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Preface

No disease is more vexing than prostate cancer. This disease has bewildered
researchers, clinicians, epidemiologists and most importantly, patients and their
families for over a century. Although we have learned much about the diagnosis,
risk factors and optimal treatments for men with this disease over the last two
decades, we need to learn more so that we can do an even better job caring
for our patients. It is in that spirit that we have assembled this monograph. By
bringing together a multidisciplinary team of experts from around the world, we
hope to provide a solid framework for current and future students of this disease.
Fortunately, our task was made easier as we could build upon the prior ICUD on
Prostate Cancer edited in 2006 by Drs. McConnell, Denis, Akaza, Khoury and
Schalken. Their work provided us, and our team of writing colleagues, a very solid
foundation upon which to start.

In this edition, we have structured the chapters to proceed in a logical progression
starting with epidemiology and the molecular biology of prostate cancer. Then
we review the salient issues related to cancer prevention and early detection of
prostate cancer with PSA, new biomarkers and new imaging modalities. The next
section relates to treatment, starting with a historical review of prostate cancer
therapies, followed by a review of current options for low- and intermediate- risk
localized disease, of high-risk localized, and clinically advanced disease of meta-
static disease and of castration-resistant disease. Finally, we conclude the book
with a very important chapter on patients’ perspectives. No physician can consider
himself an expert on prostate cancer care unless he understands his patients’
perspectives, fears and anxieties, and is aware of resources within the community
that are available to help men navigate through their treatments.

We hope that this text will stimulate more research into this protean disease and
will provide students of prostate cancer with a rock-solid reference. It has been
both a pleasure and a privilege to work with our outstanding colleagues, and to
participate in this year's ICUD on Prostate Cancer.

Gerald L. Andriole
Manfred Wirth
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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 recom-
mendations 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 recommmendations 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 pa-

Papers published in non-peer-reviewed supple-
ments will not be included. An exhaustive list
should be obtained through:

pers accepted for publication by the peer-reviewed I.  The major databases covering the last ten

journals in the relevant field but not yet published. years (e.g. Medline, Embase, Cochrane Library,
= Abstracts published in peer-reviewed journals should Biosis, Science Citation Index).

be identified. If of sufficient interest, the author(s) 1. The table of contents of the major journals of

should be asked for full details of methodology urology and other relevant journals, for the last

and results. The relevant committee members can three months, to take into account the possi-

then “peer review" the data, and if the data confirms ble delay in the indexation of the published

the details in the abstract, then that abstract may be papers in the databases.

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.

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 gener-
ate 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 effec-
tiveness 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

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 2¢
* Includes:

= 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

Il * 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.
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 judg-
ment as to the grade of recommendation given and the rationale explained.

Grade A recommendation usually depends on consistent level | evidence and often means that the recom-
mendation is effectively mandatory and placed within a clinical-care pathway. However, there will be occasions
where excellent evidence (level |) 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 Il evidence.
However, a Grade A recommendation needs a greater body of evidence if based on anything except Level |
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 recom-

mendation 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? For example, do three aliquots of the same urine sample
give the same result when subjected to dipstick testing?

2. Does the test have good diagnostic performance, ideally against a “gold standard” measure?

3. Does the test have good therapeutic performance, that is, does the use of the test alter clinical manage-
ment? Does the use of the test improve outcome?

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

Ll Description
Evidence P

| Meta-analysis of RCTs or high-quality RCT

Il Low-quality RCT or good-quality prospective cohort study

1l 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

A Usually consistent with level | evidence

B Consistent level Il or Il evidence or “majority evidence” from RCTs

C Level IV evidence or “majority evidence” from level Il or Il studies

D No recommendation possible because of inadequate or conflicting evidence

Abbreviation: RCT= randomized controlled trial
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1.1 Introduction

Prostate cancer is a common cause of morbidity and mortality in developed countries worldwide,
particularly in Europe and North America. Prostate cancer differs from many other solid tumours
in that the prevalence of latent disease — the number of men with undetected prostate cancer — far
exceeds the number of men diagnosed with, or dying from, the disease.

Autopsy studies show that cancerous cells can be found in the prostates of 30-40% of men at age 60
(1), rising to 60-70% by age 80 (2), yet the eventual risk of death from prostate cancer is only about
3% for a 50-year-old man in the United States (1).

The high prevalence of latent prostate cancer complicates the study of its epidemiology, as incidence
rates are affected by early detection and screening intensity (3,4). Screening intensity relates directly
to the use of digital rectal examinations and the prostate-specific antigen (PSA) blood tests. In addi-
tion, indirect detection through performance of prostatectomies for presumed benign prostatic
hyperplasia (BPH) can uncover incidental prostate cancers.

Even prostate cancer mortality data seems to be influenced by the intensity of screening efforts. For
example, in the United States, both prostate cancer incidence (as expected) and mortality (unex-
pected) increased with the introduction of widespread PSA testing in the late 1980s and early 1990s
(5). The influence of screening intensity on prostate cancer incidence and mortality data needs to be
kept constantly in mind in interpreting epidemiologic data.

1.2 Descriptive Epidemiology

Prostate cancer continues to be a worldwide public health problem, with an estimated 899,102 cancers
(13.6% of all new cancers in men) diagnosed in 2008, and 258,133 deaths (6.1% of all cancer deaths in
men) (6). Among all cancers, both the percentages of new prostate cancer diagnoses, and prostate cancer
deaths, have increased since 2002. The highest incidence rates for prostate cancer continue to be found in
North America, Western Europe, Northern Europe, and Australia (Figure 1). More developed regions have
an average age-adjusted incidence rate of 61.7 per 100,000 compared to 12 per 100,000 in less developed
regions (Figure 1). These differences in incidence rates likely reflect screening practices in more and less
developed regions. However, many low incidence regions have high prostate cancer mortality (Figures 2
and 3). For example, countries in Middle Africa have an incidence rate of 16.4 per 100,000, but a mortality
rate of 13.4 per 100,000. Eastern Asia continues to have the lowest incidence and mortality rates for prostate
cancer in the world. Japan has an age-standardized incidence of prostate cancer of 22.7 per 100,000 and a
prostate cancer mortality rate of 5 per 100,000. All other eastern Asian nations are lower than these rates. As
seen in the previous data from 2002, populations with African ancestry continue to have the highest rates
of prostate cancer mortality.
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FIGURE 1

Prostate Cancer Incidence
and Mortality Rates.

Source: Ferlay, J., Shin, H. R, Bray, F.
et al. Cancer Incidence and Mortality
Worldwide: IARC CancerBase No. 10
[Internet]. Lyon, France: International
Agency for Research on Cancer. 2010

FIGURE 2

Estimated Age-Standardized
Incidence Rate per 100,000
(prostate cancer, all ages)

Source: Ferlay, J., Shin, H. R., Bray, F.
et al. Cancer Incidence and Mortality
Worldwide: IARC CancerBase No. 10
[Internet]. Lyon, France: International
Agency for Research on Cancer. 2010
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FIGURE 3 Estimated age-standardised rate per 100,000

Estimated Age-Standardized Prostate, all ages
Mortality Rate per 100,000
(prostate cancer, all ages)

Source: Ferlay, J, Shin, H. R, Bray, F.
et al. Cancer Incidence and Mortality
Worldwide: IARC CancerBase No. 10
[Internet]. Lyon, France: International
Agency for Research on Cancer. 2010
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GLOBOCAN 2008 (IARC) - 5.9.2001

As ethnic groups move between nations, patterns of cancer in the population may change. Using a combi-
nation of data resources, Rastogi and colleagues examined the rates of cancer for South Asians in India,
Singapore, the United Kingdom, and the United States. The age-adjusted rates of prostate cancer in South

Asian men were 4.6/100,000 in India, 9.9/100,000 in Singapore, 33.7/100,000 in the UK, and 54.9/100,000 in

the US (7). Such differences may be the result of screening practices or a true change in disease incidence

within an ethnic group due to changes in exposure to environmental factors.

1.3 Special Section: Update of Prostate
Cancer in Western Asia and
the Middle East

The incidence of prostate cancer in Western Asia and the Middle East has been perceived to be
much lower than that of western countries. Nevertheless, there has been a notable increase in the
prevalence of PSA screening as well as variability of prostate cancer detection in different regions.
The reported incidence varies between 3.5/100,000 in Saudi Arabia to 21.5/100,000 in Lebanon (8,9).
While these are considered lower figures compared to those from the western hemisphere, they are
quite high compared to the prevalence in Asian countries. The variability of PSA screening and
prostate cancer detection in the Middle East has been recently examined and it seems to be mostly
related to differences in practices between countries, as well as a function of the relative pattern
of referral to tertiary care institutions. Furthermore, there is relative paucity of tumour registries
and organized data collection in this regard. In 2010, a prostate cancer committee was established
to modify the NCCN clinical practice guideless in oncology on prostate cancer for adaptation and
implementation in Middle Eastern and North African regions (10). The reasons for this were mostly
related to the wide range in the prevalence among countries in the Middle East. There was a clearly
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high incidence of advanced disease at the time of diagnosis noted by the committee. Furthermore,
there is indirect evidence pointing towards a delay in the diagnosis of prostate cancer in the region
and a higher percentage of locally advanced disease at diagnosis. Al Geizawi et al. examined the
data from six institutions in five counties in the Middle East and found significant differences in
PSA awareness, screening practices, and prostate cancer detection (11). In this study, there seemed to
be a much higher prostate cancer diagnosis in Lebanon, Syria, Jordan and Iraq compared to costal
and Gulf States like Kuwait, UAE, and Saudi Arabia. Furthermore, in the formal states of Lebanon,
Syria, Jordan and Iraq, prostate cancer diagnosis is usually made at a higher stage, perhaps related
to the absence of screening. These data are further confirmed by observations from tertiary referral
centers. For example, the prevalence of T1C disease among a cohort of 396 radical prostatectomy
patients at the American University of Beirut, one of the biggest prostate cancer centers in the region,
was only 49% as compared to more than 90% in European and American institutions (Khauli et al.,
unpublished observations).

There is a clear change in the dietary habits of the population in the Mediterranean region indicating
a change of the “healthy Mediterranean diet” to a more westernized diet (11,12). Furthermore, this
has been noted to be true in urbanized regions in the Middle East wherein the diagnosis of prostate
cancer is higher. The demographics also may be affected by referral to tertiary care centers that go
across country borders which is increasing the likelihood of diagnosis of prostate cancer and its
prevalence in a country like Lebanon versus the countries in the Saudi Arabian peninsula. Because
65% of the population is currently younger than 30 years, even if the incidence of prostate cancer is
lower than that of the West, the scope of the problem will only become more significant over the next
20 years as the population ages and presumably has access to improved medical care.

1.4 Risk Factors

The six years since the 2005 publication of the International Consultation on New Developments in
Prostate Cancer and Prostate Diseases report have witnessed many exciting developments in the field
of prostate cancer. Major screening trials have published their results and helped increase knowl-
edge of the natural history of the disease. However, the issues of overdiagnosis and overtreatment
continue to be factors in prostate cancer. Chemotherapeutics have advanced, with new treatments for
prevention, localized, and metastatic disease.

The field of epidemiology has not been quiescent during this period. Research continues into risk
factors for prostate cancer, with continued attention paid to potentially modifiable risk factors, as
well as in primary and secondary prevention. In this section on prostate cancer risk factors, we
provide an update on prostate cancer epidemiology.
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1.41  Smoking

As a major health problem throughout the world, smoking continues to generate interest as a poten-
tial risk factor for prostate cancer incidence, progression, or recurrence.

Smoking has not been consistently associated with prostate cancer incidence. In a systematic review
and meta-analysis of the literature, Hickey ef al. showed no clear association between smoking and
prostate cancer incidence 13). An ecologic analysis using regional lung cancer rates as a surrogate
marker for smoking rates also showed no association between lung cancer incidence and prostate
cancer incidence within regions of the United States participating in the Surveillance, Epidemiology
and End Results Program (14). A review of smoking and prostate cancer mortality and progression
risks by Zu and Giovannucci established a strong link between smoking and prostate cancer death.
Most cohort studies showed a 30% increase in the risk of prostate cancer mortality among current
smokers compared to non-smokers or never-smokers. Risks of advanced disease at diagnosis, fatal
prostate cancer, and worse prognosis are all increased among current smokers (15). These conclu-
sions were supported by a recent meta-analysis of 24 prospective cohort studies that examined the
relationship between smoking and prostate cancer. Current smokers had no increase in risk of inci-
dent prostate cancer (RR 1.04; 95% CI 0.87 to 1.24), but increasing pack-years of smoking was associ-
ated with prostate cancer incidence. Risk of fatal prostate cancer was significantly increased among
current smokers (RR 1.14; 95% CI 1.06 to 1.19), with the heaviest smokers showing a 24% to 30%
increased risk of fatal prostate cancer compared to nonsmokers (16).

Further support for the influence of smoking on prostate cancer-specific mortality comes from a
recent report from the Health Professionals Follow-Up Study. Smoking at the time of prostate cancer
diagnosis was associated with increased overall and cardiovascular disease (CVD) mortality (17).
Among current smokers compared to non-smokers, the authors found both an increase in prostate
cancer-specific mortality (HR 1.61; 95% CI 1.11-2.32), and risk of recurrence in current smokers.
Patients who had quit smoking for at least 10 years appeared to have prostate cancer-specific mortal-
ity risks similar to those who have never smoked. Similar results were found in the NIH-AARP Diet
and Health Study. Watters and colleagues found that smoking decreased the overall risk of prostate
cancer incidence, but increased the risk of dying from prostate cancer. Current smokers were at
increased risk of death from prostate cancer (HR 1.69), while former smokers did not have this
increased risk (18). In a large prostatectomy cohort study, current smokers had a cumulative inci-
dence of recurrence of 34.3% compared to 14.8% among former smokers, and 12.1% among never
smokers (19). Similarly, in a population-based case-control study from four health maintenance
organizations, men who died from prostate cancer were more likely to be smokers than non-smokers
(OR 1.5; 95% CI 1.1 to 2.0) (20).

Contrary to these results, smoking at the time of diagnosis with prostate cancer was associated
with death from other causes, but not prostate cancer specific death in a study using the CaPSURE
database (21). Smoking was associated with more advanced disease among men undergoing radical
prostatectomy in a large multi-institutional database, but was not associated with an increased risk
of biochemical recurrence after surgery (22). In a long-term follow up of the Whitehall study from
London with 578 prostate cancer deaths in 17,934 men, no association between smoking and prostate
cancer mortality was found (23).
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Although the results of some studies are inconsistent, current data suggest smoking may be a risk
factor for aggressive prostate cancer and disease recurrence after treatment of prostate cancer.

A proposed mechanism for smoking as a risk factor for prostate cancer is cadmium exposure. Within
the prostate, cadmium is thought to form a complex with selenium and protein, effectively detoxify-
ing the cadmium. When the cadmium levels are too high, or selenium levels too low, this sequestra-
tion does not occur, and the risk of cancer may increase (24). Another proposed mechanism is CpG
hypermethylation, which was found to be increased in smokers compared to non-smokers (25).

1.4.2 Alcohol

Alcohol intake continues to show inconsistent associations with prostate cancer risk. In agreement
with prior studies, overall alcohol consumption showed no association with prostate cancer in a case-
control study from King County, WA. Lifetime intake of red wine was associated with a reduced risk
of prostate cancer (OR 0.94; 95% CI 0.90 to 0.98 for each additional glass of red wine consumed each
week) (26). However, these results were not confirmed in the Health Professionals Follow-up Study
based on assessments of recent red wine consumption (27). Similarly, in the VITamins and Lifestyle
study, white wine consumption was associated with an increased risk of prostate cancer (HR 1.27;
95% CI 1.08 to 1.49), but red wine, beer, and liquor did not have associations with prostate cancer risk
(28). Again, only more recent wine intake was assessed. Red wine consumption was also not associ-
ated with prostate cancer risk in the California Men’s Health Study (29). In the NIH-AARP cohort
study, an association between alcohol intake and non-advanced prostate cancer risk was found (HR
1.25 for consumption of = 6 drinks per day; CI 1.13 to 1.37). No associations were found between
alcohol consumption and advanced prostate cancer (30). No associations between alcohol intake and
prostate cancer risk were found in the ATCB study (31) or in a population-based case-control study
from Sweden (32).

Heavy alcohol consumption was associated with increased risk of prostate cancer in the Prostate
Cancer Prevention Trial (PCPT). In the combined treatment and control arms of the trial, drinking
more than four drinks per day on more than five days per week increased the risk of high-grade
prostate cancer (RR 2.17; 95% CI 1.42 to 3.30). Interestingly, heavy drinking appeared to nullify
the preventive effect of finasteride on reduction of low-risk prostate cancer (33). More research is
needed to confirm these results, and to confirm the reliability of the assessment of heavy alcohol
consumption.

Based on these results, there is no clear association between alcohol consumption and prostate cancer
incidence. Issues of duration, timing, and quantity of exposure still need to be elucidated, particu-
larly given the interesting results seen in the PCPT.
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1.4.3 Physical activity

Data continue to accumulate on the beneficial impact physical activity imparts on prostate cancer
risk and survival. So far, data appear to be stronger for impacts on prostate cancer progression and
survival than for prostate cancer incidence. In the Health Professionals Follow-up Study, no associa-
tion was found between physical activity (recorded at baseline and updated every two years) and total
prostate cancer. For men older than 65 years of age, vigorous physical activity (29 metabolic hours
per week or more) was associated with decreased risks of aggressive prostate cancer (RR 0.33; 95%
CI 0.17 to 0.62) and fatal prostate cancer (RR 0.26; 95% CI 0.11-0.66) (34). In additional examination
of this data, Kenfield et al. found that physically active men had lower rates of all-cause and prostate
cancer-specific mortality (35). Similar results were found in a study using the CaPSURE database.
Patients who walked briskly for three hours per week or more had a lower risk of prostate cancer
progression than patients who walked at an easy pace for less time (HR 0.43 95% CI 0.21-0.91) (36).

Further evidence has been published supporting the notion that physical activity may reduce the
incidence of advanced prostate cancer. In a study of 29,110 Norwegian men, compared to men with
no recreational physical activity, men with the highest category of activity had a relative risk of 0.64
(95% CI 0.43-0.95) for incidence of advanced prostate cancer, and 0.67 (95% CI 0.48-0.94) for prostate
cancer death (37). Patel ef al. examined the American Cancer Society Prevention Study II Nutrition
Cohort. Recreational physical activity was determined from a questionnaire at cohort enrollment
in 1992/3 as well as a previous questionnaire in 1982. No relationship between physical activity and
overall prostate cancer was found, but the risk of aggressive prostate cancer (defined as clinical stage
III or IV, Gleason score 8 or higher, regional or distant disease from state cancer registries, or prostate
cancer-specific death) was reduced among men with the highest levels of physical activity (RR 0.69;
95% CI0.52-0.92) (38). Data from the European Prospective Investigation into Cancer and Nutrition
supported an inverse association between advanced prostate cancer risk and occupational physi-
cal activity, but not recreational physical activity (39). In a population-based study of Swedish men,
an inverse association was found between lifetime physical activity and prostate cancer risk (16%
decrease; 95% CI 2-27%) (40).

Attempts to quantify the impact of timing of physical activity on prostate cancer risk and inter-
actions of physical activity with other health factors have been done in a few studies. One set of
results was reported from the NIH-AARP Diet and Health Study, where patients with diabetes had
a decreased risk of prostate cancer. This effect was strongest among men with the highest levels of
physical activity (RR 0.41; 95% CI 0.23 to 0.74) (41). In the full study, neither exercise at baseline, nor
exercise during adolescence, was associated with total prostate cancer, advanced prostate cancer, or
fatal prostate cancer risk (42). Among black men however, physical activity during ages 19 to 29 years
was associated with a decreased risk of prostate cancer (RR 0.65; 95% CI 0.43 — 0.99) 43).

Although some inconsistency is seen in these results, the overall evidence points to physical activity
being associated with a reduced risk of aggressive prostate cancer. No evidence for an impact on total
prostate cancer has been found.
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1.4.4  Obesity

As the obesity epidemic continues to grow in developed nations, and becomes an increasing problem
in middle-income nations, interest in the impact of obesity on cancer risk is increasing. Multiple
studies have examined the association between obesity and prostate cancer risk over the past few
years. The relative risks of advanced prostate cancer were 1.06 (1.01 to 1.1) for each 5-cm increase in
waist , and 1.21 (1.04-1.39) for each 0.1-unit increase in waist-hip ratio in the European Prospective
investigation into Cancer and Nutrition cohort (44). In a prospective study of 335,169 men from
Sweden with height and weight collected at baseline and followed for an average of 22 years, men
in the top quantile of BMI (>27) were significantly more likely to develop fatal prostate cancer than
men in the lowest BMI quantile (<21.9) (RR 1.28; 95% CI 1.11 to 1.49) (45). From the NTH — AARP
Diet and Health Study, Wright et al. determined that as weight increased, the risk of dying from pros-
tate cancer increased. Interestingly, this association with fatal prostate cancer was seen in relation to
adult weight gain from age 18 (46). In a study of 752 men with prostate cancer diagnosed from 1993
to 1996 with BMI assessed one year prior to prostate cancer diagnosis, men who were obese (BMI >
30 kg/m?) had an increased prostate cancer mortality (HR 2.64; 95% CI 1.18-5.92) compared to the
normal BMI group (BMI < 25 kg/m?). Risk of developing metastatic disease was also increased in the
obese men (HR 3.61; 95% CI 1.73 — 7.51) (47).

From these and other studies, obesity appears to be associated with decreased detection of total pros-
tate cancer. A detection bias due to hemodilution of PSA levels in obese men has been proposed as a
cause of the decreased incidence of prostate cancer with increasing BMI (48). However, most studies
that have investigated measures of obesity, and advanced or fatal prostate cancer risk have observed
positive associations. The underlying causes of these associations remain to be elucidated.

Hyperinsulinemia has been proposed as a mediating factor between obesity and prostate cancer
mortality. A marker of insulin secretion is plasma C-peptide levels. From the Physicians Health Study,
Ma and colleagues assessed the impact of pre-diagnostic body-mass index and plasma C-peptide
concentration on prostate cancer-specific mortality (49). They found that overweight (BMI 25.0 to
29.9 kg/m?) and obese (BMI > 30 kg/m?) men had a higher risk of dying from prostate cancer than
normal weight men (HR 1.47; 95% CI 1.16 to 1.88 for overweight, and HR 2.66; 95% CI 1.62 to 4.39
for obese men). This trend was stronger for men diagnosed in the PSA era (defined as 1991-2007) than
the pre-PSA era. In a subset of men with C-peptide concentrations available for analysis, men with
the highest C-peptide concentrations had the highest risk of prostate cancer mortality (HR 2.38; 95%
CI 1.31 to 4.30). In a test for the interaction between BMI and C-peptide concentrations, controlling
for clinical factors, men with a BMI over 25 kg/m? and a high C-peptide concentration had a 4-times
higher risk of mortality than patients with a BMI less than 25 kg/m? and a low C-peptide concentra-
tion (HR 4.12; 95% CI 1.97 to 8.61). These results suggest that hyperinsulinemia, in addition to and
independent of obesity, is a risk factor for prostate cancer mortality.

Closely related to obesity is the metabolic syndrome. A recent report highlighted the association of
metabolic syndrome with prostate cancer mortality after controlling for death from other causes.
The conditional probability of death from prostate cancer among men in the Uppsala Longitudinal
Study of Adult Men was 7.3%-units higher in men with metabolic syndrome than in men without
the syndrome (OR 1.64; 95% CI 1.03 to 2.23) (50). In a long-term study of 16,209 men recruited to
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a cohort study in Oslo in 1972 to 1973, combinations of either two or three risk factors involved in
the metabolic syndrome (e.g. high body-mass index, elevated non-fasting glucose, high triglycerides,
and hypertension) were associated with increased prostate cancer risk (RR 1.23; p=0.04 for two, and
RR 1.56; p=0.00 for three factors) (51).

Overall, the results for obesity suggest positive associations with prostate cancer mortality. Syndromes,
such as hyperinsulinemia and the metabolic syndrome, closely linked to obesity also confer higher
risks of prostate-cancer mortality. These data confirm the importance of maintaining a normal body
weight for overall health.

1.4.5 Diet and nutritional supplements

The concept of nutritional supplementation for prostate cancer chemoprevention was assessed in two
recent randomized trials. In the Physician’s Health Study II, the role of vitamin E and C supplementa-
tion in prostate cancer was assessed. Men, aged 50 and older, were randomized to 400 IU of vitamin
E every other day and 500 mg of vitamin C daily. After a mean follow-up time of eight years, 1008
prostate cancers were found among the 14,641 participants. Vitamin E and C supplementation had
no effect on prostate cancer risk, and no modifications of the effect by different prostate cancer risk
factors were found (52). The Selenium and Vitamin E Cancer Prevention Trial (SELECT) random-
ized 35,533 men (aged 50+ for Blacks, 55+ for others) to four treatment groups (selenium, vitamin E,
selenium + vitamin E, and placebo). At a median follow up of 5.46 years, selenium, vitamin E, or the
combination did not prevent prostate cancer (53). Further analysis of this trial with a follow up time
beyond seven years showed that supplementation with Vitamin E significantly increased prostate
cancer risk (HR 1.17; 99% CI 1.004 — 1.36; p=0.008) (54).

Further analysis of large cohort studies support these null findings. In a case-control study nested in
the PLCO trial, serum selenium was not associated with prostate cancer risk (55). Plasma selenium
concentration was not associated with prostate cancer risk in a case-control study nested in the
European Prospective Investigation into Cancer and Nutrition (56). Multivitamin use was not asso-
ciated with prostate cancer risk in the Cancer Prevention Study II, except in participants who also
used vitamin A, C, or E supplements, where an increase in prostate cancer risk was found (RR 1.15;
95% CI 1.05 to 1.26) (57). Supplemental vitamin E intake was not associated with decreased prostate
cancer risk in the NIH-AARP Diet and Health Study (58), or in the VITamins and Lifestyle study
(59). In contrast, in the ATCB study, a study conducted among smokers, higher baseline serum levels
of alpha-tocopherol (vitamin E) were inversely related to both incidence of overall prostate cancer
(RR 0.80; 95% CI 0.66 to 0.96), and the risk of advanced disease (RR 0.56; 95% CI 0.36-0.85).The
inverse association was greatest amongst men who received supplementation during the trial (60). Of
note, the ATCB cohort is composed of heavy smokers and asbestos-exposed individuals, and as such
may not be generalizable to other populations.

Further support that smokers may benefit from Vitamin E supplementation emerged from the PLCO
trial. Among male smokers in the screening arm of the PLCO trial, the age-adjusted rate of advanced
prostate cancer was 492 per 100,000 person-years in non-users of vitamin E compared to 153 per
100,000 person-years among men who took supplemental vitamin E (400 IU/day) (61). Additional
support for this effect of vitamin E in smokers was found in a sub-analysis of the Age-Related Eye
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Disease Study that randomized patients with age-related macular degeneration to one of four arms
(placebo, antioxidants, zinc, and antioxidants plus zinc). Patients who received antioxidants had a
significant decrease in prostate-cancer diagnoses compared to the placebo group (RR 0.6; 95% CI
0.49 to 0.86). This finding was found to be significant only among current smokers. (62)

Multivitamin use has not been associated with prostate cancer risk. Folate supplementation appeared
to be a risk factor for development of prostate cancer in the aspirin/folate Polyp Prevention Study
(HR 2.63; 95% CI 1.23 to 5.65) (63). In addition, no association between multivitamin use and risk
of localized prostate cancer was seen in the NIH-AARP Diet and Health Study. An increased risk of
advanced and fatal prostate cancer was seen among men who used multivitamins more than seven
times per week compared to non-users (RR = 1.32; 95% CI 1.04 to 1.67 advanced, and RR = 1.98;
95% CI 1.07 to 3.66, fatal) (64). Among smokers participating in the Carotene and Retinol Efficacy
Trial (CARET) trial, dietary supplement use was associated with a nonsignificant increased risk of
aggressive prostate cancer, defined as a Gleason score of greater than or equal to 7 and/or stage 111/
IV, (RR 1.36; 95% CI 0.87 to 2.13). However, men who took the study vitamins plus another dietary
supplement had a significantly elevated RR of aggressive prostate cancer of 1.52 (95% CI 1.03 to 2.24)
(65). A cohort study based on a subset of patients from the Prostate Cancer Prevention Trial (PCPT)
demonstrated no effect of long-chain n-3 fatty acids, vitamin D, vitamin E, or selenium on prostate
cancer risk (66). Overall, these results suggest that multivitamins and supplements have no protec-
tive effect on prostate cancer.

A broad line of inquiry in cancer risk involves exposures during development that may predispose
individuals for later development of cancer. One such exposure is childhood diet, which is often
assessed indirectly by anthropometric measures. Although limited by a small number of incident
prostate cancer cases, in a study of the Boyd Orr cohort with follow up of more than 59 years,
Whiteley and colleagues found no association between childhood measures of anthropometry and
prostate cancer risk (67).

Interestingly, coffee consumption may be associated with a reduced risk of prostate cancer. From
the Health Professionals Follow-Up Study, men who consumed six or more cups of coffee per day
had lower adjusted relative risk of prostate cancer than non-drinkers (RR 0.82; 95% CI 0.68-0.98)
(68). The effect was stronger for fatal prostate cancer where coffee drinkers (defined as consuming
> 6 cups per day) had a RR of 0.40 (95% CI 0.22 — 0.75). The RR reduction for coffee drinkers was
observed in relation to both regular and decaffeinated coffee consumption.

While prostate cancer risk overall was not influenced by consumption of fruits and vegetables, the
risk of aggressive prostate cancer was decreased among men with high intake of cruciferous vege-
tables (RR 0.60; 95% CI 0.36 to 0.98, high versus low intake) (69). A biologic mechanism for this
finding was suggested in a randomized trial of genetic changes within the prostate after a 12-month
broccoli-rich diet. Consumption of broccoli resulted in an interaction with the GSTM1 genotype
that led to changes in the signalling pathways within the prostate (70).

The role of lycopene in relation to prostate cancer risk is unclear. No association between lycopene/
tomato consumptions and overall or aggressive prostate cancer risk was found in the PLCO study (71).
Similarly, no effect was found in the PCPT trial (66). In a review of the health claims for lycopene and
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tomato-based products, the United States Food and Drug Administration (FDA) found no credible
evidence for an association between lycopene consumption and prostate cancer risk reduction (72). In
the Multiethnic Cohort study, data on food and nutrient intake was collected at the initiation of the
study between 1993 and 1996. No associations between prostate cancer risk and dietary factors, includ-
ing lycopene, were found in this study (73). In addition, no associations between plasma concentrations
of carotenoids, retinol, or tocopherols and overall prostate cancer risk were found in the European
Prospective Investigation into Cancer and Nutrition Study. Carotenoids, including lycopene, were asso-
ciated with a decreased risk of advanced prostate cancer (0.35; 95% CI 0.17 to 0.78) (74).

Meat consumption continues to be examined as a risk factor for prostate cancer. Support for the
hypothesis that well-done meat is a risk factor for prostate cancer was provided by an early analysis of
data from the PLCO study. Participants in the screening arm of the study who consumed more than
10 g/day of very well-done meat had a 1.4-fold (95% CI 1.05 to 1.92) increased risk of prostate cancer
compared to participants who did not consume well-done meat (75). African-American men in the
United States appeared to be at an increased risk for prostate cancer based on their meat consump-
tion, especially from processed-meat consumption in the Cancer Prevention Study II Cohort (76).
Furthermore, no effect of meat consumption on prostate cancer risk was seen among Caucasians
in that study. Consumption of processed meat was associated with a non-significant increase in
prostate cancer risk in the CLUE II study (HR 2.24; 95% CI 0.90 — 5.59) (77). In contrast, data from
the multiethnic cohort study did not support a role for fat or meat intake in prostate cancer risk (78).
Similar negative results were found in the Carotene and Retinol Efficacy Trial (79). Overall, there are
inconsistent results with regards to the effect of meat consumption on prostate cancer risk.

Vitamin D deficiency is common in the United States, and has been inconsistently associated with
prostate cancer risk. A study by Li et al. examined interaction between vitamin D levels and vitamin D
receptor (VDR) gene polymorphisms. Men with a less functional VDR and low 25(OH)D levels had a
significant increase in the risk of aggressive prostate cancer (OR 2.5; 95% CI 1.1 — 5.8) (80). In contrast,
vitamin D levels were not associated with risk of prostate cancer in a nested case-control study of men
participating in the Prostate, Lung, Colorectal, and Ovarian (PLCO) Cancer Screening Trial (81).

Results from the Carotene and Retinol Efficacy Trial suggest that higher dairy intake is associated
with a decreased risk of aggressive prostate cancer (HR 0.59; 95% CI 0.40 to 0.85) (79). The reduced
risk associated with calcium intake was not found in the NIH-AARP or PLCO studies (82,83).
Calcium intake was associated with an increased risk of prostate cancer in the European Prospective
Investigation into Cancer study (84). Dietary calcium intake was positively associated with low-grade
prostate cancer risk and inversely associated with high-grade (Gleason score 8-10) prostate-cancer
risk in the PCPT study (66).

Although migration studies suggest elements of the Western diet could predispose to prostate
cancer risk, no evidence for an increase in prostate cancer among men who consume a Western diet
compared to a prudent diet was found in the Health Professionals Follow-up Study (85). Combined
with the above reviewed results, this study suggests that simple dietary modifications are unlikely to
have major impacts on prostate cancer incidence or mortality.
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1.4.6 Medications

Non-steroidal anti-inflammatory drugs (NSAIDS), including aspirin (ASA), are widely used medica-
tions for chronic or recurrent inflammatory conditions, as well as for the treatment and secondary
prevention of cardiovascular disease. A meta-analyses of data prior to 2003 revealed a protective
association for the use of ASA with prostate cancer (summary OR = 0.9; 95% CI 0.8-0.99), particu-
larly in advanced disease (summary OR = 0.7; 95% CI 0.5 - 0.9) (86). No significant association with
non-ASA NSAID use and prostate cancer risk was found, although the OR was less than 1 (OR 0.87;
95% CI 0.6-1.2). In an update of this meta-analysis, Mahmud et al. found consistent reductions in
risk among ASA users for total prostate cancer (pooled OR 0.83; 95% CI 0.77 to 0.89) and advanced
prostate cancer (pooled OR 0.81; 95% CI 0.72 to 0.92) (87). As in the prior meta-analysis, associations
between the use of non-aspirin NSAIDS, or all NSAIDS, were less consistent.

Other studies provide additional evidence supporting the role of ASA in decreasing prostate cancer
risk. In a population-based case-control study from King County Washington, a 21% reduction in
the relative risk of prostate cancer was found among current users of aspirin compared to non-users
(95% CI 0.65 to 0.96). Use of other NSAIDS or acetaminophen was not associated with prostate
cancer risk (88). In the Health Professionals Follow-Up Study, men who used two or more adult-
strength aspirin tablets per week had a 10% lower risk of prostate cancer than non-users. Although
no associations were found between aspirin use and regionally advanced cancer, the risk of high-
grade and lethal cancers was reduced among men using six or more adult strength ASA tablets per
week (HR 0.72; 95% CI 0.54 — 0.96) (89). Providing further support for a role of ASA in lowering risk
of mortality from solid tumours, Rothwell ef al. found a decreased risk of death from solid tumours
in patients randomized to the ASA arms of three studies of cardiovascular prevention with ASA.
Although overall mortality from solid tumours decreased, no firm conclusions could be reached
regarding prostate cancer due to only 37 patients developing prostate cancer (90).

In contrast to these results, male members of the VITamins and Lifestyle cohort were assessed for
associations between NSAID or ASA use and prostate cancer risk. No association between NSAID
use (low-dose ASA, regular-strength ASA, ibuprofen, or any non-ASA NSAID) and prostate cancer
risk were found, except for a suggestion of a reduced risk for high-grade prostate cancer (Gleason
score 4+3 =7 or 8-10) (HR 0.73; 95% CI 0.53-1.02) in users of regular-strength ASA (91). In the aspi-
rin/folate Polyp Prevention Study, men randomized to the aspirin group had no significant differ-
ence in prostate cancer incidence compared to the placebo group (63).

Based on the cumulative literature, prostate cancer risk appears to be decreased through the use of
ASA. This protective association has not been seen consistently for other NSAIDS.

Statin medications have also been evaluated in relation to prostate cancer risk. In a cohort of 55,875
men from the Veterans Affairs New England Health Care System who were taking statins or anti-
hypertensive medications, statin users were significantly less likely to be diagnosed with prostate
cancer (HR 0.69; 95% CI 0.52 to 0.90). This reduction in risk was observed for high grade, defined
as Gleason score 27 (4+3) (HR 0.86; 95% CI 0.24 to 0.65), but not low grade, defined as Gleason
score <7 (3+4) (HR 0.86; 95% CI 0.62 to 1.20), prostate cancer. While high total cholesterol levels
showed a weak association with prostate cancer risk, the association was much weaker than the
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association seen with the use of statins (HR 1.02; 95% CI 1.00 to 1.05) (92). These findings build on
previous results by Platz et al. showing that statin use was associated with decreased prostate cancer
risk in the Health Professionals Follow-up Study. For current statin use versus no statin use, the
relative risk of advanced disease was 0.51 (95% CI 0.30 to 0.86), and the risk of metastatic or fatal
prostate cancer was 0.39 (95% CI 0.19 to 0.77), although these results are based on small numbers
(93). Results from the California Men’s Health Study also found an association between decreased
prostate cancer and statin use. Patients who have used statin for over five years had a 28% decreased
rate of prostate cancer (adjusted rate ratio 0.72; 95% CI 0.53 — 0.99). No difference in association with
advanced disease was found, and the association appeared to be restricted to men who were also
regular NSAID users (94). More large studies on the impact of statin medications on prostate cancer
incidence and mortality are needed.

1.4.7  The insulin-like growth factor system

Insulin-like growth factors (IGF-1 and IGF -2) are nutritionally regulated peptides. Their structure
is similar to proinsulin, that play a key role in somatic growth and development in early-life, and in
tissue repair, cell proliferation, metabolic regulation, and apoptosis throughout life in a wide vari-
ety of cells and tissues (95), including the prostate (96). In the circulation, most (>99%) IGF-1 and
IGF-2 form complexes with one of six different binding proteins (IGFBP-1 to -6), the vast majority
(>90%) being with IGFBP-3 and an additional acid-labile protein subunit. Studies reviewed in the
prior edition of this consultation on prostatic disease suggested an increased risk of prostate cancer
with higher circulating levels of IGE. In an analysis of 12 prospective studies examining the role of
insulin-like growth factors on prostate cancer risk, Roddam et al. found that high circulating levels
of IGF-1 were associated with a moderately increased risk of prostate cancer (OR 1.38 highest versus
lowest quantile of IGF-1 concentration; 95% CI 1.19 to 1.60) (97). No association was found between
IGE-2 or IGFBP-II concentrations and prostate cancer risk. Higher circulating levels of IGF-3 were
related to incidence of low-grade (Gleason sum < 7) prostate cancer, but not high-grade prostate
cancer in a nested case-control study within the Health Professional Follow-Up study (98).

