
Percutaneous (94)

Laparoscopic (65)*
Percutaneous (71)*

No. of studies
CA
RFA

Preablation biopsy rate, %
CA
RFA

71
82
62

Known RCC pathology, %
CA
RFA

81
72
90

Mean follow-up, months
CA
RFA

18.7
22.5
15.8

Repeat ablation rate, %
CA
RFA

5.3
1.3
8.5

Local progression, %
CA
RFA

9.5
5.2
12.9

Metastatic progression, %
CA
RFA

1.8
1
2.5

NR

NR
17.9
18.1

NR

Abbreviations: CA: cryoablation; NR: not reported; RCC: renal cell carcinoma; RFA: radiofrequency ablation.

* Percentage of published studies.

	Clinical efficacy defined as the percentage of tumours treated successfully by the procedure. Successfully treated tumour was
defined as no growth or no evidence of recurrence on CT scan or MRI. The following outcomes were considered as clinical
efficacy measurements: CSS rate, radiographic success, and no evidence of local tumour progression or distant metastases.

†

continued on page 569
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TABLE 8-9 Cryoablation Versus Radiofrequency Ablation for Small Renal Masses—
Overview of Published Cumulative Analyses, Cont’d
Kunkle and Uzzo 258
Clinical efficacy †, %
CA
RFA
Complication rate, %
CA
RFA

El Dib et al.259
89
90

NR

19.9
19

Abbreviations: CA: cryoablation; NR: not reported; RCC: renal cell carcinoma; RFA: radiofrequency ablation.

* Percentage of published studies.

	Clinical efficacy defined as the percentage of tumours treated successfully by the procedure. Successfully treated tumour was
defined as no growth or no evidence of recurrence on CT scan or MRI. The following outcomes were considered as clinical
efficacy measurements: CSS rate, radiographic success, and no evidence of local tumour progression or distant metastases.

†

Kunkle and Uzzo retrieved and analyzed 47 studies representing 1,375 kidney lesions treated by CA
or RFA.258 No differences were detected between the two modalities in terms of mean patient age,
tumour size, or duration of follow-up. Pretreatment biopsy was performed more often for cryoablated
lesions (82.3% vs. 62.2%; p<0.0001). Repeat ablation was performed more often after RFA (8.5% vs.
1.3%; p<0.0001), and local tumour progression was significantly higher for RFA (12.9% vs. 5.2%;
p<0.0001). Treatment by RFA was found to be correlated with a higher incidence of local tumour
progression on both univariate and on multivariate regression analyses. Cryoablation was mostly
performed laparoscopically (65%), whereas a percutaneous approach was adopted for the great
majority (94%) of RFA treatments. This finding may reflect the fact that urologists have used CA preferentially, whereas RFA has been primarily adopted in interventional radiology suites. Cryoablation
results in fewer re-treatments and improved local tumour control, although no significant difference
could be detected in terms of progression to metastatic disease.
More recently, El Dib et al. reported another proportional meta-analysis with a comprehensive systematic review of 31 uncontrolled studies (case series), including 1,007 treated lesions.259 Interestingly,
those authors used a quite broad definition of clinical efficacy, intended as the percentage of tumours
treated successfully by the procedure. A successfully treated tumour was defined as having no growth
or no evidence of recurrence on CT scan or MRI. Thus, the following “traditional” outcomes were
considered as measures of clinical efficacy and pooled in the same outcome parameter (specifically
created for the purpose of the meta-analysis): CSS rate, radiographic success, and no evidence of
local tumour progression or distant metastases. Overall, regardless of reported outcomes, no significant differences in efficacy were found between the two ablation techniques (pooled proportion of
clinical efficacy: 89% for cryotherapy vs. 90% for RFA). This finding is in contrast to the previously
mentioned meta-analysis by Kunkle and Uzzo.258 Of note, El Dib et al. found significant heterogeneity in the reported oncologic outcomes of the cryotherapy series.259 The studies differed considerably
in their patient selection, baseline disease severity, techniques, management of outcomes, and duration of follow-up. Moreover, the funnel plot for the cryotherapy series suggested the possibility of
publication bias. As for the RFA series, there was far less heterogeneity in terms of the clinical efficacy
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outcome, which might suggest that the RFA series were far more consistent in patient selection and
treatment protocol. The two techniques performed similarly in terms of complication rate (cryotherapy: 19.9%; RFA: 19%). In this case, however, some heterogeneity was found for both techniques.
Our literature search identified four publications comparing CA with RFA—all of them retrospective
case-controlled studies—and providing extractable data for meta-analysis (Table 8-10).74,82,260,261 In
terms of tumour recurrence/persistence, cryotherapy had a significantly lower rate compared with
RFA (OR: 0.48; 95% CI: 0.25–0.93; p=0.03). On the other hand, there seems to be no significant
difference in terms of rate of major complications between the two techniques (OR: 1.22; 95% CI:
0.52–2.86; p=0.65).
TABLE 8-10 C
 ryoablation Versus Radiofrequency Ablation—Published Comparative Series
(All Retrospective Case-Control Studies [LOE 3])
Reference

N of cases
CA

RFA

CA

RFA

Tumour
recurrence/
persistence, %

Tumour
size, cm

Approach

CA

RFA

CA

Major
complication
rate, %

RFA

CA

RFA

Hegarty et al.260

161

72

LCA

PRFA

2.5

2.5

1.8

11.1

1.8

1.4

Pirasteh et al.261

70

41

PCA

PRFA

2.2

2.2

7

11

0

0

Atwell et al.

189

256

PCA

PRFA

2.3

1.9

2.8*

3.2*

5.1

4.3†

Thompson et al.74

187

180

PCA

PRFA

2.9

2.1

1.6

2.7

NR

NR

82

†

Abbreviations: CA: cryoablation; LCA: laparoscopic cryoablation; NR: not reported; PCA: percutaneous cryoablation; PRFA:
percutaneous radiofrequency ablation; RFA: radiofrequency ablation.
Values expressed as means (unless otherwise specified).
* Calculated based on the cases with minimum 3 months of follow-up.
† Calculated based on the number of procedures.