As a disorder of insulin response, diabetes may have an association with prostate cancer risk. A
history of diabetes was associated with a decreased risk of total prostate cancer in the PLCO trial
(RR 0.80; 95% CI 0.68 to 0.95). Subgroup analyses showed no relationship between diabetes and
aggressive prostate cancer; except in a subgroup of men with diabetes and a low BMI (98). Prostate
cancer incidence did not differ among men exposed to diets with high insulin response in the Health
Professionals Follow-Up Study (100). Also, men with diabetes had a lower risk of prostate cancer
diagnosis, which was stronger in the pre-PSA era (before 1994), and the risk declined with increasing
duration of diabetes (101).
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1.4.8 Infection

Sexually transmitted infections (STIs) and other urogenital infections have emerged as possible risk
factors for prostate cancer. Until more recently, most studies on this topic were smaller case-control
studies with retrospective and self-reported assessment of histories of gonorrhea, syphilis, or any
STIs. The results of these studies were summarized in two meta-analyses, both of which estimated
statistically significant positive associations for gonorrhea and any self-reported STTs, and a sugges-
tive positive association for syphilis in studies conducted through 2004 (102, 103). Larger case-
control studies performed since these meta-analyses have also generally supported a positive asso-
ciation between STIs and prostate cancer. Positive associations were observed between a history of
gonorrhea and prostate cancer in a recent population-based case-control study of African American
men (OR=1.78, 95% CI 1.13 to 2.79) (104), and between a history of any STIs and prostate cancer in
another recent population-based case-control study of Canadian men (OR=1.88, 95% CI 1.13 to 3.11)
(105). However, no associations were observed for gonorrhea, syphilis, or any self-reported STIs in
more recent cohort studies, including the Health Professionals Follow-up Study (106), the Prostate,
Lung, Colorectal, and Ovarian Cancer Screening Trial (107), and the California Men’s Health Study
(108). These null findings in cohort as opposed to case-control studies may suggest that positive case-
control findings were influenced by biases, such as recall bias, although the role of chance or possibly
differences in the STT histories (e.g., number of lifetime STI episodes) in these different populations
cannot be ruled out.

Another STT that has been extensively investigated in relation to prostate cancer is human papilloma-
virus (HPV) infection, particularly infection with high-risk types 16 and 18. This possible relation has
been investigated using both serology and DNA detection in prostate tissue. The results from ten of
these studies conducted from 1995 to 2003 were summarized in a recent meta-analysis, which found
a significant positive association between HPV infection and prostate cancer (OR=1.52; 95% CI: 1.12-
2.06) (103). However, results from several large seroepidemiologic studies conducted since this meta-
analysis, including those from the Nordic biobank network (109), Health Professionals Follow-up
Study (110), Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial (107), Department of
Defense Serum Repository (111), and Prostate Cancer Prevention Trial (112) have not supported a
positive association. Positive associations between HPV or high-risk HPV DNA detection and pros-
tate cancer in other smaller, tissue-based case-control studies have, however, maintained interest in
this area (113-115).

Chlamydia trachomatis infection, a common bacterial ST, has also been investigated in relation to
prostate cancer in several nested case-control studies. Many of these studies have observed null or
even inverse results. In a nested case-control study using banked serum specimens from Finland,
Norway, and Sweden, an inverse relation was observed between C. trachomatis antibodies and pros-
tate cancer risk (OR 0.69; 95% CI 0.51-0.94) (116). Null results were subsequently observed in the
Health Professionals Follow-up Study (110), the Prostate, Lung, Colorectal, and Ovarian Cancer
Screening Trial, except among African-American participants when IgA antibodies were assessed
(107), and in the Department of Defense Serum Repository, except among men who provided serum
more than 60 months before their prostate cancer diagnosis (111), leaving open the possibility for
associations between specific types of chlamydial infections (e.g., chronic infections or infections
acquired at a certain age) in relation to prostate carcinogenesis.
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Finally, recent new methods of infection detection have opened the door to investigations of several
additional infectious agents in relation to prostate cancer. The development of a new serologic assay
for Trichomonas vaginalis infection has allowed the study of lifetime exposure to T. vaginalis infec-
tion and prostate cancer risk. While no association was observed between T. vaginalis serology and
prostate cancer risk in the Prostate Cancer Prevention Trial (117), positive associations were observed
in the Health Professionals Follow-up Study, particularly for high-grade cancer (118), and in the
Physicians’ Health Study, particularly for extraprostatic, metastatic, and lethal disease (119). These
preliminary findings suggest that T. vaginalis infection may be associated with risk of more aggressive
disease. Development of a viral DNA detection microarray resulted in the discovery of xenotropic
murine leukemia virus-related virus (XMRV), a virus that was initially found to be more common
in prostate tissue from men homozygous for the R462Q variant of RNASEL, a variant associated
with familial prostate cancer (120). Although XMRV was subsequently found to be associated with
prostate cancer when compared to benign prostatic hyperplasia controls, and with higher prostate
cancer grade in a study of prostate tissue (121), recent work suggests that XMRV detection may
have been the result of contamination of prostate specimens or laboratory reagents by mouse DNA
(122). Finally, another avenue of prostate cancer etiologic research that is recently gaining atten-
tion is mycoplasmas. Persistent exposure to Mycoplasma genitalium and hyorhinis was shown to lead
to malignant transformation of human prostate epithelial cells (123), and positive associations for
Ureaplasma urealyticum, but not M. hominis seropositivity (124), M. hominis sero- and DNA positiv-
ity (125), and M. hyorhinis seropositivity (126), with prostate cancer were observed in several small,
recent case-control studies. These preliminary findings suggest that mycoplasmas may be further
candidate risk factors for prostate cancer.

Infection might increase prostate cancer risk through associated inflammation and inflammatory
reactions in the prostate. However, no evidence for an association between prostate cancer and
inflammatory markers including interleukin-6 (IL-6), C-reactive protein (CRP), and tumour necro-
sis factor-alpha (TNF-alpha) were found in the Health Aging and Body Composition study of 2,438
adults, ages 70-79 years (127). Similarly, CRP was not associated with prostate cancer risk in a case-
control study nested within the CLUE II study (128), or in a long-term follow-up from a prospective
cohort in Rotterdam (129). Also CRP and IL-6 levels were not associated with prostate cancer risk
in the Cardiovascular Health Study (130). Research into associations between tissue inflammation
and prostate cancer risk are forthcoming, and may make these prior serologic studies less relevant.

1.4.9 Genetics

Research into the genetic basis of prostate cancer continues. Several genome-wide association stud-
ies and follow-up studies have found and confirmed more than 40 risk-associated SNPs (131-142),
and some have been associated with more aggressive prostate cancer (143, 144). In addition, work
on sequencing the genome of prostate cancer has progressed. Berger et al. sequenced seven primary
human prostate tumours and paired normal controls. They found many genomic rearrangements
arising from aberrant transcriptional or chromatin events (145). One of the most studied rearrange-
ments is the ETS gene fusion TMPRSS2-ERG (146). This gene fusion was present in 46% of prostate
biopsies showing cancer, and 0% of prostate biopsies showing benign disease, in a multicenter North
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American assessment (147). The presence of this gene fusion has been found to correlate with meta-
static disease foci in multifocal prostate cancer (148), and to improve stratification of prostate cancer
risk when used as a urinary test (149).

Unlocking the genetic basis of prostate cancer provides potential targets for screening and therapy.
Further knowledge on the genetic basis of prostate cancer may help inform research into modifiable
risk factors for prostate cancer through improved study of gene environment interactions.

1.5 Overall Summary

While progress on identifying risk factors for prostate cancer continues, some of the hope for a simple
reductionist approach to cancer prevention has decreased by the null trials of dietary interventions
and several chemoprevention agents. As work continues on elucidating modifiable risk factors, addi-
tional investigations into exposures at different points in the life cycle are necessary. Although the
Prostate Cancer Prevention Trial and the Reduction by Dutasteride of Prostate Cancer Events trials
both showed reductions in the incidence of prostate cancer, such success with use of dietary supple-
ment intervention or other lifestyle modifications would be unexpected. Likely, such behavioural
and dietary modifications would need to take place, and be sustained, long before the age at which
prostate cancer becomes clinically detectable to have any impact on prostate cancer incidence.

1.6 Natural History

The vast discrepancy between the autopsy prevalence and the clinical incidence of prostate cancer
may be attributable to the generally long latency period of the preclinical duration of the disease
(Figure 4).
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Several studies of prostate cancer latency have been conducted, with fairly consistent results. Broadly
speaking, these studies can be broken down into three types: (1) Studies based on retrospective
analysis of PSA levels in serial serum samples, stored prior to prostate cancer diagnosis; (2) Statistical
or model-based analyses of prospective screening cohorts or populations; and (3) Epidemiologic
analyses, comparing latent prevalence based on autopsy studies, with disease incidence. Results of
these studies point to a disease latency period of 10 years or more. These studies have also been used
to inform about the lead time, which is the time by which screening advances diagnosis (see Figure 4).

1.7 Retrospective Analysis of
PSA Levels

In a retrospective analysis of PSA levels, serum samples collected prior to a diagnosis of prostate
cancer are analyzed to provide information on PSA to a prostate cancer diagnosis. Serial samples
are required so a linear or change point trajectory can be fitted to observed PSA measurements. A
change point trajectory identifies a point at which PSA growth accelerates; this point is generally
interpreted as a point of transition between benign and malignant states. The duration from the
change point to the time of diagnosis is assumed to approximate the preclinical disease duration. In
the first such analysis, from the Baltimore Longitudinal Study of Aging (BLSA) (150), the preclinical
disease duration was 7 years for localized cases and 9 years for advanced cases. A subsequent analysis
estimated the preclinical duration of prostate cancer to be 13 years (151).

A meta-analysis of three retrospective PSA studies (150, 152, 153) that provided a larger case group
for analysis than the BLSA, showed that PSA growth and progression from occult to metastatic
disease were significantly faster among cases eventually diagnosed with clinically advanced disease
compared to localized cancers (154). Moreover, cases with moderate to high Gleason scores (7-10)
tended to progress faster than did cases with lower Gleason scores. These findings suggest that
tumours destined to become metastatic may be biologically different than localized tumours prior
to diagnosis, and perhaps, even from the point of disease onset.

Retrospective stored-serum studies have also been used to estimate the lead time, which depends on
the definition of a positive screening test and the number of retrospective samples per individual.
The lead time is the duration from the point at which a screening test can detect cancer to the
point at which it would have been detected clinically (Figure 4). Gann et al. (155), in an analysis of
a single sample from subjects on the Physicians’ Health Study, estimated a mean lead time of 5.5
years corresponding to a PSA cutoff of 4 ng/ml. Savage et al. (156) estimated considerably higher lead
times corresponding to a cutoff of 3.0 ng/ml. Swedish cancer registry information was linked to two
independent cohorts of men who had blood drawn and stored in 1981-1982 and 1982-1985. The men
in the first cohort were all 60 years of age, and the men in the second cohort ranged in age from 51-56
years. The median lead time to prostate cancer diagnosis (based on a PSA level of 3.0 as a threshold
for prostate biopsy) was 12.8 years in the younger men and 11.8 years in the older men (156). There
were wide variations around these median values, as shown in Figure 5.
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This concept has been extended in a recent review of PSA testing at younger ages and prostate cancer
risk (157). Multiple studies have shown that a single PSA level can be associated with future prostate
cancer risk (155, 158-160). Higher baseline levels of PSA, even when lower than conventional thresh-
olds for prostate biopsy, are related to both future risk of a PSA rising to the level at which biopsy
would be recommended, and of prostate cancer being detected. Such baseline levels might be used to
inform future screening protocols.

1.8 Statistical or Model-Based
Approaches

In statistical or model-based approaches, models for observed cancer incidence in a population with
known screening patterns are developed. These models include, as unknown parameters, the distri-
bution of the preclinical duration or the lead time, or other unknown aspects of the disease’s natural
history from which these can be derived. Two such studies showed a preclinical duration of disease
of 12.7 years (161) and 11 to 12 years (162). More recently, in a model developed by Tsodikov et al. and
fitted to US incidence trends, a case diagnosed in 1973 was estimated to have a latency period of 11.8
years compared with 9.6 years for a case diagnosed in 1987 (163).

Several models have been developed to estimate lead times associated with PSA screening. Telesca
et al. (164) developed a model that compared the incidence of prostate cancer in the US during the
1990s with the incidence that would have been expected in the absence of PSA. In their study, they
estimated the average lead time among US men aged 50 and above to be 4.6 years for whites and 6.8
years for blacks (164). Draisma and colleagues provided a unified estimate of the lead time associated
with PSA screening, using three independently developed models of prostate cancer progression and
detection (165). All three models were calibrated to US prostate cancer incidence trends. The lead
time estimated were produced as a result of the estimated natural histories, and ranged from 5.4 to
6.9 years across the models.
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An aspect of natural history that is related to tumour latency, but that has been rather less well stud-
ied, is the stage- and grade-specific duration of disease. Of particular interest is the length of the early
(localized) stage, or the interval from preclinical onset to metastasis. However, this is challenging
to estimate because of its latency. Draisma et al. considered nine different disease stages defined by
all combinations of three grade (low, moderate and high) and three stage (localized, regional and
distant) categories; resulting estimates of the length of the localized stage ranged from 6.95 years
(low grade) to 5.25 years (high grade) (161). A recent study by Gulati and colleagues used three inde-
pendently developed models of prostate cancer natural history that included, as latent events, transi-
tions from disease onset to metastasis, and to clinical diagnosis (166). The models were calibrated
to data from the SEER registry on US prostate cancer incidence. The calibration exercise produced
estimates of disease onset rates and latent stage durations that best matched observed incidence
trends. Results indicated that the average duration from onset to clinical diagnosis ranged from 7 to
14 years and the average duration from onset to metastatic disease (for those with metastatic disease
at clinical diagnosis) ranged from 4 to 13 years.

An as-yet unresolved question about the disease’s natural history concerns whether prostate tumours
dedifferentiate over time. Several model-based analyses have addressed this question. For example
Draisma et al. allowed both grade and stage to progress over time in their model and found that
allowing dedifferentiation improved the fit of their model to observed data on grade- and stage-
specific incidence patterns from the European Randomized Study of Screening for Prostate Cancer
(ERSPC); providing evidence for the dedifferentiation hypothesis. A similar analysis by Pashayan et
al. using data from the Prostate Testing for Cancer and Treatment (ProTecT) study reached a similar
conclusion. (167) Choo et al. (168), studied progression of histologic grade from radical prostatec-
tomy to local recurrence in 43 patients with clinically isolated local recurrence following surgery.
Their study found a trend towards a higher Gleason score at the time of local recurrence; at the time
of local recurrence (median 3.6 years after surgery), Gleason score was upgraded in 13, downgraded
in 7, and remained the same in 23 patients. However, this study does not address whether Gleason
score may progress within the primary tumour. Tumour upgrading has also been observed in men
on active surveillance. For example, Tosoian et al. reported on the Johns Hopkins active surveil-
lance cohort in which, among 769 men on active surveillance, 255 men underwent intervention
at a median of 2.2 years, and among these, 106 showed a Gleason score upgrading at their final
pre-treatment biopsy (169). However, because of the known possibility of grade misclassification
on prostate biopsy, it is difficult to determine how many of the men who apparently upgraded truly
underwent a grade change.

The above-referenced studies of tumour latency do not clearly indicate whether prostate cancer is
primarily a disease with a long and relatively slow development phase or several diseases with less
aggressive and more aggressive forms. However, the fact that the histological prevalence of prostate
cancer far outweighs the number of clinically apparent tumours makes it critical to distinguish life-
threatening tumours that require treatment from tumours that will not progress if left alone. This
issue becomes particularly important in the context of the use of the PSA test, which can lead to the
detection of large numbers of prostate cancer cases, the vast majority of whom would never have
known that they had the disease. It has been estimated that, in the absence of PSA, approximately
75% of men with prostate cancer would not have been diagnosed within their lifetimes (162), creating
enormous potential for overdiagnosis and overtreatment. Reports of the extent of overdiagnosis vary
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and depend strongly on the screening schedule and population. In a combination of three different
models of prostate cancer progression and detection, Draisma and colleagues provided a unified
estimate of the lead time associated with PSA screening. All three models were developed indepen-
dently, and were subsequently calibrated to US SEER data. While the fraction of screen-detected
cases that were overdiagnosed varied across the models; results indicated that 23% to 42% of cancers
detected by PSA screening represent overdiagnosed prostate cancer. (165)

1.9 Epidemiologic Analysis

To identify predictors of disease progression, a number of cohort studies of untreated, conservatively
managed men with localized prostate cancer have been conducted. Both long-term and short-term
studies have been completed. While results differ depending on study populations, era of diagnosis,
and definition of progression, some broad inferences can be made. First, for cases diagnosed prior
to the PSA era, disease histology (Gleason Score) is a key predictor, and perhaps the most important
predictor of disease progression. In their long-term analysis of 767 men diagnosed between 1971
and 1984 in Connecticut, Albertsen et al. found that over the 20 years following diagnosis, prostate
cancer death rates ranged from 6 per 100,000 person-years for men with Gleason scores between 2
and 4, to 121 per 100,000 person years for men with Gleason scores between 8 and 10 (170). A second
long-term study, that of Johansson et al. (171), analyzed data from a Scandinavian population cohort
diagnosed between 1977 and 1984, and also showed a strong correlation between Gleason score and
the risk of prostate cancer death. However, the two studies differed in their assessment of the risk of
late (beyond 15 years from diagnosis) disease-specific mortality. Johansson et al. reported a 3-fold
increase in prostate cancer death rates after 15 years (171); this was not the case in the Albertsen study
et al., which found the risk of late prostate cancer death to be similar to the risk observed within the
first fifteen years. Reasons for the discrepancy are not clear (170).

Examining men undergoing conservative management in the PSA era, Lu-Yao et al. found that
patients diagnosed with prostate cancer in the United States from 1992 to 2002 had better outcomes
than patients diagnosed in the 1970s and 1980s (172). The authors examined men with T1 and T2
disease living in areas of the United States covered by the SEER registry. They examined prostate
cancer-specific mortality (PCSM) and performed a competing-cause risk analysis for other causes of
mortality. They found the 10-year risk of PCSM was 8.3%, 9.1%), and 25.6% for well, moderately, and
poorly differentiated tumours, respectively. The 10-year risks of competing causes of mortality were
59.8%, 57.2%, and 56.5% for the well, moderately, and poorly differentiated groups respectively. Uses
of chemotherapy or interventions for spinal cord compression were rare (1.6% and 0.9% respectively).

A review by Martin et al. (173), summarized progression in five cohorts of patients with clinically
localized prostate cancer diagnosed in the PSA era and who were actively monitored for disease
recurrence and progression (174-178). In all but one study, the men were followed up for less than five
years, which may be too short a period to assess outcomes in prostate cancer patients. The studies
were limited to participants with stage T1-T2 disease. The monitoring protocols varied, although all
included serial measurement of PSA and DRE assessment. Three also included repeated transrec-

INTERNATIONAL CONSULTATION ON PROSTATE CANCER



tal ultrasound-guided biopsies (175-178), and others included a variety of clinical measures. As a
consequence of these different protocols and definitions, reported progression rates differed with
little clear relationship to median duration of follow up, mean age, or median initial PSA level.

Several factors were found to be associated with cancer progression, although findings were not
always consistent across all studies. In studies of men diagnosed before the PSA era, for example,
grade and stage of cancer are consistently predictive of progression. However, in these five stud-
ies of men with localized prostate cancer, only three showed associations between clinical progres-
sion and baseline Gleason score (174), cancer stage (178), and prostate volume (176). Further, two of
these studies and another, larger study, found no associations between progression and age (175, 176),
Gleason score (175, 178), or tumour stage (175). These null findings are not simply explained by the
studies being underpowered to detect an effect, since the largest study found no associations (175),
but are more likely to reflect the variable protocols and definitions of progression and, possibly, the
relatively short period of follow up. Associations of baseline serum PSA with clinical progression
were observed in some (176, 178), but not all studies.

The proportion of cancer cases progressing was 25% over a median of 44 months (178), 17% within
29 months (175), and 29% within 23 months following diagnosis (176). Two of the studies followed
men using a combination of both clinical (DRE / radiological / clinical evidence of metastases) and
biochemical (PSA) criteria, but did not include routine histological surveillance (174, 177). The
proportion of men progressing during follow-up varied: in the series of men with T1la disease, 8%
of cancers progressed in 88 months (174); in the series of men with Tlc disease 33% were defined as
having progressed in 23 months (177).

The short-term probability of metastasis was low. In four studies, there was no evidence of metastatic
progression after a median of between 23-44.1 months of follow-up (175-178); in men with Tla cancer
followed for a median of 7.3 years, 1 man (2%) progressed to bony metastases after 12 years (174).

Additional follow-up data from patients on active surveillance for clinically localized prostate cancer
has been published. A recent review on the subject by Cooperberg, et al. (179), provides evidence
from seven institutional case series on active surveillance. The institutions each had different crite-
ria for including men on the active surveillance protocols, although most included only men with
Gleason 3+3 disease (178, 180-183). Two institutions included some men with Gleason 3+4 disease
in their active surveillance protocols (184, 185). Follow up was limited in these cohorts, with only
the Toronto group having a median follow-up time of over 5 years (82 months) (185). As seen in the
prior results, progression varied extensively from 9% to 35%, likely reflecting the different periods
of follow up, baseline differences among the cohorts and the differences in definitions of progression,
including the use of PSA kinetics to drive treatment in some groups (185), and the reliance on annual
biopsies in others (186).

The lengthy interval from diagnosis to metastasis in studies including the Martin review (173)
confirms the findings of Pound et al. (187), who studied the natural history of progression in a large
surgical series. Although all cases in the Pound series underwent radical prostatectomy as primary
therapy, they did not receive adjuvant or neoadjuvant hormone therapy, and they were not treated
at the time of biochemical recurrence. The time from biochemical recurrence to clinical metastasis
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was eight years on average in this cohort, and once the men developed metastases, the average time
to prostate cancer death was five years. Furthermore, both the time to biochemical recurrence and
the PSA doubling time were predictive of the time to metastasis.

Research in the area of prostate cancer progression is controversial and developing rapidly, focusing
on molecular aspects that include germ line and somatic genetic changes. Many molecular stud-
ies are being conducted in treated cohorts of patients, which may limit their utility for predicting
progression in the absence of treatment. Greater understanding of the molecular and genetic basis of
prostate cancer is expected to improve the ability to predict progression, but while there are promi-
sing developments (145, 149, 188, 189), no novel markers for predicting progression have yet made it
to the clinic.
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2.1 Abstract

Widespread prostate-specific antigen (PSA) testing leads to the diagnosis of clinically insignifi-
cant tumours (overdiagnosis) and potential overtreatment, causing severe morbidity and leading
to unnecessary healthcare costs. Prognostic biomarkers to identify men with clinically significant
prostate cancer are urgently needed. This chapter will focus on serum PSA and promising novel
prognostic biomarkers for prostate cancer arranged by tissue markers, blood markers and urine
markers. In addition, the STARD (STAndards for Reporting of Diagnostic accuracy) statement and
the REMARK guidelines (Reporting Recommendations for Tumor Marker Prognostic Studies), two
initiatives that are important in improving the quality of tumour marker studies, are discussed.

2.2 Introduction

The diagnostic process of prostate cancer is challenging. Diagnosis is based upon prostate biopsies,
the gold standard, though there are clear limitations. Prostate biopsies are susceptible to under-
sampling; 35% of cancers are missed upon first biopsy and the Gleason score is underestimated in
46% of cases (1,2). In addition, biopsies are invasive procedures that cause pain and discomfort.
Prostate biopsies are performed if digital rectal examination (DRE) is suspicious for prostate cancer
or if serum prostate-specific antigen (PSA) is elevated. These two parameters also have limitations,
however. Digital rectal examination has a low reproducibility and a low sensitivity for the diagnosis
of prostate cancer (3,4), and PSA has low specificity (25-40%) in the “grey area” of PSA levels (4.0-10.0
ng/ml), resulting in a high negative biopsy rate (5). Furthermore, widespread PSA testing leads to the
diagnosis of clinically insignificant tumours (overdiagnosis) and potential overtreatment, causing
severe morbidity and leading to unnecessary healthcare costs. Prognostic biomarkers to identify men
with clinically significant prostate cancer would be of great benefit.

A biomarker can be defined as a characteristic that is objectively measured and evaluated as an indi-
cator of normal biological processes, pathogenic processes or pharmacologic responses to a thera-
peutic intervention (6). This includes physiological measurements and clinical imaging, but also
specific cells, molecules, genes, gene products, enzymes or hormones.

Biomarkers in cancer can have several valuable applications:

= Improve diagnosis

= Improve staging

= Indicate disease prognosis (e.g. indolent vs. clinical significant prostate cancer)
= Monitor response to treatment

= Identify patients for different treatment options

= Serve as a surrogate endpoint in trials

= Serve as a therapeutic target
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The optimal characteristics of a biomarker for prostate cancer include:
= Are only produced by tumour tissue

= Require non-invasive tests, and are easy to manage

= Remain as inexpensive as possible

= Detect prostate cancer at an early stage

= Differentiate between indolent and clinically significant tumours

= Have high sensitivity and specificity

Biomarkers are important tools in the era of modern medicine, i.e. individualized medicine.
Whereas clinical diagnosis and management of the individual patient is traditionally based upon
clinical cohort-based studies with considerable heterogeneity, individualized medicine strives for a
“customized” healthcare — that is, patient-specific strategies instead of the standard “one-size-fits-
all” approach. Revolutionary advancements in molecular profiling technologies have been made in
recent decades. Nucleic acid amplification technologies have allowed for whole genome gene and
expression profiling, and have resulted in the discovery of non-coding ribonucleic acids (RNAs),
including microRNAs. These developments now enable us to predict with greater accuracy the
biological behaviour and therapeutic response for well stratified/homogeneous groups of patients.

Given the heterogeneous character of prostate cancer, it is likely that a panel of biomarkers, including
novel biomarkers, will be used in the future to optimize predictive value. Prostate cancer biomarkers
can be detected in different diagnostic substrates, each resulting in different clinical decisions (Table
1). This chapter will focus on serum PSA and promising novel prognostic biomarkers identified by
molecular profiling studies. We will start by discussing tissue markers, followed by blood markers
and, finally, urine markers.

TABLE 1 Different diagnostic substrates for prostate cancer biomarkers.

_ Invasiveness Clinical decision-making

Urine - Biopsy
Blood - Biopsy
Biopsy specimen + Treatment

Prostatectomy specimen (Gleason score
and pTNM; tumour node metastasis ++ Adjuvant treatment
staging system)
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2.3 Prostate-Specific Antigen

2.3.1 Total PSA

In 1986, PSA was approved by the Food and Drug Administration (FDA) as a marker to monitor
treatment in patients with prostate cancer, and in 1994, it was approved as a diagnostic marker. It is
currently the only widely used marker for prostate cancer.

Also known as kallikrein 3 or hK3, PSA is a serine protease belonging to the family of glandular
kallikrein-related peptidases. The genes for the glandular kallikreins are clustered at chromosome
19q13.3-4 and PSA transcription is regulated by androgens (7). The function of PSA is to liquefy
seminal fluid through its action on the gel-forming proteins, semenogelin and fibronectin (8).

Prostate-specific antigen is not a cancer-specific marker; it is produced by both benign and malign
prostate epithelial cells. Normally, PSA blood levels are low. A healthy prostate is surrounded by both
a continuous layer of basal cells and a basement membrane, which prevent the high concentrations of
PSA in the prostate to leak into blood. High PSA blood levels can be caused by an elevated synthesis
or an increased release of PSA into blood. An elevated PSA synthesis can be a result of benign pros-
tatic hyperplasia (BPH) and prostate manipulation (9,10). However, PSA expression, and thus PSA
synthesis, is slightly decreased in the development and progression of prostate cancer (11). Therefore,
the increased PSA blood levels in prostate cancer are assumed to be a result of an increased release of
PSA into blood through the disrupted architecture of the prostate, as is seen in prostatitis.

Despite extensive research, difficulty persists in defining the optimal cutoff value for PSA.
Traditionally, it is set at 4.0 ng/ml. Using this PSA cutoff provides a sensitive test, with a positive
predictive value of 37% and a negative predictive value of 91% (12). In other words, 75% of men with
PSA levels of 4.0-10.0 ng/ml who undergo biopsy do not actually have cancer (13). In addition, several
studies have shown a substantial probability of prostate cancer within the PSA interval of 0.0-4.0 ng/
ml (14-16). The Prostate Cancer Prevention Trial (PCPT), for example, reported that 27% of men with
normal DRE and a serum total PSA between 3.1 and 4.0 ng/ml have prostate cancer (16). On the other
hand, it has never been demonstrated that lowering the PSA cutoff affects the long-term survival in
men with prostate cancer. Furthermore, a lower cutoff will most likely lead to a higher number of
unnecessary biopsies and an increased detection of clinically insignificant prostate cancer.

Other factors influence on PSA blood levels, including ethnic background and the use of medica-
tion. Men of African descent have higher PSA levels than do Caucasian men, even after adjusting for
prostate volume (17,18). Furthermore, men using 5a-reductase inhibitors (such as dutasteride and
finasteride) for the treatment of BPH will have lower PSA levels by an average of 50% after 6 months
of treatment (19,20).
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Several studies report that PSA measured before the age of 50 might be indicative of the risk of deve-
loping prostate cancer, years or even decades later (21,22). It is also suggested that total PSA levels at
age 44-50 may also predict the likelihood of developing advanced prostate cancer, defined as clinical
T3 or higher, or metastatic disease at the time of diagnosis (23). This, however, needs further valida-
tion before possible implementation into clinical practice.

2.3.2 Risk calculators

Risk calculators, including several predictive factors, have been developed to stratify patients for
prostate biopsy. Two well-known calculators that are available online are the PCPT and the European
Randomized study of Screening for Prostate Cancer (ERSPC) risk calculators (24,25). The former
includes serum PSA, DRE results, age, family history of prostate cancer, ethnicity and prior biopsy.
The latter includes serum PSA, DRE results, transrectal ultrasonography (TRUS) findings, prior
biopsy and prostate volume. The use of risk calculators allows for a more individual assessment of
prostate cancer risk and provides a better predictive accuracy compared to PSA alone (26).

2.3.3 PSA derivatives

Protein-specific antigen derivatives have been evaluated in an attempt to increase the diagnostic
accuracy of total PSA. These include age-specific total PSA cutoffs, total PSA density, total PSA velo-
city and total PSA doubling time.

Age-specific PSA cutoff values were suggested to enhance the predictive value of PSA. The suggested
cutoff values are: 40-49 years old: 2.5 ng/ml, 50-59: 3.5 ng/ml, 60-69: 4.5 ng/ml and 70-79: 6.5 ng/
ml. However, the use of an age-specific total PSA cutoff is not validated and is criticized for missing
clinically significant cancers in older men (27).

PSA density is defined as the total serum PSA level divided by the volume of the prostate (in grams).
A PSA density of 0.15 ng/nl/g or higher is considered abnormal and suspicious for cancer. However,
the value of this test remains controversial (28). While PSA density has been correlated with biopsy
outcome, tumour aggressiveness and unfavourable pathological features in several studies (29-31),
other studies could not validate these results (32,33). In addition, PSA density requires TRUS, which
is time-consuming, expensive and causes patient discomfort. Protein-specific antigen density is not
widely used in clinical practice.

Protein-specific antigen dynamics have been extensively studied for their assumed predictive value
in discriminating between benign and malign conditions of the prostate. The PSA dynamics include
PSA velocity, defined as the change in PSA over time, and PSA doubling time, the number of months
for a certain level of PSA to increase by a factor of two. Protein-specific antigen dynamics are indis-
putably correlated with the diagnosis of prostate cancer on biopsy. However, there is insufficient
evidence that PSA velocity or PSA doubling time has additional diagnostic value beyond the use of
total PSA. Thus, there is no justification for the use of PSA dynamics in clinical decision-making
before treatment in early-stage prostate cancer (34). Protein-specific antigen dynamics are, however,
valuable in monitoring treatment. Although currently widely used, PSA response to chemotherapy
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in castrate-resistant prostate cancer (CRPC) patients does not adequately predict long-term benefit.
However, recurrence after radical prostatectomy can be monitored with high sensitivity using PSA
doubling time.

2.3.4 PSA molecular forms

PSA circulates in blood either in a stable complexed form or in an unbound “free” form. Complexed
PSA is bound to the proteins: al-antichymotrypsin, o.2-macroglobulin and al-protease inhibitor. A
lower percent-free PSA (free PSA/total PSA x 100) is correlated with a higher probability of finding
prostate cancer on biopsy (35,36). The FDA has approved the use of percent-free PSA as a diag-
nostic marker in men with PSA levels of 4.0-10.0 ng/ml. A cutoff value of 25% is generally used. It
should be noted that free PSA is less stable than complexed PSA, causing greater analytic variability.
Suboptimal blood sample handling can considerably influence free PSA levels (37).

Free PSA exists in different molecular isoforms, including pro-PSA, BPH-associated PSA (BPSA) and
intact free PSA (38,39). Several studies report significantly higher levels of pro-PSA and decreased
levels of BPSA and intact free PSA in patients with prostate cancer (40-42). This implies that pro-PSA
might be a purer biomarker for prostate cancer than free PSA. Pro-PSA has also been suggested to
selectively identify patients with more aggressive prostate cancer, though this additional diagnostic
and prognostic value has yet to be validated.

2.4 Novel Prognostic Biomarkers

2.41 Tissue markers

Once tissue from a patient is available, important decisions have already been made: either a biopsy
has been taken or the gland was surgically removed. Thus, the main clinical need at this point is
to accurately predict the biological behaviour of the malignant process. If the pathologist is unsure
about a diagnosis of invasive prostate cancer, immunohistochemistry using antibodies against the
basal cell-specific high molecular weight keratins (34 E12) and alpha-methylacyl-CoA racemase has
proven to be helpful (43). It is striking that this is the only molecular pathological application that has
been widely accepted and used in prostate cancer. Numerous studies have reported on the potential
of biomarkers detected by immunohistochemistry, yet none are routinely used for a better assess-
ment of prognosis. Whereas biomarkers that predict disease progression in patients that were treated
with curative intent are routinely used for other malignancies (e.g. breast and colon cancer), so far
there has not been a great interest in adjuvant treatment for patients with high-risk localized prostate
cancer. Now that better treatment modalities have become available, adjuvant strategies are likely to
be considered again and biomarkers indicative of biological behaviour, determined in tissue, will be
needed. In this section we will focus on highly potential biomarkers for which standardized methods
have been or can be developed.
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The classic example of a gene fusion that is implicated in cancer development is the BCR:ABL fusion
in patients with chronic myelogenous leukemia. This fusion results from a reciprocal translocation
T(9;22), first recognized as the Philadelphia chromosome. This discovery was revolutionary, as it led
to the development of imatinib (44), an inhibitor of the BCR:ABL gene fusion product, transforming
the previously fatal leukemia into a manageable chronic disease for many patients.

In prostate cancer, a recurrent fusion of the 5’ untranslated region of TMPRSS2 (androgen-regulated
transmembrane protease, serine 2) to ETS family genes (oncogenic transcription factors) was discov-
ered in 2005 (45). Oncogene ERG (v-ets erythroblastosis virus E26 oncogene homolog [avian]) is the
most common ETS family member involved in gene fusion. TMPRSS2-ERG has been detected in
approximately 50% of Caucasian prostate cancer patients. This gene fusion is less frequently seen in
men from other ethnic backgrounds; a recent study reported fusion-positive prostate cancers in 31%
of African American men and in only 16% of Japanese men (46). Rearrangements with other ETS
transciption factors have been identified in approximately 5-10% of PSA-screened prostate cancers:
ETV1 (ETS variant 1 gene), ETV4 and ETV5 (47-49). Other fusion partners involved in ETS fusions
have been identified in addition to TMPRSS2. Their possible clinical relevance is not yet clear.

As a result of gene fusion with TMPRSS2, the expression of ERG becomes androgen regulated and
thus overexpressed. ERG expression can be detected by immunohistochemistry in prostate cancer
patients with a high specificity (>95%). It is not seen in benign prostate epithelium (50,51). This
suggests that ERG immunostaining can be a diagnostic biomarker, albeit only in approximately half
of the prostate cancer patients. The clinical relevance of ETS gene fusions is currently under investi-
gation. Results on a potential prognostic value are conflicting. A worse prognosis of fusion-positive
cancers has been reported by several studies (52-54); other studies either could not validate these
results (55,56) or found a favourable prognostic association (57,58). A recent large study showed that
ERG status had no influence on the risk of PSA recurrence after radical prostatectomy (51). In addi-
tion, the authors reported a strong association between ERG positivity and high androgen receptor
expression levels. This suggests that ERG status might have predictive value for response to anti-
androgen therapy. However, this requires further investigation before implementation into clinical
practice can be realized.

Expression of the Ki-67 protein is strictly associated with cell proliferation. Ki-67 (named for the
city of origin (Kiel, Germany) and the number of the original clone in the 96-well plate (59)) has
therefore been extensively studied for its potential use as a proliferation marker in different types
of cancer, including prostate cancer. It can be localized by immunohistochemistry using the mono-
clonal antibody MIB-1 (60). The proportion of tumour cells staining positive for Ki-67 is known as
the Ki-67 labeling index and has proven to be an independent and significant prognostic biomarker
for prostate cancer-specific survival (61,62). Furthermore, the Ki-67 labeling index has repeatedly
been shown to be a predictive marker for disease recurrence and for disease progression after radical
prostatectomy and radiotherapy (63-65). Although its usefulness has been well established, the Ki-67
labeling index is not currently used in daily practice.
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The phosphatase and TENsin homologue (PTEN ) is a tumour-suppressor gene, located on chromo-
some 10g23 (66), and plays a key role in carcinogenesis. PTEN antagonizes the PI-3K/Akt pathway
and thereby modulates cell growth/survival and cell migration/adhesion (67). In prostate cancer,
PTEN loss has been associated with the proliferation and survival of cancer cells, resistance to castra-
tion (68), chemotherapy and radiotherapy (69-71), bone metastasis (72) and recurrence after radical
prostatectomy (73). Thus, PTEN is assumed to be a potent prognostic marker and a clear target for
novel gene therapies. However, this requires further research.

Cadherins are a family of epithelial cell-cell adhesion molecules that play a key role in preserving
epithelial integrity (74). Their function is dependent on calcium, hence their name (“calcium-depen-
dent adhesion”). E-cadherin is the most extensively studied member of the cadherin family. As cancer
progresses to an invasive state, intercellular adhesions between tumour cells are disrupted. Thus,
aggressive tumour cells are hypothesized to have a loss of E-cadherin. Indeed, decreased E-cadherin
expression has repeatedly been shown to correlate with a loss of tumour differentiation and a poor
prognosis (75-77) for several tumour types, including prostate cancer. However, large prospective
studies will have to define its potential clinical relevance in prostate cancer as either a prognostic
biomarker or as a molecular target for therapy.

The Enhancer of zeste homolog 2 gene (EZH2), encoding a Polycomb-group protein, is responsible
for maintaining the silent state of genes. This gene mediates the trimethylation of histone H3 lysine
27, leading to repression of transcription and thereby silencing gene expression (78,79). EZH2 is
upregulated in various aggressive tumours, including prostate cancer (80-82). Furthermore, it medi-
ates the transcriptional silencing of the tumour suppressor gene E-cadherin (83), thus demonstrating
an inverse correlation between dysregulation of EZH2 and repression of E-cadherin during cancer
progression. EZH2 upregulation may play a key role in oncogenesis and the progression of cancer.
This makes it a promising biomarker of disease progression and a viable target for therapeutic inter-
ventions in aggressive cancers.

The expression of a neuroendocrine (NE) phenotype in prostate cancer was first reported almost 25
years ago (84). There is good evidence that the relative fraction of cells with a NE phenotype increases
in advanced prostate cancer, yet its use to predict biological behaviour in localized prostate cancer
remains controversial. In “pure” NE phenotype cases, i.e. in small cell prostate cancer (a rare entity
composing less than 1% of all prostate cancer), the biology of the disease is markedly different from
adenocarcinoma of the prostate, and therefore, treatment of this type of prostate cancer is different.

In summary, there is a viable set of candidate prognostic biomarkers available that can be measured
by immunohistochemistry. Stratification of patients based on these markers is well within reach,
provided that the methods and scoring systems are standardized.
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2.4.2 Blood markers

The discovery of microRNAs (miRNAs) in 2004 was a revolutionary step in understanding the mech-
anisms regulating gene expression and function (85,86). It has since been reported that miRNAs play
an important role in cancer by initiating carcinogenesis and driving cancer progression (87).