During extirpative surgery, the pathological specimen can be examined to confirm treatment
success. Ablation techniques have relied mostly on radiographic imaging to determine treatment
success. Successful tumour ablation has been defined as the absence of contrast enhancement on
post-treatment imaging. This is based on the idea that a renal lesion no longer enhances after ablation. As mentioned, Weight et al. studied the correlation between post-ablation imaging and postablation biopsy findings by studying 109 renal lesion ablated with PRFA and 192 lesions treated with
laparoscopic CA.106 Patients were followed with radiographic imaging and post-ablation biopsy at
6 months. Radiographic success at 6 months was 85% and 90% for RFA and CA, respectively. The
rate of pathological success, defined as the lack of malignant/atypical cells on post-ablation biopsy
or radical nephrectomy, for RFA and CA was 65% and 94%, respectively (p<0.001). Six of 13 (46.2%)
patients with a 6-month positive biopsy after RFA demonstrated no enhancement on post-treatment
imaging. For patients treated with CA, all positive biopsies revealed post-treatment enhancement on
imaging just before biopsy. The authors concluded that there might be a poor correlation between
post-RFA radiographic imaging and post-RFA pathological analysis, considering radiographic
images of renal lesions treated with cryotherapy appeared to correlate adequately with corresponding biopsy findings.
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The amount of medication used for sedation during percutaneous kidney ablation can be regarded
as an important clinical parameter, given that patients undergoing these procedures are generally
elderly and at high surgical risk. Allaf et al. reported the first study comparing analgesic requirements
in a small series of patients undergoing CA (10 patients) or RFA (14 patients) for renal tumours.262
Cryoablation was associated with a significantly lower dose of fentanyl (75.0 μg vs. 165.0 μg; p<0.001)
and midazolam (1.6 mg vs. 2.9 mg; p=0.026). Moreover, in the RFA group, one patient required
general anesthesia, and one patient required supplemental narcotics and sedatives. None of the
patients in the CA group required any additional or alternate anesthetics. The authors concluded that
percutaneous CA appears to require less analgesia than RFA. Similar findings were more recently
reported by Truesdale et al. Those authors conducted another retrospective analysis, but on a larger
set of patients (PRFA: 71 patients; cryotherapy: 65 patients).263 They also found RFA to be associated with a significantly higher mean dose of fentanyl (236.43 μg vs. 172.27 μg; p<0.001) and higher
mean dose of midazolam (4.5 mg vs. 3.27 mg; p<0.001). Thus, in their experience, CA was performed
with less medication, suggesting that it might be less painful. No further studies have been reported
addressing this issue. Therefore, these findings require further investigation.
8.6.2.2
Cryoablation versus microwave ablation
No studies are available where MWA was directly compared with either CA or RFA.
A recent meta-analysis of 51 studies comprising 3,950 kidney lesions treated with either CA or MWA
was considered (Table 8-11).185 The mean tumour size was significantly larger in the MWA group
than in the CA group (2.58 vs. 3.13 cm, respectively; p=0.04). In the MWA studies, a laparoscopic
approach was used more often over a percutaneous one, whereas both approaches were adopted to a
similar extent in the CA studies. A higher use of pretreatment biopsy was found in the MWA studies. There were no differences in any of the oncologic outcomes, including proportion of tumours
without enhancement after a single session, local tumour progression, and CSS. These findings must
be interpreted with caution, given the differences in average tumour size, histology, and length of
follow-up between groups. Another limitation of this analysis was the difference in the sample size
between the two techniques, as the literature on MWA remains limited. Nevertheless, these data
suggest no difference in cancer control between the two techniques.
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TABLE 8-11 Cryoablation Versus Microwave Ablation for Small Renal Masses—
Cumulative Analysis
Cryoablation

Microwave ablation

p values

No. of series

44

7

–

No. of lesions

3,786

164

–

Mean patient age, years

66.9

58.8

0.15

Biopsy rate, %

37.5

85.9

<0.0001

Mean tumour size, cm

2.5

3.1

0.04

Histology, %
Clear cell
Papillary
Chromophobe
Oncocytoma
Angiomyolipoma

34.9
34.9
13.7
13.7
2.7

84.4
4.9
1.4
2.8
6.4

<0.001
<0.001
<0.001
<0.001
0.03

Type of approach, %
Laparoscopic
Percutaneous
Open

49.2
49.8
1

50.6
37.2
12.2

0.77
0.002
<0.001

Mean follow-up, months

30.2

17.8

0.07

Primary effectiveness, %

93.7

91.2

0.41

CSS, %

98.2

96.8

0.48

4

2.5

0.46

Local progression, %

Abbreviations: CSS: cancer-specific survival
Adapted from Martin J, Athreya S. Meta-analysis of cryoablation versus microwave ablation for small renal masses: is there a
difference in outcome? Diagn Interv Radiol. 2013;19(6):501–507.185

8.6.3

Cost analysis

We identified eight studies addressing the timely issue of cost related to the different nephron-sparing
treatment options for patients with SRMs by using different methodologies (Table 8-12).
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TABLE 8-12 A
 blation Versus Partial Nephrectomy for Renal Masses—An Overview of Cost
Analysis Studies
Reference

Treatments

Methodology

Findings

Lotan et al.266

OPN vs. LPN
vs. PRFA

Direct cost analysis
based on actual
hospital billing

PRFA is significantly less costly than LPN and OPN.

Cost advantage of >$2,500 is directly related to savings


OPN vs.
LPN vs. LCA
vs. PCA

Sensitivity analysis

PCA is 2.2–2.7 times less costly than the other options (cost


Link et al.264

garnered by a short hospital stay (0.5 days) and lower
operative costs.
savings of $3,625–$5,155 per case).

Cryoprobe consumables are responsible for >70% of total cost

of PCA.

LCA is more costly than all forms of extirpative surgery if

more than two cryoprobes are used.

LCA is no longer cost advantageous over OPN if >4 CT scans

are obtained during the first postoperative year or if local
recurrence rate >23%.

Bensalah et al.244

Pandharipande
et al.268

Chang et al.270

Castle et al.267

Bhan et al.271

Direct cost analysis
based on actual
hospital billing

No statistically significant difference in terms of cost


Cost-effectiveness
analysis (Markov
model)

PN yields a minimal greater average quality-adjusted life


OPN vs. LPN
vs. PA vs. LA
vs. AS

Cost-effectiveness
analysis (Markov
model)

Immediate LPN is the preferred nephron-sparing option for


OPN vs. RLPN
vs. PRFA
vs. LRFA

Cost data analysis

Mean costs of PRFA are 35% of RAPN, 40% of OPN, and 48%


AS vs. PRFA
vs. PCA

Cost-effectiveness
analysis (Markov
model)

LRFA vs. LPN

RFA vs. PN

between LRFA and LPN ($6,103 vs. $6,808; p=0.3).

Main cost component of LRFA is the probe ($1,525). Other


related costs (anesthesia, laboratory, operating room, room
and board, pharmacy), except radiology, are lower for LRFA.
expectancy than RFA (2.5 days), but it is more expensive.

RFA is preferred, and it remains so if the annual probability of

post-RFA local recurrence is up to 48% higher than post-PN.
healthy patients younger than 74 years old with a SRM.

AS with possible delayed percutaneous ablation is a cost
effective alternative for patients with advanced age or
significant comorbidities.
of LRFA.

Except for imaging fees, all associated costs are lowest

for PRFA.

Dominant (most effective and least costly) strategy is AS with

subsequent PCA if needed.

Immediate PCA has a similar life expectancy (3 days fewer),

but costs $3,010 more.

Strategies employing PRFA have decreased quality-adjusted

life expectancies (82–87 days fewer than the dominant
strategy) and higher costs ($3,231–$6,398 more).

Chehab et al.265

PCA vs. OPN
vs. RAPN

Direct cost analysis
based on actual
hospital billing

PCA can be performed for approximately $5,000 less than


OPN, and over $6,400 less than RAPN for tumours of similar
size, complexity, and malignancy.