MicroRNAs are small endogenous non-coding RNAs, up to 22 nucleotides long, that regulate gene
expression post-transcriptionally. They bind to complementary sequences within messenger RNAs
(mRNA) and alter their translation by either inhibiting translation or inducing the cleavage of
specific target mRNAs (88). In most cases, miRNAs “fine-tune” protein expression (though there
is only a modest reduction in the target mRNA concentration) (89). Occasionally, miRNAs cause
upregulation or complete destruction of the target mRNA (89-91).

MiRNAs are known to regulate common cellular targeted pathways (intracellular signaling, DNA
repair and cellular adhesion/migration) (92-94), androgen signaling (95-97) and apoptosis avoidance
(98,99). The exact role of miRNAs in the development and progression of prostate cancer is still being
investigated; however, miRNAs are promising potential biomarkers and novel therapeutic targets for
prostate cancer.

The importance of circulating tumour cells (CTCs) was already acknowledged in 1869 by Thomas
Ashworth, an Australian physician who observed CTCs microscopically (100). Only recent advances
in technology have offered a reliable method for the detection of CTCs in blood. Their presence
in blood proved to be associated with overall survival in patients with metastatic breast (101, 102),
colorectal (103,104) and prostate cancer (105,106).

In CRPC, the CTC number before and after treatment is an independent predictor of survival. This
is a strong predictor both as a continuous variable and when using discrete cutoff values (=5 CTC
per 7.5 ml of blood vs. <5 CTC) (105-107). Post-treatment CTC numbers have shown to be a stronger
prognostic factor for survival than a 50% decline in PSA. The FDA has approved CTCs as a prog-
nostic biomarker to monitor disease status in patients with metastatic breast, colorectal and prostate
cancer. To further explore the potential link to survival, CTCs have been incorporated as an explo-
ratory endpoint in several phase II and phase III trials (108).

Human kallikrein 2 (hK2) and urokinase plasminogen activation (uPA) are potential future prostate
cancer biomarkers, though they are not yet validated. Human kallikrein 2 is from the same gene
family as PSA, but differs in its enzymatic activity (109). Several studies have shown that the use of a
combination of hK2 with free and total PSA might improve the predictive value for prostate cancer
(110,111) and hK2 may also have prognostic value (112,113). The serum protease uPA (urokinase-type
plasminogen) might be involved in tumour development and progression through the degradation of
the extracellular matrix (114). The potential role of uPA as a biomarker of metastatic prostate cancer
needs to be validated in large multicentre studies.
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2.4.3 Urine markers

In 1999, Bussemakers et al. identified and characterized the differential display clone 3 (later called
prostate cancer antigen 3; PCA3) gene. It is one of the most specific prostate cancer genes to date.
(115). Prostate cancer antigen 3 is a non-coding RNA located on chromosome 9q21-22. Its func-
tion is as yet unknown. It is highly overexpressed in prostate tumours (on average between 70 and
80-fold more) compared to adjacent benign prostate tissues. An upregulation of PCA3 is seen in 95%
of primary prostate tumours. Its expression is not found in non-prostate tissue (i.e. in benign and
malign tissue from breast, cervix, endometrium, ovary and testis or in cell lines originating from
bladder, kidney and ovarian cancer) (115).

In initial PCA3 studies, a real-time reverse transcription polymerase chain reaction (RT-PCR) analy-
sis was used for the quantification of PCA3 mRNA in prostate tissue. Later, Hessels et al. developed
a dual time resolved fluorescence-based RT-PCR assay to detect PCA3 mRNA in urinary sediments
after DRE (116). A urine test provides a non-invasive method to obtain prostate cancer cells, which
makes it suitable for clinical purposes. A DRE is performed to mobilize prostatic cells towards the
prostatic urethra, which are then flushed out with the first voided urine. (A prostate massage is
obsolete and causes needless patient discomfort, as a regular DRE sheds enough cells into urine
for analysis.) In 2006, the Progensa PCA3 test was introduced, a transcription-mediated amplifica-
tion assay (117). This assay is also performed on the first voided urine samples after DRE, but it is
a simpler, faster and sufficiently sensitive method compared to the initial RT-PCR based assay and,
therefore, is more viable for widespread clinical implementation. The PCA3 test score is the ratio of
PCA3:PSA mRNAs multiplied by 1000. The Progensa PCA3 test is commercially available and has
been approved by Conformité Européenne (CE) since November 2006 to aid in the decision to take
an initial or repeat biopsies. The FDA approval process is currently underway.

The clinical utility of PCA3 and its additional predictive value beyond PSA has been extensively
studied. PCA3 has been validated as a reliable predictor of prostate cancer at initial or repeat biopsy
(116,118-121). Currently, a cutoff value of 35 is used, resulting in a sensitivity of 47-69% and a speci-
ficity of 72-79% (117,119-121). However, the optimal cutoff value is subject to debate. Several studies
indicate that a cutoff value of 20 or 25 might be preferable, missing less prostate cancers but still
preventing a considerable amount of prostate biopsies (118). Future studies will have to clarify this
issue. Furthermore, PCA3 has shown to be an independent predictor of prostate cancer, in addi-
tion to established prostate cancer risk factors (age, PSA, DRE, prostate volume and biopsy history)
(122,123). The use of PCA3-based nomograms has recently been validated (124), providing a novel
tool for clinical decision-making.

It has been hypothesized that PCA3 might be associated with a more aggressive cancer. This was
based on the theory that aggressive prostate cancer cells are more invasive and would therefore more
easily shed into the prostatic ductal system after DRE (125). However, to date, the prognostic value of
PCA3 is considered to be limited. Some studies have found a correlation of PCA3 with the Gleason
score (118,120,126), but this is contradicted by a range of other studies that show no additional
predictive value for the Gleason score (125,127-129). As concluded by Auprich et al., the clinical value
of PCA3 to predict aggressive prostate cancer at radical prostatectomy seems to be marginal at best
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(127). However, it has been shown that PCA3 is a valuable predictor of tumour volume and insignifi-
cance of prostate cancer (120,127,129). Data on the predictive value for extracapsular extension are
conflicting (120,127,130). Furthermore, PCA3 currently has no role in risk assessment during active
surveillance protocols, though this requires further investigation in larger studies (129,131).

TMPRSS2-ERG is a fusion of TMPRSS2 (the androgen-regulated trans-membrane protease, serine 2)
to ETS family genes (oncogenic transcription factors). (For a complete description of the gene fusion
TMPRSS2-ERG, see section 2.4.1.1)

A publication in 2006 showed the feasibility of non-invasively detecting TMPRSS2-ERG fusion tran-
scripts in urinary sediments obtained after DRE using an RT-PCR-based research assay (132). Since
then, extensive research has been performed on the clinical applicability of this urine test. A sensi-
tivity of 37% and specificity of 93% to predict prostate cancer was reported, resulting in a positive
predictive value of 94% (133). Although not yet validated, this test is assumed to improve the specifi-
city of established prostate cancer risk calculators.

Given the tumour heterogeneity in prostate cancer, the use of a panel of biomarkers may provide
the best diagnostic accuracy. Hessels et al. evaluated the combination of PCA3 with TMPRSS2-ERG
fusion transcripts detected in the urine, showing an improved sensitivity of 73% compared to 62%
for PCA3 alone, without compromising the specificity for detecting prostate cancer (133). A recent
study confirmed an enhanced predictive value of PCA3 combined with TMPRSS2-ERG (134). These
preliminary results on the combined use of PCA3 and TMPRSS2-ERG seem promising but require
further validation. Future studies will have to assess the use of other novel biomarker panels.
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2.5 Future Perspectives

In the search for novel prognostic biomarkers for prostate cancer, many tumour markers have been
proposed. The number of articles published on this subject has increased substantially in the last
decade. However, PSA, PCA3 and CTCs are still the only markers used in clinical practice. Many
published results on novel prostate cancer biomarkers were not reproducible in subsequent studies
and thus may never attain the FDA approved status (Table 2).

TABLE 2 The different stages of biomarker research.

Stages of biomarker research Corresponding markers in prostate cancer

1. Exploratory, no-intended-use cohort microRNA, uPA, EPCA-1, EPCA-2, etc.
2.Research use-only assay, evaluated retrospectively hK2, PTEN, Ki-67, EZH2, E-Cadherin
3.Research use-only assay, evaluated prospectively TMPRSS2-ERG

4 CE-/FDA-approved PSA, PCA3, circulating tumour cells

While a double-blind randomized placebo controlled trial is the gold standard for therapeutic
studies, biomarker studies are not regulated by clear guidelines. These studies often have poor study
design; lack methodological quality and standardized assays; and information on key elements of
design and analysis are often not reported. To improve the quality of diagnostic studies, the STARD
(STAndards for Reporting of Diagnostic accuracy) statement was developed by a group of scientists
and editors in 2003 (135). It consists of a checklist of 25 items and a flow diagram that authors can use
to ensure that all relevant information is present. In addition, the REMARK guidelines (Reporting
Recommendations for Tumor Marker Prognostic Studies) were published in 2005 (136). These are
guidelines for transparent and complete reporting of studies, so that poor studies can be better iden-
tified. These initiatives are important steps forward in improving the quality of tumour marker
studies, though further improvement of future studies is still warranted.

Other future improvements include the use of a secured database with an audit trail, so that results
cannot be manipulated after analysis. Validation of a potential novel biomarker should only be
approved after multiple prospective studies using an “intended use” cohort. Furthermore, it should
be kept in mind that it is not sufficient to show that a potential novel biomarker is statistically signifi-
cant in multivariate analysis; the biomarker should improve the predictive accuracy of the multivari-
ate model. In conclusion, future biomarker studies should meet the STARD criteria and should be
reported in compliance with the REMARK guidelines.

Though many new biomarkers are ready for validation, studies need to be carefully designed to
test their clinical relevance. Once the decision to take a biopsy is made, the man becomes a patient,
whether or not he has prostate cancer. This decision presents a difficult challenge, since the man with
indolent cancer should not be bothered with a biopsy, yet men with low PSA ranges with aggressive
disease must be identified. Thus, there are two main themes in the clinical sphere: 1) develop meth-
ods to better predict biopsy outcome, and 2) better predict the prognosis and therapy need/response
(Figure 1).
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FIGURE 1

The two main themes in the
clinical arena of prostate
cancer are to predict biopsy
outcome and to predict the
prognosis and therapy need/
response.
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3.7 Introduction

This report evaluates evidence regarding strategies for prevention of prostate cancer (PCa). We
discuss the rationale behind prevention strategies in general and specifically related to PCa. We
describe pharmacologic and non-pharmacological approaches, such as alterations in diet or physical
activity patterns. We focus on findings from large Phase III randomized clinical trials that report
PCa incidence as their primary outcome. We conclude with recommendations for clinical practice
and research.

Prevention entails interventions (pharmacologic, dietary, lifestyle, etc.) given to large numbers of
asymptomatic individuals with the goal of reducing future risk of disease incidence, morbidity, and
mortality. The main dilemmas around cancer prevention relate to the fact that the intervention is
applied to many asymptomatic individuals with the hope that some will benefit. However, even
successful prevention strategies provide benefits to few and often require many years to accrue. Thus,
a large number of individuals are placed at risk of unnecessary and potentially harmful and costly
interventions. Studies to evaluate clinical benefits and harms must be large and long-term and assess
benefits and harms that often include conditions for which the prevention strategy is not intended.

The number-needed to-treat (NNT) is a useful statistic for gaining perspective on a preventive inter-
vention. NNT, which here refers to the number of people who need to be treated in order to prevent
one case of PCa, is calculated as follows: NNT = 1/ARR; where: ARR (absolute risk reduction) = PCa
incidence not treated — PCa incidence treated. Thus, if the incidence of PCa without treatment is 400
cases per 100,000 men per year (the approximate age-adjusted rate for white men in the U.S., age
54-65 years), and an agent has 25% efficacy for reduction in cancer incidence, a total of 1,000 men
will have to receive the agent for one year in order to prevent one case. This is a much higher than
typical threshold used to assess clinical importance for most treatments unless that intervention
is extremely safe and low cost, considering that the primary outcome included to derive the above
NNT is based on cancer incidence, not symptomatic disease or death. And, because the 10-year PCa
survival of men with PSA-detected PCa, which comprise the vast majority of currently diagnosed
PCas exceeds 90 % even without treatment, the NNT to prevent PCa mortality at 10 or even 20 years
is obviously much greater.

Furthermore, clinical benefits observed in epidemiologic studies or findings from smaller biomarker
trials may not translate into clinical benefits in large randomized trials. Thus, identifying poten-
tially effective prevention strategies that will have a net benefit when considering all relevant clinical
outcomes is difficult, time consuming, and costly. The difficulty in demonstrating net benefit from
cancer prevention strategies is evidenced by the fact that no widely implemented prevention strate-
gies exist for any cancer (other than interventions that promote healthy lifestyle and have broad-
based positive health effects such as smoking cessation, achieving ideal body weight, exercise, etc.).

Cancer chemoprevention, one type of prevention strategy, has been defined as “the use of pharma-
cological agents to impede, arrest, or reverse carcinogenesis at its earliest stages”. (1) Since prevention
normally will be applied in large populations that are symptom-and cancer-free, preventive interven-
tions are held to more stringent standards regarding safety and cost, than therapeutic interventions.
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Additionally, it is important to evaluate the impact of preventive strategies on common serious
conditions outside their intended disease (especially heart disease and other cancers). Some preven-
tive agents may have the most promise because of impacts on conditions other than PCa (e.g. aspirin,
diet, or exercise to prevent heart disease).

Despite these concerns, PCa is potentially a good candidate for prevention since it is a relatively
common cancer and a leading cause of cancer-related deaths. Widespread geographic and ethnic
variation in incidence and mortality suggest potentially modifiable risks that might be amenable to
prevention strategies. Moreover, the costs of screening and treatment — both in terms of financial
costs and morbidity — are extremely high. And, because the vast majority of men with newly diag-
nosed PCa undergo treatment, and treatments have harms, reduction in incidence may be a clini-
cally meaningful outcome because it is likely to translate into reduction in treatment-related morbi-
dity and mortality. Therefore, reducing PCa incidence could translate into reduced disease specific
morbidity and mortality. However, because PCa is slow growing and occurs in older men, the overall
impact of this disease on life expectancy is less than with some other cancers.

3.2 Defining Target Populations for
Prostate Cancer Prevention

Several strategies for identifying and targeting populations for PCa prevention exist. Prevention
could be applied broadly (e.g. all adult men). However, because microscopic foci of PCa are apparent
in many men beginning early in adult life — the percent roughly equals their age in years — the
exact timing of PCa prevention is not well known and is likely dependent in part on tolerability and
costs of interventions and their impact on other health conditions. Furthermore, the high frequency
of microscopic PCa even in very young adults suggests that any “prevention” strategies may actually
serve to reduce progression to clinically apparent disease rather than prevent de novo PCa. Because
microscopic PCa is so common in adults and our likelihood of detecting cancer depends greatly on
how hard we look, the concept of preventing detection of clinically relevant disease should be kept
in mind as we discuss later the role of PSA testing and diagnostic thresholds used to detect PCa and
their role in clinical trial designs and outcomes.

An alternative strategy is to target individuals at increased risk based on either modifiable (e.g. body
composition, dietary, exercise habits) or nonmodifiable factors (age, race/ethnicity, family history).
This risk-targeted approach offers the benefits of targeting those most likely to benefit while mini-
mizing the costs and harms of prevention strategies. A targeted approach also improves feasibility
in terms of study sample size and follow-up duration because the number of incident events will be
higher among individuals at increased risk. Unfortunately, to date, no strong risk factors — besides
age, family history, and African-American ancestry — have been consistently demonstrated in epide-
miological studies. Furthermore, unlike lung cancer, where smoking is the major, readily identifiable
and modifiable risk factor, the main risk factors are not modifiable and thus do not lend themselves
to preventive strategies other than to assess risk status. Additionally, unlike colon or cervical cancer,
PCa screening does not lead to low morbidity procedures that can prevent development of future
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cancers by identifying and removing premalignant lesions, such as the removal of adenomatous
polyps identified during colonoscopy for colon cancer screening or ablative or excisional therapy
for high-grade precancerous cervical lesions (cervical intraepithelial neoplasia [CIN3]) found during
PAP smear screening for cervical cancer.

However, epidemiologic studies suggest that certain modifiable risk factors may be present and
becomes potential targets for modification. Migrant studies indicate environmental influences on
PCa risk, and that these influences affect transition from latent microscopic disease to clinically
significant cancer. (4) Additionally, a proportion of PCa incidence is attributable to genetic traits.
This phenotype can be caused by not one, but at least several high-penetrance genetic mutations, and
a potentially much larger set of low-penetrance genetic polymorphisms. (5) However, during the era
of wide-spread PSA testing, increased diagnostic activity among men with a family history of PCa
appears to contribute to their increased risk of PCa and to lead to detection bias in epidemiological
and genetic studies of familial PCa. Thus, epidemiologic and genetic studies of hereditary predispo-
sition to PCa are affected by this detection bias and likely inflate the estimates of familial PCa risk.
(6) Genetic testing is not currently feasible in a clinical setting.

Clinicians and investigators do have one major tool in risk identification, namely the Prostate Specific
Antigen (PSA) test. Similar to breast cancer risk prediction that uses readily available personal and
family history to assess risk status, various PCa tools have been developed that incorporate PSA, age,
race, family history of PCa, digital rectal examination (DRE) findings, and whether a prior prostate
biopsy has been performed to assess the risk of PCa and the risk of high-grade PCa. (One such
example is the PCa Prevention Trial PCa Risk Calculator [PCPTRC], available online at: http:/www.
compass.therc.org/edrnnci/bin/calculator/main.asp.)

Since the predictive value of an abnormal PSA on initial PSA testing is in the vicinity of 20-30%, a large
number of men can be classified as increase-risk, but without evidence of PCa on biopsy and thus may be
“at risk” candidates for prevention. It should be noted that despite negative prostate biopsies many men
will still harbour PCa, which would be detected by subsequent or more extensive biopsies or removal
and inspection of the whole prostate. Thus, these individuals are more likely accurately classified as “no
evidence of disease” by the diagnostic criteria used. A small proportion of these men will have a high-
grade prostatic intraepithelial neoplasia (HGPIN) as a histological finding, which could be a further indi-
cation of elevated risk. Although this illustrates a collaborative relationship between secondary preven-
tion (screening) and primary prevention, these strategies for reducing PCa morbidity and mortality are
competitive. Hypothetically, for example, a safe and perfectly effective chemopreventive agent that could
be given to men at low- or high-risk would eliminate the need for screening. More realistically, if primary
prevention tools become available, it will be necessary to design population approaches that effectively
integrate these tools with screening efforts.

Another target population for preventive agents and interventions are men with localized and
presumably indolent PCa, i.e., secondary prevention. This group of men is becoming increasingly
common as more men undergo PSA screening, where lower thresholds to define abnormality are
employed and more core biopsies specimens are obtained. The research community is attempting
to develop techniques to discriminate these patients whose numbers have increased in conjunc-
tion with PSA testing from those with more aggressive tumours who therefore might benefit from
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aggressive treatment. These patients and their physicians may accept widespread implementation of
low-risk early interventions that effectively inhibit the growth and progression of early tumours to
symptomatic disease. Such an approach may make more clinical sense as many adult men have histo-
logic evidence of PCa even at a fairly young age. Thus, agents may be viewed not as true “preventive
strategies” but actually growth inhibitory.

3.3 Defining Outcomes of Interest

The primary outcome of greatest importance in prevention studies is all-cause mortality. Does a
prevention strategy increase length of life? The outcome is clear and unambiguous. However, because
PCa results in only about 2-3% of all-deaths in men, identifying an impact due to prevention on
all-cause mortality would require very large and long-term studies. Such studies are not feasible,
though targeting higher PCa risk groups may make demonstrating changes on all-cause mortal-
ity possible. Reduction in PCa mortality is likely the next most important outcome as men (and
their loved ones) place a great value on preventing death from PCa. However, ascertaining cause-
specific death, especially PCa, is difficult, subject to ascertainment bias and may be unreliable even
in randomized trials using rigorous blinded end-point adjudication committees. Other PCa specific
outcomes could include stage of disease and development of metastatic disease. Additional outcomes
could include PCa progression and intermediate (surrogate) markers such as PSA levels or rate of
change and histological changes in detected cancers. Because preventive agents are given to many
asymptomatic individuals and only benefit very few, major patient centered outcomes should include
adverse effects, tolerability, and adherence.

The principal outcome in cancer prevention trials has been cancer incidence. Investigators have
argued that a reduction in PCa incidence is sufficiently important to warrant clinical decision
making regarding cancer prevention strategies. This is based, in part, on the rationale that a reduc-
tion in PCa incidence will be associated with future mortality reduction even if there is no reduction
in mortality. However, PCa (like many diseases) is a heterogeneous condition. A preventive agent
may have an impact on indolent tumours while promoting more aggressive disease. Therefore, in
the absence of demonstrating a beneficial effect on all-cause or PCa mortality, studies should be
sufficiently designed and powered to assess the impact of prevention on PCa incidence according to
histologic categories. Reported outcomes should include the number of men with low-, intermedi-
ate-, and high-grade (Gleason 8-10) PCas, and the method of detection: PSA testing; DRE; for-cause
or due to study-indicated prostate biopsy. Furthermore, because the natural history of men with
PSA detected (and likely study-directed biopsy) cancers is much more favourable than patients with
palpable disease or those detected for-cause, the impact on PCa morbidity and mortality is likely to
be much smaller and require many more years to appear than observed for incidence. Therefore, a
major rationale for using PCa incidence as a main outcome in prevention trials and by clinicians and
policymakers implementing the results of these studies is that a reduction in PCa will result in fewer
men undergoing treatment and associated harms. This is a relatively atypical rationale for initiating
an intervention and suggests that any strategy that reduces the incidence of clinically insignificant
PCa and decreases the associated harms related to overdiagnosis and overtreatment would be valu-
able and should be considered as prevention.
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3.4 Findings from Randomized
Controlled Trials

Three randomized controlled trials have specifically assessed the role of chemopreventive agents on
the incidence of PCa. All have used PCa incidence as their primary outcome. Two mandated study
biopsies (both assessing 5-alpha-reductase inhibitors [5ARIs]) to assess for PCa and used cancers
detected on study biopsy as a main component of their primary outcome. Two evaluated 5ARIs
(finasteride-PCPT and dutasteride-REDUCE ), and one assessed selenium and Vitamin E, alone or in
combination. The specific design and findings from these trials are reported in intervention-specific
sections below. These three studies enrolled a total of approximately 60,000 men, followed for many
years, and at study costs exceeding 200 million U.S. dollars. Despite the encouraging findings from
preliminary studies that led to the initiation of these trials and the enormous effort and costs involved
no clinically useful PCa preventive agents have been identified.

In summary, the findings from the two 5ARI studies indicate that 5ARI reduce the risk of being
diagnosed with PCa among men who are screened regularly for PCa, many of whom undergo study
directed prostate biopsies (Figure 1).

1PCa Prevention Trial
2REduction by DUtasteride of PCa Events
3 Selenium and Vitamin E Cancer Prevention Trial
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FIGURE 1
5ARI for PCa Prevention According to Type of 5ARI, Study Duration and PCA risk (Average vs. Increased).

Reprinted with permission from the author.

1.9 BPH progression: Surgical interventions for treatment

5ARI Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95%CI M-H, Fixed, 95%CI
1.9.1 Finasteride, mid-term treatment duration (1 to 2 years)
Foley 2000 0 28 7 27 1.1% 0.06 [0.00, 1.07] ¢——
FSG American 1992 7 595 3 300 0.5% 1.18 [0.31, 4.52]
FSG Int. 1993 4 495 4 255 0.7% 0.52[0.13, 2.04] <
PREDICT 2003 3 264 7 269 1.0% 0.44[0.11, 1.67] <
VA COOP 1996 5 310 4 305 0.6% 1.23[0.33, 4.54]

Subtotal (95% CI) 1692 1156  3.8% 0.57 [0.31, 1.05] —~l

Total events 19 25
Heterogeneity: Chi2 = 4.92, df = 4 (P = 0.30); 12 = 19%
Test for overall effect: Z = 1.82 (P = 0.07)

1.9.2 Finasteride, long-term treatment duration (> 2 years)

MTOPS 2003 14 768 37 737 52% 0.36 [0.20, 0.67] +—=———
PCPT 2003 96 9423 180 9457  24.7% 0.54 [0.42, 0.68] —m—
PLESS 1998 69 1513 152 1503  21.0% 0.45[0.34, 0.59] ——
PROSPECT 1996 19 310 31 303  4.3% 0.60 [0.35, 1.04] —_—
Subtotal (95% Cl) 12014 12000 55.2% 0.49 [0.42, 0.58] <&

Total events 198 400

Heterogeneity: Chi2=2.29, df =3 (P =0.51): 2= 0%
Test for overall effect Z = 8.32 (P < 0.00001)

1.9.3 Dutasteride, long-term treatment duration (> 2 years)

ARIA/ARIB 2004 47 2167 89 2158 12.3% 0.53[0.37, 0.75] —
REDUCE 2010 57 4105 209 4126 28.7% 0.27 [0.21,0.37] —®&—
Subtotal (95% CI) 6272 6284 41.0% 0.35[0.28, 0.44] S 2

Total events 104 298

Heterogeneity: Chi2 = 7.99, df = 1 (P = 0.005); 12 = 87%
Test for overall effect Z = 9.34 (P < 0.00001)

Total (95% Cl) 19978 19440 100.0%  0.44[0.38, 0.50] L 4

Total events 321 723 . . . )
Heterogeneity: Chi2 = 21.67, df = 10 (P = 0.02); 12 = 54% 0.2 05 2 5
Test for overall effect Z = 12.52 (P < 0.00001) Favous 5ARI  Favors Placebo

Test for subgroup differences: Chi2 = 6.60, df = 2 (P = 0.04), 12 =69.7%

It was found that 5ARI increased sexual and erectile dysfunction but improved bothersome lower
urinary tract symptoms and reduced the need for surgical interventions for lower urinary tract
symptoms and the incidence of acute urinary retention. Information was inadequate to assess the
effect of 5ARI on PCa or all-cause mortality. Additionally, concern persists that they may increase
the risk of high-grade (Gleason 8-10) tumours. Despite the large size and long duration of these
studies few deaths occurred, highlighting the difficulty in designing and carrying out prevention
trials with mortality as an outcome. Cost-effectiveness analyses of both the PCPT and REDUCE
studies indicated that these agents are unlikely to be cost-effective when considering their impact on
survival differences. They may be cost effective in high-risk populations assessing quality of life. (7,8)
The U.S. Food and Drug Administration (FDA) recently denied a request for approval of these drugs
for PCa prevention citing the failure to demonstrate a reduction on PCa mortality and an increase in
high grade PCas and sexual adverse effects in patients randomized to 5ARI.
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The SELECT study was a randomized, double-blind, placebo-controlled trial designed to test the
efficacy of selenium (200 pg) and Vitamin E (400 mg) alone, and in combination for preventing
PCa. This trial enrolled 32,400 men who were over age 55 (> age 50 for African-Americans), and
had a normal DRE and PSA (<4 ng/ml). (30) SELECT was terminated prior to the original follow-up
date because interim analysis identified no possibility of a benefit with additional patient follow-up.
Specifically, the authors found that selenium or Vitamin E, alone or in combination at the doses
and formulations used, did not prevent PCa (there was a nonsignificant increased risk of PCa in the
Vitamin E group: p=0.06, and Type 2 Diabetes in the selenium group). Recently updated findings
with an additional 54,464 person-years of follow-up confirm that selenium did not reduce the risk of
PCa alone or in combination with Vitamin E. Importantly, dietary supplementation with Vitamin E
significantly increased the risk of PCa among healthy men (HR 1.17; 99% CI: 1.004-1.36; p=0.008).

Additional information comes from randomized trials of drugs evaluated for other indications but
where PCa incidence or mortality was reported. Most have shown no reduction in PCa incidence but
many have not been sufficiently sized to assess PCa outcomes. We discuss results from some of the
larger trials or pooled findings.

Jiang and colleagues conducted a meta-analysis of randomized trials of antioxidant vitamins and
selenium supplements published through January 2009 (Figure 2). (9) They found no significant
effects of supplementation with beta-carotene, Vitamin C, Vitamin E, and selenium versus placebo
on PCa incidence or mortality. In three randomized trials involving nearly 61,000 men, no reduc-
tion in PCa incidence occurred among men randomized to receive beta-carotene versus placebo.
Similarly, in two studies involving 44,000 men, Vitamin C did not reduce PCa incidence (Jiang). (1)
Figueiredo noted a 2.6 fold increase in the 10.8-year incidence of PCa among men assigned to folate
(9.7%) compared to placebo (3.3%). (2) Bonovas assessed statin use and the risk of PCa. Among six
randomized trials involving 40,178 men and followed for 7.4 years, there was no significant effect on
PCa incidence (RR = 1.06; 95% CI: 0.93-1.20). (3) However, the included studies used lower potency
statins than are currently available and thus additional research that includes these drugs would be
of value. (4) Finally, Rothwell and colleagues conducted an individual patient data meta-analysis
from randomized trials to assess the effect of daily aspirin on long-term risk of death due to cancer.
(Figure 3) (5) Daily aspirin reduced deaths due to several cancers (especially gastrointestinal cancers).
At 20 years aspirin reduced the risk of PCa mortality by 19% though findings were not statistically
significant (p=0.12). The absolute effect at 15 years was less than 1%. While not specifically assessing
cancer prevention the role of aspirin for reducing the incidence of other cancers has been previously
demonstrated. Additionally, aspirin is recommended in higher risk individuals to prevent coronary
heart disease events. The magnitude of potential benefit of aspirin for PCa incidence and mortality
prevention appears to be small but may have marginal impact on clinical utilization. The results
highlight the fact that to be an effective PCa preventive agent, the intervention must be well tolerated,
low cost, and have positive impact on other health conditions.
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FIGURE 2

Intervention effect of different antioxidant supplements versus placebo on incidence of PCa. From Jiang L, Yang K-h, Tian J-h, et al.
Nutrition and Cancer. 2010;62:719-727.

Reprinted by permission of Taylor & Francis Ltd, http;/www.tandf.co.uk/journals).

Antioxidants Placebo Risk Ratio Risk Ratio
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2.1.1 beta-carotene
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FIGURE 3

Effect of allocation to aspirin
versus control on the 20-year
risk of death due to the

most common fatal cancers
in 10,502 patients with
scheduled treatment duration
of 5 years or longer in the
three trials with long-term
follow-up. The eight most
common cancer types are
shown. (5).

Reprinted with permission
from Elsevier.
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3.5 5-alpha Reductase Inhibitors

By the early 1990s, a considerable body of evidence was available to indicate that inhibition of SARI,
which convert testosterone to the more potent androgen dihydrotestosterone (DHT) in the prostate
and other organs such as liver and skin, was a possible means for chemoprevention of PCa. This
evidence included studies of kindreds with a rare, inherited deficiency of Type II 5o —reductase, (6)
pre-clinical studies, (7) and results of clinical trials evaluating the safety and efficacy of the Type II
inhibitor finasteride as a treatment for BPH.

Two large randomized trials have been conducted specifically to assess the effect of 5ARI on the
period prevalence of PCa. In 2003, the results of the PCPT were reported, marking the completion
of the first full-scale Phase III trial for prevention of PCa. (8) The PCPT compared PCa occurrence
among 18,882 men randomly assigned to either finasteride (5 mg/day) or placebo for seven years. At
baseline, participants were age 55 years or older, and had a normal DRE and PSA <3 ng/ml. Serum
PSA and DRE were performed annually and after seven years of follow-up, remaining participants
were asked to undergo an end-of-study (EOS) biopsy. The primary endpoint of the trial was the
period prevalence of PCa, combining cancers diagnosed while on study and those discovered at the
EOS biopsy. The overall prevalence of PCa was 24.8% lower in the finasteride group compared to
placebo (95% CI: 18.6-30.4%). However, the prevalence of high-grade cancer was 25.5% higher in the
finasteride group: 6.4% vs. 5.1% (p=0.005). The risk reduction for total PCa did not vary significantly
by age, race, family history, or baseline PSA.

In contrast to PCPT, the dutasteride trial (REDUCE) enrolled 6,729 men considered at increased
risk for PCa based primarily on age and PSA values. (2) Men were eligible if they were aged 50 to 75
years, had a PSA level of 2.5-10 ng/mL (for men aged 50-60 years) or 3.0-10 ng/mL (for men older
than 60 years of age), and had a previous suspicion for PCa leading to a prostate biopsy within six
months of study enrollment. Participants received biopsies, regardless of PSA, after two and four
years of follow-up. Findings from the REDUCE trial indicated that dutasteride reduced the risk of
incident PCa detected by biopsy by 23% (RR 0.77, 95% CI: 0.70-0.85); absolute reduction (16.1% vs.
20.8%) among men authors considered at greater risk for PCa (based on age, elevated PSA level, and
having a previous suspicion of PCa leading to a prostate biopsy). Reductions were observed across
age, family history of PCa, PSA level, and prostate volume subgroups. There were no differences
between dutasteride and placebo in the number of men with Gleason score 7-10 tumours (p= 0.88).
The authors concluded that 5ARI reduced the risk of being diagnosed with PCa among men who
are screened regularly for PCa. Information was inadequate to assess the effect of 5ARI on PCa or
all-cause mortality. It was noted that SARI increased sexual and erectile dysfunction. Similar to the
PCPT, dutasteride improved outcomes related to BPH.

A recent meta-analysis evaluated randomized trials of 5ARI that provided PCa outcome published
through June 2010 and lasting at least one year in duration (165). The authors estimated the benefits
and harms of 5ARI in preventing PCa. Their primary outcome was PCa period-prevalence “for-
cause”. The authors identified eight studies that met the inclusion criteria but only the PCPT and
the REDUCE study were designed primarily to assess the impact of 5ARI on PCa period-prevalence.
None of the studies were designed to assess the impact of SARI on mortality.
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The mean age of enrollees in all studies was 64 years, 92% were white, and the mean PSA was 3.1 ng/
mL. For-cause PCas comprised 54% of all cancers detected in placebo-controlled studies. Compared
to placebo, 5ARI resulted in a 25% relative risk reduction in PCas detected for-cause (RR 0.75, 95%
CI: 0.67-0.83), whereas, absolute risk reduction equaled 1.4% (3.5% vs. 4.9%). One BPH trial found
the risk of PCas detected for-cause was significantly reduced with dutasteride and combined dutaste-
ride plus tamsulosin compared to tamsulosin monotherapy. All-cause as well as PCa specific mortal-
ity was low (5.6% and 0.05% respectively). There were no differences in all-cause or PCa mortal-
ity between finasteride and placebo in any trial (relative risk all-cause mortality = 1.05 [95% CI:
0.94-1.18]). Six trials versus placebo assessed PCas detected overall. There was a 26% relative risk
reduction favouring 5ARI (RR: 0.74, 95% CI: 0.55-1.00; 2.9% absolute reduction [6.3% vs. 9.2%]).
Reductions were observed across categories of age, race, and family history of PCa, but not among
men with baseline PSA > 4.0 ng/mL. Improvements were noted in outcomes related to BPH includ-
ing symptom progression, risk of acute urinary retention, and need for surgical intervention.

Subsequent to that meta-analysis, the U.S. FDA reviewed data submitted by the manufacturers
seeking a specific indication to use SARI for chemoprevention. Based on the presented findings the
FDA did not approve finasteride and dutasteride for the prevention of PCa, concluding that the
drugs do not possess a favourable risk-benefit profile for this indication. The FDA cited associated
side effects, including loss of libido and erectile dysfunction, but most importantly, it noted that in
both trials there was an absolute increase in the incidence of high-grade PCas in men randomized
to finasteride or dutasteride, compared with controls. (21) The FDA was concerned that the greater
absolute reduction in low risk and potentially clinically insignificant PCas due to 5ARI would be
offset by an increase in potentially high-risk disease. Additional research would be useful to better
understand the association of these drugs with the development of high-grade prostatic lesions, in
order to determine the impact of 5ARI (or other potential preventive agents) on PCa mortality, and
to identify the population of men that might benefit most from PCa prevention.

The excess of high-grade cancer detected in the 5ARI arms of these trials has generated considerable
debate. The hypothesis that finasteride or dutasteride selectively promotes the growth of aggres-
sive cancers has some plausibility; intraprostatic androgen suppression could provide a competitive
advantage to clones that have acquired androgen-independent growth mechanisms. Some investiga-
tors have postulated that serum androgen deficiency increases risk of developing aggressive PCa,
(9) and the pro-differentiating effect of androgens in the prostate under certain conditions is well
established. (10) On the other hand, there are at least three possible explanations for the observation
of excess high-grade cancer in PCPT that do not involve a pejorative effect of finasteride. First, it is
possible that finasteride (and dutasteride) has effects on the cellular features and architecture of PCa
that mimic or exaggerate the appearance of higher grade disease. (11) Second, finasteride reduced
overall prostate gland volume by about 25%, based on ultrasound measurements obtained during
the EOS biopsies. This means that finasteride-treated glands were more intensively sampled during
blind biopsy compared to placebo, and that any given tumour had a higher probability of being
detected. Since tumours received the highest Gleason score observed by the pathologist regardless
of its prevalence in the biopsy sample, increased detection of high-grade tumours in the finaste-
ride group should be expected. The apparent difference in the drug’s effect on high- vs. low-grade
tumours would be exacerbated if finasteride shrinks the volume of low-grade cancers more than the
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high-grade ones. Third, the excess of high-grade cancer in the finasteride group was strongest in the
first two years of follow-up. If finasteride promoted growth of aggressive cancers, we would expect a
gradual increase in the number of excess high-grade cancers as follow-up continued.

The notable excess of high-grade disease early in follow-up suggests that in some men who had
aggressive tumours that were present at baseline, finasteride decreased their serum PSA by substan-
tially less than 50%, which in turn made them cross the PSA threshold of 4.0 as soon as their PSA
was adjusted upward according to study protocol. In effect, these high-grade cancers could have been
unmasked by “finasteride challenge”. (12) A second controversy stemming from the PCPT concerns
the clinical significance of the cancers prevented by finasteride in the trial. There were 387 fewer
Gleason 2-6 tumours in the finasteride group, and 43 more Gleason 7-10 tumours. However, only
3.8% of all cancers detected in PCPT were Gleason 2-4; Gleason 6 cancers were the majority of those
detected in both finasteride and placebo groups. The finasteride group had fewer Gleason 6 tumours
both during follow-up and at EOS. Since most men with Gleason 6 cancers opt to undergo curative
treatment, it can be argued that finasteride spares these men the cost and morbidity of such treat-
ment. Although the prognosis for treated Gleason 6 cancers is generally quite good, an important
subset of these patients will later develop recurrence and metastasis. Despite this information, the
failure of the FDA to approve these drugs for PCa prevention and the specific warning label now
required for these agents regarding the possibility of inducing higher grade cancers will severely limit
their use, especially in the United States.

3.6 Anti-inflammatory Agents

There is strong evidence that inflammation plays a pathogenetic role in approximately 20% of
all human cancers. (1) It is assumed to incite carcinogenesis by causing cell and genome damage,
promoting cellular turnover, and creating a tissue micro-environment that can enhance cell repli-
cation, angiogenesis, and tissue repair. (2) Non-steroidal anti-inflammatory drugs (NSAIDs) can
prevent the development of colon cancer (3), and possibly other cancers. (4) Proposed mechanisms
for these effects, including induction of apoptosis and inhibition of cellular proliferation and angio-
genesis, occur at least partly through the inhibition of the cyclooxygenase (COX) enzymes involved
in prostaglandin synthesis.

3.6.1 Inflammation and prostate cancer

There is emerging evidence that inflammation is crucial for the aetiology of PCa. This evidence
stems from molecular pathological, animal, histopathological, and epidemiological studies. (5,6)
Proliferative inflammatory atrophy (PIA) delineates proliferative glandular epithelium with the
morphological appearance of simple atrophy. (7) Areas of PIA show infiltration with CD3-positive
T-lymphocytes and macrophages and are predominantly located in the peripheral zone of the pros-
tate and adjacent to prostatic carcinoma. It has been postulated that PIA is a precursor of high grade
prostatic intraepithelial neoplasia (PIN) and cancer. (8) Eicosanoids such as prostaglandins and
other related compounds have been implicated in the inflammation process. The synthesis of pros-
taglandins and their metabolism in the prostate by a series of enzymatic reactions involving COX is
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well recognized. (9) Three COX isoforms have been identified: the constitutively expressed COX-1,
a housekeeping gene that has an important role in protecting the gastroduodenal mucosa, and the
inducible COX-2 gene, an immediate early response gene that is rapidly induced in response to
tumour promoters, cytokines and growth factors. (10) However, a functional role for COX-3 remains
to be determined.

The role of prostaglandins in the development of PCa has been substantiated from several experi-
mental studies in both human and animal models. The prostate has the highest level of COX-2 mRNA
among human tissues. (11) Additionally, it was suggested that prostaglandins play a major role in the
growth of PCa cells through the activation of COX-2 expression. (12) There is also evidence showing
that COX-2 is over-expressed in PCa and that tumour grade is positively correlated to COX-2 levels.
(13) Cumulatively, these findings suggest that inhibition of COX-2 may lead not only to inhibition of
metastasis but also to inhibition of prostate carcinogenesis.

3.6.2 Non-steroidal anti-inflammatory drugs

NSAIDs are drugs with analgesic, antipyretic and — in higher doses — anti-inflammatory effects. The
term “non-steroidal” is used to distinguish these drugs from steroids, specifically, glucocorticoids,
which have a similar eicosanoid-depressing, anti-inflammatory action. As analgesics, NSAIDs are
unusual in that they are non-narcotic. NSAIDs can be classified based on their chemical structure or
mechanism of action (Table 1).

TABLE 1. Classification of Non-steroidal Anti-inflammatory Drugs (NSAIDs)

Salicylates Aspirin (acetylsalicylic acid), Diflunisal, Salsalate
Propionic acid derivatives Ibuprofen, Naproxen, Fenoprofen, Ketoprofen, Oxaprozin
Arylacetic acids Diclofenac, Indomethacin, Sulindac, Etodolac

Enolic acid derivatives (Oxicam) Piroxicam, Meloxicam

Fenamic acid derivatives (Fenamates) Mefenamic acid, Flufenamic acid, Meclofenamic acid
Selective COX-2 inhibitors (Coxibs) Celecoxib, Rofecoxib, Valdecoxib

x withdrawn from market

NSAIDs within a group will tend to have similar characteristics and tolerability. There is little differ-
ence in clinical efficacy among the NSAIDs when used at equivalent doses. However, there is a vary-
ing ability of specific NSAIDs to inhibit COX-1 and COX-2. Aspirin (acetylsalicylic acid) is a rela-
tively selective inhibitor of COX-1 and is also used for the management of arterial thrombosis and
prevention of adverse cardiovascular events by inhibiting the action of thromboxane A2.

The mechanism of action that defines the role of NSAIDs as potent agents for the chemoprevention
of PCa is not clear. However, there is evidence that the inhibition of the biosynthesis of prostaglan-
dins increases the susceptibility of cancer cells to apoptosis by down regulating the antiapoptotic
protein Bcl-2. Selective inhibitors of COX-2 isoform have attracted considerable attention because of
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their ability to selectively inhibit the inducible COX-2 isoform while allowing COX-1 to perform its
“housekeeping” functions. By significantly reducing gastrointestinal side effects, these NSAIDs may
have additional promise as chemopreventive agents. (14)

Celecoxib has been demonstrated to be effective in reducing colorectal cancer in patients with
familial adenomatosis syndromes. (15) Development of selective COX-2 inhibitors as chemopreven-
tive agents was effectively halted when the APPROVe trial, designed to test the efficacy of rofecoxib
(Vioxx) for prevention of recurrent colorectal polyps, revealed that the rofecoxib group had a signifi-
cant two-fold increase in serious cardiovascular events, an effect that emerged after 18 months of
follow-up. (16)

3.7 Epidemiological and clinical studies

So far, there have been no published randomized trials for NSAID and PCa. The ViP trial, which
was building towards enrolment of 15,000 men with borderline PSA elevation to test rofecoxib for
prevention of PCa, was cancelled in September 2004 due to withdrawal of the drug (see above) (17).
This again highlights the difficulty in assessing the effectiveness of a preventive agent if focused
solely on its impact on PCa incidence. Two recent meta-analyses have included available data up to
spring of 2008 (Table 2).

TABLE 2. Non-steroidal anti-inflammatory drugs (NSAIDs) and risk of PCa:
results from recent meta-analysis

First author, year Analyzed Studies (n) | Included Patients (n) 0dds Ratio (95% CI)
Aspirin NA-NSAID

Jafari S, 2009 (18) 20 25,768 0 o o) 0 o o)

Mahmud SM, 2010 (19) 24 24,230 - T

Cl=confidence interval, NA=non-aspirin

Jafari and colleagues identified 20 eligible observational studies, of which seven were case-control,
seven cohort, five nested case-control, and one cross-sectional. (18) Sixteen studies reported the
effect of aspirin exposure with a pooled OR of 0.95 (95% CI: 0.91-1.00). Thirteen studies reported
the effect of non-aspirin NSAIDs with a pooled OR of 0.92 (95% CI: 0.85-1.00). Pooled OR for PCa
in patients exposed to all NSAIDs was 0.92 (95% CI: 0.86-0.97). Potential pitfalls with regard to
methodology (publication, recall, screening, protopathic, referral biases) are discussed in Chapter 1.
In most studies, use of NSAIDs was categorized as frequent, ever used, or never used, and the exact
nature and duration of drug use was largely unknown. Therefore, a clinically meaningful recom-
mendation about the optimal duration and dose is evasive.
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Mahmud et al. included 10 case-control and 14 cohort studies in their meta-analysis. (19) Most stud-
ies measured exposure to more than one NSAID. Eighteen trials looked at aspirin alone and found a
pooled OR of 0.83 (95% CI: 0.77-0.89). Eight studies reported on non-aspirin NSAID with a pooled
OR 0f 0.90 (95% CI: 0.80-1.01).

In conclusion, the epidemiologic evidence for a protective effect of NSAID use against PCa is sugges-
tive but not conclusive. Studies are limited by inadequate information on dose and duration of use
and by methodological biases. Most studies also lack the statistical power to assess the effects of
the less commonly used NSAID. Lastly, potential benefits of NSAID use should be weighed against
known side effects of their long term use, especially because they would be used in older men who
are at greater risk for gastrointestinal and renal adverse effects.

3.8 Diet and Dietary Supplements

Because of the large variation in PCa worldwide and migration studies showing that PCa rates
increase in men who immigrate to the United States, dietary and environmental factors may play a
role. Data on diet-related factors such as obesity show an association with PCa and overall outcomes.
In particular, diets that were low in fat and animal products and those higher in soy or lycopenes
and beta-carotenes, (found primarily in watermelon and tomatoes), appear to be associated with
lower PCa incidence. As noted previously, pooled analysis of randomized trials have not shown a
benefit on PCa incidence for either Vitamin C or beta-carotene. Van Patten and colleagues evaluated
the literature on trials for the prevention of PCa recurrence. They identified a limited number of
randomized trials in which diet and dietary supplements were used. Most assessed fortified marga-
rine, phytoestrogen rich diets, plant based diet, lycopenes, and phytoestrogens. Results varied. Most
used surrogate markers such as PSA doubling time to assess disease progression.

3.8.1 Soy (including isoflavones)

The low incidence of PCa in Asia compared to Western countries is well known. (1) Moreover,
Japanese migrants to Hawaii have higher incidence of PCa. (2).

Thus, environmental factors, especially dietary style, may be related to the risk of PCa. Fat and
calcium have also been reported to be risk factors for PCa. Conversely, lycopene, selenium, soy isofla-
vone, and Vitamin E were reported to be preventive factors. (3,4) However, the SELECT study, (5),
a recent large-scale, double-blind study, was unable to demonstrate a preventive effect for selenium
or Vitamin E on PCa and in fact demonstrated higher PCa incidence in men receiving Vitamin E.

In 1993, Adlercreutz et al. (6) reported that a soy diet was associated with a reduced risk of PCa, breast
cancer, and cardiovascular diseases in the comparative study between Japanese and Swedish. Since
then, the role of soy in reducing PCa risk has been considered. Hebert JR, et al.[7) reported a relation
between amount of soy food consumption and PCa mortality. In the 42 countries, soy products were
found to be protective (p=0.0001), with an effect size per kilocalorie at least four times as large as that
of any other dietary factor .
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A meta-analysis done by Yan and Spitznagel (8) demonstrated an association of soy food intake and
PCa risk reduction. Included studies were two cohort studies and six case control studies .

Soy intake was associated with a 5-70% relative risk reduction in PCa incidence. The bioactive factors
of soy are believed to be due to isoflavones, particularly daidzein, genistein, and equol. These agents
have phyto-estrogenic and anti-oxidant effects, and especially, equol has an anti-androgenic action. (9)

A case-control study of the serum isoflavone levels in patients with PCa and healthy volunteers (10)
found that some individuals were able to degrade daidzein into equol (equol producers), whereas
others were not (non-producers). Akaza et al. found that the percentage of equol producers in patients
with PCa was significantly lower than in the healthy controls (30.3% vs. 49.5%; p=0.013). (11) Those
results suggest that equol or equol-producing ability may be deeply involved in PCa risk reduction.

Recently reported preliminary results from a pilot randomized trial of 158 Japanese men with a negative
prostate biopsy suggest that oral isoflavone (60 mg/day) for 12 months may reduce PCa incidence (11).

Fujimoto et al. (12), conducted an age-stratified dietary survey of soybean food consumption and
measured the serum isoflavone levels in healthy Japanese and Korean men. Significant differences in
the daily intake of genistein and daidzein were found between the teenage group and the age group
of 230 years (p<0.05). In the Japanese cohort, the proportion of equol producers in the teenage group
was only 10%, which was significantly the lowest among all age-strata. Decreased intake of isofla-
vones, a low serum level of equol, and the low incidence of equol production in the young generation
may lead to an increase in the PCa incidence in Japan and Korea. While no Phase III randomized
trials of soy for PCa prevention have been conducted, this remains an area for future study as the
positive health effects of soy based diets across a wide range of conditions makes these potentially
attractive.

Elucidating the mechanism of equol production may help in developing strategies for chemopreven-
tion of PCa. Recently, the mechanism of biodegradation of daidzein into equol has been clarified by
discovering a human intestinal bacteria. (13) It is important to investigate the potential of clinical
intervention by changing equol non-producers to producers, as well as by ingesting equol-containing
supplements.

3.9 Exercise and PCa Prevention

Exercise and maintaining ideal body weight has broad benefits for health including reducing heart
disease risk, high blood pressure, obesity, and many other diseases. The thought of exercise being
useful for preventing cancer is appealing. Interest in physical activity as a means for the primary
prevention of cancer is increasing as the evidence for a protective effect is accumulating.

76 INTERNATIONAL CONSULTATION ON PROSTATE CANCER



Cancer treatment, surgery, chemotherapy, immunotherapy, radiotherapy, and hormone deprivation
have deleterious effects in otherwise healthy patients. It would seem logical that patients with better
physical condition or who improve their physical condition with exercise would recover faster from
any cancer therapy, tolerate it better, and overcome the side effects of any therapy easier.

Friedenreich, C. M in 2001 (1) analyzed the evidence for an etiological role of physical activity in
the prevention of cancer of the colon, breast, prostate, testes, lung, endometrium, and ovary. The
evidence for a causal association between physical activity and colon and breast cancers was found to
be “convincing,” for PCa to be “probable,” for lung and endometrial cancers to be “possible,” and for
testicular and ovarian cancers to be “insufficient” (Table 3).

In that review, 15 of 30 studies found a reduction in PCa risk in men who were most physically active,
with risk reductions averaging 10-30%. Two other studies found decreased risk only in subgroups of the
population. No associations were found in nine studies, and increased risk was found in four studies.

TABLE 3. Summary of Epidemiological Evidence on the Association between Physical
Activity and Cancer by Criteria for Causality (1)

Temporality
(time
period
in life
associated
with risk
reduction)

Overall
Biological Level of
Plausibility | Scientific
Evidence

Consistency of Evidence for a
Risk Reduction with Increased
Physical Activity Levels

Strength of Risk Dose-
Association Response

Case- LEL[ Average
control Tm?l of risk risk
. studies . .

studies estimates | reduction

Cohort
studies

Activity

Colon 150120 230126  390f46 031010  40-50%  230f29  throughout OSSOVl gonyincing
life? ypotheses
Breast 8of 14 160f22  240f36 03t016  30-40%  150f23  Carlvlife? o esseveral o LG
: : Adult life? hypotheses
. Yes-some
-309 ?
Prostate 10 of 16 50f 10 150f26 05t02.2 10-30% 90f19 Early life ? hypotheses Probable
Lung 60of6 0of2 60of8 04t01.3 30-40% 40f 6 Unknown Unclear Possible
Endometrial 3 of4 50f7 8 of 11 01t01.0 30-40% 4of7 Unknown ves-a few Possible
hypotheses
Testicular 0of2 30f6 30f8 0.5t03.3 20% 30fb Unknown Unclear Insufficient
Ovarian 10f3 10f2 2005  03t021 0% 2013 Unknown  ES3T8W e fficient
hypotheses
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Furthermore, because negative studies are less likely to be published than positive studies (publica-
tion bias) it is possible that studies that failed to find an association were not published.

Liu et al. (2), in a literature review and meta-analysis, identified English-language articles through
May 2011 that examined the effect of physical activity on PCa risk. This meta-analysis was conducted
according to the guidelines for the meta-analysis of observational studies in epidemiology. (3) They
included 43 studies that met the following criteria: (1) cohort or case-control studies addressing the
association between physical activity and PCa risk; (2) studies that reported the effect estimates, such
as relative risk (RR), hazard ratio (HR), and odds ratio (OR), with 95% confidence intervals (CIs) or
that provided sufficient information to calculate these values; and (3) when multiple reports were
published from the same population, the most recent or complete publications were included. The
19 prospective studies included 2,076,535 participants, with follow-up periods ranging from 2 to 26
years and 74,942 PCa cases. The 24 case-control studies included 13,352 cases and 33,957 controls,
totaling 88,294 PCa cases. Fifteen and seven studies were categorized as high-quality studies. The
pooled relative risk (RR) estimates for total, occupational, and recreational physical activity by study
design are summarized in Figure 4.

FIGURE 4 Subgroups (Number of studies) Pooled RR (95% Cl) P 12 (%)
The Pooled Relative TPA
Risk Estimates for Cohort studies (24) » 0.94 (0.91-0.98) 0.002  4.06
Total, Occupational, and
Recreational Physical Activity Case-Control studies (34) —— 0.86 (0.75-0.97) 0.02 69.82
by Study Design (2). Subtotal (58) - 0.90 (0.84-0.95) 0.001 61.65
Reprinted with permission OPA
from Elsevier. Cohort studies (9) - 0.91 (0.87-0.95) <0.001  0.00
Case-control studies (18) —a— 0.73 (0.62-0.87) <0.001 66.42
Subtotal (27) - 0.81(0.73-0.91) <0.001 68.19
RPA
Cohort studies (19) s 0.95 (0.90-1.00) 0.04 15.15
Case-control studies (15) —a— 0.98 (0.85-1.14) 0.81 62.27
Subtotal (34) .1 0.95 (0.89-1.00) 0.07 43.43
05 1 2

Abbreviations: RR = relative risk; Cl = confidence interval; TPA = total physical activity
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TABLE 4 Strength of Evidence for the Association between Physical Activity and PCa Risk

Physmal Strength of
NO 0' ngher quallty StUdles (0/0 m

Increased
Decreased No Association
Decreased

15 (52) 3(10) 11(38) Indecisive
OPA 9(69) 1(8) 3(23) 13 Strong
RPA 10 (48) 10 (48) 10 (48) 21 Indecisive

Abbreviations: TPA = total physical activity; OPA = occupational physical activity; RPA = recreational physical activity

Total physical activity (TPA) was associated with a decreased risk of PCa (pooled RR: 0.90; 95% CI:
0.84-0.95). The pooled RR for occupational physical activity (OPA) and recreational physical activ-
ity (RPA) were 0.81 (95% CI: 0.73-0.91) and 0.95 (95% CI: 0.89-1.00), respectively. For TPA, they
observed a significant PCa risk reduction for individuals between 20 and 45 years of age (RR: 0.93,
95% CI: 0.89-0.97) and between 45 and 65 years of age (RR: 0.91; 95% CI: 0.86-0.97) who performed
activities but not for individuals <20 years of age or >65 years of age.

The authors concluded that there appears to be an inverse association between physical activity and
PCarisk, albeit a small one. It is not clear why occupational physical activity has a larger impact than
recreational physical activity and the role for unmeasured confounding variables limits certainty
about the role of diet on PCa risk reduction. Another recent study found that there is no correlation
between the intensity of exercise or at what age it was done and the risk of PCa, advanced or PCa. (3)
Given that increasing physical activity has numerous other health benefits, men should be encou-
raged to increase their physical activity in both occupational and recreational time to improve their
overall health and potentially decrease their risk of PCa.

Several plausible hypothesized biological mechanisms exist for the potential association between
physical activity and cancer, including changes in endogenous sexual and metabolic hormone levels
and growth factors, decreased obesity and central adiposity, and possibly changes in immune func-
tion. Weight control may play a particularly important role because links between excess weight and
increased cancer risk have been established for several sites, and central adiposity has been parti-
cularly implicated in promoting metabolic conditions amenable to carcinogenesis. Based on exis-
ting evidence, some public health organizations have issued physical activity guidelines for cancer
prevention, generally recommending at least 30 minutes of moderate-to-vigorous intensity physical
activity five or more days a week. Although most research has focused on the efficacy of physical
activity in cancer prevention, evidence is increasing that demonstrates exercise also influences other
aspects of the cancer experience, including cancer detection, coping, rehabilitation and survival, and
survival after diagnosis.

Along with poor dietary intake and tobacco use, the lack of physical activity may be one of the main
risk factors for cancer that can be modified through lifestyle/behavior change. (1) (Figure 5) Clear
public health recommendations and health promotion campaigns have been established for diet and
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tobacco that would, if adopted, result in a clear decreased incidence of cancer worldwide. A similar
focus should now be directed to the role of physical activity as a means for reducing risk for some of
the major cancer sites, such as prostate.

FIGURE 5

Prospective Cohort Studies
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3.10 Clinically Meaningful Versus
Indolent PCa

The success of PSA and promise of other markers for early detection of PCa has exacerbated concerns
about the detection and treatment of indolent cancer that would not ordinarily have clinical conse-
quences. The prevalence of latent, small foci of PCa is very high in autopsy studies, and the results of
the PCPT — the first study to biopsy men regardless of PSA level — indicate that biopsy-detectable
tumours are not uncommon even in men who have had serial negative PSA tests. This situation in
itself strengthens the argument for the development of safe primary preventive strategies. However,
on a more practical level, our difficulty in distinguishing threatening from non-threatening PCa
creates a challenge in prevention research as well. Our current model for carcinogenesis assumes that
tumours accumulate critical mutations and epigenetic traits as they progress, and that these charac-
teristics render the tumour less vulnerable to both endogenous and exogenous defenses. Therefore, it

80 INTERNATIONAL CONSULTATION ON PROSTATE CANCER



is reasonable to assume that the effectiveness of preventive agents will generally decrease as tumours
progress, and that some agents might be effective in suppressing only the most indolent types. Until
we have the ability to accurately distinguish PCas by their level of threat, it will be difficult to inter-
pret the clinical significance of many preventive trials that rely on PCa incidence, and to know how
many tumours that would have caused substantial morbidity or death have been prevented. On the
other hand, particularly in the context of screened populations, it is clear that suppressing the growth
of indolent tumours with non-toxic agents will have a beneficial effect on treatment-related morbid-
ity. Alternatively, preventing the detection of clinically indolent, insignificant, cancers is an impor-
tant part of PCa prevention strategies.

3.11 Effects of PSA Testing on
Prevention Trials

When prevention trials are conducted in populations that have a high penetration of PSA testing,
there is no way to avoid an effect of PSA on trial design, even if PSA testing is not part of the proto-
col. Exposure to PSA testing (and the threshold used to define abnormality and perform a prostate
biopsy) is such a strong determinant of the likelihood of diagnosis, that it is naturally a very impor-
tant potential confounder in any prevention study. More importantly, PSA testing, in trial design
and in clinical practice markedly increases cancer detection, many of which are clinically significant.
The overall impact on cancer prevention in the two 5ARI trials was greatest in the cancers detected
by study directed biopsies or among men with low PSA values. Many of these would not progress in
a man’s life to be clinically noticeable. Therefore, the effect in non-study settings is likely less than
observed in randomized trials where both PSA testing and study directed biopsies are mandated.

If PSA testing is not offered in a randomized trial protocol, there is a chance that active treatment
could be associated with a different exposure to PSA testing, especially in studies in which partici-
pants can become unblinded or in those without blinding or placebo control such as dietary inter-
vention studies. This bias would be very difficult to remove from intention-to-treat analyses. On the
other hand, if PSA testing is offered in the protocol, the heavy exposure to repeated PSA testing in
the trial arms will tend to exacerbate the influence of relatively indolent cancers on the trial results.
On the whole, this seems preferable to introducing confounding by PSA testing.

A special situation arises when the preventive agent is capable of altering PSA, independent of its
possible effect in suppressing tumours. We know that PSA is not cancer-specific, and that elevations
are commonly associated with BPH. Finasteride is an obvious example of an agent that alters PSA
independent of any cancer preventive effect. This raised complex design challenges in the PCPT and
the REDUCE trial of dutasteride. The main options for dealing with this problem are blind adjust-
ment of PSA values and mandatory biopsy of all participants. Both approaches are difficult, the
former because improper adjustment of PSA can bias study results, and the latter because mandatory
biopsy increases the potential influence of indolent cancers.
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Unfortunately, the problem is not limited to drugs with obvious effects on PSA, such as SARI . PSA is
awell-known androgen response gene. Several dietary compounds, such as Vitamin E (and especially
the PMCol moiety of oi-tocopherol) and lycopene have been shown to suppress androgen signaling in
vitro, which could in theory affect PSA levels in men on trial and thus alter their probability of diag-
nosis. (33) Even dietary trials that involve potential weight loss face this problem, because weight loss
is expected to alter hormone profiles and potentially could have effects on PSA values. Studies have
reported an inverse association between obesity and PSA levels among men who are not believed to
have PCa. (165) It appears essential to conduct careful preliminary studies to detect an effect of a
preventive intervention on PSA in cancer-free men.

3.12 Pros and Cons of Various Phase Il
Designs

The difficulty in moving forward from Phase I, IT or even smaller Phase III studies is evident in the
findings from the three large PCa chemoprevention trials and pooled analysis of randomized trials
of agents evaluated for other conditions that indicate at best a small benefit in the absolute risk reduc-
tion of PCa incidence that may be offset by harms. Even when results from smaller and alternative
design studies are encouraging the failure of Phase III randomized trials to demonstrate a benefit
or to be met with little clinical implementation are disappointing and suggest large randomized
prevention trials may not be indicated or feasible at this time. Future PCa prevention trials should
assess the impact on other health outcomes (e.g. coronary heart disease or other cancer risk that may
positively alter the balance of benefits and harms). This will be a hard threshold to meet given the
need to intervene on a large number of asymptomatic individuals for a long period of time. Instead,
Phase II studies and smaller Phase III studies are more likely to provide insight into mechanisms of
disease and lead to improved therapeutic regimens rather than being practical for true prevention.
The previous guidance document offered potential design and intermediate endpoint biomarkers.

3.13 Choosing the Right Intervention:
Whole Food Versus Isolated
Compounds

Where dietary elements are involved, there is an obvious choice between testing specific compounds
believed to carry important biological activity and testing whole foods or dietary patterns. Evidence
is accumulating to support the contention that the effects of dietary factors or foods on cancer risk
involve interactions among perhaps many specific elements in the food. A compelling example is
provided by the unanticipated results of two Phase I1I trials of supplemental beta-carotene, in which
supplements appeared to cause an increase in lung cancer risk among the participants, who were
male smokers. (166) Numerous diet-history and serum-based observational studies had indicated
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that men with higher intake or higher blood levels of beta-carotene, due to consumption of certain
fruits and vegetables, had reduced lung cancer risk. The aforementioned study in an animal model
comparing the effects of tomato powder versus pure lycopene on inhibition of prostate tumour growth
provides a similar note of caution. It is now recognized as a challenge for prevention researchers to
use the power of focusing on single compounds for understanding mechanisms while also being
aware of the potential importance of interactions when considering translational studies. Whole
food or dietary intervention studies involve some tradeoff, as they often must give up the benefits
of participant blinding and placebo control. Intermediate approaches, such as the use of capsules
containing complex mixtures or extracts of foods, can offer an attractive alternative that retains
blinding and placebo control. Research involving single compounds and whole foods are both neces-
sary and should be viewed as complementary rather than competing strategies.

3.14 Preventing PCa Detection
by Reducing the Use of the PSA Test
and Altering the Threshold
for Abnormality

The most effective method to reduce PCa incidence is to reduce PSA testing or alter the threshold
used to define abnormal and initiate a prostate biopsy. For example, the introduction of PSA scree-
ning has resulted in more than 1 million additional men being diagnosed and treated for PCa in the
United States. That growth was particularly dramatic for younger men. Most of this excess incidence
represents overdiagnosis, i.e., the detection of tumours that would never cause a problem in a man’s
lifetime. But because almost all men undergo treatment, and treatment has harms, these men suffer
those harms without any benefit (Figures 6 and 7). Raising PSA thresholds to denote abnormality
and trigger a biopsy from the widely used level of 4 to a level of 8 would reduce by more than half the
number of men being labeled as abnormal and possibly undergoing a biopsy. Based on findings from
recent randomized screening and treatment trials such a strategy would markedly lower PCa detec-
tion (incidence), reduce overdiagnosis and treatment related harms, and have little to no negative
impact on PCa mortality over at least a 10-15 year time frame.
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The only PCa prevention strategies to date that have demonstrated a reduction in PCa incidence
involve 5ARIs. As noted above, these agents have not received U.S. FDA approval for PCa preven-
tion as concern has been raised about the potential harm related to increased number of high-risk
cancers detected in men receiving 5ARIs as well as other adverse effects. Thus, the applicability of
any current prevention strategy for general clinical use is doubtful. The magnitude of impact of
altering PSA thresholds and its potential widespread benefit also should be compared to the relative
reduction in the risk of being diagnosed with PCa in the 5ARI chemoprevention trials, which was
approximately 25%. In contrast, regular screening with PSA testing at thresholds and frequencies
currently employed (annual PSA testing with threshold of normality of 4 ng/mL) approximately
doubles an individual’s risk of being detected with PCa. Therefore, the relative reduction of approxi-
mately 25% in 5ARI studies must be interpreted in this context, yielding a net increase in PCa diag-
noses of approximately 48% for the combined strategy of screening plus chemoprevention. The stud-
ies provide no information as to whether the magnitude of risk reduction for the diagnosis of PCa
achieved by 5ARI would be the same, or considerably less in men who are not being actively screened
for PCa. This is particularly important because the common perception that PSA-based early detec-
tion of PCa prolongs lives though at least 10 years is not supported by results of recent randomized
PCa screening trials. The findings of the two largest trials highlight the uncertainty that remains
about the precise effect that screening may have, but demonstrate that if any benefit does exist, it
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is very small after 10 years. The European trial found a statistically insignificant 0.06% absolute
reduction in PCa deaths for men age 50 to 74 years, while the United States trial found a statistically
insignificant 0.03% absolute increase in PCa deaths. (6,7) A meta-analysis of all published screening
trials found no statistically significant reduction in PCa deaths. (10)

Because most men with PCa diagnosed through PSA testing at thresholds of 4 ng/mL have indolent
disease, the risk for over diagnosis and overtreatment is large. And, because the vast majority of men
with PSA detected cancers undergo treatment they are subjected to treatment harms. Preliminary
findings from the Prostate Cancer Intervention Versus Observation Trial (PIVOT) found that PCa
mortality 12 years after randomization was infrequent (approximately 7%) and did not differ between
radical prostatectomy and observation among men diagnosed in the early PSA era. All-cause mortal-
ity, the primary endpoint in PIVOT, also did not differ between men randomized to surgery versus
men randomized to observation. A mortality reduction may occur in men with baseline PSA levels of
> 10 ng/mL but no reduction was seen in men with PSA < 10 ng/mL, men with T1c disease, or those
having low tumour risk category characteristics. These findings strongly argue for reducing PSA
testing and increasing thresholds that define abnormality in those who continue to undergo testing.

3.15 Summary

3.15.1 5-alpha-reductase inhibitors (5ARIs)

5ARIs reduce the risk of being diagnosed with PCa among men who are screened regularly for PCa.
Information is inadequate to assess the effect of 5ARI on PCa or all-cause mortality. 5ARI increase
sexual and erectile dysfunction but improve bothersome lower urinary tract symptoms and reduce
the risk of acute urinary retention and the need for surgical intervention. Cost-effectiveness analyses
of both the PCPT and REDUCE studies indicate that these agents are unlikely to be cost effective.
New U.S. FDA warnings about the potential for an increase in the risk of high-grade PCa and the
failure of these drugs to be approved for PCa chemoprevention limits their current clinical utility.
Because of the uncertainty related to the risk of 5ARIs causing high grade PCas we recommend
physicians discuss the benefits and harms of 5ARI treatment for PCa in men who express an interest
in PCa prevention strategies.

3.15.2 Antioxidants

Selenium alone or in combination with Vitamin E, at the doses and preparations evaluated, are not
effective at reducing PCa incidence. Vitamin E increases PCa risk. We recommend against the use
of either Vitamin E or selenium, alone or in combination for PCa prevention. Beta-carotene and
vitamin C do not reduce PCa incidence. We recommend against their use as supplements for PCa
prevention. Tomato products containing lycopenes (another source of beta-carotene) have shown
promise, but have not yet been tested in Phase III trials. Because of negative findings from RCTs of
beta-carotene and the inability of large randomized trials of selenium and Vitamin E to confirm
previous suggestive findings from smaller studies or studies using intermediate outcomes or epide-
miological reports, we recommend against the use of lycopene supplements for PCa prevention.
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3.15.3 Diet

Certain aspects of the traditional Asian diet, including soy foods, green tea, and fish deserve future
research. The epidemiological evidence for an inverse association of this diet pattern, especially high
soy intake on PCa incidence compared to the typical Western diet, is extensive. There is insufficient
evidence to evaluate the effectiveness and harms of an “Asian diet” or specific soy intake for PCa
prevention.

3.15.4 Weight control, energy balance

Weight control, exercise, and possibly cholesterol-lowering (through a combination of diet and phys-
ical activity modification) can be encouraged prudently and should be studied further as a means for
PCa prevention. Statins are not effective in reducing PCa incidence but are indicated for cardiovas-
cular risk reduction in many older men. Maintaining ideal body weight has positive health outcomes
for other conditions and is recommended. Exercise is an important component for attaining ideal
body weight and has widespread positive health effects, potentially including PCa risk reduction.
However, there is insufficient evidence to recommend exercise and achieving ideal body weight
specifically for PCa prevention.

3.15.5 Aspirin and Non-steroidal Anti-inflammatory Agents

Pooled data from randomized aspirin trials examining other primary outcomes suggest that aspirin
may have a modest risk reduction in PCa incidence and a small absolute reduction (1%) in PCa
mortality. Low-dose aspirin is indicated for vascular risk reduction in many older men. It is unlikely
that PCa risk reductions would have a clinically meaningful impact on usage. Epidemiologic data
from studies of NSAIDs are suggestive that these agents may reduce PCa risk. However, gastrointes-
tinal and renal adverse effects of these agents would likely limit their widespread utilization as cancer
prevention agents. We recommend against the use of NSAIDs or aspirin for PCa prevention.

3.15.6 Preventing detection of clinically insignificant PCas

PSA testing using widely studied and clinically implemented intervals and thresholds detects a large
reservoir of tumours that would not cause problems in many men’s lives, even if not treated (pseu-
dodisease). These clinically insignificant tumours may exhibit histopathological criteria that appear
clinically important and therefore most physicians recommend, and most men undergo, treatment.
The benefits of PCa prevention are, in large part, due to preventing harms related to PCa treatment.
Because almost all men who are diagnosed with PCa undergo treatment, preventing detection of clini-
cally insignificant disease is important. The single most effective intervention to reduce the risk of
a man being diagnosed with clinically insignificant PCa is to not undergo screening with the PSA
blood test. Such action can reduce risk by half. Alternatively, if men are screened with PSA testing,
then raising thresholds signaling abnormality or initiating a prostate biopsy or widening the testing
frequency interval would lower the incidence of clinically insignificant cancers and have minimum, if
any, impact on PCa mortality. Such a strategy would reduce harms associated with overdiagnosis and
overtreatment. We recommend reducing PSA testing for prevention of detection of clinically insig-
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nificant PCa and the associated harms related to overdiagnosis and overtreatment. Among men who
undergo PSA testing, we recommend reducing the frequency of testing, and the age at which to end
testing, as well as increasing the threshold to define abnormal, as methods to reduce PCa incidence.

3.15.7 Methodological recommendations

Risk stratification

Better risk stratification methods are needed to identify target populations for preventive interven-
tions. Improvements may come through development of genetic testing, refinement, and validation
of risk factors in epidemiological research and appropriate risk modeling, and through development
of new techniques for early detection. More accurate characterization of individual risk — especially
risk for more aggressive forms of PCa — will allow better decisions about balancing risk and benefit
in preventive interventions.

Selecting agents for Phase |l

International consensus on the optimal process for screening and selecting preventive interventions
for Phase III trials would be useful. This would include establishing common methods regarding
advantages and disadvantages of various pre-clinical (animal) models, and Phase I and Phase II
studies. The problem with conducting Phase III studies is the need for very large long-term high-cost
trials that include overall and PCa mortality. However, because three large-long term trials have been
conducted that have not provided clinically important net benefits or led to U.S. FDA approval or
widespread implementation, it is uncertain if trials powered to assess PCa incidence will be deve-
loped in the near future.

Intermediate biomarkers in Phase |l

Given the number of agents and strategies that require testing, it is imperative to strengthen the array
of tools available as intermediate biomarkers in Phase II trials. Incorporation of biomarker valida-
tion substudies into Phase III trials is an important way to accomplish this. Emerging technologies
offer new opportunities to measure potentially relevant effects of preventive agents on tissue. These
biomarkers are best used for assessing mechanisms of action and the role for potential future agents
to be tested. We caution against extrapolating findings that indicate improvements in intermediate
biomarkers to direct clinical benefits and implementation.

Integrating primary prevention and screening

Effective primary prevention approaches will affect secondary prevention (screening) efforts, and
vice versa. The two approaches to reducing suffering and mortality due to PCa do not necessarily
have to conflict. The Committee believes it is not too early to begin discussion of ways in which the
two approaches can be integrated to maximize the benefit in populations of men at risk. As noted,
all three randomized prevention trials have used PCa incidence as their primary outcome. The vast
majority of detected cancers in these trials were PSA-detected disease, many of which would have
a very favourable natural history. A primary argument for PCa prevention has been that it would
reduce the need for PCa treatment and their associated harms. However, the single most effective
method to reduce PCa incidence and thus the harms associated with overdiagnosis and overtreat-
ment is to reduce PSA testing, lower the age to discontinue testing and extend intervals, and raise
thresholds defining abnormality in individuals who undergo testing.
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4.1 Introduction

By definition, biomarkers serve as in vivo, measurable signals of biologic activity. Within the context
of cancer, biomarkers can be utilized for cancer detection in normal or symptomatic patients,
risk stratification in patients with known cancer, staging of disease, or monitoring of therapeu-
tic response. Historically, proteins measured in blood, urine, or tissue have served as the classic
biomarker. In contemporary medicine, there is a trend toward broader definitions of biomarkers
to include genetic signals measured individually or in large panels, metabolic activity, and, in some
cases, even imaging. This progressive trend serves to better individualize tumours, recognizing that
tremendous tumour heterogeneity exists, particularly in the application of risk stratification. In this
regard, biomarkers which are specific to the cancer, and not just the tissue from which the cancer is
derived, not only offer the opportunity to reliably detect the presence of cancer, but to determine the
threat that individual cancer poses to the individual patient.

In the case of prostate cancer, biomarkers have been utilized for detection and staging for many
years. Serum acid phosphatase, while very non-specific, may have been among the first widely
utilized biomarkers that strongly dictated therapeutic decisions. In this manner, urologists have
always remained at the forefront of biomarker application in clinical practice.

Current clinical practice has been heavily driven by the utilization of serum prostate specific antigen
(PSA). As discussed herein, although the test has several limitations, it remains a standard of care
in the detection, staging, and monitoring of prostate cancer. Efforts to improve performance of PSA
testing have had mixed results, but have made the test more interpretable in clinical practice. More
recent efforts to improve the detection and risk stratification of prostate cancer have focused upon
the identification of more cancer-specific markers, which may more specifically identify cancers and
which also may tell us something about the cancer’s behaviour.

4.2 Serum Markers

421 Prostate-Specific Antigen (PSA)

Prostate cancer (PCa) is the most common malignancy diagnosed in men in Europe and the USA
and the second most frequent cause of cancer-related death in men. An estimated 200,000 men are
diagnosed with PCa in the USA every year, with approximately 30,000 deaths annually (1,2). Current
screening relies on a digital rectal examination in combination with a serum prostate-specific anti-
gen test.

The overall survival rate for all stages combined has increased from 67% to 89% during the last two
decades (3). Although controversial, this has been attributed to widespread PSA screening combined
with high quality treatment. Prostate specific antigen-based screening has led to earlier detection,
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which in turn enables earlier treatment and better treatment-related outcome for prostate cancer
patients. There is now evidence from randomized trials confirming that PSA screening reduces
metastatic disease and prostate cancer mortality (4).

Half a century ago, the identification of acid phosphatase gave rise to the age of tumour screening
markers for prostate cancer. Consequently, determination of prostatic acid phosphatase (PAP)
became the gold standard for detecting prostate cancer. However, a large number of false negative
results limited the usefulness of this marker. Even after the development of radioimmunoassay, this
problem could not be solved. Subsequently, PAP was replaced by another prostatic enzyme marker,
PSA, which is more specific to prostatic tissue. Prostate specific antigen, which is encoded by an
androgen-responsive gene located on chromosome 19q13.3-13.4 (4), is a serine protease which was
originally referred to as human kallikrein 3 (hK3). It is secreted from prostate epithelial cells. During
the past 15 years, PSA has become an indispensable marker for the diagnosis and follow up of pros-
tate cancer patients. Prostate specific antigen remains the most clinically utilized tumour marker in
human oncology in that it carries utility in detection, staging, risk stratification, and monitoring of
therapeutic response.