Abbreviations: AS: active surveillance; CT: computed tomography; LA: laparoscopic ablation; LCA: laparoscopic cryoablation; LPN:
laparoscopic partial nephrectomy; LRFA: laparoscopic radiofrequency ablation; OPN: open partial nephrectomy; PA: percutaneous
ablation; PCA: percutaneous cryoablation; PN: partial nephrectomy; PRFA: percutaneous radiofrequency ablation; RAPN: robotassisted partial nephrectomy; RFA: radiofrequency ablation; RLPN: robotic-assisted partial nephrectomy; SRM: small renal mass.
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Link et al. created a mathematical model incorporating procedure-related costs, which were derived
from a retrospective review of 317 patients treated at the Johns Hopkins Medical Institutions with
different nephron-sparing procedures.264 Sensitivity analysis showed PCA to be over 2.2 times cheaper
than other options (OPN, LPN, LCA), with cryoprobe consumption playing an important role in driving the total cost of the procedure. The authors also explored the issue of cost related to postoperative
imaging by extending their model to include 1-year postoperative CT scanning. Interestingly, they
found that for percutaneous CA to lose its cost advantage over LPN, more than nine CT scans must
be performed during postoperative year 1, which would be an unrealistic scenario. More recently,
Chehab et al. compared the cost of percutaneous CA to that of open and robotic PN.265 Total cost was
calculated by including the direct costs of procedural and periprocedural variables (operating room,
supplies and devices, imaging, anesthesia, recovery room, routine room and board, intensive care
unit [ICU] room and board, respiratory care, laboratory and pathology fees, pharmacy, and other
costs) as well as additional indirect costs (those coming from non-patient care departments, such as
human resources, housekeeping, utilities, etc.). Overall, the mean total cost was lower for percutaneous CA than for open or RAPN ($6,067 vs. $11,392 or $11,830, respectively; p<.0001).
Lotan and Cadeddu were the first to report a comparative cost analysis of OPN (n=16), LPN (n=14),
and PRFA (n=16).266 They reviewed detailed cost information of 46 nephron-sparing procedures, and
found that, overall, RFA was statistically less costly than LPN and OPN. For the same institution,
Bensalah et al. compared LPN cases (n=40) with LRFA cases (n=14) by analyzing direct procedurerelated costs, as provided by their hospital billing department.244 They could not find a statistically
significant difference between the procedures. Not surprisingly, the main cost component for RFA
was the probe, whereas all other related costs (anesthesia, laboratory, operating room, room and
board, pharmacy), except radiology, were lower for RFA. Of note, they did not consider any indirect
costs, such as the radiographic follow-up required for LRFA, or the financial effects of the loss of
work. More recently, Castle et al. analyzed data related to the surgical costs, the associated hospital stay, and the 6-month postoperative period of different nephron-sparing procedures offered at
their institution.267 Multivariable linear regression showed surgical approach (p=0.007), length of
stay (p<0.001), and operating room time (p<0.001) to be significant predictors of total cost. Overall,
they found the 6-month cost to be the lowest with RFA (either approach) compared with both RLPN
and OPN. In another study using a decision-analytic Markov model, Pandharipande et al. evaluated
the relative cost-effectiveness of PRFA versus PN in patients with small RCC.268 Using base-case
assumptions, PN yielded a minimal greater than average, quality-adjusted life expectancy than RFA
(2.5 days), but was more expensive. Therefore, RFA was considered preferred, and remained so if the
annual probability of post-RFA local recurrence was up to 48% higher relative to that post-PN.
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Active surveillance has become part of the standard discussion for management options of SRMs.269
Given its recent adoption and clinical implementation, comparative outcome analyses of this conservative approach versus ablation techniques are very limited. Chang et al. developed a decisionanalytic Markov model estimating the costs and health outcomes of treating a healthy 65-year-old
patient with an asymptomatic, unilateral SRM using competing nephron-sparing options (i.e. OPN,
LPN, ablation), AS with possible delayed intervention, and nonsurgical management with observation.270 In this case scenario, the least costly option was observation, and the optimal option was
immediate LPN, which had an incremental cost-effectiveness ratio of $36,645 per quality-adjusted
life-year gained compared with surveillance with possible delayed percutaneous ablation.
Using the same methodology, Bhan et al. also reported a cost-utility analysis to determine the optimal management strategy for an average 67-year-old, poor surgical candidate (i.e. non-amenable to
PN) with an SRM.271 A decision-analytic Markov model was developed from the perspective of a
third-party payer to compare quality-adjusted life expectancy and lifetime costs. The dominant strategy (most effective and least costly) was AS with subsequent CA if needed. Strategies that employed
RFA decreased quality-adjusted life expectancies (82–87 days fewer than the dominant strategy) and
resulted in higher costs ($3,231–$6,398 more).
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8.7

 ecommendations and
R
Statements
LOE

GOR

CA is an effective treatment in selected patients with cT1a kidney tumours.

2c

B

RFA is an effective treatment in selected patients with SRMs, with the best efficacy in tumours of up to
3 cm.

2c

B

There is level 2b evidence that MWA is as effective as PN at midterm in cT1a kidney tumours. However, in
view of this evidence being based solely on an RCT and the lack of long-term efficacy outcomes, the panel
considers MWA for kidney tumours to be indicated only when CA or RFA are dismissed.

3

C

IRE cannot be recommended currently as standard ablation technology for cT1a kidney tumours outside
of clinical investigational protocols.

4

C

CyberKnife, HIFU, and PDT cannot be recommended as standard ablation technology for cT1a kidney
tumours outside of clinical investigational protocols.

4

D

Currently, there is no integrated system applicable in practice to better target the lesion than CT or US.

4

NA

In cT1a kidney tumours, no differences exist for perioperative complications or midterm/long-term clinical
efficacy between CA and RFA.

2

NA

CA and RFA preserve post-procedural renal function better than PN. However, there are no differences in
renal function preservation at midterm/long term.

3

NA

There is evidence that local recurrence is higher after CA or RFA than after PN.

2a

NA

There is evidence that the perioperative complication rate is lower after CA or RFA than after PN.

2a

NA

Cost-efficacy studies and artificial neural models estimate the cost of CA and RFA to be lower than PN.

3

NA

Abbreviations: CA: cryoablation; CT: computed tomography; GOR: Grade of Recommendation; HIFU: high-intensity focused
ultrasound; IRE: irreversible electroporation; LOE: Level of Evidence; MWA: microwave ablation; NA: not applicable; PDT:
photodynamic therapy; PN: partial nephrectomy; RCT: randomized controlled trial; RFA: radiofrequency ablation; SRM: small renal
mass; US: ultrasound.
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9.1

Introduction

With the wide usage of cross-sectional imaging, there is an increasing detection rate and subsequent
treatment of small renal masses (SRM).1 Concomitantly, with the advancement of minimally invasive technology, the spectrum of treatment modalities available for SRM has expanded to include
laparoscopic and robot-assisted extirpative procedures, ablative modalities, and active surveillance.
Partial or radical nephrectomy, however, remains the gold-standard treatment, with a 97% 5-year
disease-specific survival rate.2 However, advanced age and comorbidities may make a large number
of patients suboptimal candidates for surgical intervention. As such, ablative options have become
increasingly important management strategies. In addition, extirpative modalities are associated
with greater renal functional loss compared to ablation, and the negative effects of renal functional
deterioration on cardiovascular health and longevity continue to be elucidated.
Documentation of the successful oncologic outcomes with ablative therapies in the treatment of
SRM has led to the broader use of ablation in younger patients and those without comorbidities.3-5
According to American Urological Association and European Urological Association guidelines,
focal ablative therapies, specifically cryoablation (CA) and radiofrequency ablation (RFA), are now
considered viable treatment options for renal cortical neoplasms.6,7
FIGURE 9-1
Cryoablation Under
Image Guidance
Intra-procedural computed
tomography (CT) during CA
demonstrates 2 cryoprobes
with well-demarcated
hypodense surrounding ice
ball (arrow)