For the detection of prostate cancer, the measurement of serum prostate specific antigen and digital
rectal examination are standard procedures in clinical practice (Figure 1). When abnormal results
are found in either test, a prostate biopsy is generally recommended to establish a histological diag-
nosis (5). A critical determinant of the sensitivity and specificity of PSA as a measure of prostate
cancer risk is the cut-off utilized in men undergoing evaluation. Lowered cut-offs increases sensitiv-
ity, but reduces specificity, and may increase the risk of detecting clinically insignificant disease.
A number of schemes have been proposed for the selection of cut-offs (see below), but in general the
majority of historical series evaluating serum PSA have utilized a cut-off of 4.0 ng/ml for selection of
biopsy, with several recent studies proposing a lower cut-off of 2.5 to 3.0 ng/ml.
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FIGURE 1
American Urological
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As in any diagnostic test, the positive predicitve value (PPV) and specificity of PSA for prostate
cancer detection are heavily influenced by the threshold chosen for biopsy. Using the historical cut-
off of 4.0 ng/ml, cancer detection rates of 35%-42.3% have been reported on 10- to 12-core biopsy.
At PSA levels over 10 ng/dl, the PPV improves to over 60% (6-8). Within the last decade, the conven-
tional cut-off of 4.0 ng/ml has been challenged. An incidence of prostate cancer from 24% to 26.3%
(mean 20.5%) was found when serum PSA levels were between 2.5 and 4.0 ng/ml (6-9). Furthermore,
the European Randomized Study of Screening for Prostate Cancer (ERPSC) showed a significant
mortality advantage with PSA screening using a cut-off of 3 ng/ml for biopsy at most centres. (4, 6-8)

Sensitivity is difficult to determine in a population of men with elevated PSA due to the difficulty
of assessing the true histologic prevalence of prostate cancer in that cohort. The Prostate Cancer
Prevention Trial (PCPT) employed empiric or for cause prostate biopsy in 9,060 men, and found
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biopsy-detectable prostate cancer in 12.3% of men with PSA < 2.0 ng/ml (10,11). The sensitivity of
cut-off 2.5 and 4.0 ng/dl in the placebo arm was 24.0% and 42.8%, respectively, with a specificity
of 92% and 80% (12). Among cancers identified in men with PSA less than 2.0 ng/mL in the PCPT,
1.4.% had a Gleason score > 7, as compared to 6.7% of those with PSA in the range of 3.1-4.0 ng/dl
(10-11). Clinically significant disease has been noted in 83% undergoing radical prostatectomy for
PSA 2.5-4.0 ng/dl in historical series (9).

Prostate cancer risk is also influenced by factors such as age and race. This led to the introduction
of age-specific reference ranges for PSA screening, first by Oesterling et al. (13) and subsequently
by Morgan et al., who also incorporated race (14). Similar race-specific age ranges have been docu-
mented in the Asian population.(15,16) Recently, genome analysis suggests a racial variation in pros-
tate cancer phenotype, which may influence disease course.(17)

While serum PSA testing is widely employed in medical practice, its use remains controversial in
view of several fundamental limitations. Most criticism of serum PSA testing is derived from the
concern that many detected cancers may not ultimately be lethal due to the prolonged lead time of
the disease, the risk of death from competing co-morbidity, and the high prevalence of histologic
cancer in autopsy series. Because prostate cancer is often slow growing, the widespread use of PSA
testing may result in the detection of clinically insignificant tumours with resultant overtreatment.
However, data from surgical series among patients with prostate cancer detected by PSA testing
confirm that the cancer is organ-confined in only 60% of all PSA detected cancers, suggesting that
many cancers detected in the clinical setting are indeed significant.

Prostate specific antigen has reduced specificity when used alone for optimal detection of prostate
cancer, due to variable differences in the volume and composition of benign prostate hypertrophy
(BPH) and other confounding conditions. However, PSA has improved performance characteristics
for the detection of prostate cancer when combined with digital rectal examination (DRE), and this
two-test combination has led to an improvement in the detection of early stage cancer. At present,
the majority of prostate cancers are nonpalpable and are diagnosed through PSA screening, with an
increased percentage of organ-confined tumours at surgery.

Another emerging concern is the risk of missing clinically relevant prostate cancers in patients with
lower PSA serum levels (less than 4.0 ng/ml). An increased incidence of prostate cancer from 24%
to 26.3% (mean 20.5%) was found when serum PSA levels were between 2.5 and 4.0 ng/ml (6-9).
Catalona et al. found that 19% of detected prostate cancers with low PSA were no longer organ-
confined. Among 42 specimens from patients who had radical prostatectomy with a serum PSA of
2.6 to 4.0 ng/ml, only 17% were clinically insignificant by conventional criteria (6). It is now recog-
nized that clinically significant and insignificant cancers exist even at extremely low levels of serum
PSA (6,7) showing that PSA levels reflect the spectrum of prostate cancer risk.

At the cut-off of 4.0 ng/ml, the general specificity of serum PSA is poor (18). Among patients in a
PSA range between 4.0 and 10 ng/ml, the positive predictive value is 18% to 25% (mean 21%). (19-21)
Thus, the ability of the total PSA level to distinguish prostate cancer from benign conditions, such as
benign prostatic hyperplasia and prostatitis, is not robust. This may cause unnecessary anxiety and
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morbidity of patients undergoing prostate biopsies. It should be recognized that poor specificity in
prostate cancer detection is also potentially a function of undersampling due to the random nature
of prostate biopsy. Increasing core number in prostate biopsy appears to reduce the false negative
rate at any PSA cut-off. As such, the true specificity of PSA is not known in the absence of correlative
autopsy series.

In summary, the major historical limitations of PSA in prostate cancer detection are the risk of
underdetection of significant cancers, overdetection of insignificant cancers, and the resultant excess
of negative biopsies incurred by relatively poor specificity. Taking these findings into account, there
is a need for new tools to improve the specificity of screening, improved strategies for establishing
optimal PSA cut-offs, and additional markers assessing disease risk. Currently it is not possible to
noninvasively differentiate between clinically significant and insignificant prostate cancer reliably,
even after prostate biopsy. Multiple attempts to refine PSA for these purposes and to establish new
markers have been underway and are outlined in this chapter.

PSA Isoforms

Free PSA (fPSA), percentage free/total PSA (%fPSA)

The majority of serum PSA circulates in complex with other proteins, including alpha-1 antichy-
motrypsin. The addition of free circulating PSA (fPSA) to complexed PSA is referred to as the total
PSA (tPSA). Various studies have shown that ratio of the free to total PSA (f/t PSA) is lower in men
with prostate cancer. The role of f/t PSA as a screening tool was reported by Catalona et al. (22). This
multicentre study evaluated men with benign prostate hypertrophy and tPSA levels between 4 and
10 ng/ml. A f/t PSA of less than 25% showed a sensitivity of 95%, with a specificity improvement of
20% over tPSA alone. Djavan et al. presented a comprehensive review of the results of the different
f/t PSA cut-off values. F/t PSA was found to be the most important predictor of prostate cancer in
first and repeat biopsies if the volume of the entire prostate gland was less than 30cc (23,24). It was
also found that an f/t PSA ratio cut-off of 10-20% detected 33% to 56% of prostate cancers among
men with a total PSA of 2.5 to 4.0 ng/ml (25). In an identical group of men with tPSA of 2.1 to 4.0
ng/ml, Catalona and coworkers found that 100% of non organ-confined or large volume tumours,
and 80% of tumours deemed clinically significant, were identified with the use of a f/t PSA ratio of
10-15% (26).

Free PSA represents the most labile component of total PSA and as such, storage methods, delay to
assay, and factors such as inflammation or infection may greatly influence the PSA level. This neces-
sitates very strict sample handling, including separation of serum/plasma from the blood cells within
a few hours of sample collection; otherwise, the sample has to be kept frozen (ideally —70°C for long-
term storage) to provide optimal analysis (27). Another problem is that results of fPSA measured
by different laboratories with kits from different manufacturers using the same specimen are not
exactly reproducible. Finally, the optimal threshold for f/t PSA remains to be determined. For these
reasons, f/t PSA has not been widely adopted as a primary screening tool and instead is primarily
used as a reflex test among men being considered for repeat biopsy for persistently elevated PSA levels
after an initial negative biopsy.

Prostate Cancer Prevention 107



Intact PSA (iPSA) has been introduced as a molecular subfraction of free PSA that is not internally
cleaved and has been suggested to be associated with prostate cancer (Figure 2). Nurmikko et al.
developed a novel free PSA antibody, which failed to recognize free PSA that was internally cleaved at
Lys145-Lys146. Thus, this antibody only measured intact single chain forms of free PSA (iPSA), such
as mature inactive PSA and pro-PSA (proPSA) (28,29). This clinical trial on 178 men with benign
prostate disease and 255 men with prostate cancer showed a significantly higher ratio of intact-to-free
PSA in prostate cancer patients as compared to patients with benign prostatic disease. Conversely, a
higher nicked-to-total PSA ratio in men without prostate cancer was seen (30). Multivariate logistic
regression analysis revealed that tPSA, fPSA and iPSA each had independent predictive ability but
the diagnostic accuracy of iPSA was not significantly better than the others. However, the nicked-
to-total PSA ratio proved to be useful to differentiate benign prostate disease from prostate cancer.
The authors suggested using a combination of iPSA, fPSA and tPSA to more accurately detect pros-
tate cancer. This test is hampered by its low specificity and the measurements are biased to some
extent, since uncleaved PSA produced by benign lesions is also included in the calculation (31). The
measurement of iPSA may help in prostate cancer detection, although further prospective studies are
warranted to define cut-off values for percent intact-to-free PSA and percent nicked-to-total PSA to
avoid unnecessary biopsies.

FIGURE 2 Cell
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Benign PSA (bPSA) is a fraction of inactive fPSA with a characteristic clip at Lys182 (Figure 3).
Mikolajczyk and co-workers first found an elevated tissue level of bPSA within the transition zone
and also in the seminal plasma of patients with nodular BPH (32). Recently, an immunoassay for
bPSA has been developed. A study by Linton et al. showed that bPSA represents a significant percen-
tage (about 50%) of fPSA in BPH serum but not in control serum (31). Benign PSA was low or unde-
tectable in the control group consisting of urologic patients not suspected to have BPH or prostate
cancer, young and healthy men and women, and patients after radical prostatectomy. The median
bPSA/tPSA values were significantly higher in the BPH group as compared to the cancer group.
However, BPH may coexist in men with prostate cancer and this may explain the fact that the abso-
lute level of serum bPSA was not significantly lower in the prostate cancer group in this study.
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Complexed PSA (cPSA)

Once PSA gains access to the systemic circulation, the majority becomes complexed to protease
inhibitors, including al-antichymotrypsin and o2-macroglobulin. It has been recognized that the
majority of PSA found in men with prostate cancer is complexed to al-antichymotrypsin (ACT).
However, the accurate measurement of PSA-ACT is problematic due to non-specific binding, which
has hampered research about the role of this complexed PSA (cPSA) (33,34). Eventually, a novel
immunoassay (Bayer Diagnostics, New York) was developed allowing accurate measurement of all
complexed forms (PSA-ACT and the minor forms) except for PSA complexed to a2-macroglobulin.
Most studies demonstrated the superiority of cPSA over tPSA in men with tPSA more than 4 ng/
ml, but results were similar when compared to f/t PSA ratio (18, 35-39). Djavan et al. found that
cPSA cut-off values of 3.06 ng/ml and 2.52 ng/ml resulted in 90% and 95% sensitivity for detect-
ing prostate cancer, and helped avoid unnecessary biopsies in 20.3% and 9.1% of cases, respectively
(39). Complexed PSA volume-related parameters (cPSA density and transitional zone cPSA density)
increased the ability of cPSA in a similar fashion like tPSA (39,40). In contrast, Okihara (41) and
Stamey (42) were not able to show significant improvement in the specificity for cPSA relative to
tPSA. A prospective study of 831 patients by Partin et al. revealed a significant enhancement in
specificity of cPSA over tPSA of 6.2% to 7.9% within the tPSA range from 2.0 to 10.0 ng/ml (43). With
a cPSA cut-off value of 2.1 ng/ml, Horninger et al. reported a sensitivity and specificity of 86% and
34.2%, respectively, for cancer detection in men with tPSA of 2.0 to 4.0 ng/ml (44). Complexed PSA
appears to be a useful tool in the early detection of prostate cancer due to the marked improvement
of specificity in patients with low tPSA levels in the range from 2.0 to 4.0 ng/ml. Complexed PSA is
attractive as a single test, which provides information similar to that of f/t PSA ratio but offers the
advantages of minimized test variability and stability. It is a potentially underutilized marker for
prostate cancer screening and detection.

Pro-PSA (proPSA)

Pro-PSA (proPSA) is a precursor form of PSA enriched in tumour, as compared to benign, pros-
tate tissues (45-48) (Figure 3). It comprises a native proPSA ([-7]proPSA) as well as truncated
pro-leader peptides containing two or four amino acids, [-2]proPSA and [-4]proPSA, respectively.
With the development of highly specific immunoassays for proPSA, multiple recent studies have
been conducted to establish the clinical usefulness of proPSA in cancer detection compared to the
currently used PSA assays (49,50). Catalona and colleagues showed that the ratio of proPSA to fPSA
(%proPSA) had greater specificity for prostate cancer compared to fPSA and cPSA, at PSA levels from
2.0 to 10.0 ng/ml (51). Immunoassays for all three types of proPSA were studied and the [-2] proPSA
assay outperformed the other two assays for cancer detection. Another interesting finding of this
study was that proPSA had the highest relative specificity compared to other PSA forms at PSA 3.0 to
6.0 ng/ml. The authors of this study presented their findings in %proPSA, since normalizing proPSA
in percentage of fPSA appeared to be more stable compared to single assay. ProPSA is an exciting tool
that enhances the detection of prostate cancer in the tPSA range of 2.0 to 10.0 ng/ml.
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A study specifically concentrating on the precursor isoform of PSA containing two amino acids in the
propeptide leader confirmed the presence of [-2]proPSA in the serum of men with prostate cancer, in
which [-2]proPSA formed 25%-95% of the fPSA fraction, in contrast with 6%-19% in biopsy-negative
men (52). Initial reports investigating the clinical value of [-2]proPSA in screening for prostate cancer
showed that [-2]proPSA serum concentrations were generally higher in men with prostate cancer
compared to men without cancer (53). Recently, reports by Sokoll ef al. (54) and Stephan et al. (55)
showed that [-2]proPSA can significantly improve prostate cancer detection. Jansen et al. reported
that the PSA isoform, p2PSA (53) and, moreover, %p2PSA could have additional value beyond tPSA
and %fPSA in prostate cancer detection within the tPSA range of 2.0-10.0 ng/ml by significantly
increasing the predictive value and specificity for prostate cancer. By increasing the specificity of
P2PSA relative to tPSA and fPSA, the use of p2PSA could potentially reduce the number of men
undergoing unnecessary biopsy. The relationship of p2PSA with aggressive prostate cancer (Gleason
score 27) also requires further study (53).

PSA Velocity (PSAV)

Longitudinal kinetics of PSA over time can be expressed as PSA velocity (PSAV). It has been reported
that an annual increase of 0.75 ng/ml/year in serum PSA can distinguish prostate cancer from benign
conditions (56,57). More recent studies have demonstrated that even a PSAV of greater than 0.35 to
0.4 ng/ml/yearisassociated with a greater risk of prostate cancer, since men with BPH and those without
known prostate disease have a PSAV of 0-0.15 ng/ml/year. Accordingly, the National Comprehensive
Cancer Network recommends considering prostate biopsy for men with PSA <2.5 ng/ml with a PSAV
>0.35 ng/ml/year. (58)

However, the use of PSAV continues to be controversial. (59) Some limitations of PSA kinetics
include the significant individual (biologic) variability and interassay (analytic) variability, as well as
confounding from conditions such as prostatitis (60,61). Furthermore, the accurate measurement of
PSAV requires longitudinal evaluations, which are not always available. Some studies have failed to
confirm incremental predictive value for PSAV beyond PSA alone. (62)

Notably, numerous studies have shown a relationship between PSAV and clinically significant and
fatal prostate cancer. (63) In two hallmark studies, D’Amico et al. showed that men with a PSAV
>2 ng/ml/year had a significantly greater risk of disease-specific mortality after radical prostatec-
tomy and radiation therapy. (64,65) Others have shown that PSAV, many years prior to a prostate
cancer diagnosis, predicts fatal disease in the future. (66) It is possible that PSAV is more specific for
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the presence of life-threatening disease than for overall prostate cancer detection. (67) Well-designed
prospective studies are necessary to better evaluate the role of PSA velocity in the early identification
of significant prostate cancer.

PSA Density (PSAD)

Since much of serum PSA is produced in benign prostatic hyperplasia, correction of the PSA for
gland volume can, in theory, improve the specificity of serum PSA for cancer detection. Prostate
specific antigen density (PSAD), the quotient of serum PSA level divided by prostate volume, and
PSA density of transition zone (PSAD-TZ) have been reported to offer significant enhancement
in cancer detection since 1992. The concept of PSAD-TZ is derived from the observation that the
majority of gland enlargement seen in benign prostatic hypertrophy is located in the transition zone
(68-70). The specificity of PSAD was reported to be 20% to 37% at sensitivity rates greater than 90%
using a cut-off of 0.10 ng/ml/cc. Evaluating the PSA density avoided 20% to 37% of negative biopsies
with a maximum undetected cancer rate of 10% (71-73). Djavan et al. demonstrated improvement in
the effectiveness of PSAD-TZ compared to PSAD in men with total PSA between 4.0 and 10.0 ng/ml
(23). The use of PSAD-TZ cut-off of 0.25 ng/ml/cc resulted in a specificity of 47% with sensitivity of
95%. Multivariate analysis showed that PSAD-TZ and percent-free PSA were the most powerful and
highly significant predictors of prostate cancer. Taneja et al. demonstrated further improvements in
PSAD-TZ when applying volume specific cut-offs and when utilizing complexed PSA rather than
total PSA. (74)

The wide implementation of PSAD in screening is hampered by several practical issues. The most
prominent problem is the requirement for an invasive test (transrectal ultrasound), which is infre-
quently done prior to the time of biopsy, as well as inter-examiner differences in ultrasound measure-
ment. Additionally, it carries reduced specificity in men with a prostate volume of less than 30 cc
(23,75). Therefore, PSAD and PSAD-TZ may be most useful to determine the need for repeat biopsy.
Indeed, Djavan et al. found that PSAD-TZ was an important predictor on repeat biopsy in a prospec-
tive study of 1051 cases (24). Repeat biopsies may be considered for men with PSA levels between 4.0
and 10.0 ng/ml if the PSAD-TZ is more than 0.26ng/ml/cc or free PSA less than 30%. PSAD-TZ also
proved to be useful in a PSA range between 2.5 and 4.0 ng/ml.

PSAD has also been shown to be associated with prostate cancer aggressiveness. It has also been
used to help identify men with potentially insignificant prostate cancer who are candidates for active
surveillance.

The application of PSA for determining the extent of disease has been the focus of numerous investi-
gations. With serum PSA levels less than 4.0 ng/ml, patients are more likely to have prostate-confined
cancer compared to those with significantly elevated PSA levels. However, despite direct correlation
between PSA and pathologic tumour stage, studies have shown that PSA cannot accurately predict
the final pathologic stage for the individual patient. Some modest improvement in staging has been
noted when using f/t PSA, complexed PSA, and PSA density. Despite this, the use of PSA alone is
not sufficiently sensitive or specific to use for the determination of tumour stage. Because of this,
several investigators have combined PSA level, clinical stage, and biopsy Gleason score to improve the
predictive value for estimating pathological stage.
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The combination of PSA, clinical stage, and Gleason score may be used by the urologist as a guide
to better predict pathologic stage and to counsel patients who are likely to benefit from definitive
local therapy (Table 1) (1). They may also aid in selecting patients at risk for metastatic disease, who
may initially benefit from pelvic lymph node dissection or alternatively, those patients at low risk for
disease outside the prostate that may avoid the potential complications of a lymph node dissection.
Many staging nomograms have been developed. The most familiar nomogram is derived from the
work of Partin et al., from the Johns Hopkins Medical Center, to predict extent of prostate cancer. It
uses prostate-specific antigen level, clinical stage, and biopsy Gleason score. The most recent “Partin
Tables,” based on cases from 2000 to 2005, are available from the Johns Hopkins website at: http://
urology.jhu.edu/prostate/partintables.php (1).

TABLE 1

Modified from: Partin AW,
Mangold LA, Lamm DM, et al.
Contemporary update of prostate
cancer staging nomograms (partin
tables) for the new millennium.
Urology 2001,58(6):843-848.

Clinical Stage T1c (nonpalpable, PSA elevated)

PSA Gleason Score

Range

(ng/mL) Pathologic Stage 2-4 5-6 3+4=7 4 +3=7 8-10

0-2.5 Organ-confined 95 (89-99) 90 (88-93) 79 (74-85) 71 (62-79) 66 (54-76)
Extraprostatic extension 5(1-11) 9(7-12) 17 (13-23) 25 (18-34) 28 (20-38)
Seminal vesicle (+) — 0 (0-1) 2 (1-5) 2 (1-5) 4 (1-10)
Lymph node (+) — — 1(0-2) 1(0-4) 1(0-4)

2.6-4.0 Organ-confined 92 (82-98) 84 (81-86) 68 (62-74) 58 (48-67) 52 (41-63)
Extraprostatic extension 8(2-18) 15 (13-18) 27 (22-33) 37 (29-46) 40 (31-50)
Seminal vesicle (+) — 1(0-1) 4(2-7) 4 (1-7) 6(3-12)
Lymph node (+ — — 1(0-2) 1(0-3) 1(0-4)

4.1-6.0 Organ-confined 90 (78-98) 80 (78-83) 63 (58-68) 52 (43-60) 46 (36-56)
Extraprostatic extension 10 (2-22) 19 (16-21) 32 (27-36) 42 (35-50) 45 (36-54)
Seminal vesicle (+) — 1(0-1) 3(2-5) 3(1-6) 5(3-9)
Lymph node (+) - 0(0-1) 2(1-3) 3(1-5) 3(1-6)

6.1-10.0 Organ-confined 87 (73-97) 75 (72-77) 54 (49-59) 43 (35-51) 37 (28-46)
Extraprostatic extension 13 (3-27) 23 (21-25) 36 (32-40) 47 (40-54) 48 (39-57)
Seminal vesicle (+) — 2(2-3) 8 (6-11) 8 (4-12) 13 (8-19)
Lymph node (+) - 0 (0-1) 2(1-3) 2(1-4) 3(1-5)

10.0 Organ-confined 80 (61-95) 62 (58-64) 37 (32-42) 27 (21-34) 22 (16-30)

Extraprostatic extension 20 (5-39) 33 (30-36) 43 (38-48) 51 (44-59) 50 (42-59)
Seminal vesicle (+) — 4 (3-5) 12 (9-17) 11 (6-17) 17 (10-25)
Lymph node (+) — 2(1-3) 8 (5-11) 10 (5-7) 11 (5-18)

Key: PSA: Prostate-specific antigen

Clinical Stage T2a (palpable <% of one lobe)

PSA Gleason Score

Range

(ng/mL) Pathologic Stage 2-4 5-6 3+4=7 4+3=7 8-10

0-2.5 Organ-confined 91 (79-98) 81 (77-85) 64 (56-71) 53 (43-63) 47 (35-59)
Extraprostatic extension 9 (2-21) 17 (13-21) 29 (23-36) 40 (30-49) 42 (32-53)
Seminal vesicle (+) — 1(0-2) 5(1-9) 4 (1-9) 7 (2-16)
Lymph node (+) — 0 (0-1) 2 (0-5) 3(0-8) 3(0-9)

2.6-4.0 Organ-confined 85 (69-96) 71 (66-75) 50 (43-57) 39 (30-48) 33 (24-44)
Extraprostatic extension 15 (4-31) 27 (23-31) 41 (35-48) 52 (43-61) 53 (44-63)
Seminal vesicle (+) - 2(1-3) 7 (3-12) 6(2-12) 10 (4-18)
Lymph node (+) — 0 (0-1) 2 (0-4) 2 (0-6) 3(0-8)

4.1-6.0 Organ-confined 81 (63-95) 66 (62-70) 44 (39-50) 33 (25-41) 28 (20-37)
Extraprostatic extension 19 (5-37) 32 (28-36) 46 (40-52) 56 (48-64) 58 (49-66)
Seminal vesicle (+) — 1(1-2) 5(3-8) 5(2-8) 8 (4-13)
Lymph node (+) — 1(0-2) 4(2-7) 6(3-11) 6(2-12)

6.1-10.0 Organ-confined 76 (56-94) 58 (54-61) 35 (30-40) 25 (19-32) 21 (15-28)
Extraprostatic extension 24 (6-44) 37 (34-41) 49 (43-54) 58 (51-66) 57 (48-65)
Seminal vesicle (+) — 4 (3-5) 13 (9-18) 11 (6-17) 17 (11-26)
Lymph node (+) — 1(0-2) 3(2-6) 5 (2-8) 5 (2-10)

10.0 Organ-confined 65 (43-89) 42 (38-46) 20 (17-24) 14 (10-18) 11 (7-15)

Extraprostatic extension 35 (11-57) 47 (43-52) 49 (43-55) 55 (46-64) 52 (41-62)
Seminal vesicle (+) — 6 (4-8) 16 (11-22) 13 (7-20) 19 (12-29)
Lymph node (+) — 4 (3-7) 14 (9-21) 18 (10-27) 17 (9-29)

Key: PSA: Prostate-specific antigen
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TABLE 1 (CONT'D)

Modified from: Partin AW,
Mangold LA, Lamm DM, et al.
Contemporary update of prostate
cancer staging nomograms (partin
tables) for the new millennium.
Urology 2001,58(6):843-848.

Clinical Stage T2b (palpable >% of one lobe, not on both lobes)

PSA Gleason Score

Range

(ng/mL) Pathologic Stage 2-4 5-6 3+4=17 4+3=17 8-10

0-2.5 Organ-confined 88 (73-97) 75 (69-81) 54 (46-63) 43 (33-54) 37 (26-49)
Extraprostatic extension 12 (3-27) 22 (17-28) 35 (28-43) 45 (35-56) 46 (35-58)
Seminal vesicle (+) - 2 (0-3) 6(2-12) 5(1-11) 9 (2-20)
Lymph node (+) - 1(0-2) 4(0-10) 6(0-14) 6 (0-16)

2.6-4.0 Organ-confined 80 (61-95) 63 (57-69) 41 (33-48) 30 (22-39) 25 (17-34)
Extraprostatic extension 20 (5-39) 34 (28-40) 47 (40-55) 57 (47-67) 57 (46-68)
Seminal vesicle (+) - 2 (1-4) 9 (4-15) 7 (3-14) 12 (5-22)
Lymph node (+ - 1(0-2) 3(0-8) 4(0-12) 5(0-14)

4.1-6.0 Organ-confined 75 (55-93) 57 (52-63) 35 (29-40) 25 (18-32) 21 (14-29)
Extraprostatic extension 25 (7-45) 39 (33-44) 51 (44-57) 60 (50-68) 59 (49-69)
Seminal vesicle (+) - 2 (1-3) 7 (4-11) 5(3-9) 9 (4-16)
Lymph node (+) - 2(1-3) 7 (4-13) 10 (5-18) 10 (4-20)

6.1-10.0 Organ-confined 69 (47-91) 49 (43-54) 26 (22-31) 19 (14-25) 15 (10-21)
Extraprostatic extension 31 (9-53) 44 (39-49) 52 (46-58) 60 (52-68) 57 (48-67)
Seminal vesicle (+) - 5 (3-8) 16 (10-22) 13 (7-20) 19 (11-29)
Lymph node (+) - 2(1-3) 6 (4-10) 8 (5-14) 8 (4-16)

10.0 Organ-confined 57 (35-86) 33 (28-38) 14 (11-17) 9 (6-13) 7 (4-10)

Extraprostatic extension 43 (14-65) 52 (46-56) 47 (40-53) 50 (40-60) 46 (36-59)
Seminal vesicle (+) - 8 (5-11) 17 (12-24) 13 (8-21) 19 (12-29)
Lymph node (+) - 8(5-12) 22 (15-30) 27 (16-39) 27 (14-40)

Key: PSA: Prostate-specific antigen

Clinical Stage T2c (palpable on both lobes)

PSA Gleason Score

Range

(ng/mL) Pathologic Stage 2-4 5-6 3+4=7 4+3=17 8-10

0-2.5 Organ-confined 86 (71-97) 73 (63-81) 51 (38-63) 39 (26-54) 34 (21-48)
Extraprostatic extension 14 (3-29) 24 (17-33) 36 (26-48) 45 (32-59) 47 (33-61)
Seminal vesicle (+) - 1(0-4) 5(1-13) 5(1-12) 8(2-19)
Lymph node (+) - 1(0-4) 6 (0-18) 9 (0-26) 10 (0-27)

2.6-4.0 Organ-confined 78 (58-94) 61 (50-70) 38 (27-50) 27 (18-40) 23 (14-34)
Extraprostatic extension 22 (6-42) 36 (27-45) 48 (37-59) 57 (44-70) 57 (44-70)
Seminal vesicle (+) - 2(1-5) 8(2-17) 6(2-16) 10 (3-22)
Lymph node (+) - 1(0-4) 5 (0-15) 7 (0-21) 8(0-22)

4.1-6.0 Organ-confined 73 (52-93) 55 (44-64) 31(23-41) 21(14-31) 18 (11-28)
Extraprostatic extension 27 (7-48) 40 (32-50) 50 (40-60) 57 (43-68) 57 (43-70)
Seminal vesicle (+) - 2(1-4) 6(2-11) 4 (1-10) 7 (2-15)
Lymph node (+) - 3(1-7) 12 (5-23) 16 (6-32) 16 (6-33)

6.1-10.0 Organ-confined 67 (45-91) 46 (36-56) 24 (17-32) 16 (10-24) 13 (8-20)
Extraprostatic extension 33 (9-55) 46 (37-55) 52 (42-61) 58 (46-69) 56 (43-69)
Seminal vesicle (+) - 5(2-9) 13 (6-23) 11 (4-21) 16 (6-29)
Lymph node (+) - 3(1-6) 10 (5-18) 13 (6-25) 13 (5-26)

10.0 Organ-confined 54 (32-85) 30 (21-38) 11 (7-17) 7 (4-12) 6 (3-10)

Extraprostatic extension 46 (15-68) 51 (42-60) 42 (30-55) 43 (29-59) 41 (27-57)
Seminal vesicle (+) - 6(2-12) 13 (6-24) 10 (3-20) 15 (5-28)
Lymph node (+) - 13 (6-22) 33 (18-49) 38 (20-58) 38 (20-59)

Key: PSA: Prostate-specific antigen

In addition to its use in screening and prognostication, a critical role for PSA is in monitoring the
course of disease and therapeutic response. Following radical prostatectomy (RP), PSA levels should
become undetectable by conventional assays. The subset of patients with a persistently detectable
PSA after RP has been studied and shown to have a high risk of metastatic progression. For example,
Rogers et al. reported a 10-year distant metastasis-free survival rate of only 22% in 160 men who
failed to achieve an undetectable PSA level after RP. (1)
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Of note, in rare cases spurious PSA elevations may be seen following RP due to interference with
the PSA assay by antibodies (e.g., human anti-mouse antibodies). (2, 3) In cases where the clini-
cal picture seems inconsistent (for example, a low-risk patient with organ-confined disease and an
elevated postoperative PSA), repeat testing with a different assay and other specialized laboratory
studies may be pursued to rule out assay interference.

For the majority of patients with an initially undetectable PSA after RP, subsequent PSA rises are
used to assess for biochemical recurrence (BCR). BCR itself is a heterogeneous phenomenon, with
varying biologic aggressiveness. Pound et al. reported a median time of eight years from BCR to
metastasis and five more years from metastasis to death. However, only 34% of men with BCR in
their series developed metastatic disease during follow-up. (4)

In this regard, longitudinal changes in PSA over time are a useful predictor of prognosis among men
with BCR after RP. For example, in 379 men with biochemical failure after radical prostatectomy,
Freedland et al. showed that PSA doubling time was a significant predictor of prostate cancer-specific
mortality. (5) Time to PSA recurrence is also an important predictor of prostate cancer-specific
mortality. (5, 6) Indeed, BCR that occurs more than 5 to 10 years after RP has been shown to have a
more favourable prognosis than early BCR. (7, 8)

It is noteworthy that many different definitions have been used to report on BCR after RP. In a
literature review of 145 articles by the American Urological Association (AUA) Guidelines Panel,
53 different BCR definitions were used after RP. (9) The most common definition was a PSA level
>0.2 ng/ml. Because recurrence-free probability estimates will vary based upon the definition that is
used (10), the AUA panel recommended using a standard criteria of a PSA level 20.2 ng/ml confirmed
by a second measurement to define BCR after RP. (9)

It is noteworthy that the definition for BCR itself may influence the prognostic significance. The
AUA Guidelines Panel chose the aforementioned threshold in order to maximize sensitivity and
provide a standard for outcomes reporting, with the acknowledgement that other definitions have
greater specificity for clinically significant BCR. (9) Indeed, Stephenson et al. subsequently compared
10 different BCR definitions in 3,125 patients treated by RP, and showed that a PSA >0.4 ng/ml with
a confirmatory increase had the best fit for prediction of metastatic progression. (11)

For men at high risk for BCR on the basis of adverse pathology features at radical prostatectomy,
several randomized trials have examined the role of adjuvant radiation therapy versus observation.
These include the SWOG, EORTC and German ARO trials. (12-14) There is agreement among these
studies that adjuvant treatment is associated with a reduced risk of BCR compared to observation,
although the benefit may be confined to specific subgroups (e.g, positive surgical margins). (15)

Nevertheless, adverse pathology features are an imperfect predictor for BCR and many men never
experience recurrence despite the presence of non organ-confined disease at RP. As such, adjuvant
radiation therapy will lead to overtreatment in a proportion of patients not destined to have recu-
rrence. An alternative strategy is to give salvage radiation therapy to men with BCR, thereby avoiding
the cost and side effects of secondary therapy for those who do not have recurrence. (16, 17) There
is currently no randomized evidence comparing adjuvant radiation therapy to early salvage therapy.
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However, long-term studies of the salvage radiotherapy approach suggest that it is most beneficial
when initiated at low PSA levels. (18) In this regard, it is noteworthy that bone metastases are seen
at much lower PSA levels in the post-RP population than in men with an intact prostate. (19) In a
recent study of hormone-naive patients with bone metastases after RP, 25.9% occurred at PSA levels
<10 ng/ml. (19)

In light of these issues, there has been investigation into more sensitive PSA assays that might facili-
tate the earlier identification of BCR. To this end, “ultrasensitive” PSA assays have been developed
with alower limit of detection of <0.1 ng/ml (the limit for conventional assays). Indeed, some of these
assays can detect levels in the range of 0.001 ng/ml. Although these assays are relatively new, several
studies have examined their use in the post-RP population. Shen et al. evaluated ultrasensitive PSA
levels in 545 men following RP to assess the ability of ultrasensitive PSA nadir to predict biochemical
relapse. Biochemical relapse was defined as two consecutive increasing post-nadir measurements
of 0.1 ng/ml or greater. At a mean follow up of 3.1 yrs, they demonstrated that men with a nadir
of less than 0.01 ng/ml had a significantly lower rate of biochemical relapse. Furthermore, ultra-
sensitive PSA nadir levels of 0.01, 0.02 or 0.04 or greater ng/ml independently predicted biochemi-
cal relapse on multivariate analysis. These findings suggest that ultrasensitive PSA nadir point may
assist in identifying candidates for early adjuvant or salvage therapies. (20) For example, Malik et al.
measured ultrasensitive PSA levels in 801 recurrence-free men at three years after RP to predict the
risk of delayed BCR. (21) They found that the majority of patients had a three-year ultrasensitive PSA
<0.04 ng/ml, with a 7-year BCR-free cumulative survival rate of 95.7%. By contrast, in the mino-
rity of patients with a three-year ultrasensitive PSA >0.04 ng/ml (but undetectable by conventional
assays), the seven-year BCR-free survival rate was significantly lower at 65.4% (p<0.01). Thus, the
authors identified a majority of men at low risk for delayed BCR on the basis of an ultrasensitive
PSA <0.04 ng/ml at three years after RP. It is possible that this information could be used to reassure
patients or to guide the subsequent follow-up protocol, although additional clinical studies would be
necessary to evaluate this.

More recently, a novel nanoparticle-based bio-barcode assay was developed, with approximately
300 times greater sensitivity than commercial immunoassays. (22) In the preliminary study, the
bio-barcode assay was applied to banked serum samples from 18 post-RP patients. Based upon their
data, the authors suggested that a PSA nadir <5 pg/ml represents a “normal” postoperative level, and
that a rising bio-barcode level may provide lead-time in detecting BCR. Nevertheless, as yet there
is no evidence that initiating secondary therapy for a PSA in the range of 5-100 pg/ml, for example,
would improve clinical outcomes. Overall, additional prospective studies will be necessary for the
ultrasensitive and bio-barcode assays before any clinical recommendations can be made.

In contrast to the post-RP setting, monitoring for recurrence after radiation therapy is more complex,
since PSA-producing prostatic tissue remains in situ. In 1996, the American Society for Therapeutic
Radiology and Oncology (ASTRO) met to create a consensus criteria for relapse after radiation ther-
apy. (23) The resultant “ASTRO” definition for BCR is three consecutive rises in PSA after the post-
radiation nadir value. The date of failure is then backdated to the midpoint between the nadir value
and the first PSA rise.
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As with RP, the AUA Guidelines Panel similarly noted a high degree of heterogeneity between studies
in the definition used for BCR after radiation therapy. (9) In 208 articles published through 2004,
they found 99 different definitions for BCR after radiation therapy. Because the ASTRO criteria was
the most commonly used, it was also recommended by the AUA Guidelines Panel to standardize
outcomes reporting in clinical studies of radiation therapy.

However, some limitations of the ASTRO critieria engendered controversy, including the lengthy
follow-up interval necessary for 3 PSA determinations from which to make the call, the bias intro-
duced by backdating, and the difficulty of comparisons with BCR after RP. (23) Additionally, the
ASTRO criteria were developed from data of patients who received external beam radiation therapy
alone (without concomitant hormonal therapy) and it was not linked to subsequent survival
outcomes. (24)

Accordingly, another consensus conference was held in Phoenix in 2005 to reconsider the criteria for
BCR after radiation therapy. (24) This conference led to the establishment of the “Phoenix criteria,”
in which BCR is instead defined as a PSA rise by >2 ng/ml above the post-treatment nadir value, with
the date of failure assigned “at call” (no backdating). Unlike the 1996 ASTRO criteria, this definition
is associated with the risk of subsequent clinical progression and it also may be used for patients
receiving concomitant hormonal therapy.

Predictive algorithms and nomograms combine multiple variables to provide information that is
statistically more robust than any individual variable. A nomogram is “an objective tool that uses
an algorithm or mathematical formula to predict the probability of an outcome”. These tools can
give probabilities of cancer location or of treatment success, based on scientific studies done in large
patient populations. Algorithms/nomograms may be valuable for evaluating the potential extent of
disease and risk of recurrence.

Many nomograms have been published in the peer-reviewed literature. The University of California

San Francisco developed the Cancer of the Prostate Risk Assessment (CAPRA) score, which is

intended to combine the accuracy of nomograms with the ease of calculation of risk. The Johns

Hopkins website (http://urology.jhu.edu/prostate/hanTables.php) also has the Han Tables which

provide two models:

1. Preoperative prediction of recurrence probability following surgery using the available informa-
tion before surgery (PSA level, biopsy Gleason score, and clinical stage)

2. Postoperative prediction of recurrence probability following surgery using the available informa-
tion before and after the surgery (PSA level, surgical Gleason score, and pathological stage)

The Memorial Sloan-Kettering Cancer Center (MSKCC) nomograms (at http://www.mskcc.org/
mskcc/html/10088.cfm) developed by Kattan et al. (1) are based on Cox proportional hazards regre-
ssion analysis modified by restricted cubic splines. The application of cubic splines imparts flexibil-
ity to the nomogram that allows continuous variables to maintain nonlinear relations. The MSKCC
nomograms use actuarial survival analysis (e.g., Kaplan-Meier), which is appropriate for calculating
time-to-event predictions. An important stance incorporated into these nomograms is that patients
receiving secondary treatment before demonstrating disease progression are classified as treatment
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failures. This approach is used because the secondary treatment was potentially prompted by some
evidence of recurrence, so the time of secondary treatment is assumed to be shortly before the recu-
rrence would have been demonstrated. Lastly, these nomograms are calibrated and validated to
evaluate their accuracy (2).

Several nomograms have been published utilizing large cohort data in order to assist clinicians and
patients to understand the clinical impact of prostate cancer diagnosis. For example, Thompson et al.
(3,4) used prostate biopsy data from participants in the Prostate Cancer Prevention Trial (PCPT) to
develop the Prostate Cancer Risk Calculator, a predictive model of prostate cancer. They used logistic
regression to model the risk of prostate cancer and high-grade disease associated with age at biopsy,
race, family history of prostate cancer, PSA, PSA velocity, DRE result, and previous prostate biopsy.
From this, they created a predictive model which allows an individualized assessment of prostate
cancer risk and risk of high-grade disease for men undergoing prostate biopsy.

In a recent study by Ngo and Presti et al. (5), this prostate cancer risk calculator was evaluated in
men from the Stanford Prostate Needle Biopsy Database who underwent an initial 12-core prostate
biopsy. They concluded that caution should be used when applying the prostate cancer risk calcula-
tor to counsel patients referred for suspicion of prostate cancer since it underestimates the risk of
high grade disease. In another study Nguyen et al. (6) assessed PCPT risk calculator performance in
a large contemporary cohort of patients sampled by extended biopsy schemes. They concluded that
the current calculator remains predictive but does not maintain initial accuracy in contemporary
patients sampled by more extensive biopsy schemes. Instead, they suggested that revising the calcu-
lator, by modeling contemporary data and/or incorporating additional prognostic variables, might
improve its utility in current clinical practice.

Based on data from the ERSPC, Kranse-Roobol et al. used multivariable logistic regression to create
a different risk estimation tool known as the Prostate Cancer Risk Calculator (7-10) (http://www.
prostatecancer-riskcalculator.com/). In this indicator, six different logistic regression models have
been used (Table 2) and the contributions of the different predictors were graphically translated via
rotation (Figure 4). Different versions of the Risk indicator are available for the prediction of biopsy-
detectable prostate cancer as well as potentially indolent disease. Since its description, this predictive
tool has been validated in external populations with more extended biopsy schemes.
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FIGURE 4

One of the Prostate Cancer
Risk Calculators: Risk
Calculator 3: Predicting

the likelihood of a positive
sextant biopsy in a man who
has never been screened.
Source: httpy/www.prostatecancer-

riskcalculator.com/seven-prostate-
cancer-risk-calculators.

TABLE 2 Description of the variables used in the SWOP Prostate Cancer Risk indicator

Modified from: Kranse R, Roobol MJ, Schréder FH. A graphical device to represent the outcomes of a logistic regression analysis,
an illustration of its possible use in prostate cancer screening, and prostate cancer treatment counselling. Prostate 2008:68:1674—80.

PCa Risk Variables used in the model
Calculators

1 Age, family history of prostate cancer, AUA seven-symptom score
2 Serum PSA value
3 Serum PSA value, ultrasound-assessed prostate volume, outcome of DRE (1/0), outcome of TRUS

(ie, a hyopechoic lesion, 1/0)

4 Serum PSA value, ultrasound-assessed prostate volume, biopsy Gleason score, cancerous tissue length
of total of prostate biopsies, noncancerous tissue length of total of biopsies

5 Serum PSA value, ultrasound-assessed prostate volume, outcome of DRE (1/0), outcome of TRUS

(ie, a hyopechoic lesion, 1/0)

6 Serum PSA value, ultrasound-assessed prostate volume, outcome of DRE (1/0), outcome of TRUS
(ie, a hyopechoic lesion, 1/0), having had a previous negative biopsy (1/0)

AUA = American Urological Association; PSA = prostate-specific antigen; PC = prostate cancer; DRE = digital rectal examination;

TRUS = transrectal ultrasound.
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Artificial neural networks (ANNs) are a computational methodology used to perform multifactorial
analyses, inspired by networks of biological neurons (Figure 5). Like neural networks, ANNs contain
layers of simple points (nodes) of data that interact through carefully weighted connection lines. The
use of ANNSs in prostate cancer is ideal because of:

Djavan et al. (9) showed that artificial neural networks (ANNs) increase the predictive accuracy to
predict the results initial prostate biopsy compared with PSA-related parameters. (9)

1. multiple predicting factors that influence 3. the fact that prior logistic regression analysis

outcome; results have had serious limitations in appli-
2. the desire to offer individual consulting based cation; and
on various tests; 4. the need for an up-to-date tool with wide-
spread applicability.
FIGURE 5
ANN architecture for HIDDEN
diagnosis of prostate cancer NEURON

on repeat biopsy LAYERS

(Stephan C, Xu C, Cammann H et

al. Assay-specific artificial neural
networks for five different PSA assays
and populations with PSA 2-10 ng/ PSA
ml in 4,480 men. World J Urol. 2007
Mar;25(1):95-103) Reprinted with

permission. f/t PSA

TOT volume

OUTCOME

REPEAT

TZ volume NS BIOPSY
PSAD
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4.2.2 Human glandular kallikrein 2 (hK2)

Human glandular kallikrein 2 (hK2) has 80% sequence homology with PSA and they both belong to
the human tissue kallikrein family (1). It has been found that hK2 expression increases incrementally
during the development from benign prostate epithelium to primary cancer and lymph node metasta-
sis (2). This is in contrast to the low PSA serum levels that are often seen in some patients with poorly
differentiated prostate cancers. These findings suggest that compared to PSA, hK2 has a higher ability
to distinguish between BPH and prostate cancer. Partin et al. proposed that hK2 measurements in
combination with f/t PSA could improve the sensitivity and specificity of cancer detection, and avoid
unnecessary biopsies in the tPSA levels from 2.5 to 4.0 ng/ml (3). A screening study in Goteborg using
a PSA cut-off of 3 ng/ml showed a significantly higher hK2 levels in men with prostate cancer (4).
In the bloodstream, hK2 seems to be present in concentrations of 1-2% compared with PSA (5,6)
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However, the covariance of hK2 and PSA concentrations is generally less than 60%, suggesting that
hK2 might function as an independent tumour marker. Similar to PSA, hK2 can also be found in
different molecular forms. It has been shown in vitro to form a complex with several protease inhibi-
tors, including 2-antiplasmin, ACT, antithrombin III, 2-macroglobulin, Cl-inactivator, and plasmin-
ogen activator inhibitor-1 (PAI-1) (7,8). Both free and complexed forms of hK2 have also been found
in biological fluids. In the bloodstream, gel-filtration studies have suggested that 80—-95% of hK2 is in
the uncomplexed, free form (5, 9, 10) and up to 20% can be complexed with ACT in sera from patients
with PCa that contain high concentrations of hK2 (11). Because circulating hK2 is present in very low
concentrations, the immunoassays used to measure hK2 must have low detection limits and excellent
reproducibility. For the PSA “gray zone” of 2-10 pg/L, respective hK2 values will be 0.02—0.5 pg/L.
In testing with the first published hK2 assay, up to 57% of samples had hK2 concentrations below the
detection limit (5). The utility of serum hK2 measurements and its value in combination and/or versus
t/t PSA still need to be confirmed on larger studies. hK2 seems to offer complementary information
to PSA when included in a panel of kallikrein markers (12). In this validation of the ERSPC study, the
diagnostic accuracy for detection of prostate cancer, as measured by area under the ROC curve, was
improved from 63% to 78% with the panel.

4.2.3 Prostatic acid phosphatase (PAP)

The discovery of prostatic acid phosphatase (PAP) by Kutscher and Wolbers in 1935, and additional
early work by Gutman et al., uncovered the association of PAP with metastatic prostate cancer,
making it the original biomarker for prostate cancer (PCa). (1-5) Normally secreted by mature pros-
tatic glandular and ductal epithelial cells, PAP is the most abundant phosphatase in human prostate
tissue and seminal fluid. (6) Malignant disruption of the normal epithelial barriers leads to elevated
serum levels of PAP, allowing the serial monitoring of PAP to assess efficacy of hormonal therapy
and predict clinical outcomes. (7-9) However, initial studies of its utility as a diagnostic tool were
unsuccessful due to poor sensitivity. (10) Ultimately, the discovery of prostate-specific antigen (PSA)
significantly diminished the clinical role of PAP. (11)

Despite the increase in early detection of PCa associated with PSA screening, approximately 30% of
patients develop biochemical recurrence (BCR) following primary local therapy. (12,13) Preoperative
features such as elevated PSA levels and higher Gleason scores fail to optimally identify candidates
for adjuvant therapy. (14-16) These findings have prompted several groups to assess the use of serum
PAP as a marker for PCa stratification and prognosis. Moul et al. reported that pretreatment PAP
levels serve as an independent predictor of biochemical recurrence. (17) Han et al. also found that
serum PAP levels independently predicted tumour recurrence following prostatectomy; and they also
reported that lower PAP levels were associated with improved biochemical recurrence-free survival.
(18) More recently, Dattoli et al. and Fang et al. reported that PAP levels were the strongest predic-
tor of long-term biochemical failure and cause-specific survival in a cohort of men with a Gleason
score of > 7, and PSA > 10 ng/mL following external beam radiotherapy (EBRT), and brachytherapy,
respectively. (6,19,20) As local control of prostate cancer improves, PAP may have a potential role in
identifying patients at higher risk for late failure or development of systemic disease. (21)
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Recent investigations on PAP have identified a distinct form of the phosphatase, labeled cellular PAP
(cPAP). These studies indicate that cellular PAP (cPAP) levels regulate prostate epithelial growth and
may play a role in the progression of hormone refractory PCa. (22) In contrast to serum PAP, cPAP
levels and corresponding cPAP mRNA levels are lower in PCa tissue relative to normal or hyper-
plastic prostate tissue. (23) Additionally, cPAP and serum PAP have differing biochemical profiles.
(24-28) Through its role as a prostate-specific protein tyrosine phosphatase, cPAP may function as
a negative growth regulator of prostate cancer. (29,30) Specifically, cPAP dephosphorylates human
EGF receptor-2 (HER-2) and consequently decreases cell proliferation. (31) Conversely, decreased
cPAP levels results in elevated HER-2 activity, correlating with PCa progression and androgen-
independent growth of PCa cells. (32) Furthering these findings, Chuang et al. have shown that
cPAP levels inversely correlate with tyrosyl phosphorylation and activation of ErbB-2 expression. (22)
Increased expression of ErbB-2 has been associated with PCa growth and PSA secretion in androgen-
reduced conditions, supporting a role for cPAP as a negative growth regulator of PCa and progression
to hormone refractory disease. (19,33,34) Despite these findings, work remains to identify the direct
interaction between cPAP and ErbB-2 as well as the specific dephosphorylation site of ErbB-2 by
cPAP.(22)

Finally, the United States Food and Drug Administration (FDA) recently approved a novel immuno-
therapy for hormone refractory PCa that was developed using PAP as the antigen. (35) Via a recom-
binant DNA fusion technique, PAP is linked to granulocyte-macrophage colony-stimulating factor
(GM-CSF), creating an immune stimulatory protein known as PA2024. (35) This fusion protein
is combined with dendritic cells obtained via leukophoresis from an individual patient and then
re-infused into this patient to elicit an immune response. The final infusion product is known as
Sipuleucel-T (Provenge®, or APC8015). (35,36) Sipuleucel-T has extended overall survival by appro-
ximately four months and reduced risk of death by 22% in men with asymptomatic or minimally
symptomatic metastatic hormone refractory PCa in Phase III randomized controlled clinical trials,
while maintaining an acceptable side-effect profile. Sipuleucel-T did not result in a significant effect
on radiographic progression-free survival or PSA levels. (35)

In conclusion, PAP has experienced a dramatic evolution from a diagnostic marker to a treatment
target since its discovery in 1938. Developing work with cPAP and immunotherapy offer promise
that PAP’s role in PCa diagnois and therapy may continue to expand.

4.2.4 Alkaline phosphatase

Alkaline phosphatase is an enzyme produced naturally within the body. It is mostly made in the liver
and bones. When there is a breakdown of bone within the body, more alkaline phosphatase is sent
into the bloodstream where it can be measured with a simple blood test. Because prostate cancer has
a strong preference for spreading to the bones, alkaline phosphatase could theoretically be used to
determine bone metastasis. Lorente et al. (1) investigated the usefulness of bone alkaline phosphatase
isoenzyme and prostate specific antigen (PSA) determined by radioimmunoassay to predict bone
scan evidence of metastasis in newly diagnosed untreated and treated prostate cancer. They showed
that a bone alkaline phosphatase enzyme level that becomes greater than 30 ng/ml indicates the need
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to perform a bone scan. They recommend the clinical use of bone alkaline phosphatase enzyme,
determined by radioimmunoassay and PSA measurement, for the diagnosis of bone metastases and
progression of prostate cancer because of the good sensitivity and specificity.

In a recent study, Sonpavde et al. (2) evaluated the association of a change in serum alkaline phos-
phatase with overall survival in men with metastatic castration-resistant prostate cancer (CRPC)
receiving chemotherapy. They reported that for men with CRPC, bone metastasis and high baseline
alkaline phosphatase, receiving docetaxel or mitoxantrone chemotherapy, normalization of alkaline
phosphatase was predictive of better survival. An increase in alkaline phosphatase was also predic-
tive of poor survival independent of PSA increase. In another study, Yigitbasi ef al. (3) evaluated the
prognostic value of serum alkaline phosphatase in 151 prostate cancer patients with bone metastases.
They concluded that serum alkaline phosphatase is important and was among one of the statistically
significant prognostic factors that affects time to progression and survival of metastatic prostate
cancer. Xie et al. (4) reported that alkaline phosphatase significantly predicted survival in men with
CRPC who had bone metastases. They evaluated 224 men who had CRPC with bone metastases, and
who were receiving chemotherapy. In this study, patients with normal alkaline phosphatase levels
and higher PSA levels have improved survival.

The clinical use of alkaline phosphatase may thus be limited to those individuals at risk of bone
metastasis, under consideration for bone imaging, or receiving systemic therapy for known bone
disease. The lack of prostate cancer specificity for this marker makes it unlikely to be widely employed
in the majority of prostate cancer patients.

4.2.5 Early prostate cancer antigen (ePCA)

Utilizing a focused proteomic approach, a series of novel prostate cancer-associated biomarkers has
been identified. One of the hallmarks of a cancer cell is alterations in the shape, size, and morphom-
etry of the nucleus. Since nuclear changes are one of the key features the pathologist uses to identify
cancer cells, the goal of these studies was to find molecular correlate of what the pathologist is seeing
under the microscope.

The initial studies examining composition of the nuclear structure associated with prostate cancer
evaluated normal rat prostate tissue in comparison with a rat model of prostate cancer (Dunning
tumour). This study compared how the nuclear matrix was altered in cancer cells and if these matrix
protein patterns could distinguish closely related sublines of the same Dunning tumour (1). The
nuclear matrix proteins in several Dunning cell lines were examined and compared with the nuclear
matrix protein composition of the dorsal prostate, the original tissue from which this tumour was
derived. Using high-resolution two-dimensional gel electrophoresis, the NMPs of the Dunning cell
lines were found to be significantly different from the rat dorsal prostate. In addition, using the
same technique, the study was able to differentiate metastastic and non-metastatic lines. The NMP
composition in human prostate tissue was then examined (2). The NMP patterns for fresh prostate,
benign prostatic hyperplasia (BPH), and prostate cancer from 21 men undergoing surgery for clini-
cally localized prostate cancer or BPH were compared using the high-resolution gel electrophoresis.
Fourteen different proteins, by molecular weight and isoelectric point, were consistently present or
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absent among the various tissues. One of the identified NMPs, ePCA (Early Prostate Cancer Antigen),
was expressed in prostate cancer samples and in normal adjacent tissue, but not in prostates from
unaffected individuals.

Antibodies directed against ePCA positively stain the negative biopsies of men who, as much as five
years later, were diagnosed with prostate cancer (3). A significant difference exists in ePCA staining
intensity between tumour tissue from the prostate cancer population and tissue from donor controls.
At the same time, normal adjacent prostate tissue from cancer patients also has significantly higher
ePCA staining when compared with the donor controls, indicating the presence of a field effect (3).
These studies were further supported by additional studies using distinct types and sets of samples
but which likewise also identified the field effect changes associated with ePCA expression.

With the interesting findings observed regarding the tissue expression of the protein, studies were
performed to determine if ePCA could be detected in the blood of men with prostate cancer. The
initial studies on a very small sample set revealed that plasma ePCA levels above 1.7 OD could detect
prostate cancer in 11 out of 12 prostate cancer patients, demonstrating a sensitivity of 92%. None of
the healthy donors had plasma ePCA levels above the cut-off level. Furthermore, when considering
the entire study population, only two bladder cancer patients presented with plasma-ePCA levels
above the cut-off, resulting in an overall specificity of 94% (4). Recent studies examining the expres-
sion of EPCA in the serum have demonstrated that ePCA levels can be helpful in predicting the
future detection of prostate cancer (5,6), as well as provide prognostic information about the disease
(7, 8) (Table 3). Further studies are clearly needed in order to determine the potential clinical util-
ity of ePCA. The biggest challenge is the development of a robust clinical assay that can detect this
protein in the blood.

TABLE 3 The AUC Values, Specificity, Sensitivity, PPV, and NPV at the Thresholds for tPSA,
PSAD, and Preoperative ePCA for the Discrimination of BPH and IPCa

Modified from: Zhao Z, Zeng G, Zhong W. Serum early prostate cancer antigen (EPCA) as a significant predictor of incidental prostate
cancer in patients undergoing transurethral resection of the prostate for benign prostatic hyperplasia. Prostate. 2010,70:1788-38.

m 95% CI Specificity (%) | Sensitivity (%) | PPV (%) NPV (%)

tPSA 0.524 0.404-0.632 387 30.2
PSAD 0.615 0.558-0.738 531 443 36.4 701
ePCA 0.952 0.912-0.981 98.0 100 85.7 100

PSA, prostate specific antigen; PSAD, PSA density; ePCA, early prostate cancer antigen; IPCa, incidental prostate cancer;
BPH, benign prostatic hyperplasia; PPV, positive predictive values; NPV, negative predictive values. AUC, area under the curve;
95% Cl, 95% confidence intervals; ROC, receiver operating characteristic curves.
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4.2.6 Growth factors

The tissue-expressed insulin-like growth factors (IGFs) and their binding proteins (IGFBPs) has been
shown to be associated with tumour grade, progression, pathologic stage, and clinical recurrence in
a variety of cancers, including prostate cancer (1).

Stattin et al. (2) measured levels of IGF-1, IGFBP-1, IGFBP-2, IGFBP-3, and insulin in plasma samples
from 149 men who had a diagnosis of prostate cancer between 1 month and 10 years after blood
collection, and among 298 control men. They found that patients with prostate cancer had statisti-
cally significantly higher mean levels of IGF-I than control subjects (229 ng/ml; 95% confidence
interval [CI] = 218-240 ng/ml] versus 214 ng/ml [95% CI = 208-221 ng/ml]; p=0.02) and IGFBP-3
(2611 ng/ml [95% CI = 2518-2704 ng/ml] versus 2498 ng/ml [95% CI = 2437-2560 ng/ml]; p=0.04).
Also, they reported that association between prostate cancer risk and increased IGF-1 was particularly
strong in younger men in their study, suggesting that circulating IGF-1 may be specifically involved
in the early pathogenesis of prostate cancer (2). In a prospective study, higher levels of acid-labile
subunit (ALS) — which modulated IGF-1 levels — associated with a 40-60% increased risk of prostate
cancer have been described. Higher levels of ALS also correlated with a 2-fold risk of advanced stage
PCa that persisted for more than nine years after blood testing. Still, the origin and role of circulating
levels of IGFs and IGFBPs and its potential implications for prevention strategies remain to be further
elucidated in subsequent studies. (3) Future research may focus on the manipulation of IGF in the
management of prostate cancer or on its chemoprevention either by therapeutic regulation of IGF-1
levels in the upper quartile or by dietary modification. (4)

In a meta-analysis, Rowlands et al. (5) reported that, even though we observed a modest increase
in the risk of prostate cancer associated with higher levels of IGF-1, and a slight reduced risk with
higher levels of IGFBP-3, neither of these peptides are likely to be useful as additional measurements
in prostate cancer PSA screening. The strength of the associations are too weak to have any value as
a screening test because at these odds ratios, the detection rate (sensitivity) is less than 8% for a 95%
specificity (5% false positive rate). (6,7)

This issue has been investigated by Oliver et al. (8) who found no evidence that measurement of
IGFs or IGFBPs enhanced the specificity of prostate cancer detection beyond that achievable by the
currently used free/total PSA index.

Although IGF-1 measurement is unlikely to increase the discriminatory accuracy of current prostate
cancer screening methods (serum prostate specific antigen or digital rectal examination), it does
represent a potentially modifiable risk factor for prostate cancer, and this could be achieved through
dietary or lifestyle interventions which may alter IGF-1 levels. (9)

The epidermal growth factor receptor (EGFR) has been found to be able to translocate to the nucleus
upon stimulation with epidermal growth factor (EGF) (10). Once in the nucleus, it has been shown to
be involved in several different cellular processes that are important in cancer progression. Lin et al.
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(10-11) have previously shown that nuclear EGFR is able to activate the transcription of genes, such
as the cell cycle regulator cyclin D1, through association with its promoter (12-13). Nuclear EGFR
was also found to be involved in the activation of the inducible nitric oxide synthase (iNOS) path-
way through its interaction with signal transducers and activators of transcription 3 (STAT3) (14).
Furthermore, it has also been found to be involved in DNA synthesis (8) and repair (15-17) through
interaction with the proliferating cell nuclear antigen (PCNA) and DNA-dependent protein kinase.
As the functions of nuclear EGFR continue to be elucidated, it is becoming more apparent that
nuclear expression of EGFR plays a significant role in prostate cancer development and progression.

Activation of EGFR has been implicated in the progression of normal prostatic epithelium to
androgen-dependent cancer and, eventually, hormone-refractory prostate cancer. Marks et al. (18)
investigated both amplification of EGFR gene by fluorescence in situ hybridization (FISH) and over-
expression of EGFR by immunohistochemical staining in prostate tissue from 71 patients treated
by hormonal therapy. They reported that EGFR gene amplification was present in 1 of 71 tumours.
Immunohistochemically, EGFR expression was demonstrable in 57 of 71 tumours and membranous
immunostaining for EGFR was observed in >75% of tumour cells in 11% of cases. In their study,
there was no correlation between EGFR protein expression and gene amplification, or EGFR expre-
ssion and clinicopathological characteristics or clinical outcome. Marks and coworkers found that
EGFR gene expression was detectable in 35% of a large series of hormone-treated prostate cancer, and
that EGFR protein is frequently expressed in tissues from these patients. EGFR overexpression may
serve as a reasonable target for therapeutic intervention in this otherwise difficult-to-treat subset of
prostate cancer. (18)

In another study, Shuch et al. (19) investigated EGFR expression in a well-characterized cohort of
PCa patients to determine the association between EGFR expression and race. Tumour tissues from
202 radical prostatectomies were studied (142 African Americans, 60 whites; median age, 67 years;
stage T2, n = 130; stage > or = T3, n = 72; Gleason score < 7, n = 110; Gleason score > or = 7, n = 92).
They reported that EGFR overexpression, defined as complete membrane staining in more than 10%
of tumour cells, was observed in 75 of 202 patients (37%). There was a significant association between
EGFR overexpression and African American race (p=0.0006), higher pretreatment prostate-specific
antigen (PSA; p=0.02), and stage (p=0.02), but not Gleason score (p=0.33). The association between
African American race and EGFR overexpression remained significant in a multivariate model after
controlling for grade, stage, and pretreatment PSA simultaneously (p=0.003). (19)

HER2/neu (also known as ErbB-2) stands for “Human Epidermal growth factor Receptor 2” and is a
protein that confers higher aggressiveness in some cancers. It is a member of the ErbB protein family,
more commonly known as the epidermal growth factor receptor family. Osman et al. (20) deter-
mined the association between serum levels of shed Her-2/neu protein and disease progression in
men with prostate cancer. In this study, of 279 patients, 37 (13.3%) had increased serum Her-2/neu.
They concluded that increased serum Her-2/neu correlates with the presence of metastatic disease
and it may indicate an increased risk of death in patients with castrate, metastatic prostate cancer.
The detection of serum Her-2/neu is a minimally invasive alternative to tumour sampling for identi-
fying potential candidates for anti-Her-2/neu treatment strategies. (20)
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4.3 Urine Markers

Urine biomarkers are promising since they are readily available and obtainable noninvasively.
Screening markers of urine samples can be used to detect either exfoliated cancer cells or secreted
prostatic products that could indicate the presence of prostate cancer. Prostatic products are released
directly into the genitourinary tract, and may be useful for early detection of prostatic cancer. DNA,
RNA and protein markers have all been proposed as suitable diagnostic agents.

A promising approach to improve the diagnostic accuracy of tumour markers is to identify the pros-
tate cancer-specific genes. Novel approaches in molecular technology seem to overcome hurdles in
detecting prostate cancer cells in urinary samples. Thus prostate cancer detection by means of urine
samples is coming into the realm of clinical practice.

4.3.1 Prostate cancer antigen 3 (PCA3)

Prostate-specific antigen (PSA) has clear but limited ability to detect prostate cancer. In fact, the
Prostate Cancer Prevention Trial (PCPT) detected prostate cancer in 6.6%, 10.1%, 17%, 23.9% and
26.9% of subjects with “normal” PSA values of <0.5, 0.6-1.0, 1.1-2.0, 2.1-3.0 and 3.1-4.0 ng/ml respec-
tively. Since the majority of men between the ages of 45 and 75 had PSA values of <4.0 ng/ml, it
has been suggested that 15% of high-grade cancer cases are routinely missed with a PSA-driven
evaluation. (1-3) To refine risk stratification, derivative measurements such as percent free PSA3,
age-specific PSA ranges (4), and PSA velocity (5) have been proposed, but are constrained by the same
limitations as PSA itself; namely, non-malignant conditions such as benign prostatic hyperplasia
(BPH) and prostatitis are common confounding conditions. These limitations of PSA as a clinical
tool have led to an intensive search for other prostate cancer biomarkers.

While many promising biomarkers for the early detection of prostate cancer, have been described,
few make it past the initial discovery phases and fewer yet are ever translated into a clinical assay.
One of the most promising biomarkers for prostate cancer is prostate cancer antigen 3 (PCA3, also
known as Differential Display Code 3 or DD3). (6) PCA3 is a prostate-specific gene that was found
in 95% of prostate cancer samples initially studied (6), and significantly overexpressed in cancer
versus benign tissue (7). It is known to be a non-coding messenger ribonucleic acid (mRNA) with no
resultant protein; thus its biologic role remains uncertain.

Clinically, PCA3 mRNA is detectable in the urine and prostatic fluid of men with prostate cancer.
This fact led to the development of a precise molecular urinary assay with a good sensitivity and
specificity for predicting prostate cancer on needle biopsy (69% and 79%, respectively). In contrast,
specificity of PSA was only 28% in the same sample. (8) Other studies have shown that urine and
prostatic fluid PCA3 assays produce comparable results. (9) The same study found that the informa-
tive rate for the PCA3 assay improved from 74.4% to 96.7% with an attentive DRE. (8) This led to
the recommendation that urine should be collected after an attentive DRE to increase the number of
prostate cells shed into the urine.
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Currently, several urinary PCA3 assays exist, with initial feasibility studies in Europe relying upon
a time-resolved fluorescence-based, quantitative RT-PCR-based methodology. The only commer-
cially available PCA3 assay in the United States uses whole urine rather than sediment, and relies
upon magnetic microparticle capture, transcription-mediated RNA amplification and hybridization
protection assay detection of PSA and PCA3 mRNA. All versions of this assay are reported as a ratio
of PCA3 mRNA/PSA mRNA. (8) PCA3 is currently the only urinary prostate cancer biomarker to
have progressed past the initial discovery phases and be translated into a commercial assay.

Subsequently, a number of multicentre studies have evaluated the diagnostic ability of urine PCA3
compared to a biopsy; (10-12) diagnostic accuracies ranged from 66-81% (10-12) and were superior
to that of PSA (p<0.05). (10-12) In addition, PCA3 scores correlated with the risk of prostate cancer
detected on biopsy such that a PCA3 value >100 was associated with a 50% chance of a positive pros-
tate cancer diagnosis. (11) Deras et al. in a separate study analyzed data on 190 prostate cancer cases
and 346 controls. (13) (Table 4) Both PCA3 (p<0.0001) and history of at least one biopsy (p<0.0001),
but not the interaction of these two variables predicted prostate cancer on biopsy. The PCA3 receiver
operating characteristic curve did not differ in its ability to detect prostate cancer amongst first,
repeat and all biopsies. Likewise, predictability curves were similar in shape amongst the three biopsy
groups. The only noted difference was at the beginning of the predictability curve (14) where prostate
cancer prevalence was higher for first biopsy. This would suggest that PCA3 may be useful for men
with prior negative prostate biopsies, a clinical situation where PSA has little diagnostic value.

TABLE 4 PCA3 Assay Sensitivity and Specificity in various cut-offs

Modified from: Deras IL, Aubin SM, Blase A, et al. PCA3: a molecular urine assay for predicting prostate biopsy outcome. J Urol.
2008;179:1587-92.

m Sensitivity (%) Specificity (%)

5 96 14
20 71 56
35 54 74
50 40 83
65 32 91
90 20 95

N=570 men undergoing prostate biopsy, 36% biopsy positive PCA3: prostate cancer antigen 3

PCA3 mRNA levels are independent of prostate volume and serum PSA. (15) The independence
from PSA suggests that it has the ability to add significantly more diagnostic information compared
to PSA derivatives, which are all correlated with PSA. Assuming that PSA is still used as a screening
test, this offers significant advantages. In one study by Haese, PCA3 urinary levels were independent
of prostate size as measured by transrectal ultrasound; thus, eliminating confounding by prostate
size and BPH. (16) Moreover, in the same sample he was able to show that PCA3 was independent of
PSA. (16) Thus, PCA3 may potentially be used for additional risk stratification across all PSA ranges.
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There is a suggestion that PCA3 may significantly refine the pre-test probability for men considered
for a repeat biopsy. Repeat prostate biopsy is indicated for patients who have a prior negative biopsy
but continue to have an elevated serum PSA or abnormal DRE, or for follow-up of previous pathologic
diagnoses of pre-malignant high-grade prostate intraepithelial neoplasia (HGPIN) or ASAP. (17) It
remains unclear when and how often to repeat a prostate biopsy as there is a documented decline
in cancer detection with each successive biopsy. (18,19). Among men with persistently elevated PSA
who are undergoing repeat biopsy, Marks and colleagues demonstrated limited reliability of PSA in
prostate cancer prediction and a significant superiority of the urine PCA3 assay in 226 men undergo-
ing repeat biopsy (AUC 0.68 for PCA3 versus 0.52 for serum PSA, p<0.01). (11) Others have found as a
sub-analysis that the diagnostic accuracy of PCA3 was similar between men undergoing first versus
repeat biopsy. (13,20)

PCA3 may be significantly higher among more aggressive, higher grade, and larger tumours rela-
tive to more indolent or lower grade tumours. On prostate biopsy, PCA3 has been variably found to
be associated with Gleason grade. (21,22) In the REDUCE trial, PCA3 was measured in the control
group and among those with cancer, the PCA3 level was associated with increasing grade. (22)
However, several smaller studies have not demonstrated this association. (21) It is conceivable that
the 40% estimated undergrading of cancer with a needle biopsy relative to a radical prostatectomy,
may explain why this association is hard to confirm on a biopsy. (23) More convincing evidence for
a grade association comes from radical prostatectomy pathologic findings. (15) In such a study, the
PCA3 level was measured in the urine prior to surgery and found to be correlated with the final
pathologic grade. (15)

Despite promising initial studies, the clinical utility of PCA3 has only been intensely studied in the
setting of prostate cancer detection after a screening PSA test has been performed. (24) PCA3 has not
been rigorously evaluated in other context for which PSA is otherwise commonly used and thus caution
should be exercised in this regard. To date, other untested clinical applications for PCA3 include pros-
tate cancer screening, either independently or as adjunct with PSA; post-prostate cancer treatment
follow-up; and active surveillance of low-grade PCA. Future work is clearly needed in these areas.

While PCA3 appears to improve prostate cancer detection, it has inherent limitations. There are no
standards for the urinary assay and all methods rely upon urine obtained immediately after an atten-
tive DRE. This is similar to PSA for which there are several assays; and reported values vary based
upon the assay method of PSA measurement used (25). Specimen informative rates are generally
high, but a small proportion of men will have to provide repeat urine samples after an inadequate
DRE, to express a sufficient number of prostate cells. Furthermore, it is unclear if a suboptimal DRE
or a small peripheral tumour producing a minimal shed cells into the urine can result in a falsely
negative PCA3 score. A recent report noted that PCA3 RNA can be detected in HGPIN and benign
tissue proximal to neoplastic glands, raising the possibility of confounding by some HGPIN lesions.
(26) Lastly, this assay, while approved in Europe and Canada, has not been FDA-approved.
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There is mounting evidence that suggest a combination of urine PCA3 and serum PSA is superior to
PSA alone for detection of prostate cancer, though these studies are limited to pre-screened patients
with elevated or rising PSA levels. PCA3 may serve as a useful adjunct for risk stratification for pros-
tate biopsy, and in particular, for counselling men contemplating repeat biopsy where PSA is of much
less diagnostic value.

4.3.2 Survivin

Survivin mRNA expression in voided urine from patients with bladder, prostate, and renal cancer
was evaluated and revealed 100% specificity but no sensitivity. (1) Fisker et al. have investigated the
effects of different locked nucleic acid modified antisense mRNA antagonists against survivin in
a prostate cancer model. These mRNA antagonists were found to be potent inhibitors of survivin
expression at low nanomolar concentrations indicating the high potential of locked nucleic acid for
therapeutic use. (2)

4.3.3 TERT

Telomerase is coded for by the TERT gene and is important in maintaining the telomeric ends of
chromosomes. Telomere activity has been identified in cell senescence and malignancy, capping and
protecting the ends of the eukaryotic chromosomes and thus, protecting them from degradation and
fusion with other chromosomes. In a recent study by Bantis et al. (3), positive telomerase expression
was detected in 67.8% of prostate carcinomas.

4.3.4 MCM-5

Two monoclonal antibodies to detect mini-chromosome maintenance-5 (MCM-5) in urinary sedi-
ments have been developed and tested in urine samples of patients with prostate cancer. MCM-5 was
not elevated in patients with BPH. A recent study by Dudderidge et al. reported that urinary MCM-5
test detects prostate cancer with 82% sensitivity and with a specificity ranging from 73 to 93%. They
concluded that urinary MCM-5 detection seems to be a simple, accurate, and noninvasive method
for identifying patients with prostate cancer. (4)

43,5 OHDG

Urinary 8-hydroxydeoxyguanosine (8-OHdQG) is considered as a biomarker of generalized cellular
oxidative stress and has been linked to cancers. Increased urinary concentrations of 8-OHdG were
detected by the enzyme-linked immunosorbent assay (ELISA) in the urine of patients with prostate
and bladder cancer. (5) But a recent study by Richardson et al. (6) reported that in prostate cancer,
8-OHdG was not significantly elevated in the acini or stroma of cancer-containing prostatic tissue
compared with age-matched benign prostatic tissue. Although 8-OHdG was significantly elevated in
the acini nuclei compared with the surrounding stroma nuclei in both cancer-containing and benign
prostatic tissue, it, by itself, was not a strong biomarker for prostate cancer risk assessment. (6)
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4.3.6 Sarcosine

Sarcosineis an amino acid derivative of N-methylglycine and is involved in the amino acid metabolism
and methylation processes that are enriched during prostate cancer progression (see Metabolomics
section). It could also serve as a new target to be measured during therapeutic interventions and
help in the identification of aggressive tumours for radical treatment. Cavaliere et al. (7) presented
a new urine test that can help in early diagnosis of prostate cancer. Their method for the quantifi-
cation of sarcosine in urine consists of a solid-phase microextraction (SPME) step followed by gas
chromatography-triple quadrupole mass spectrometry analysis. The accuracy and precision of their
method were evaluated at concentrations of 70, 250, and 800 ng/ml, and were found to be acceptable.
Very satisfactory values (0.10 and 0.16 ng/ml, respectively) were also achieved for the limit of detec-
tion and the limit of quantification. This protocol represents a rapid, simple, selective, and sensitive
tool to quantify sarcosine in urine samples for prostate cancer diagnosis and for a screening test. (7)

4.4 Tissue Markers

Identification of prostate cancer within tissue is generally performed through the observation of
glandular patterns upon microscopic exam. As pathologists became more able to survey prostate
tissues through immunohistochemical methods, several characteristic proteins were identified which
might allow more specific assessment of prostate cancer within small amounts of tissue. Additionally,
immunohistochemistry allowed assessment of the predictive ability of candidate proteins in deter-
mining disease prognosis.