Cryoablation for SRM was first performed in 1995 by Uchida and colleagues.8 The CA procedure
involves rapid freeze followed by thaw cycles to produce cell destruction.9 Extracellular ice formation during the freezing cycles causes the movement of intracellular water, alterations in intracellular pH, and protein denaturation.10 Ice formation also results in the mechanical disruption of cell
membranes.10 Local death and necrosis of microvasculature several hours and days after the ablation
cause a decrease in tissue perfusion and delayed cell death.11 Cryoablation can be deployed either
laparoscopically or percutaneously with image-guidance (CT or magnetic resonance imaging [MRI])
(Figure 9-1).12-16 Intra-operative ultrasound (US) can be used to confirm extension of the ice ball
beyond the tumour margins for optimal efficacy during laparoscopic procedures, and CT or MRI can
be utilized to monitor percutaneous CA procedures.17
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FIGURE 9-2
Examples of Internally
Cooled Electrodes (A) and
Expandable Tine Type
Electrodes (B and C)

A

B

C

FIGURE 9-3
Use of RFA Probes in
Procedures Under Imaging
Guidance
A Intraprocedural US with
internally cooled RFA
electrode in a 58-year-old
man with central renal cell
carcinoma (RCC).
B During ablation, a
large echogenic cloud
completely encompassing
lesion during RFA in a
58-year-old man with
central RCC.
C Intraprocedural CT in
a 73-year-old woman
with an anterior clear
cell RCC demonstrates
three internally cooled
intralesional RFA
electrodes.

A

B

C

The first clinical application of RFA was reported in 1997 for an exophytic renal mass before open
radical nephrectomy.18 McGovern and colleagues subsequently reported their series of RFA as the
only treatment for a renal tumour.19 RFA probes can similarly be deployed via open, laparoscopic, or
percutaneous approach under US, CT, or MRI guidance (Figures 9-2 and 9-3).20 Radiofrequency (RF)
594
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energy converted to heat in the tissue, causing thermal tissue damage.20,21 High-frequency current
applied to target tissues results in ionic agitation, thereby heating the tissues and resulting in the
denaturation of proteins and disintegration of cell membranes.22 This process occurs over 4 to
6 minutes at temperatures above 50°C and almost immediately at temperatures above 60°C.22 Since
temperatures greater than 105°C result in tissue vaporization and ineffective ablation, optimal RFA
is performed at temperatures of 50°C to 100°C throughout the tumour.22,23
As the number of patients with SRM undergoing ablation increases, developing a standardized
follow-up protocol for these patients is increasingly important. In the current chapter, we will review
and suggest definitions of residual and recurrent tumour after ablation of SRM, define the role of
imaging, define the role of pre-operative, intra-operative, and post-procedure biopsies, and examine
patient outcomes with different histopathological subtypes.

9.2

 efinition of Recurrence After
D
Ablation for Small Renal Masses

The ultimate goal of tumour ablation is to achieve complete necrosis of the targeted neoplasm with
minimal damage to surrounding normal tissue. Unlike surgical extirpation, efficacy of ablation
cannot be assessed histologically due to absence of excised tumour. Thus, imaging characteristics
of the post-ablation zone remain the most important parameter for the assessment of treatment
outcomes. In this regard, accurate assessment and definition of radiological characteristics of successfully ablated tumours is critical.24 Successful renal tumour ablation is characterized by the absence of
contrast enhancement on postoperative follow-up imaging. However, there is a significant variability
in the manner by which residual or recurrent tumours are defined.
Imaging findings following tumour ablation differ based on the type of ablation performed and the
imaging modality used, as well as the location and type of tumour ablated.24 Immediate post-ablation CT or MRI usually demonstrates an ablation zone larger than the actual tumour and diffuse
non-enhancement of the ablated zone. Typically, the ablation zone is hyperintense on T1WI with
a peritumoural rim of different signal intensity.25 Ablated tissue presents as a heterogeneous and
hyperintense to normal parenchyma on T1-weighted sequences, and as hypointense on T2-weighted
sequences due to the presence of hemorrhage and coagulative necrosis.
Similarly, on CT imaging, the ablated tissue on early post-CA imaging may appear hyperdense.
An enhancing peritumoural rim is secondary to acute reaction of the surrounding tumour tissue to
ablation. In addition, it is recommended that the ice ball during CA extend at least 5 mm to 10 mm
beyond the tumour margin, in order to reduce the likelihood of residual tumour at the margin of
tumour and healthy tissue.9,26 The initial apparent increase in tumour size gradually decreases as
acute reaction resolves and ablated tissue shrinks. Gill and colleagues monitored 56 patients who
underwent a laparoscopic CA using MRI, and all ablated tumours presented with an initial apparent
increase in size and demonstrated a 75% size reduction. Almost 40% of tumours were undetectable
by the end of 3-year follow-up.27
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9.3

Role of Imaging

Radiological imaging remains the most important tool in the follow-up of patients following renal
tumour ablation.28 Imaging must be performed as per standardized protocols and, currently, contrastenhanced CT and MRI are the most commonly utilized imaging modalities for SRM follow-up after
ablation.28
Guidelines for optimal follow-up imaging frequency are not well established.29 The timing of the
initial imaging evaluation varies among different operators and institutions, ranging from 1 week
and 3 months after the procedure.30,31 Some institutions and authors recommend immediate imaging after ablation to identify efficacy and capture baseline characteristics of the treatment area.30
But, in general, it is recommended to delay the imaging until the local tissue reaction to ablation has
resolved.29 For defining the optimal imaging frequency post-ablation, multiples factors should be
considered. These include type of ablation performed, tumour location, radiation dosage from imaging, and cost of the procedure.
Matin and colleagues performed a retrospective multi-institutional review of more than 600 patients
who underwent energy-based ablative therapies.32 Of these, 63 patients were found to have residual or
recurrent disease. Seventy percent of incomplete treatments were detected within the first 3 months,
with most of them identified within the first 12 months. However, residual tumours and ablation site
recurrences have been reported up to 2.5 years after ablation.30-35 This supports the fact that patients
with SRM who undergo ablative therapies require long-term follow-up imaging to identify potential
recurrences. Based on review of the existing literature, we recommend initial imaging 3 to 6 months
after the procedure and annually thereafter.
Computed tomography is the most commonly performed follow-up imaging modality. MRI is traditionally reserved for patients in whom the use of contrast-enhanced CT is contraindicated. MRI has
several advantages. Although it requires more patient cooperation during the procedure, there is no
ionizing radiation associated with MRI, and it has been shown to have a superior tissue resolution
compared to CT.36 MRI should be used with caution in patients with chronic kidney disease who have
a glomerular filtration rate less than 30, due to the risk of developing nephrogenic systemic fibrosis.37
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9.3.1

Post-procedural imaging protocols

9.3.1.1

Modalities and immediate post-procedural image findings

FIGURE 9-4
A 77-Year-Old Woman With a
Superior Right Kidney Mass
and Renal Insufficiency
This patient had a T2
hyperintense lesion on
diagnostic MRI (A) and
demonstrated lesion
enhancement on contrastenhanced ultrasound (CEUS)
(B). Immediately following
microwave ablation (MWA),
no residual enhancement
can be seen on CEUS (C),
indicating ablative success.