Investigations into the genetic origins of prostate cancer have provided the most significant recent
advances in biomarker development. High-throughput microarray and sequencing technologies have
enabled numerous gene expression studies exploring the differences between benign and malignant
prostate tissue. Building on these initial findings, work has expanded further into defining addi-
tional neoplastic molecular changes, such as genetic polymorphisms and epigenetic modifications.
This section aims to summarize the clinically relevant findings within these areas and their potential
for novel biomarkers. (1)

4.41 Alpha-methyl CoA racemase (AMACR)

Utilizing subtractive hybridization and differential display techniques, several genes were initially
identified as possible cancer markers. The Corixa Corporation combined these techniques with DNA
microarrays and identified the gene P504S, which was found to express the protein o.-methylacyl-CoA
racemase (AMACR). (1,2) This protein is overexpressed in the prostate cancer epithelium, allowing
for its use as a highly specific tissue diagnostic tool. (3,4). Several studies have recently reported utili-
zing urine detection of AMACR as part of prostate cancer-specific urine panels and may ultimately
outperform current serum biomarkers. (5) Barry et al. (6) conducted a prospective cohort study
among 920 men aged 47 to 84 years, who were diagnosed with prostate cancer in order to evaluate
the association of AMACR expression with lethal prostate cancer over a 20-year follow-up period.
They found that lower AMACR intensity was associated with higher prostate-specific antigen levels
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(p=0.003), and more advanced clinical stage (p=0.06) at diagnosis, and a nonsignificant trend for
higher risk of lethal outcomes. The hazard ratio (HR) comparing the lowest to the highest quartile of
AMACR expression intensity was 1.53 ((95% CI: 0.86-2.73), p-for-trend across quartiles=0.07); this
trend was further attenuated after adjustment for age, Gleason score, stage, and cohort with an HR of
1.24 (95% CI: 0.69-2.22), p-for-trend =0.23. They concluded that low AMACR expression in primary
tumour specimens was not independently associated with the development of metastatic and lethal
prostate cancer after treatment over a 20-year follow-up period, after adjustment for important clini-
cal covariates at diagnosis. (6)

4.4.2 Hepsin

Hepsin is a type II serine protease that has been shown to be overexpressed in multiple studies.
(1,2). Analysis of tissue microarrays from over 700 clinically stratified prostate cancer specimens
demonstrated that hepsin expression correlates significantly with measures of clinical outcome (3).
In a study by Stephan et al. (4), matched prostate tissue samples from the cancerous and noncancer-
ous parts of the same prostates were obtained from 90 patients with prostate cancer who underwent
radical prostatectomy. They found that hepsin overexpression in cancerous compared with noncan-
cerous tissue was found in 81 of the 90 patient samples (90%, p<0.001). In 48 patients (53%), hepsin
overexpression was more than 10-fold in cancerous tissue. The ratio of cancerous-to-noncancerous
hepsin expression was significantly higher in the 39 patients with grade 3 tumours compared with
the 51 with grade 2 tumours (median 15.5 vs 9.6, p=0.031). For the prognosis, a cut-off at the 75th
percentile provided a significant difference between patients at lower risk (pT2, G2 and Gleason
score less than 7) and higher risk (pT3/4, G3 and Gleason score 7 or greater) for relapse. Their report
of the quantitative analysis of hepsin expression showed a strong and significant overexpression in
prostate cancer tissue. (4) Multiple studies have shown overexpression of hepsin gene that expresses
the protein hepsin in prostate tumours. However, the lack of detection of hepsin in serum or urine
currently limits its role as a biomarker. (5)

4.5 Prostate-specific Membrane
Antigen (PSMA)

Prostate-specific membrane antigen (PSMA) is a type II membrane protein with folate hydro-
lase activity produced by the prostatic epithelium. The expression of this molecule has also been
documented in extraprostatic tissues, including small bowel and brain. Silver et al. (1) performed
an extensive immunohistochemical analysis on a panel of well-characterized normal and malig-
nant human tissues to further define the pattern of prostate-specific membrane antigen (PSMA)
expression. Detectable PSMA levels were identified in prostatic epithelium and other organs. They
found that 33 of 35 primary prostate adenocarcinomas and 7 of 8 lymph node metastases displayed
tumour cell PSMA immunostaining. Eight of 18 prostate tumours metastatic to bone expressed
PSMA. Extraprostatic PSMA expression appears to be highly restricted. Also, the decrease in PSMA
immunoreactivity noted in advanced prostate cancer suggests that expression of this molecule may
be linked to the degree of tumour differentiation. (1) Another study by Ben Jemaa et al. (2) was
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undertaken to relate the co-expression of PSMA and PSA with the degree of vascularization in normal
and pathologic prostate tissue to elucidate their possible role in tumour progression. The study was
carried out in 6 normal, 44 benign prostatic hyperplastic and 39 cancerous human prostates. They
found that in normal prostate tissue, PSMA and PSA were equally expressed (3.7 + 0.18 and 3.07 £
0.11). A significant difference in their expression was seen in hyperplastic and neoplastic prostate
tissues (16.14 £ 0.17 and 30.72 £ 0.85, respectively) for PSMA and (34.39 + 0.53 and 17.85 *+ 1.21,
respectively) for PSA. A study of prostate tumour profiles showed that the profile [PSA+, PSMA-]
expression levels decreased between normal prostate, benign prostatic tissue, and primary prostate
cancer. On the other hand, the profile [PSA-, PSMA+] expression levels increased from normal to
prostate tumour tissues. PSMA overexpression was associated with high intratumoural angiogenesis
activity. By contrast, high PSA expression was associated with low angiogenesis activity. These data
suggest that these markers are regulated differentially and the difference in their expression showed
a correlation with malignant transformation. (2)

Mhawech-Fauceglia et al. (3) measured PSMA expression in normal tissues and in 3,161 benign and
malignant tumours, in order to define sensitivity and specificity in prostatic adenocarcinoma using
multiple tissue microarray sections with a monoclonal antibody to PSMA. Prostate cancer was posi-
tive in 93/141 cases (66.0%); all 846 benign tumours were negative for PSMA. The sensitivity and
specificity of PSMA in distinguishing prostate cancer from any other type of malignancy was 65.9%
and 94.5%, respectively. They concluded that, despite its expression by subsets of various types of
malignancies, PSMA is still considered to be fairly sensitive and highly specific for prostate cancer. (3)

4.6 Neuroendocrine Markers
in Prostate Cancer

Pretl first described neuroendocrine cells (NE) in the prostate in 1944. (1) Believed to stem from
neurogenic origin, these cells are found within both normal and malignant prostate tissue, do not
express androgen receptors, and are considered androgen insensitive. (2-7) Consequently, the neuro-
endocrine differentiation (NED) of prostate cancer may have a role in the development of hormone-
refractory PCa. (8)

Prostatic NE cells store peptide hormones within cytoplasmic granules, containing products such as
chromogrannin A (CGA), neuron-specific enolase (NSE), chromogrannin B, somatostatin, human
chorionic gonadotropin, thyroid-stimulating hormone, parathyroid hormone-related protein,
bombesin, and members of the calcitonin gene family (e.g. calcitonin, katacalcin, calcitonin gene-
related peptide). (2, 9-14).

While NED is not strictly defined, it is most frequently characterized by the presence of NE cells
throughout adenocarcinoma cells. These NE cells do not appear to be different from NE cells present
in the benign prostate tissue. However, they do have the potential for malignant transformation, as

132 INTERNATIONAL CONSULTATION ON PROSTATE CANCER



seen in small cell carcinoma, a highly malignant variant of NED. Given that these cells lack andro-
gen receptors, conversion to a malignant form of NED represents a potential transition towards
androgen-independent PCa. (15-21)

The precise origin of NED in prostate cancer remains unclear. Previous studies identified a role
for interleukin-6 (IL-6) in the development of NED in LNPCa cells. (22-25) Recent studies have
revealed that activation of the phosphatidylinositol 3-kinase-AKT-mammalian target of rapamycin
(PI3K-AKT-mTOR) is required for NED in PCa cell lines. In addition, androgen deprivation has been
shown to induce NED in LNCaP. (26)

Immunohistochemical studies (IHS) of PCa tissue have yielded conflicting results regarding the
prognostic potential of NED. Higher levels of CGA have been associated with poorly differentiated
PCa, but were not correlated with Gleason scores. (27-30) However, CGA levels have been shown in
several studies to correlate with worsening tumour differentiation, bone metastases, decreased time
to recurrence, and biochemical recurrence, but not disease-specific survival. (30-32) More recently,
strong staining of NE markers by IHS in patients with D2 PCa was associated with a greater risk of
death on multivariate analysis. In addition, this study also found poorer cause-specific survival in
D2 PCa with strong CGA staining. (10)

Most secretory products of NE cells are secreted into the bloodstream and are measurable by immuno-
assay. Elevated pretreatment serum levels of CGA, NSA and pro-gastrin releasing peptide (Pro-GRP)
have all been significantly correlated with poor prognosis in patients undergoing hormonal treat-
ment. (9,10,12,33-35) More recently, increased CGA velocity was associated with androgen-depri-
vation in men with pT3 PCa and PSA progression, and serum CGA levels increase as intervals of
hormone therapy increase. (14,36) These findings suggest that NED progression is increased with
hormonal therapy. (37)

Recently, Dizeyi et al. reported that the NE product, serotonin (5-HT), dose-dependently activated
the Akt/PI3K and MAPK/Erk pathways in PCa cell lines, further strengthening the association
between NED and hormone-resistance in PCa. This work also suggests possible novel targets based
upon t-HTR antagonists. (38)

In addition, Nishikawa ef al. explored the role of a novel 40-amino acid neuropeptide called manse-
rin in PCa progression. They reported a significant correlation between manserin-positive rates and
Gleason score. Manserin expression was associated with a decreased median time to progression,
and was significantly associated with progression on univariate, and multivariate analysis. They
concluded that manserin may serve as a novel marker of PCa progression. (39)

Currently, serum and tissue CGA levels represent a valid serum marker for NED. Furthermore,
CGA levels add prognostic information, with elevated CGA velocities correlating with developing
hormone-resistance. Novel NE markers, such as manserin, may also offer the potential to provide
additional information, not only for disease prognosis and staging, but also as therapeutic agents.
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4.7 ETS Rearranged Prostate Cancer:
A New Class of Cancer-Specific
Biomarkers

In 2005, a novel bioinformatics approach helped identify recurrent gene fusions in PCa involving the
5’ untranslated region of the androgen-regulated gene TMPRSS2 with ERG or ETV1, two members of
the ETS transcription factor family (1) (Figure 6). Fusion of TMPRSS2 with ERG or ETV1 occurred
only in cases with overexpression of the respective ETS gene, and fusions were not detectable in
benign prostate tissues. Using FISH, more than half of a PSA-screened cohort of prostatectomy
samples had ETS rearrangements, confirming their existence at the chromosomal level (DNA). Over
200 published studies have confirmed the existence of ETS gene fusions in approximately 50% of over
2,000 PSA-screened PCas, with 15-35% of non-PSA screened cancers having ETS fusions (2,3). These
studies have demonstrated that fusion at the genomic level (as detected by FISH), and subsequent
overexpression of the ETS gene fusion transcripts is essentially 100% specific for prostate cancer in
tissue studies. (4-21).

FIGURE 6 TMPRSS2 ETV1
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Analysis of TMPRSS2-ERG positive and negative PCa cell lines showed that the TMPRSS2-ERG
fusion resulted in androgen-regulated expression of ERG. Thus, the androgen-responsive elements
that normally restrict the expression of TMPRSS2 to the prostate now drive the aberrant overexpre-
ssion of 5’ truncated ETS oncogenes (1,14). This discovery represented a paradigm shift in our under-
standing of common epithelial cancer development, as recurrent chromosomal rearrangements and
gene fusions had not been described in common epithelial cancers. Such gene fusions are common
in leukemias, lymphomas and sarcomas (22), with the prototypic example being a rearrangement
between chromosomes 9 and 22, which results in fusion of the BCR and ABL genes, and characterizes
chronic myelogenous leukemia (CML). Importantly, the [9-22] rearrangement is a pathognomonic
biomarker for CML (9-22), and this finding led to the development of imatinib, which inhibits the
BCR-ABL gene fusion product and has revolutionized CML treatment (23). The discovery of recur-
rent ETS gene fusions as pathogenomic biomarkers of PCa has the potential to revolutionize the early
diagnosis of PCa.

4.71 Prevalence of ETS fusions in prostate cancer

Determining the prevalence of ETS fusions is complicated by a lack of completeness of the 5" and 3’
partners, the detection method, and the characteristics of the clinical cohort assessed. For example,
RT-PCR can only detect specific fusion isoforms with known 5’ partners. As TMPRSS2-ERG is by far
the most common subtype of ETS fusions (~85% of all ETS fusion positive samples [15]), it is often
the only subtype examined, and can be used to estimate ETS fusion prevalence. A recent review
assessing over 25 published studies with ~1,500 cases, found that TMPRSS2-ERG fusions have been
reported in ~50% of prostate cancers, reflecting the prevalence in PSA-screened cohorts from North
America, Europe and Asia (3). Since that time, additional studies (24-32) with over 1,200 cases repre-
senting similar cohorts have reported a TMPRSS2-ERG prevalence of 45%, consistent with previous
results. Similarly, a multi-institution study of “for cause” needle biopsies (elevated PSA or abnormal
DRE) found that 46/100 biopsies with cancer had TMPRSS2-ERG rearrangements (33). Results from
three population-based cohorts with over 750 cases have been published, with TMPRSS-ERG preva-
lences of 15% (clinical stage T1a-b) (17), 30% (T1-3) (34), and 35.5% (T1-3) (35) (Table 5). At present,
the reason for the different prevalence in population- and PSA-screened cohorts is unclear, although
clinical T1 stage cancers in all population-based cohorts have the lowest TMPRSS2-ERG prevalence
(15% and 17% ) (17,34).

Assessing ETVI1, ETV4 and ETV5 fusions is best accomplished by FISH, given the multiple 5’ partners.
The largest studies suggest that together, they account for approximately 5-10% of PSA-screened pros-
tate cancers (10,15,36). For example, Attard et al. identified ETV gene rearrangements in 5.4% of the
population-based cohort of 429 patients with approximately 30% TMPRSS2-ERG prevalence (36).
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TABLE 5 Prevalence of ETS Fusions

Modified from: Fitzgerald LM, Agalliu |, Johnson K, Miller MA, Kwon EM, Hurtado-Coll A, et al. Association of TMPRSS2-ERG gene
fusion with clinical characteristics and outcomes: Results from a population-based study of prostate cancer. BMC Cancer. 2008:8:230.

Clinical Stage TMPRSS2-ERG prevalence

Tla-b 15%
T1-3 30%
T1-3 35.5%

Recently Park et al., reported the identification of a rabbit anti-ERG monoclonal antibody (clone EPR
3864; Epitomics, Burlingame, CA) using immunoblot analysis on prostate cancer cell lines, synthetic
TMPRSS2-ERG constructs, chromatin immunoprecipitation, and immunofluorescence (37) They
correlated ERG protein expression with the presence of ERG gene rearrangements in prostate cancer
tissues using a combined immunohistochemistry (IHC) and fluorescence in situ hybridization
(FISH) analysis. They independently evaluated two patient cohorts and observed ERG expression
confined to prostate cancer cells and high-grade prostatic intraepithelial neoplasia associated with
ERG-positive cancer, as well as vessels and lymphocytes (where ERG has a known biologic role).
The combined pathology evaluation of 207 patient tumours for ERG protein expression had 95.7%
sensitivity and 96.5% specificity for determining ERG rearrangement prostate cancer. Given the ease
of performing IHC versus FISH, ERG protein expression may be useful for molecularly subtyping
prostate cancer based on ERG rearrangement status and suggests clinical utility in prostate needle
biopsy evaluation.

4.7.2 Diagnostic implications of gene fusions

The fusion of TMPRSS2 and ERG loci at the chromosomal level and subsequent overexpression
of the TMPRSS2:ERG transcript and truncated ERG protein product is essentially 100% specific
for the presence of PCa in tissue studies (1-4). The protein product of the TMPRSS2:ERG fusion is
not chimeric, nor known to be secreted, limiting antibody-based detection in serum (as for PSA).
However, a clinical-grade, urine-based assay for the non-coding transcript PCA3 (a prostate-specific
gene overexpressed in > 95% of prostate cancers [15]) has been developed that has shown utility for
adding to serum PSA for PCa detection (6,7), and previous studies using research grade RT-PCR
based assays have shown that TMPRSS2:ERG mRNA is also detectable in urine (8-12).

Tomlins ef al. have recently reported the results of a clinical-grade, transcription-mediated ampli-
fication (TMA) assay for quantifying TMPRSS2:ERG mRNA based on the same technology as the
PCA3 assay (13). TMPRSS2:ERG transcript was quantitatively measured in prospectively collected
whole-urine from multiple cohorts, including 218 men undergoing prostatectomy at the University
of Michigan, and 1,094 men undergoing biopsy at 10 academic and community clinics. Urine
TMPRSS2:ERG was associated with indicators of clinically significant PCa at biopsy and prostatec-
tomy, including tumour size, high prostatectomy Gleason score and upgrading at prostatectomy (13).
TMPRSS2:ERG, in combination with urine PCA3, improved the multivariate PCPT risk calculator
performance for predicting cancer on biopsy (AUC in test set, 0.79 vs. 0.64, p<0.001). In the biopsy
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cohorts, using a three-class stratification system, men in the highest and lowest TMPRSS2:ERG+PCA3
score groups had markedly different rates of cancer (69% vs. 21%, p<0.001), clinically significant
cancer by Epstein criteria (61% vs. 15%, p<0.001) and high-grade cancer (40% vs. 7%, p<0.001) on
biopsy. They demonstrated that urine TMPRSS2:ERG, in combination with urine PCA3, enhances
the utility of serum PSA for predicting PCa and clinically relevant cancer on biopsy.

Based on associations with the presence of cancer and significant pathology, they explored several
clinically applicable models for demonstrating the value of urine TMPRSS2:ERG for individua-
lizing PCa risk in PSA-screened men presenting for biopsy. Through ROC analysis, they found that
TMPRSS2:ERG had significantly increased AUC compared to serum PSA in both the academic- and
community-biopsy cohort (0.71 vs. 0.61, p=0.002 and 0.65 vs. 0.59, p<0.13, respectively). Previous
studies using research grade assays have demonstrated that measuring both PCA3 and TMPRSS2:ERG
in urine outperforms either marker alone for predicting the presence of PCa on biopsy (8,9). Mertz
et al. showed that amongst informative men with TMPRSS2:ERG, PCA3 and serum PSA measured,
TMPRSS2:ERG+PCA3 score had significantly increased AUC compared to serum PSA in both the
academic (n=606, 0.77 vs. 0.61, p<0.001) and community-biopsy cohorts (n=456, 0.71 vs. 0.60,
p=0.001), which also improved upon the AUC of TMPRSS2:ERG alone in both cohorts (academic:
0.77 vs. 0.71, p<0.001; community: 0.71 vs. 0.65, p=0.002). These results are highly encouraging and
represent a pathway for the development and expansion of cancer-specific tests that can be multi-
plexed with TMPRSS2:ERG and PCA3. Specifically, the inclusion of TMPRSS2:ETV1 or SPOP muta-
tions (see below) would improve the sensitivity of the assay without compromising cancer specificity.

4.7.3 Clinical therapy implications of gene fusions

The androgen receptor (AR) has been, and still remains the main target for pharmacologic treatment
of PCa. Recent novel approaches have been developed to target even the lowest levels of androgens
by blocking steroid synthesis. For example, Abiraterone acetate (Zytiga™, Centocor Ortho Biotech,
Inc.) is a selective small molecule inhibitor of cytochrome (CYP) 17, which effectively blocks the
production of androgen (1). It has recently been approved by the FDA in combination with pred-
nisone for the treatment of patients with metastatic castration-resistant prostate cancer who have
received prior chemotherapy containing docetaxel. In the initial phase I clinical trial, abiraterone
demonstrated a decrease in PSA following treatment in 50% of all men with castration-independent
prostate cancer (2,3). In that study, 83% of men (5/6) with TMPRSS2:ERG fusion PCa had a decrease
in PSA following abiraterone treatment. This study was not designed to test the potential role of
abiraterone with respect to TMPRSS2:ERG fusion status, and these findings have yet to be validated.
However, the possibility that TMPRSS2:ERG fusion status or other molecular characteristics could
predict response to therapy warrants further study. The further rationale for exploring differential
response of ETS rearrangement PCa in trials targeting AR relates to the five prime partners of most
ETS gene fusions, which are usually highly androgen-regulated genes (e.¢. TMPRSS2, SCL45A3 and
NDRG]I). In vitro experiments demonstrate that by increasing androgen levels, one also increases the
production of ETS gene-fusion transcripts. Therefore, it is theoretically possible that ETS rearrange-
ment PCa might respond to anti-androgen therapy in a manner distinct from non-ETS PCa.
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Another intriguing avenue of clinical research is the potential to target “actionable” gene fusions
in PCa. To date, there are no drugs that target TMPRSS2:ERG specifically. RAF kinase fusions,
although rare, are of immediate therapeutic significance given the numerous approved and inves-
tigational agents. Palanisamy et al. (4) demonstrated that the RAF kinase fusions were sensitive to
sorafenib, an orally active FDA-approved agent that inhibits multiple kinases, including RAF (5).
This suggests that screening patients for RAF fusions may identify a subset of PCa patients that may
benefit from existing targeted therapies, similar to the current clinical application of ALK inhibitors
for EML:ALK4 non-small-cell lung carcinoma patients (6,7). We envision that other targetable gene
fusions and driving mutations will be discovered in the coming years.

There are other PCa molecular classes that may offer distinct targets for therapy. For example, Ateeq
et al. recently demonstrated proof of principle that SPINK1 overexpressing PCa can be targeted using
cetuximab, an EGFR inhibitor (8). SPINK1 harbors a high homology with EGF. Preclinical models
using recombinant SPINKI1 support targeting the extracellular domain of SPINKI. This early work
provides a rationale for both the development of humanized monoclonal antibodies to SPINK1 and
evaluation of EGFR inhibition in SPINK1(+)/ETS(-) PCas.

4.8 Molecular Profiling

While serum PSA evaluation has ushered in an era of earlier prostate cancer detection, the posi-
tive predictive value of a serum PSA between 4.0 and 10.0 ng/ml in a patient with a normal DRE
remains approximately 30%. The poor specificity of this test essentially states that 70% of men with
“elevated” PSA levels do not have evidence of prostate cancer on biopsy. As a result, many groups
have developed manipulations of PSA evaluation to improve the test characteristics and performance
of this test. (See Section 4.2)

Molecular profiling strives to improve upon PSA through identification of novel markers of prostate
cancer that provide enhanced test characteristics for prostate cancer diagnosis and outcome. Once
identified, such novel markers also harbour the potential to serve as therapeutic targets. One excel-
lent example of this is the development of sipuleucel-T, a novel immunotherapy based upon the
original prostate cancer biomarker, prostatic acid phosphatase (PAP).

The molecular biology of prostate cancer involves complex interactions amongst several pathways,
including androgen receptor signaling, apoptosis, cell-cycle regulation, signal transduction and
angiogenesis. Given this complexity, the search for potential markers of prostate cancer involves
investigation of these pathways from the level of DNA to the final array of metabolites being produced
by the neoplastic environment. At this point, strategies in PCa early detection primarily rely on
surrogate biomarkers that are prostate-specific, and not intrinsically prostate cancer-specific. An
alternative strategy is to develop clinically robust assays for biomarkers identified through genomic
and transcriptomic studies that are not only cancer-specific (1), but also predictive for non-indolent
prostate cancer.
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The following sections describe an example of utilization of techniques aimed at identifying novel
markers for prostate disease through analysis of genomic, transcriptomic, proteomic and metabolo-
mic profiles.

4.81 Genome sequencing of PCA suggest hidden
genomic complexity

To gain initial insights into genomic alterations that may underpin high-risk PCa, the complete
genome characterization of seven prostate tumour samples and their matched normal counterparts
(from whole blood obtained from the same patient) was performed. In the initial study, all patients
harboured Gleason 7-9 tumours of stage T2c or greater. Three tumours harboured TMPRSS2:ERG
chromosomal rearrangements.

The average coverage in these first experiments was more than 30 times, yielding a fraction of the
genome deemed “callable” for somatic mutations that exceeded 80% in all cases. Most PCa genomes
harboured between 2,527 and 3,659 somatic base mutations, with a mean mutation frequency of
approximately 1.3 x 10-6. A median of 14 non-synonymous base mutations per sample resided within
the protein coding gene. Analysis of the non-synonymous coding mutations revealed several intrigu-
ing candidate cancer genes. Two genes (SPTAI and ADAM1I8) were found mutated in 2/7 tumours.
ADAMIS8 encodes a disintegrin and metalloprotease domain family member involved in sperm
function (1). ADAM proteins exert key cell-cell and cell-matrix interactions, and members of this
family have been postulated to have roles in cancer (2). In addition, members of the HSP-1 stress
response complex (HSPA2, HSPA5, and HSP90ABI) were mutated in 3/7 PCas. These genes encode
Hsp70 and Hsp90 isoforms, which form a chaperone complex (3,4) targeted by several anticancer
drugs in development. Interestingly, 2/7 PCas harbour nonsense mutations in potassium channel
genes (KCNQ3 and KCNTI). Accumulating evidence suggests that several potassium channels may
negatively regulate tumour cell growth. Additional studies will be required to determine the func-
tional importance of these mutations.

All prostate genomes also harboured a large number of rearrangements. This result is one of the major
surprises in this study. Detailed examination of the spectrum of chromosomal rearrangements revealed
a striking recurrent pattern that encompassed both inter- and intrachromosomal events. Several
genomes contained complex rearrangements consisting of multiple loci that exchanged “breakpoint
arms”, thereby creating a mix of chimeric chromosomes without concomitant loss of associated genetic
material (e.g, all breakpoints produce balanced translocations). This “twinned” pattern of breakage
and rejoining was particularly manifested in the TMPRSS2:ERG fusion-positive PCas: indeed, each
such tumour harboured at least one set of “twinned breakpoint” chromosomal groups.

Interestingly, closer inspection of the sites at which the breakpoints occurred revealed that several
breakpoints were situated in close proximity to genes known to play oncogenic roles in other cancers.
For example, in one “chain” of “twinned breakpoints”, the pairs of breaks occurred as follows: (1)
60bp from exon 5 of TANK binding kinase 1 (TBKI or “NK-kB-activating kinase); (2) within the
5UTR of TP53 (7kb away from exon 1); (3), ~51Kb from MAP2K4 (a kinase that directly activates
several MAP kinases); and (4), ~3kb from the ABLI protooncogene. The mechanisms by which these
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breaks occur and chimeric chromosomes emerge, as well as the functional implications, are still
unknown. However, this striking observation raises the possibility that “twinned” translocations
dysregulate multiple genes in parallel to promote prostate tumourigenesis.

Genomic rearrangements appear to be nonrandom, locus-specific and depend, in part, on the
proximity of chromosomal regions in the nucleus (5). Moreover, there is mounting evidence sugges-
ting that transcription factors are associated with DNA double-strand breaks, thus predisposing
transcribed regions to genomic rearrangements. For example, both androgen and estrogen signa-
ling recruits the enzyme topoisomerase 2B (TOP2B) to target gene promoters, which creates DNA
double-strand breaks and facilitates transcription (6,7). The androgen receptor and TOP2B are
co-expressed in human PCa precursor lesions in which TMPRSS2:ERG rearrangements are known to
occur, suggesting a critical role of TOP2B in the recurrent ETS rearrangements. Three recent studies
have also shown that androgen signaling promotes TMPRSS2:ERG fusion formation (8-10), in part,
by recruiting DNA break-inducing enzymes (e.g activation of induced cytidine deaminase (AID)) to
translocation breakpoint sites (9). More recently, we demonstrated that rearrangement breakpoints
were enriched near open chromatin, AR and tERG DNA-binding sites in the setting of the ETS gene
fusion TMPRSS2:ERG, but inversely correlated with these regions in tumours lacking ETS fusions
(11). Hence, transcription factors can contribute to the formation of genomic rearrangements by
facilitating the juxtaposition of chromosomal loci and recruiting enzymatic machinery involved in
DNA breaks to these target loci. This work also suggests that inhibitors of repair enzymes such as
PARP1 and DNA-PK decrease the susceptibility to gene fusions. It also raises concerns that TOP2B
inhibitors such as etoposide or doxorubicin might facilitate gene fusions and rearrangements by
enhancing double-stranded DNA breaks. Ongoing research is exploring the clinical implications of
these observations.

A broader analysis of the structural rearrangements identified 20 genes containing an intragenic
breakpoint in more than one prostate tumour. Two tumours contained breakpoints situated
within PTEN (at different nucleotide positions), a well established PCa tumour suppressor gene
(12). In one case, PTEN rearrangement co-occurred with a dinucleotide deletion within the PTEN
coding sequence.

Interestingly, two additional tumours carry rearrangements predicted to disrupt the MAGI2 gene,
which encodes a protein known to interact with, and stabilize PTEN (13,14). Thus, four out of
seven tumours harboured rearrangements predicted to inactivate PTEN or MAGI2. Importantly,
three of these tumours were TMPRSS2:ERG-positive. A follow-up array based analysis performed
by the Demichelis lab has identified at least one additional tumour that harbours a focal deletion
involving the MAGI2 locus. Recent studies have shown a statistically significant co-occurrence of
TMPRSS2:ERG and PTEN loss in human tumours (15). In addition, mouse PCa models suggest
that TMPRSS2:ERG promotes PCa progression when co-occurring with PTEN loss or PI3K path-
way activation (16,17). Given that MAGI2 has been shown to bind and stabilize the PTEN protein,
and to enhance the ability of PTEN to suppress Akt activation, the discovery of intragenic MAGI2
breakpoints in PCa tumours, raises the possibility that MAGI2 disruption might also cooperate with
TMPRSS2:ERG in prostate tumourigenesis.
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As a subsequent analysis of significantly more genomes demonstrates, there are only a few truly recur-
rent non-synonymous mutations in PCa (Barbieri/Rubin/Garraway submitted). The most common
recurrent non-synonymous mutation in PCa involves SPOP. The SPOP gene encodes the substrate-
recognition component of a Cullin3-based E3-ubiquitin ligase (18,19). Mutations in SPOP in PCa were
originally reported in two systematic sequencing studies (11,20). We have now identified the presence
of recurrent mutations in SPOP in 6-13% of human PCas in multiple independent patient cohorts
(Barbieri and Rubin, unpublished). Recurrent missense mutations are found exclusively in the struc-
turally-defined substrate-binding cleft of SPOP, and structural analysis suggests that these mutations
will inactivate SPOP function by disrupting SPOP-substrate interaction (21). Further, we found that
loss of SPOP function in prostate cell lines resulted in increased invasion, and altered gene expression;
evidence of this expression signature was identified in primary tumours harbouring SPOP mutation.
Importantly, all SPOP mutations occurred in tumours that were negative for ERG rearrangement
and PTEN deletion; these tumours displayed characteristic somatic copy-number aberrations. Taken
together, these findings support a distinct molecular class of PCa.

4.8.2 Inherited genetic variants and prostate cancer

We also recognize that in addition to these somatic alterations, there are important modifying risk
factors that are heritable. These germ-line risk factors may predispose to PCa or even more impor-
tantly, to an aggressive PCa. As demonstrated in a large Scandinavian Twin Registry Study (1), PCa,
more so than for any other common tumour types, is significantly attributable to hereditary factors.
Specifically, the proportion of susceptibility accounted for by genetic defects was estimated as 42%.
As the individual genetic makeup plays a role in PCa susceptibility, we anticipate that germline vari-
ants also modulate PCa progression.

A series of independent studies, both genome-wide association studies (GWAS) and family linkage
analyses, reported on multiple independent Single Nucleotide Polymorphisms (SNPs) as PCa risk
markers. In 2006, Amundadottir et al. (2) and Freedman et al. (3) detected PCa risk SNPs in three
regions of 8q24 using linkage analysis, followed by fine-mapping in an Icelandic family (54), and
using an admixture scan approach in West African ancestry men. Multiple other loci have subse-
quently been identified (4-6) and replicated (7).

On the one hand, the data clearly reflect the strong genetic component involved in PCa incidence.
On the other hand, the modest reported effects of the risk SNPs diminish their suitability in disease-
detection applications. In addition, it has been extremely challenging to demonstrate a functional
role for these risk SNPs, which are most often outside of gene coding areas.

Of relevance, some GWAS studies investigated SNPs as risk markers for aggressive or more advanced
PCa (8,9). Hypothesis-driven studies focused on variants associated with disease progression and
adverse outcome (10-16), or cancer-specific death (11,12,15-17). For the first time, Lin et al. (18)
reported on the discovery and independent validation of five SNPs associated with PCa-specific
mortality involving ARVCE, LEPR, CRY1, RNASEL, and IL4 genes.
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The second most common source of variation among human individuals (SNPs are the first) is Copy
Number Variants (CNVs) (19,20), defined as copy-number changes—gains or losses—of stretches of
DNA between few hundred bases to several megabases wide. Similar to SNPs, CNVs commonly
seen in the genome of healthy individuals (21,22), confer susceptibility to diseases like Alzheimer’s
disease, Parkinson’s disease, mental retardation, autism, bipolar disorder and schizophrenia (23,24),
and exert functional impact (25-28). Emerging studies reveal germline CN'Vs to confer risk to cancers
such as neuroblastoma (29) and to be enriched in Li-Fraumeni syndrome (30). Interestingly it has
been ascertained that the occurrence rates of SNPs and CNVs are different, where CN'Vs have higher
rates of occurrences, suggesting that these two types of polymorphisms potentially carry different
information (31). To date, studies of germline CNVs and PCa risk have mainly used a candidate gene
approach (32-37). One example of a CNV investigated as a PCa risk biomarker involves the UGT2B17
gene, a member of the uridine diphospho-glucuronosyltransferase (UGT) gene family that plays a
central role in the catabolism of testosterone and dihydrotestosterone. UGT2B17 maps to a highly
polymorphic locus on 4q13.2, which is completely deleted (homozygous deletion) in about 10% of
Caucasian individuals. This variant is known to exert a dosage effect of UGT2B17 transcript levels.
To systematically investigate the role of CN'Vs in PCa, our group characterized over 5,000 variants in
about 2,000 men from the Tyrol Early Prostate Cancer Detection Program cohort (38), and identified
low frequency, transcriptionally active CN'Vs associated with PCa risk and more aggressive disease
(Demichelis, Rubin, submitted).

Overall, we envision that further characterization of inherited genetic variants associated with PCa
risk and progression can help unravel the mechanisms behind the disease etiology and the disease
dynamics. In addition, PCa progression or cancer-specific death risk markers could eventually be
exploited in combination with PCa-specific somatic markers like TMPRSS2:ERG, and PCA3, as part
of a highly-sensitive and specific non-invasive test to identify, at the time of diagnosis, which men
will benefit from treatment.

4.8.3 Epigenetic changes in prostate cancer

Changes in gene expression may occur as a result of alterations in DNA. Alterations known as
epigenetic modifications include changes in DNA methylation and histone acetylation status, as well
as the previously described changes in nuclear structure. Segments within the gene promoter that
are composed of GC-rich regions are termed CpG islands. Alterations in the methylation status of
these regions may affect gene expression and have been shown to play a role in carcinogenesis (1).
Perhaps the most studied gene with a methylation change associated with prostate cancer is that of
the glutathione S-transferase P1 (GSTPI). GSTP1 belongs to a family of detoxifying enzymes that are
involved in metabolic reduction of electrophilic carcinogens. These enzymes have been suggested
to be involved in the development of prostate cancer. Elevated levels of GSTP1 CpG hypermethyl-
ation have been detected in tissues from precancerous lesions (atypia and prostatic intraepithelial
neuplasia [PIN]) and within ejaculates, urine, and plasma from men with prostate cancer (2). A large
number of studies have evaluated these hypermethylated CpG islands of GSTP1 as prostate cancer
tumour markers (3-6).
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Many of these initial studies of prostate cancer DNA methylation markers have exhibited high sensi-
tivity and specificity (7, 8), and improved upon the sensitivity of histology alone (9). Bastian and
colleagues (10), utilized a restriction endonuclease, QMSP (RE-MSP), to detect abnormalities in the
CpG islands found in serum GSTPI DNA. No men with a negative biopsy had GSTPI DNA detected
in their sera, compared to 12% of men with clinically localized PCa and 28% with metastatic disease.

With the success of demonstrating the strong association of GSTPI methylation and prostate cancer,
additional efforts have focused on examination of the whole genome methylation status and its asso-
ciation with prostate cancer. Other DNA methylation changes have been demonstrated to be indica-
tors of prostate cancer and correlate with the aggressive nature of the disease (11-12). It is clear that
we are now just hitting the tip of the iceberg in our understanding of the importance of methylation
changes and prostate cancer and furthermore, the potential of these changes to serve as biomarkers
of the disease.

4.8.4 Studies of gene expression

After the completion of the Human Genome Project, information regarding the annotation of
approximately 30,000 genes became available for evaluation. (1) Of particular research interest has
been the investigation of genetic alterations in cancer. Multiple tools have evolved for evaluation of
the available genetic information. One way of investigating this data is through the use of expressed
sequence tags (ESTs). ESTs are short (400-800 base pairs) “tags” of mRNA representing the expressed
components of complementary DNA (cDNA). The collection of ESTs derived from a library of cDNA
represents a static overview of the active genome being utilized by the cell, tissue or organism that has
been catalogued. The frequency of a specific set of ESTs correlates to the rate of transcription, and
thus, proportionally represents the gene expression level. The collection of human ESTs is available
for evaluation (http://www.ncbi.nlm.nih.gove/dbEST) and allows for mining of this database for the
identification of overexpressed genes involved in prostate cancer. (2,3)

Analysis of the EST database by Asmann et al.(3) and by Ernst et al.(5) provided early evidence of a
link between the overexpression of cysteine rich secretory protein-3 (CRISP3) and prostate cancer.
The CRISP protein family is highly conserved amongst vertebrates, and is primarily expressed by
exocrine glands. (6) Animal studies have also revealed that CRISP has a role in sperm function and
fertilization, and exhibits strong androgen dependence. (7-8). In human tissue, CRISP3 proteins are
expressed by neutrophils, salivary glands, pancreas, as well as prostate, and these proteins may have
a role in male fertility. (9-14) The exact role for CRISP3 remains unclear. However, its presence in
the secretory granules of neutrophils suggests a role in proteolysis and cellular matrix remodeling,
similar to other seminal plasma proteases such as TMPRSS2 and PSA. (14)

Additionally, Bjartell et al. have shown that elevated CRISP3 expression in tissue microarrays is asso-
ciated with a slight increase in risk of recurrence after radical prostatectomy (HR=1.53, p= 0.010).
(15) However, the use of CRISP3 did not improve performance of existing prediction models. (15)
Additional studies have provided further support for CRISP3 as a potential prostate cancer-specific
biomarker. (4, 16-17).
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More recently, Ribeiro ef al. discovered that CRISP3 overexpression is associated with pT3 disease
(p=0.006) and that CRISP3 expression correlates with the levels of the transcription factor, ERG. This
study further provided evidence for the direct regulation of CRISP3 expression by ERG, suggesting
arole of ERG and CRISP3 in locally advanced prostate cancer and links this role to TMPRSS2-ERG-
positive prostate cancer (14). Future work is needed to further characterize the role of CRISP3 and
prostate cancer, but this early work serves as an example of the emerging potential for these genetic
analyses.

4.8.5 Proteomic profiling

Multiple, complex molecular events characterize cancer development and progression. Deciphering
the molecular networks that distinguish organ-confined disease from metastatic disease may lead to
the identification of biomarkers of cancer invasion and disease aggressiveness. Although alterations
in gene expression have been extensively quantified during neoplastic progression, complementary
analyses of proteomic changes have been limited (1).

Proteomics involve the use of mass spectometry to study differences in patterns of protein expres-
sion (1). While patterns of protein expression have been proposed to yield more biologically rele-
vant and clinically useful information than assays of single proteins, many limitations in the use of
proteomics exist. In contrast to genomics, in which amplification techniques like polymerase chain
reaction (PCR) allow for the investigation of single cells, no technology is available at the protein
level. Other issues between studies have been the lack of uniform patient inclusion and exclusion
criteria, small patient numbers, absence of standardized sample preparations, and limited analytical
reproducibility (2).

Artificial intelligence-based pattern recognition algorithms have been developed and successfully
used to analyze complex serum proteomic data streams generated by surface enhanced, laser desorp-
tion ionization time-of-flight mass spectroscopy. Ornstein et al. (3) used a high performance, hybrid
quadrupole time-of-flight mass spectrometer to generate discriminatory serum proteomic profiles
to determine if this technology could be used to evaluate the need for prostate biopsy in men with
elevated prostate specific antigen (PSA). They collected serum samples from 154 men with serum
PSA 2.5 to 15.0 ng/ml and/or abnormal DRE prior to transrectal ultrasound guided biopsy. They
concluded that testing with this model yielded 100% sensitivity and 67% specificity. In other words,
if the proteomic pattern had been used to determine the need for prostate biopsy, men with PSA
between 2.5 and 15.0 ng/ml, 67% (42 of 63) with negative biopsies would have avoided unnecessary
biopsy, while no cancers would have been missed (3).

To study the fluctuating state of the proteome, Grubb ef al. (4) applied reverse-phase protein array
technology to analyze the status of key points in cell signalling involved in pro-survival, mitogenic,
apoptotic and growth regulation pathways in the progression from normal prostate epithelium to
invasive prostate cancer. They found that, focused analysis of phospho-specific endpoints revealed
changes in cellular signalling events through disease progression and between patients.
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4.8.6 Metabolomic profiling

Genomic and proteomic studies provide insights into the myriad of genetic alterations. Aberrant tran-
scription processes play a role in the development and progression of prostate cancer. Metabolomics
aims to build from this foundation to profile the end-product of these aberrant processes in order to
identify markers characteristic of the neoplastic process.

Utilizing high-throughput evaluation of 42 tissue and 220 urine or plasma prostate cancer-related
samples with liquid-and-gas-chromatography coupled with mass spectrometry, Chinnaiyan et al.
recently reported preliminary findings of evidence for a prognostic prostate cancer metabolite. (1)
From over 1,126 metabolites, an N-methyl derivative of glycine known as sarcosine was uniquely
associated with prostate cancer and metastatic progression. Furthermore, sarcosine was identified as
measurable in urine samples, making it an attractive biomarker target.

Recently, attempts to validate the use of urinary sarcosine have yielded negative results. Jentzmik
et al. evaluated urinary sarcosine levels in a cohort of men with prostate cancer, men with negative
prostate biopsy results, and healthy volunteers using sarcosine measured by gas chromatography-
mass spectroscopy, with normalization to serum creatinine. The authors revealed that sarcosine
levels were lower in patients with prostate cancer and were not associated with prostate cancer grade
or stage. They further found no influence of DRE on urinary sarcosine level. (2,3)

While these studies offer conflicting results regarding the use of urinary sarcosine levels, they repre-
sent preliminary evaluations. However, they do signal promise for the use of metabolomic evaluations.