A

B

C

Post-ablation imaging is typically performed with either contrast-enhanced CT or MRI. Magnetic
resonance imaging is preferred for most patients due to its superior tissue contrast, lack of ionizing
radiation, and minimal contrast requirement relative to CT. However, either modality is preferable to
performing an unenhanced US, which is inadequate for detection of early recurrences. Intravascular
microbubble US contrast agents have been approved for diagnostic US imaging outside the United
States. However, many centres in the United States use these agents off label. They consist of <8 micron
intravenously injected bubbles that are nonlinearly compressed by US beam and, in turn, generate
higher harmonic frequencies that are visualized as bright reflectors. This enables much higher renal
mass contrast relative to renal parenchymal background in real time over multiple contrast phases.
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The entire kidney and target renal mass may be evaluated before and after RFA, MW, and CA. This is
particularly advantageous for young patients, patients with traditional contrast allergies, or patients
with renal impairment (Figure 9-4).38-44
9.3.1.2
Conventional ultrasound
On conventional US, the kidneys are evaluated with curved phased array 3 MHz to 5 MHz transducers, and kidneys appear as bean-shaped ovals measuring 9 to 12 cm in length. The renal parenchyma
is typically hypoechoic and the renal medullary fat is hyperechoic. The medullary pyramids are
typically slightly hypoechoic to cortex. Most renal masses, including RCC, are well circumscribed,
centred in the cortex, and variable in echotexture, although they are generally hypoechoic to renal
cortex. Fat-containing renal lesions such as angiomyolipomas may be hyperechoic. All solid lesions
typically have some degree of colour and power Doppler signal. Both arterial and venous waveforms
may be obtained in larger hypervascular lesions, although this does not characterize lesions.45,46
9.3.1.3
Contrast-enhanced ultrasound
Contrast agents can be administered intravenously by hand microbolus followed by a normal saline
flush. Several boluses of contrast can be given for each lesion, and multiple lesions can be evaluated
during a single CEUS examination. The contrast is activated with brief (<1 minute) and rapid agitation in an automated device provided by the manufacturer. Real-time cine images are obtained by
holding the transducer over the renal mass while each microbolus is injected intravenously, and cine
capture clips of approximately 2-minute duration are obtained for diagnostic evaluation. This can be
performed multiple times to assess the relative enhancement of renal lesions relative to renal parenchyma over the renal cortical and medullary enhancement phases.47-60
9.3.1.4
Computed tomography
Patients in whom iodinated contrast material is not contraindicated usually undergo intravenous
(IV) iodinated contrast-enhanced CT, typically using 64-detector or dual-source scanners. Scans are
obtained at a collimation of 2.5 mm to allow detection of small renal lesions and to facilitate multiplanar reformation. A baseline unenhanced low-dose scan should be obtained, and then multiphasic
contrast-enhanced CT scans in the corticomedullary, nephrographic, and excretory phases should
be obtained to assess contrast enhancement within the ablation zone. In general, CT is more widely
available with widespread expertise, is less prone to artifact, and requires less patient cooperation
than does MRI.46,61,62
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9.3.1.5

Magnetic resonance imaging

FIGURE 9-5
Longitudinal Follow-up
Imaging of a 73-Year-Old
Woman With Clear Cell RCC
Treated With RFA
A	Axial T2-weighted
pre-treatment MRI scan.
B-D 3-, 6-, and 12-month
post-RFA treatment
showing a persistent
post-ablation defect
with peri-ablation halo
without a change in size.

A

B

C

D

For MRI, T1- and T2-weighted images, as well as gradient-echo (GRE) T1-weighted images, should
be obtained before and after the administration of IV gadolinium-based contrast. Most sequences
are performed with parallel imaging to image the liver and kidneys during a single breath-hold.
A T2-weighted single-shot fast-spin-echo (FSE) sequence in the axial and coronal planes is helpful because of its speed and resistance to artifacts, including motion artifact. For axial T1-weighted
images, a breath-hold dual-echo spoiled GRE sequence with both in-phase and opposed-phase echo
times should be acquired. Fat-suppressed T2-weighted images can be acquired using either a breathhold or respiratory-triggered fast SE sequence, with fat suppression to improve the conspicuity of
fluid on T2-weighted images. For gadolinium-enhanced images, a 3D breath-hold fat-suppressed
GRE sequence and unenhanced scans followed by power injection of 0.01 mmol/kg of IV gadolinium,
with multiphasic enhanced scans in the corticomedullary, nephrographic, and excretory phases are
usually performed. The multiple contrast-enhanced data sets can be subtracted from the unenhanced
scan to improve detection of recurrences (Figure 9-5).46,61-64

9.3.2

Surveillance imaging

9.3.2.1
Frequency
Patients who undergo renal ablation for RCC should undergo post-ablation surveillance imaging
(CT or MRI) with unenhanced and multiphasic scans at 3 and 6 months following ablation to assess
treatment success, followed by annual abdominal scans thereafter for 5 years. Beyond 5 years, there
is no defined indication for imaging, but patients may undergo further scanning based on individual
patient risk factors. Patients undergoing ablative procedures who have either biopsy-proven low-risk
RCC, benign lesions such as oncocytoma, nondiagnostic biopsies, or no prior biopsy should undergo
annual chest x-ray to assess for pulmonary metastases for 5 years.61,62,65,66
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9.3.3

Image findings immediately after ablation and up to 1 year:
longitudinal follow-up

9.3.3.1

Cryoablation

FIGURE 9-6
RCC in a 63-Year-Old Man
Treated With CA
Diagnostic CT (A)
demonstrates endophytic
lesion. Immediately following
CA (B), there is a hypodense
ablated lesion with stranding
and enhancement within the
perinephric fat.

A

B

On post-contrast CT imaging during the acute period immediately following ablation, the treatment
zone appears larger than the original tumour, and infiltration in the fat surrounding the ablation
zone may show enhancement (Figure 9-6). The ablation zone has low attenuation, and emergence
of the peripheral halo in perinephric fat surrounding the smaller high-density ablated lesion can be
seen the first few months following CA. On post-contrast MRI, cryo-treated lesions appear variably
T1 hyperintense and/or T2 hypointense relative to the renal parenchyma. The peripheral halo of the
ablation zone border can be seen after contrast administration, and surrounding fat retains signal on
all sequences.63
9.3.3.2
Radiofrequency and MWA
Some of the immediate perilesional changes seen on contrast-enhanced CT following RFA include:67-69
Blood

products (compare pre- with postcontrast to differentiate degraded blood products
from residual tumour enhancement)
A post-ablation halo (a thin, organized,
incomplete spherical rim of soft tissue attenuation or signal within the perinephric fat
surrounding the ablation site)

A

cortical wedge-shaped infarct associated
with or adjacent to the treated lesion, and as a
result of segmental arterial thrombosis in the
treatment zone
The presence of perinephric stranding (amorphous or incomplete curvilinear soft tissue
attenuation or signal within the perinephric
fat adjacent to the ablation site)

Immediately following treatment (24 hours to 1 week), a circumferential high-attenuating region
corresponding to a marginal hyperemic inflammatory reaction to the damaged cells has been demonstrated in the surrounding renal parenchyma, causing the lesion to appear larger than primary.64,70
In general, findings for MW-ablated lesions are similar to RF-ablated lesions. Lesions tend to shrink
more when treated with MW. The hypodense non-enhancing core with surrounding curvilinear halo
is typically present and stable over time. Inflammatory hemorrhage and fluid resolves by 3 months.
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9.3.3.3
Definition of successful outcomes
Immediate post-procedural imaging of the ablated tumour generally shows the tumour to be perceived
as larger than its pretreatment size, for RFA due to ablation of a peripheral margin of normal tissue,
and for CA due to extension of the ice ball beyond the original tumour margin. Successful outcomes
of cryoablated tumours are characterized on imaging by significant shrinkage and loss of contrast
enhancement on CT. Tumours successfully treated with RFA demonstrate no contrast enhancement,
but with minimal shrinkage on CT.69 On MRI, the imaging hallmark of successful renal tumour ablation is lack of tumour enhancement at gadolinium-enhanced imaging. Rim enhancement, believed
to represent reactive change, may occasionally be seen at early post-procedural MR scanning after
RFA or CA, and later resolves.
9.3.3.4

Late follow-up appearances following CA

FIGURE 9-7
Involution of a Cryoablated
Lesion Over Time
A In a 63-year-old
man, diagnostic CT
demonstrates an exophytic
papillary RCC.
B One month postcyroablation, CT imaging
demonstrates stranding
and a hypodense
ablation zone.
C One year post-CA,
significant decrease
in ablation zone and
lesion size, with residual
curvilinear enhancement
and stranding in the
perinephric fat.
D Two years post-CA,
significant decrease
in ablation zone and
lesion size, with reduced
curvilinear enhancement
and persistent stranding.

A

B

C

D

The size of the lesion and the ablation zone should progressively decrease, and up to a third of cryoablated lesions may become undetectable over time (Figure 9-7). In addition, decreased stranding,
hematomas, and perinephric fluid should be observed. Over time on MRI, the size of the lesion,
stranding, and hematomas should progressively decrease.71,72
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9.3.3.5

Late follow-up appearances following RFA and MWA

FIGURE 9-8
A 70-Year-Old Man With an
Exophytic Posterior Papillary
RCC Lesion Treated With RFA
Longitudinal surveillance CT
imaging acquired at 3, 6, and
12 months.
A Three months post-RFA,
demonstrating stranding
within the perinephric fat.
B Six months post-RFA,
demonstrating no
significant decrease in size,
no residual enhancement,
and emergence of the
perinephric halo.
C Twelve months postRFA, demonstrating no
significant decrease
in size and no residual
enhancement.

A

FIGURE 9-9
Follow-Up CT Imaging
After RFA: Indicators of
Ablative Success
A 72-year-old man with a
diagnostic CT demonstrating
an exophytic anterior lesion
(A). CT scan obtained
immediately following RFA
(B) demonstrates perinephric
stranding and an ablation
zone larger than the original
lesion. At 6-month follow-up
(C), lesion remodeling can
be seen without nodular
enhancement, indicating
ablative success.

A
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FIGURE 9-10
Follow-Up MRI After MWA:
Indicators of Ablative
Success
A 68-year-old man with an
exophytic anterior lesion
(A) treated with MWA
(B). At 1-month follow-up
MRI, the lesion appears
hypointense on T2 (C), with
no residual enhancement
seen on T1 post-contrast
corticomedullary (D) or
nephrographic (E) images.

A

B

C

D

E
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FIGURE 9-11
A 73-Year-Old Woman With
a Large Exophytic Posterior
RCC Treated With RFA
The diagnostic MRI
demonstrates a T1
hypointense (A) and T2
hyperintense (B) lesion.
Immediately following RFA,
a contrast-enhanced CT scan
in the corticomedullary phase
(C) demonstrates nodular
enhancement >10 Hounsfield
unit (HU), indicating an
incomplete ablation.

A

B

C

At longitudinal post-treatment follow-up imaging, decreased stranding, hematomas, and perinephric fluid should be observed (Figure 9-8). A decrease in lesion size will not be as pronounced as with
cryo-ablated tumours, and the primary indicator of ablative success is a lack of linear or nodular
tumour enhancement (<10 HU) (Figure 9-9). On post-contrast MRI, RF-treated lesions appear T1
hyperintense and T2 hypointense relative to the renal parenchyma. At longitudinal follow-up scans,
the emergence of the peripheral halo in the perinephric fat surrounding the ablated lesion can be
seen. Stranding and hematomas should progressively decrease; however, lesion size will not decrease
significantly. On post-contrast CT imaging, residual lesion enhancement <10 HU is considered to be
successful ablation, and no recurrence of tumour and complete necrosis, in addition to a well-defined
non-enhancing zone, indicates ablative success (Figures 9-10 and 9-11).64,67,70,73-79
9.3.3.6
Irreversible electroporation
To date, there is insufficient evidence as to how long it takes for complete tumour involution to occur
after successful irreversible electroporation (IRE) ablation, or how long after IRE one may expect to
observe residual tumour cells if the ablation was incomplete. On post-contrast CT imaging up to
1 week after IRE, the lesion is hypodense and non-enhancing. After 3 weeks, the lesion can disappear
completely with no residual enhancement. On post-treatment MRI up to 1 week after IRE, the lesion
appears hypointense and necrotic. MRI after 1 month shows a sharply demarcated scar-like lesion
with cortical shrinkage and no contrast enhancement.80-87
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9.3.4

Signs of recurrence

FIGURE 9-12
A 67-Year-Old Man With an
Endophytic Lesion Treated
With CA
Longitudinal follow-up scans
obtained on T1 gadolinium
enhanced coronal images at
1, 3, and 6 months.
A One-month post-CA
surveillance MRI
demonstrating curvilinear
enhancement within the
ablated lesion.
B Three-month postCA surveillance MRI
demonstrating persistent
curvilinear enhancement
and a subtle increase in
lesion size.
C Six-month post-CA
surveillance MRI
demonstrating increased
nodular enhancement and
an increase in lesion size.

A

B

C
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FIGURE 9-13
Identification of Tumour
Recurrence on MRI
A 57-year-old man with a
large posterior endophytic
clear cell RCC (A) treated
with RFA (B). At 3-month MRI
follow-up, the lesion appears
dark on T2 FSE (C), appears
bright on T1 pre-contrast (D),
and does not demonstrate
any enhancement on
the T1 post-contrast
corticomedullary (E) or T1
post-contrast nephrographic
(F) gadolinium-enhanced
images.
Continued next page.
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FIGURE 9-13, CONT’D
However, at 2-year
longitudinal follow-up
imaging, the echogenic
ablated lesion became
partially hypoechoic on US
(G). The hypoechoic region
appeared T2 hyperintense
(H), hypointense relative
to the ablation zone on
pre-contrast T1 (I), and
enhanced on T1-post contrast
corticomedullary imaging (J).
MR subtraction imaging (K)
confirmed tumour recurrence.

G

H

I

J

K

With both post-contrast CT and MRI, findings of concern include the appearance of uniform circular enhancement around the necrosis zone, indicating inflammatory congestion, lesion, and/or the
presence of irregular peripheral enhancement in scattered, nodular, or eccentric pattern, which indicate local tumour progression and failure of regression in size of the treated lesion over time.74-79
On CT imaging, recurrences typically enhance avidly (>10 HU) in the corticomedullary phase and
wash out in the subsequent nephrographic and excretory phases. Signs of tumour recurrence on MRI
include any qualitative level of linear or nodular MRI enhancement (change in signal intensity) and
an enlarging ablation zone (Figure 9-12). On MR subtraction imaging, small, nodular, or curvilinear
regions that enhance strongly generally indicate tumour recurrence (Figure 9-13).63,71,72,88-90
9.3.4.1
Biopsy after ablation
Repeat biopsy should be performed if there is radiographic evidence of treatment failure within
6 months if the patient is a candidate for further treatment. Radiographic evidence includes progressive increase in size of an ablated neoplasm with or without contrast enhancement, new nodularity
in or around the ablation zone, failure of the treated lesion to regress in size over time, and satellite
lesions. Biopsy can help to rule out whether additional treatment is necessary.
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However, the disadvantages include the potential for false-negative results and the small risk of
biopsy track seeding. Patients who experience track seeding are likely to have a subsequent course of
treatment similar to patients with metastatic disease.91,92 It is particularly important for the biopsy to
be taken from an enhancing area of the lesion, avoiding the fibrotic regions. It is possible there will
be a small number of tumour cells present, and the residual tumour growth pattern can be distorted
by the initial ablative procedure. It is also helpful to compare to the pathology of the biopsy material
obtained prior to the initial ablation.93-95
In conclusion, imaging is critical during ablation and in the assessment and management of RCC
at longitudinal post-ablation follow-up. In the United States, US is mainly reserved for intraprocedural guidance of probe placement, while CT and MRI are used for diagnosis and characterization at
follow-up. Thermal ablative techniques have predictable imaging characteristics during and following ablation. These are well established for heat-based techniques, including RFA and MWA, and
for CA, and are being investigated for IRE. Immediately following thermal ablative techniques, the
ablation zone should not contain regions of central or nodular peripheral enhancement; however,
peripheral curvilinear enhancement may be characterized up to 6 months following ablation. Areas
of linear or nodular enhancement at the site of the original lesion are suggestive of incomplete ablation and residual disease. A decrease in lesion size is more pronounced over time with lesions treated
with CA versus lesions treated with RFA or MWA. Surveillance imaging should be evaluated not only
for tumour recurrence in the ablation zone, but also for evidence of metastatic disease and possible
delayed complications.

9.4

Biopsy and Pathological Review

The numerous issues surrounding the pathological features related to renal mass biopsy (RMB), such
as adequacy of specimen, role of rapid evaluation, timing of the biopsy in relation to ablation, tumour
types, diagnostic definitions, the use of core needle biopsy (CNB) versus fine needle aspiration biopsies (FNAB), sampling techniques, role of immunohistochemical and molecular studies, etc., are
reviewed in Chapter 7. In this section, we discuss the issues relating to pathological evaluation during
the post-ablation follow-up period.
Within the past 20 years, since the first reports of renal mass ablations, there have been improvements in our ability to accurately characterize the pathological features of renal masses by utilizing
image-guided CNB and FNAB. Although a body of work has been amassed on the topic of RMB
in the management of the SRM, there is a paucity of information regarding the utility of RMB in
the evaluation of post-ablation recurrence. Most studies of post-ablation follow-up and management
are retrospective case reviews, where the focus of the study has been to compare either differences
between two ablation modalities (RFA versus CA) or techniques (percutaneous versus laparoscopic).
These studies generally provide limited data regarding post-ablation RMB and the pathology of the
post-ablated tumour. We could not find any higher levels of evidence for the role of RMB in the
post-ablation management of an SRM. Further confounding the problem of limited information
is the fact that both RFA and CA generally have a less than 10% rate of recurrence.96 Keeping the
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above limitations in mind, we address which patients to biopsy, the timing of the biopsy, pathological features reported on post-ablation biopsies, the tumour types reported, and questions regarding
evaluation of tumour viability.

9.4.1

Which patients to biopsy

The question of which patients should undergo RMB during post-ablation follow-up has been not
been directly addressed in the literature; however, it has been briefly reported in retrospective case
series studying post-ablation outcomes or therapy for a post-ablation recurrence. As it stands today,
the general practice amongst urologists is to perform RMB only in the presence of radiological
evidence of residual/recurrent tumour.96-98
In 2008, in one of the early large studies correlating radiographic imaging and histopathological
changes following CA and RFA, Weight and colleagues reported routinely performing RMB in less
than half of the tumours (129 out of 285), with the biopsy performed after evaluation of the 6-month
post-ablation imaging results.99 Moreover, since there is no consensus regarding the added benefit
of RMB to radiographic imaging alone in evaluation of the post-ablation mass, it is important to
keep in mind that all patients with a radiographically visible recurrence may not necessarily require
RMB. For example, in 2015 Karam and colleagues reported their experience of 14 patients undergoing salvage nephrectomy following local recurrence of ablated renal tumours.100 Of these 14 patients,
only 7 were biopsied. Zargar and colleagues, reporting long-term follow-up data on 436 patients who
underwent ablation over a 15-year period (these include some of the same cases reported by Weight
and colleagues in 2008), acknowledge the lack of pathological confirmation by biopsy for all the
recurrent tumours.99,100 These studies highlight the absence of any strong evidence indicating the role
of routine biopsies in the evaluation of the post-ablation mass.96-98 (Level of Evidence [LOE] 3)

9.4.2

Timing of the biopsy

As with the question of who to biopsy, the issue of when to biopsy an ablated mass has not been
directly addressed either. During the first few months after ablation, the tumour undergoes involution and the pathophysiologic responses to the injury may result in radiographic enhancement
and even enlargement of the ablated area. Furthermore, data from a large multi-institutional study
reported that 92% of recurrent tumours were detected by imaging within the first 12 months after
ablation, with 70% of residual tumours detected within the first 3 months.32
From reviewing the literature, it appears that post-ablation RMB is not performed earlier than
6 months after ablation. Karam and colleagues reported post-ablation biopsy no earlier than
7 months (range: 7–76 months; median: 21 months; mean: 24.3 months), and only for tumours that
did not involute and still showed enhancement.97 Zargar and colleagues used the criterion of a positive biopsy at 6 months post-ablation to consider the tumour as a recurrence.98 However, they did not
present any data on the temporal relationship between ablation and the post-ablation biopsy and, as
mentioned before, not all of their patients underwent a post-ablation biopsy. [LOE 3]
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9.4.3

 athological features reported on post-ablation RMB
P
and nephrectomy

Pathological features of the post-ablation tumour have not been systematically reported, except in
some animal models or small series. The histopathological features seen in post-ablation RMB or
nephrectomy include one or more of the following: reactive/reparative changes, necrotic tumour
(Figure 9-14), and viable tumour (Figure 9-15). The proportion of these 3 components varies
depending on the elapsed time between ablation and post-ablation pathological examination. After
about 3 months post-ablation, almost all ablated tumours will have necrotic debris and reactive/
reparative changes.
Finding the viable tumour is highly dependent on the sampling method, and CNBs are the preferred
methodology for a post-ablation RMB. Due to the inherent sampling bias of RMB, and the high
probability of a false negative, it may take multiple cores from different sites within the post-ablation
mass to detect viable tumour. In 2013, Karam et al. reported performing multiple post-ablation biopsies, sampling all 4 quadrants and the central portion of the ablation zone for tumours larger than
3 cm, and a minimum of 3 cores from smaller tumours.97 The post-ablation nephrectomy specimen
is usually composed of necrotic tumour in the ablation zone, which should be sampled extensively to
rule out the presence of viable tumour, since it is usually admixed with the necrotic tumour.
It is important to note that some post-ablation zones that show radiographic evidence of recurrence
may not have viable tumour in them. For example, Karam and colleagues showed viable tumour
in only 13 of the 14 tumours that underwent nephrectomy after ablation for local recurrence.100
Kowalczyk and colleagues reported recurrent RCC in only 7 of the 13 nephrectomies performed due
to suspicion of post-RFA recurrence.101 Conversely, some post-ablation zones without radiographic
evidence of recurrence may have viable tumour in them.99 [LOE 4]
FIGURE 9-14
Needle Core Biopsy Showing
Necrotic Tumour Without Any
Visible Intact Tumour Cells
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FIGURE 9-15
Needle Core Biopsy
From Same Tumour as in
Figure 9-14, With a Minute
Focus of Viable Clear RCC

9.4.4

Tumour types in post-ablation recurrences

Only RCCs have been reported to recur following ablation; however, there is limited information on
the RCC subtypes. Schmit and colleagues reported 17 local tumour recurrences out of 751 tumours
that were ablated over a 12-year period (2000–2012).96 Of these 17 recurrent tumours, 14 were reported
as RCC; however, the pathology of the other 3 tumours was not reported. Psutka and colleagues
retrospectively reviewed long-term outcomes data on 185 patients with sporadic TNM stage T1
RCC who underwent RFA, where they had 12 patients with local recurrence, but they did not report
the RCC types of the recurrent tumour.102 They also reported new renal tumours (ipsilateral and
contralateral) in 5 patients and distant metastases in 4 patients. Of the 243 patients who underwent
RFA, as reported by Tracy and colleagues, 9 patients developed a recurrence, all of which were clear
cell RCC.103 Four of these 9 patients underwent nephrectomy, which also showed clear cell RCC.
However, Tracy and colleagues do not mention whether any of these patients underwent biopsy of
the post-ablation mass or not.
Based on these relatively limited data, it is difficult to opine if any particular subtype of RCC is more
likely to recur post-ablation. From a diagnostic perspective, the purpose of the post-ablation biopsy is
to diagnose the presence or absence of residual/recurrent tumour (based on timing of biopsy) and to
determine its viability. The diagnosis of the histologic subtype of RCC is only important if the recurrent tumour is not the same subtype as reported in the pre-ablation RMB. [LOE 4]
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9.4.5

Evaluation of tumour viability

Finding recurrent RCC during the pathological evaluation of the post-ablation mass always raises
the question of whether the tumour that is seen on hematoxylin and eosin (H&E) sections is viable
or not. Use of the nicotinamide adenine dinucleotide (NADH) vital stain for detecting the reduced
form of NADH has been reported in earlier studies for assessing tumour viability in the post-ablation
pathology specimen.104
The routine use of NADH stain is not feasible due to the need for immediate snap freezing of the
tumour tissue, use of frozen sections for staining, and, finally, the finicky nature of this stain itself.
Further, using NADH stain for RMB is even more difficult due to the tissue distortion caused by
the snap-freezing process, which may not allow accurate pathological evaluation of such a limited
sample. In addition, false positive NADH staining has been reported if it is performed within 2 hours
of RFA.104 In the cases the authors have had experience with, the diagnosis of recurrent/residual
tumour, if present, is relatively straightforward, and this panel does not see any value in doing special
studies to evaluate post-ablation tumour viability. Therefore, while NADH may be used as an investigational tool, its use in the routine evaluation of post-ablation RMB is not recommended. [LOE 4]

9.5

Conclusions

Pathological features of post-ablation biopsies performed for SRM have not been well documented.
The most common observation is the presence of reactive/reparative changes, and we have seen rare
examples of both necrotic (non-viable) and viable tumour.
We recommend the following reporting approach to pathologists who may encounter such specimens:
Provide

histologic description of a) reactive
changes such as hemorrhage, granulation
tissue, xanthomatous cells, etc., b) viable
tumour in specimen, whether residual or
recurrent tumour based on the timing of the
biopsy, and c) necrotic tumour in specimen.
Cytokeratin stains may be of value to identify
neoplastic cells and distinguish them from
xanthomatous cells.
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An

attempt should be made to histologically subclassify the RCC if there is adequate
viable tissue.
If the tumour has been previously histologically characterized, the histology of the postablation biopsy should be compared with the
pre-ablation sample.
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TABLE 9-1 Level of Evidence Summary
Level of Evidence

Grade of
Recommendation

References

Ablative techniques and intraprocedral image findings
CA

3

C

RFA and MWA

3

C

IRE

3

C

Hoeffel39, Johnson38, Kong40, Li41, Wink43, Wink44,
Zhu42

Post-procedural imaging protocols
Conventional US

3

C

Dunmire45, Krajewski46

CEUS

3

C

Allard52, Amalou59, Chen57, Eisenbrey 51, Gerst50,
Houtzager 58, King49, Lackey 60, Li55, Piscaglia47,
McArthur48, Meloni53, Wah56, Zeccolini54

CT

3

C

Davenport 61, Wile62

MRI

3

C

Allen63, Davenport 61, Kawamoto64, Krajewski46, Wile62

3

C

Davenport 61, Iannuccilli65, Lang66, Wile62

CA

3

C

Allen63

RFA and MWA

3

C

Boss68, Gervais70, Kawamoto64, Matsumoto69, Merkle67

Surveillance imaging
Frequency
Image findings post-ablation

Definition of successful outcomes
CA

3

C

Beemster71, Porter72

RFA and MWA

3

C

Boss68, Carrafiello74, Castle77, Gervais70, Kawamoto64,
Laeseke76, Li78, Matsumoto69, Merkle67, Oshima75,
Sommer79, Tracy73

IRE

3

C

Davalos85, Golberg80, Hjouj81, Maor 86, Sommer 87,
Wendler 82, Wendler 83, Wendler 84

Signs of recurrence

3

C

Allen63, Beemster71, Carrafiello74, Castle77, Laeseke76,
Li78, Porter72, Purohit 88, Oshima75, Sommer79

Biopsy after ablation

4

C

Frank 93, Lam94, Slywotzky 92, Smith91, Sorbellini95

Level of Evidence using the modified version of the Oxford Centre for Evidence-Based Medicine system, as adopted by the ICUD
for follow-up evaluation after focal ablation of renal masses
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