4.8.7 Molecular signature of prostate cancer

While there is tremendous work in characterizing the heterogeneous molecular aberrations respon-
sible for the initiation and progression of prostate cancer, the bulk of the current understanding of
the disease stems from small cohorts of patient tissue and through differing methodology. Several
groups are now expanding this work through the use of onco-mining and oncogenomic analysis
to evaluate wider sets of tissue. (1,2). Working from comparative transcriptomic and oncogenic
pathway analysis, Ding et al. recently demonstrated that loss of the TGF-B/BMP-SMAD4 in mice
leads to the reproducible emergence of invasive, metastatic and lethal prostate cancers. They further
confirmed that four gene signature of PTEN, SMAD4, cyclin DI and SPPI represent key mediators
of the biological process leading to the transformation from poorly progressive prostate cancer to
metastatic disease. (1) Similarly, Taylor et al. performed an integrative analysis of DNA copy number
alterations, aberrant expression and focused exon resequencing in 218 well-defined prostate cancer
tumour. They identified the nuclear receptor coactivator, NCOA2, as an oncogene in approximately
11% of tumours. They further identified a novel chromosomal deletion at 3pl4 associated with
TMPRSS2-ERG fusion-positive prostate cancers, suggesting a tumour suppressor role for the genes
FOXPI, RYBP, and SHQI. (2). In addition, the database utilized in this study is publicly available for
additional analysis. With continued access to larger datasets, additional elucidation of the molecular
pathways involved in the development of clinically progressive prostate cancer will propel future
development of panels of mutated genes and the identification of molecular signatures to assist in the
differentiation between indolent and aggressive disease.
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5.1 Introduction

The dramatic growth in scientific research focused on prostate cancer continues to challenge health-
care professionals and public health authorities worldwide. Recent publications concerning the effi-
cacy of prostate cancer screening have fueled public debate concerning appropriate testing policies.
Improvements in healthcare and an aging population in many Western countries suggest that the
management of prostate cancer will pose increasing demands on already strained health care systems.

Unfortunately, widespread geographic variations in the incidence and mortality of this disease
preclude a single unified policy concerning screening and treatment. Differences in the incidence of
this disease have been attributed to both environmental factors — such as dietary habits, lifestyle and
sun exposure — and genetic factors including both racial and familial traits. The intensity of testing
for prostate-specific antigen (PSA) also affects prostate cancer incidence and mortality statistics.
Ideally, a common European strategy concerning prostate cancer screening should be developed.
Barring specific recommendations, this strategy should focus on providing accurate information
on the efficacy and effectiveness of prostate-cancer screening as well as providing equal access and
quality of care to those men who seek treatment for this disease, as suggested by the 2009 manifest of
Europa Uomo (1), the umbrella organization of patient representatives for prostate cancer.

The 2009 publication of the European Randomized Study of Screening for Prostate Cancer (ERSPC)
demonstrating that population-based screening of men aged 55-75 years can reduce prostate
cancer mortality has generated increased urgency among member states of the European Union
to develop appropriate screening policies (2). To date, no country has embraced population-based
testing because the target population remains undefined and the relative benefits and harms associ-
ated with screening continue to be debated. In Scandinavia, Sweden has pursued regional screen-
ing studies designed to optimize screening protocols (3), while Norway and Denmark discourage
population-based testing. In The Netherlands, discussion has focused on the possible inclusion of
new imaging tools and risk-based protocols, while in Belgium, health authorities have asked health
care professionals to compose a “balanced guideline.” The United Kingdom awaits the results of the
ProtecT trial expected in 2015 before making any further revisions to its policies (4), while France
and Germany support individual patient testing. In North America, annual PSA testing is widely
practiced, but guidelines developed by different medical organizations concerning the appropriate
target population are often contradictory.

This chapter reviews the current medical literature surrounding prostate cancer screening. Our
understanding of the incidence and natural history of this disease has grown substantially during
the past decade and has altered our perspective concerning how to conduct population-based screen-
ing. The initial enthusiasm associated with the ability of PSA testing to identify localized disease has
given way to the realization that annual PSA testing may lead to a decline in prostate cancer mortal-
ity but can also lead to the diagnosis of and treatment of a large number of indolent tumours. From
a public-health perspective, the associated morbidity may or may not be balanced by net health care
benefits. To date, prostate cancer screening has yet to satisfy public health criteria for population-
based testing, leading many researchers to explore the efficacy of individual risk assessment for early
detection of this disease.
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5.2 Screening

5.2.1 Arguments for and against population-based screening

Prostate cancer (PCa) is the most commonly diagnosed malignancy (excluding non-melanoma skin
cancer) and the third leading cause of death from cancer in men in Western countries (after lung and
colorectal cancer)(5, 6) . The lifetime risk of a PCa diagnosis is 15.8% for an individual man in the
United States, and approximately 9% for a man in Western Europe (7, 8, 9). The lifetime risk of dying
from PCa is low relative to the lifetime risk of a PCa diagnosi( ie, 2.8% in the United States and 3.1%
in Western Europe) (7, 8, 9). The risk of being diagnosed with PCa under age 55 is unknown, but very
low (10). The incidence rates may be influenced by diverse genetic and environmental factors, such
as lifestyle, air quality, diet, nutrition, chemicals, and of course, screening activity (11). Overall, these
incidence and mortality rates give PCa important public health relevance (12).

Before the 1980s, even studies of series of locally confined prostate cancer reported rapid development
of metastases and death. One of the earliest studies by Hanash et al. (13) reported 10-year survival
rates of 52% and 4% for stage A and B disease, respectively. Nowadays, many of these patients would
very likely have been classified as M+. In the 1980s with the digital rectal examination (DRE) as the
only method of diagnosis, 30-35% of men had bone metastases, and 45-50% had nodal disease (14).
The mortality-incidence ratio in the pre- PSA era showed that on average one out of each two to three
prostate cancer patients died of their disease (15).

In 1994 Catalona et al. showed that with DRE- and PSA-based screening, the rate of organ-confined
disease was 70-85% as compared to 30% in unscreened men (16). After the introduction of the PSA
test in the US in the mid-80s, the incidence of PCa increased and peaked in 1992 to 179 per 100,000
in white men, and in 1993 to 250 per 100,000 in black men (17). Contemporary data show that in
countries where PSA testing is not common, like Japan, 60-70% of the prostate cancers diagnosed
have extended beyond the prostate (15), while in the US, where already in the year 2000, 56.8% of
men aged > 50 reported ever having a PSA test (18), an estimated 4% of prostate cancer patients pres-
ent with metastatic disease at the time of diagnosis (7).

The changes in PCa incidence and death over time in Europe showed that relative to the steep
increase in incidence, the PCa-specific death has remained relatively stable. Nevertheless, a decrease
of disease-specific mortality has been reported in numerous countries over the last ten years (19). It
has been disputed whether this is the result of early detection and treatment, and so far it appears
to be a mixed effect of screening of asymptomatic cancers, as well as improved quality of care of
localized disease with radical prostatectomy and combined radiotherapy with endocrine treatment
in higher risk disease.

The objective of screening is to identify a disease at a stage in its natural history where treatment can
be applied to prevent death or suffering (20). Screening aims to avoid deaths from cancer by prevent-
ing the development of advanced disease. Therefore, effective treatment of early-staged disease is
essential to attain the aims of screening. Although screening may lead to earlier diagnosis, screen-
ing tests will not always benefit the person being screened. Overdetection (detected cancers that
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would not have been diagnosed in the absence of screening) may result in overtreatment (treat-
ment of cancers that would not have been diagnosed in the absence of screening), with its associated
increased costs, and potential side effects (20, 21).

The final endpoint of a cancer-screening trial is cancer-specific mortality. However, there are more
criteria that have to be fulfilled before screening can be adopted in a public health program. A total
of 10 WHO criteria for appraising the validity of a screening program were developed by Wilson and
Jungner, Table 1 (22). These criteria were created in 1968 and still apply today as the traditional, and
“the gold standard” of screening assessment (2002). Nevertheless, these criteria have been found to
be too vague or theoretical, and an exchange of views regarding screening policies has occurred over
the last two decades (23, 24). This has resulted in several adaptations to the classic criteria, which
led to 10 new criteria, Table 2 (24). The majority of the more recent criteria overlap with the classic
criteria, particularly with regard to screening for health conditions at an early stage, where there exist
effective interventions to improve outcomes compared to clinical care.

For PCa screening, criteria 3 and 6 of Andermann et al. (24) are currently not met, while criteria 9
and 10 are at least subject to intense discussion. There is no consensus regarding the target popula-
tion at which age to start and stop screening (see further), and the risk of overdetection of indolent
cancers needs to be minimized. The balance between benefit and harms will conclude this chapter.

TABLE 1 The 10 Criteria by Wilson and Junger, 1968 (22)

1. Condition sought should be an important health problem.

2. There should be an accepted treatment for patients with recognized disease.

3. Facilities for diagnosis and treatment should be available.

4. There should be a recognizable latent or early symptomatic stage.

5. There should be a suitable test or examination.

6. The test should be acceptable to the population.

7. The natural history of the condition, including development from latent to declared disease, should be adequately understood.

8. There should be an agreed policy on whom to treat as patients.

9. The cost of case-finding (including diagnosis and treatment of patients diagnosed) should be economically balanced in relation
to possible expenditure on medical care as a whole.

10. Case finding should be a continuing process and not a “once-and-for-all” project
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TABLE 2 The 10 updated criteria by Andermann et al. (24)

1. The screening programme should respond to a recognized need.

2. The objectives of screening should be defined at the outset.

3. There should be a defined target population.

4. There should be scientific evidence of screening programme effectiveness.

5. The programme should integrate education, testing, clinical services and programme management.

6. There should be quality assurance, with mechanisms to minimize potential risks of screening.

7. The programme should ensure informed choice, confidentially and respect for autonomy.

8. The programme should promote equity and access to screening for the entire target population.

9. Programme evaluation should be planned from the outset.

10. The overall benefits of screening should outweigh the harm.

5.2.2 Available data on population-based screening

The information on screening in the general population has been obtained from both observational
cohort studies and randomized controlled trials (RCTs).

5.3 Case-control and Observational
Studies

Various studies analyzed historical or prospective data from population based cohorts in a variety of
screening protocols in order to assess the diagnostic instruments like DRE and PSA.

Richert-Boe et al. examined the effect of previous DRE on prostate cancer mortality and found that
compared to a group without DRE, a similar number of fatal prostate cancer patients had had a
screening DRE during the 10-year study period (OR = 0.84; 95% CI, 0.48-1.46) (25). Jacobsen et al.
conducted a similar study and found that control subjects had had more DREs between years 2 and
10 before diagnosis than case subjects (OR = 0.51; 95% CI, 0.31- 0.84), indicating a protective effect
of DRE (26). Two case-control studies assessing the effect of both PSA testing and DRE on prostate
cancer mortality also showed contradictory results (27, 28).
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Incidence data from the Surveillance, Epidemiology, and End Results (SEER) system, together with
mortality data from the National Center for Health Statistics showed that age-adjusted prostate
cancer mortality rates gradually increased for both whites and African Americans from 1969 to 1991.
Subsequently, starting in 1991, a 16.1% decline of prostate cancer mortality for white men and, start-
ing in 1993, a 10.9% decrease occurred for African American men through 1997 (29). One explana-
tion for these observations is PSA-based screening at the same time as an increasing prostate cancer
incidence was seen. One problem with ascribing the ecologic trends to screening is the timing of the
decline in mortality. An expected prostate cancer mortality reduction takes many years, whereas in
this case, a decline in mortality was seen only two to three years after widespread screening occurred.
Another ecologic analysis from Austria found that prostate cancer mortality in Tyrol, an area with a
free screening program, began to drop below that of the rest of the country a few years after screen-
ing began. This finding could be attributed to the screening program and/or preceding changes in
treatment (30).

5.4 Randomized Controlled Trials

One of the first studies that had been initiated according to a randomized design was a study in
the Quebec area in 1988. However, as a result of the low adherence, and of fact that data were not
analyzed in an intent-to-treat fashion, the trial could not contribute to an answer to the question of
whether screening reduces mortality (31).

The Norrkoping screening study was originally designed as a feasibility trial to study organiza-
tional, psychological and economic consequences of screening (32). The sample size was calculated
to primarily investigate these clinical questions, and there was no mention of randomization, or the
intention to conduct repeat-screening visits. In a 2004 publication (33), the trial, for the first time,
was described as a randomized controlled clinical trial.

It is however questionable whether the applied screening algorithm, with screening every third year
and a biopsy indication on the basis of a digital rectal examination (DRE) initially, and using a
PSA-cut-off of 4 ng/mL later on, is an effective strategy. This is reflected by the number and char-
acteristics of interval cancers in the latest publication (34). The number of interval cancers appears
to be equal to the number of screen-detected cancers. Furthermore, the tumour characteristics of
the interval prostate cancer cases, of which 1/3 were M1 at the time of diagnosis and 71.4% were
advanced tumours, highlight a highly ineffective screening strategy. When this first prerequisite is
not met by the chosen algorithm (i.e. a reduced incidence of advanced and metastatic disease), it is
highly unlikely to find a disease-specific mortality reduction.

In 1993, two large RCTs were initiated with prostate cancer mortality reduction as an endpoint, one
in the US, as part of the Prostate Lung Colorectal and Ovary screening trial (PLCO) (35), and one in
Europe called the European Randomised Study of Screening for Prostate Cancer (ERSPC) (36).
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The PLCO is a trial in the United States that enrolled 155,000 women and men, 55-74 years of age,
in 10 screening centres. All men with a prior diagnosis of PCa, but not with previous PSA screen-
ing, were excluded. In the prostate section of the PLCO trial, men in the intervention arm received
screening once each year by DRE and PSA for a period of four years, and by PSA alone for two addi-
tional years. A sextant biopsy was recommended for PSA values greater than 4.0 ng/ml and/or an
abnormal DRE. The regional healthcare providers made final decisions on whether to take a biopsy
and on the biopsy technique used.

The ERSPC is conducted in eight European countries (Belgium, Finland, France, Italy, the
Netherlands, Spain, Sweden, and Switzerland) and enrolled 267,994 men 55-74 years of age. All men
with a prior diagnosis of PCa were excluded. In the ERSPC trial, men were screened in most coun-
tries with an interval of four years, except in Sweden, where a two-year interval screening was used.
Biopsy indications were performed according to the screening algorithm, which ditfered slightly for
each centre, but in general were triggered by a PSA level > 3.0 ng/ml (214).

In March 2009, both trials presented their apparently contradictory results with respect to the main
endpoint (2,37). In the ERSPC trial, a 20% mortality reduction was shown after a median follow-up
of nine years. By contrast, the PLCO trial showed no effect of screening on disease-specific mortality
with seven years of follow-up. After these two long-awaited publications, a plethora of reviews and
editorials appeared, trying to explain these apparently contradictory results and speculating what
might be the truth. Detailed comparisons between the trials (38, 39) showed that in reality, the two
trials were fundamentally distinct, with respect to design, algorithm, and follow-up that the differ-
ences in outcome can be explained on that basis. Within PLCO screening, the indication for biopsy
(according to judgment of the physician) is compared with less screening (opportunistic PSA testing
in more than 50% of men in control arm), while in ERSPC screening, biopsy (according to a strict
defined protocol) is compared to routine clinical practice with a much lower percentage of PSA test-
ing in the control arm. Thus, when comparing protocol-based screening with no screening, at least
a 20% prostate cancer mortality reduction was achieved. After correction for non-compliance, the
reduction was 27% (40) and increased to 29-31%, if also a correction for contamination in the control
arm was applied.

Recently a 44% prostate cancer mortality reduction was reported by the Goteborg Screening Trial
(part of ERSPC) after 14 years of follow-up (3). These data point towards a considerable reduction of
prostate cancer mortality due to PSA-driven early detection in combination with effective treatment
of locally confined disease.

The occurrence of metastatic disease is a very important contributor to the suffering related to pros-
tate cancer. Prevention or delay of metastatic disease therefore, can be considered as another critical
endpoint of screening studies. Several studies have reported that early diagnosis by PSA testing result
in an absolute reduction of the number of men with metastatic disease at diagnosis. The Goteborg
Screening Trial reported, after 10 years of follow-up, a reduction in metastatic disease at the time
of diagnosis 48.9% in favour of the screening arm (41). Etzioni et al. quantified the link between
PSA screening and the decline in distant stage incidence in the US using a fixed-cohort stimula-
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tion model (42). The model results indicated that PSA screening accounted for approximately 80%
of the observed decline in distant-stage incidence. The ERSPC study has shown a 41% decrease of
metastatic disease in the screen arm at the time of first diagnosis.

5.5 Overdetection and Overtreatment

The achieved reduction in prostate cancer mortality within ERSPC after nine years of follow-up
coincided with a considerable number of men that needed to be screened (NNS = 1,410) and treated
(NNT = 48) to avoid one death from prostate cancer. (2) The most important factors influencing
these numbers were the potentially unnecessary PSA tests at re-screening in men with very low PSA
values who are at very low risk of developing a clinically significant prostate cancer (i.e. a cancer that
will cause symptoms and/or death) during their life time. Potentially indolent cancers detected in
such men increase the incidence in the screening arm and thereby increase the NNT. Another closely
related factor is age, as the NNT increases dramatically with it, likely due to this detection of cancers
remaining asymptomatic during the remainder of life.

Next to this the positive predictive value of the prostate biopsy using a PSA cut-off of > 3.0 ng/ml
was only 24%, meaning that 76% of the prostate biopsies could have been delayed or even avoided.
These data show that identifying men who are at increased risk of having a biopsy-detectable prostate
cancer on the basis of a serum PSA value alone is not efficient.

The most important unwanted side effect of PSA-based screening is overdiagnosis and overtreat-
ment, meaning the detection and treatment of prostate cancers that without screening, would never
have been diagnosed during a lifetime.

In 1993, Sakr et al. (43) found histologically confirmed prostate cancer in 27% and 34% of men aged
30-39 years and 40—49 years, respectively. In an overview of autopsy studies, the prevalence rates
of prostate cancer have been found to range from 31% for men aged 31-40, 44—46% for men aged
51-60, to over 80% for men aged 71-80 (44).

The number of new cases of prostate cancer in 2008 was almost 900,000; three times higher than the
number of new cases that occurred in 1985 (45). Suggestions for possible causes include a longer life
expectancy, new diagnostic modalities and treatment options, along with PSA testing and systematic
prostate biopsies. In the US, the annual age-adjusted prostate cancer incidence rates almost doubled
in the period 1980-2000. In the United Kingdom where PSA testing is less common, incidence rates
are also increasing but at much lower levels. As a result the ratio of incidence to mortality is currently
6:1 in the developed regions of the world, with the highest score in North America of 8.7:1 (8). Due
to the PSA-based screening activities, many men are now diagnosed with low volume and grade
(Gleason score 6) disease (46).
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The NNT of 48 at nine years is unacceptably high and needs to be reduced. Indeed, longer follow-
up has already shown that this number will decrease. The Goteborg screening trial, with a 14-year
follow-up, reported an NNT of 12. Of note, the NNT to prevent one case of metastatic disease is
much lower than that to prevent a death. Nevertheless, the detection of potentially indolent prostate
cancer and subsequent active treatment remains a problem.

When comparing men treated for prostate cancer to men who are free of prostate cancer, it is note-
worthy that all traditional measurements for localized prostate cancer result in specific physical side
effects. The main adverse outcomes after surgery are worsening of continence and erectile function.
Radiation therapy mainly leads to a decline in potency and bowel problems (47). Despite the fact
that it is known that with screening, large numbers of cancers are being detected that would never
surfaced clinically, most prostate cancers are treated actively, unnecessarily subjecting patients to the
side effects of active treatment (48). This may be due in part to uncertainties over the accuracy of
staging at the time of diagnosis.

5.6 Effects on Quality of Life

5.6.1 Quality of life (QoL)

The potential harms of screening, such as unnecessary biopsies through a false-positive PSA test,
overdiagnosis and overtreatment, and side effects due to this treatment, might have a negative effect
on mental and physical health.

Men who underwent a PSA test can experience uncertainty related to the PSA test, even if the PSA
test is normal or elevated, leading to further assessment (49). Carlsson et al. showed that 34% of the
men who were waiting for the outcome of their PSA tests, and 55% of the screened men who needed
further investigation (eg, DRE and prostate biopsy) reported anxiety. For both, the first round of
screening was compared to subsequent rounds, and showed a significant difference in anxiety levels.
Men who had a high level of anxiety at the first screening had a more than 30-fold increased risk of
reporting a high level of anxiety in further rounds compared to men who reported no anxiety (50).
Mental and self-rated overall health worsened significantly immediately after the diagnosis of PCa.
This effect disappeared, however, after six months (51).

Longitudinal cohort studies showed that prostate cancer therapy may have long-lasting consequences
for health-related quality of life (HRQoL) (47, 52-58). In case of prostatectomy, side effects have an
immediate onset and mainly affect urinary and sexual functioning, whereas external radiotherapy
may result in a continuous decline of bowel and sexual functioning, and brachytherapy was found to
mainly result in decreased urinary and sexual function.

Active surveillance, which consists of initially withholding radical treatment after diagnosis and
closely monitoring the disease instead, might provide an alternative for managing low-risk PCa (59).
It may preserve health-related quality of life, however, whether that is the case depends to a large
extent on the patient’s preferences (60).
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In spite of side effects, prostate cancer patients typically report favourable HRQoL (47, 52, 61, 57).
This may be caused by insensitivity of generic HRQoL measures or adaptation to changed health,
also called “response shift” (62). It has been argued that prostate cancer screening is a system without
negative feedback, since patients are happy with the reassurance of a negative screen result, and grate-
ful for early detection in case of a positive result. In spite of treatment-related side effects, patients
may be grateful for being treated “in time” (63). A qualitative study confirmed this latter statement
(62). Thus, individual experience provides almost no negative feedback that early detection and
aggressive treatment may not work (63).

The ERSPC will report on the effects of mass screening on the quality of life in 2012. These effects
will be expressed in quality adjusted life years (QALY) (64). Population based screening may lengthen
life on average, 29 days, by annual screening in men aged 55-74, living on average 558 extra days
knowing they have cancer.

5.7 Whom to Screen and to Rescreen
in Mass Screening?

Screening aims to avoid deaths from cancer by preventing the development of advanced disease.
Therefore, effective treatment of early-stage disease that has the potential to become life threatening
is essential to attain the aims of screening. Screening may lead to an earlier diagnosis but screening
tests will not always benefit the person being screened. Unnecessary testing, overdetection often
resulting in overtreatment, increased costs, side effects and complications are potential adverse
effects of PSA-based screening for prostate cancer. It is thus of crucial importance to screen those
men that actually can benefit from early detection, and to define the target population.

Since population-based screening is not accepted as a standard healthcare policy, various organiza-
tions developed guidelines which have resulted in a diversity of reccommendations about individual
PSA testing in asymptomatic men. These guidelines differ with respect to the age to start PSA testing,
the PSA cut-off for prostate biopsy and follow-up screening (Table 3).

TABLE 3 Guidelines and Conclusions on PCa screening from Various Health Organizations

USPSTF (208) <75 yrs: Insufficient evidence on benefits and harms of screening
Insufficient evidence to recommend routine screening
AL R Annual conversations about risks and benefits of screening
EAU (210) Insufficient evidence to recommend widespread population-based PSA screening
ACS (211) Informed discussion of risks and benefits

Begin in 40s for high-risk (African American, family history) or 50s for average risk-risk

PSA screening for well-informed men who wish to pursue early diagnosis

AUA(212] Begin with baseline measurement at age 40

NCCN (213) Begin risk/benefit discussion and offer baseline DRE/PSA at age 40
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571 PSA

The results of the randomized trials did not include patient individual risk stratifications. Van
Leeuwen et al. used population-based PSA and incidence data of men in Northern Ireland where
screening was not routinely performed and compared these with the screening results of the ERSPC
study (65). They found that the difference in prostate cancer-specific mortality increased with
increasing PSA level at study entry. For example, the number needed to screen and treat to save one
death from prostate cancer for men with PSA levels < 2.0 ng/ml were 24.642 and 724, respectively.
This implies that for men with a low serum PSA the benefits of aggressive testing may be limited
since it is associated with a large increase in cumulative incidence and potential overtreatment.

This observation is in line with studies that show a strong correlation between the lower baseline PSA
values and the detection of prostate cancers with potential indolent characteristics (66). Defining a
screening interval based on the initial PSA level (67-69) will undoubtedly have a positive effect on
the NNS and NNT.

572 Age

Starting PSA screening in a younger age group is questionable, because of the low incidence of PCa.
This is confirmed in a retrospective study of 12,078 men in the age range of 40-96 years, divided in
two groups of <50 and > 50 years. The prevalence of PCa was 4.4% for men <50 years and 14.4% for
aged = 50 (70). In the ERSPC study, the number of men ages 50-54 at baseline with PCa was low with
no obvious effect on mortality (2). However, other studies suggested that the outcome of a single
PSA test before the age of 50 or younger is a strong predictor of PCa and advanced PCa diagnosed
up to 25 years later (71,72). Schroder et al. suggested that a PSA of 1.5 ng/ml or greater in men older
than 50 years represents an indicator for greater than average future risk of PCa (73). The American
Urological Association (AUA) recommends testing at the age of 40 years, because a baseline PSA
level above the median value of 0.6-0.7 ng/ml for men in their 40s is at higher risk for PCa in the
future (74). Rationales for screening at this age are: the PSA level is more specific and not influenced
by a prostatic enlargement, and the risk of dying from PCa among men older than 50 years may be
decreased if detecting lethal cancer earlier. In the PLCO trial analyzing a young and healthy sub-
cohort of men with no or minimal comorbidity, screening resulted in a significant decrease in the
risk of dying from prostate cancer (HR 0.56; 95% CI: 0.33 to 0.95; p=0.03) in contrast with men with
at least one significant comorbidity in which there was no prostate cancer specific mortality reduc-
tion observed (HR, 1.43; 95% CI, 0.96 to 2.11; p=0.08).

According to the USPSTF 2008 recommendations, PSA testing is not recommended in men aged
>75 years, because of different reasons, i.e. these men have a limited life expectancy, an increased
comorbidity and a low risk of dying from PCa because the percentage of cancers which are found
by screening are for a large part indolent. In 2010, a PSA-based strategy for screening was suggested
for this age group based on an observational study (75). In the ERSPC data, no statistically relevant
specific mortality reduction can be observed for men aged 70 or more (2), as the real benefit is in men
aged 65-69. Longer follow-up in ERSPC and PLCO might change these results. However, men aged >
75 years may have high-grade disease and therefore might have a substantial risk of dying from PCa
(76). A drawback of age-based screening criteria is that these criteria ignore substantial variation in
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life expectancy and comorbidity in this age group (77). The long natural history of PCa detected with
screening was confirmed by Ulmert et al. In this study a total of 5,722 men aged < 50 were included
with two blood samples approximately six years apart. In this study, with very low screening inten-
sity, the median time from blood draw to PCa diagnosis was 16 years (78).

In general, guidelines for PSA screening recommend testing in the age group of 50-75 years old, but
there are other guidelines recommending screening beginning at the age of 40.

5.8 Rescreening interval

To date, probably the most commonly recommended screening interval is annual. In the US, annual
screening is recommended for men aged >50 years, and for men aged >45 years who are African
American or who have a positive family history (79,80).

One of the main criteria used in evaluating and comparing the effectiveness of a screening algorithm is
the change in the rate of disease diagnosed at an advanced stage. This is reflected in the incidence and
tumour stage distribution of interval cancers among those screened in the years following a negative
screening test. In 2007, the 10-year cumulative incidence rates for prostate cancer, interval cancers
and aggressive interval cancers were compared between two ERSPC centers: one with a program
applying a two-year screening interval (Gothenburg, Sweden), and one with a four-year screening
interval (Rotterdam, The Netherlands) (81). The detection rate of prostate cancer was higher in the
two-year versus the four-year group, but the rate of both interval and aggressive interval cancers were
not significantly different. However, this analysis was not conclusive since the differences in prostate
cancer incidence can vary between populations. Analyzing similar data with a median follow-up
of 12 years and using the interval proportionate incidence method showed different results. The
proportional prostate cancer incidence was 3.64 in Gothenburg and 3.08 in Rotterdam (RR 1.18;
95%CI 1.04-1.33; p=0.009). The proportional advanced cancer incidence was 0.40 in Gothenburg
and 0.69 in Rotterdam (RR 0.57; 95%CI 0.33-0.99; p=0.048). The authors concluded that a two-year
screening interval reduced the incidence of advanced prostate cancer, but increased the overall risk
of being diagnosed with prostate cancer compared to a four-year interval (82).

The above mentioned study did not address individual characteristics. Several studies have suggested
adaptations in screening interval on the basis of PSA level. The risk of prostate cancer mortality in
15,758 men followed within the Dutch ERSPC screening cohort in Rotterdam with a PSA level of less
than 3.0 ng/mL was 0.14 per 1,000 life-years. This is 3.5-fold lower than the population-based risk of
0.49 per 1,000 life-years. The median time from diagnosis of prostate cancer in men with initial PSA
levels of less than 1.0 ng/ml was over eight years. These favourable outcomes in men with initial PSA
values of less than 1 ng/ml, accounting for 45% of men between the ages of 55 and 74 years support
prolongation of their screening interval up to eight years (69,82). Based on the data from the PLCO
trial, it was suggested that a screening interval of five years might be appropriate if the initial serum
PSA value is <1.0 ng/ml (188).
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5.9 Early Detection

5.9.1 Diagnostic instruments

The diagnosis of prostate cancer is made by the histologic conformation of cancer in prostatic biop-
sies. The majority of cancers are adenocarcionoma of the prostate. Grading of differentiation is
generally performed by the Gleason scoring system. It has been recognized that even among experts,
diagnostic variability is present, predominantly on the issue of grading, and less so on the diag-
nosis of cancer versus atypia or PIN (83). Central review of (study) biopsies is regarded to be the
best quality control mechanism to minimize diagnostic variability due to inter-observer variation
amongst pathologists (84).

Traditionally, the indication to perform prostate biopsies is due to an increased PSA value, and/or
an abnormal DRE result. Nowadays, this combination is not regarded as sufficiently specific for use
in population-based studies. The role of PSA, its derivatives, and their change over time have been
analyzed in various studies. Their discussion is essential for the development of individual risk-
assessment strategies.

For the analysis of new markers like PSA-isoforms, hK2, PCA3, etc., predominantly retrospective
studies have been reported, in which selection bias plays an important role.

The detection rate of cancers is not only dependent on the indication for biopsy, but also to the biopsy
procedure itself. As the results of biopsies and their prognostic relevance have become increasingly
important for the choice of therapy, aspects on the methodology of taking biopsies are reviewed here.

PSA is a prostate-specific secretory product not specifically related to the presence of cancer. PSA
plays a role as a marker for prostatic diseases and monitoring, and its development and standardiza-
tion as a diagnostic marker is reviewed extensively elsewhere (85). Here, the diagnostic value for PCa,
and as a prognostic marker in a screening setting is evaluated. Nevertheless, careful consideration
should be given to the standardization issue, as well as to the biological variability, when recom-
mendations are given for the use of nomograms and risk assessment tools. Large international efforts
resulted in considerable improvement of analytical performance of PSA measurements. The inter-
assay variation for total PSA measurements is now 3-5% as compared to 10-15% in the beginning of
the 1990s. Furthermore, the lower detection limit of 0.3-0.5 ng/ml around 1990 is now in the range
of 0.0-0.02 ng/ml. Finally, the between- method variation has shown a considerable improvement:
from 25-30% in the early 1990s to 10—-15% today. Many observations on the role of PSA are based
on the ERSPC that has continued to use the original Hybritech calibration over time. A comparative
study in 106 sera of unscreened and asymptomatic men selected from the Rotterdam database of the
ERSPC showed a regression equation of PSA-WHO = PSA-Hyb x 0.796 + 0.007. Determination of
cut-off values based on the WHO standards in the ERSPC would have resulted in a 30% decrease in
the number of biopsies, with an identical decrease in cancers detected, while the characteristics of the
detected cancers would remain similar (86).
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TABLE 4. The Continuum of Prostate Cancer (PCa) Risk for Different PSA Ranges

PCa, any grade PCa, Gleason grade > 8
PSA,

ng/ml Sen Spec LR Sen Spec
Among 5,587 men a (%) (%) (%) (%)

PSA determination 11 834 389 14 947 359 15 | N=1275

Thompson et and a sextant (21.9%)
al.2005 PCPT | Prostatebiopsywas |7 526 725 19 860 659 25 | e

performed to assess

(/I:fe’?ftsgl["a/ the sensitivity and 26 405 811 21 789 751 3.2 Sv'iat%m“d

2005 ’ specificity of PCa

) detection forall PSA | 31 322 867 24 684 810 36 | prostate
cancer

ranges in relation to

Gleason grade. 4.1 20.5 93.8 3.3 50.9 89.1 47

6.1 4.6 98.5 3.1 26.3 975 10.5
10.1 0.9 99.7 3.0 5.3 99.5 10.6

Among 9,779 SR Total Total Biopsy
men the cancer biopsies cancer (n) per
detection rate : (%) (%) cancer
for different PSA
ranges in the ERSPC, | 0.0-0.9 36.4 4 0.8 2.2 458
Schroder et al, section Rotterdam
2008, ERSPC was assessed. 1.0-1.9 312 45 9.5 8.8 14
(Schroder, Carter | Distribution of PSA
etal 2008) and prostate cancers 2029 123 30 6.3 13.6 /4
in men aged 55-74 )
yrs biopsied (1=2,267 3.0-3.9 12 44 9.3 25.3 39
men) for PSA>4.0, 40-99 10.9 241 51.0 245 41
DRE, and TRUS are
demonstrated. >10.0 2.1 109 23.0 56.5 1.8

PCPT: Prostate Cancer Prevention Trial, ERSPC: European Randomized Study of Screening for Prostate Cancer, PCa: prostate
cancer, PSA: prostate-specific antigen, DRE: digital rectal examination, TRUS: transrectal ultrasound, Sen: sensitivity, Spec:
specificity, LR: likelihood ratio, PPV: positive predictive value

In population studies, the positive predictive value of PSA is related to the cut-off level for prostate
biopsies. It has been reported to be around 20% for a PSA cut-off of 4.0 ng/ml or more (Table 4), to
10 % for a PSA of more than 1.0 ng/ml. Thompson et al. demonstrated this in a study in which men
with a PSA <3.0 ng/ml and a normal DRE were randomized to finasteride (5 -a-reductase inhibi-
tor) and placebo (Thompson, Pauler et al. 2004). After seven years, in all men with a PSA <4.0 ng/
ml and a normal DRE, biopsies were performed, and in 15% of these men PCa was detected. In
15% of these, the Gleason score was 27 (8). According to these study results, a physician who would
like an 80% confidence in not missing a PCa, should apply a PSA cut-off value of 1.1 ng/ml as indi-
cation for biopsy, which would result in 60% unnecessary (negative) biopsies (88). In Table 4 the
continuum of PCa risk for different PSA ranges is presented from the PCPT and the ERSPC (87,89).
As shown, increasing the PSA threshold results in a decrease in sensitivity and increase in specificity.
Consequently, lowering PSA cut-off levels leads to a higher detection rate of PCa, but also leads to an
increase of negative (unnecessary) biopsies and overdiagnosis of cancers which might otherwise not
present clinically (potentially overdiagnosed cancers) (90).
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Currently, the suggested PSA cut-off for biopsy ranges from 2.6 to 4.0 ng/ml (91-93). Future data that
include the comparison of the different studies with long follow-up might show the difference in
mortality and morbidity outcomes using these different PSA thresholds.

The specificity for PSA to detect prostate cancer can be improved by utilizing PSA isoforms such as
free PSA (94,95), PSA complexed to ACT (alpha-1-antichymotrypsin)(96,97), [-2] pro-PSA (98-100),or
nicked/inert PSA (101,102) by a maximum of 30%, losing up to 10% of its sensitivity. A panel of
markers can reduce the number of unnecessary biopsies (103). A Finnish study (104) demonstrated
in 17,680 participants with a follow-up of 5.8 years that a low %fPSA (less than 15 %) was a strong
predictor of later diagnosis of prostate cancer. Men with a %fPSA in the lowest quartile (<14.2%)
showed a 6.9-fold increased risk compared with those with a level in the highest quartile (>23.7%).

New markers like serum hK2 (105) seem to be a predictor of pathologic stage for clinically localized
prostate cancer, especially in the PSA-range below 10 ng/ml (106), or as a tool to improve discrimina-
tion of poorly differentiated and non-organ-confined prostate cancer (107)

PCA3 is a prostate cancer-specific molecular marker in urine that has been evaluated in a multicen-
tre clinical study to enhance the specificity of PSA for positive biopsy after a previous negative result
(108). In the third and fourth round of a screening setting, PCA3 contributed little to enhance the
specificity, and was not found useful as a first-line test for screening (109).

Conclusions

The PSA assay is a robust biomarker for prostate cancer, and its sensitivity and specificity to detect PCa are dependent on the
cut-off value for prostatic biopsy. The specificity can be improved using PSA-isoforms, kallikreins, and molecular urinary tests.
The prognostic value of these tests has not been proven.

Although DRE is widely used for the diagnosis of PCa, the value of DRE remains controversial in
screening and early detection programs for PCa (110). The acceptability of the DRE test as a screening
procedure seems to be less than PSA since the participation in a screening program with combined
DRE and PSA was twice as low as with PSA alone (93). Table 5 provides an overview of the positive
predictive value for DRE in the lower PSA ranges. According to this table, DRE has a low sensitivity
and predictive value in men with low PSA levels (111-115). The positive predictive value of DRE is
limited to 4-19% at serum PSA levels below 3.0 ng/ml. This proportion equals to the percentage of
15% of cancers that were diagnosed in the study of Thompson et al., involving biopsies for all men
with a PSA <4.0 ng/ml without using DRE (87). Therefore, the studies presented in Table 5 might
have found a similar PCa detection rate without the use of DRE at PSA levels of 3.0 ng/ml and lower.
Accordingly, it might be concluded that men with low PSA values have a 15% PCa detection rate,
with or without the use of DRE, and that consequently, the additional value of the DRE is restricted
in lower PSA ranges.
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In contrast, several researchers still suggest that with the use of DRE, men will be screened more
selectively. It is shown that men with a positive DRE are more likely to have high-grade PCa than men
with non-palpable tumours (116,117). For this reason, the risk of omitting DRE, and therefore the
omission of biopsies at PSA values of: <2.6, <3.0 or <4.0 ng/ml, might be that potentially aggressive
tumours at these low PSA levels remain undetected at screening. Catalona et al. have confirmed this
risk by showing that a substantial proportion of PCa detected by DRE at PSA levels lower than 4.0
ng/ml have features associated with clinically aggressive tumours and that the omission of DRE from
screening protocols might comprise treatment outcomes. Specifically, omitting DRE at PSA levels
less than 3.0 ng/ml would have detected 14% fewer PCa overall and 7% fewer PCa with a Gleason
score of 7 or higher (118). In contrast, it is shown that screening without DRE at low PSA levels
(PSA <3.0 ng/ml) did not lead to the detection of significantly more (poorly differentiated) PCa four
years later compared to screening with the use of DRE in the ERSPC trial (119).

In contemporary practice and current guidelines, biopsies are advised when a DRE is abnormal,
despite the level of PSA. In a large multicentre study, the PPV of an abnormal DRE for obtaining a
positive biopsy was 10%, 41%, and 69% for men aged 50 or more with a PSA of <4 ng/ml, 4-10 ng/
ml, or >10 ng/ml, respectively (16). It therefore appears to remain an absolute indication for biopsy.
However, when used in a multiparametric setting of a nomogram, the relative contribution of other
parameters, such as PSA and prostatic volume, is far greater to predict a positive biopsy.

Conclusions

DRE does not contribute substantially to cancer detection in low PSA ranges (0-2.5 ng/ml) in a population-based screening
setting, but increases specificity significantly in the higher ranges.
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TABLE 5. Positive Predictive Value (PPV) of DRE for Prostate Cancer Detection
in low PSA Ranges

Authors

Crawford et al,, 1996
(Crawford, DeAntoni et al.
1996)

Methods

Methods of prostate cancer
early detection, to assess the
positive predictive value of
DRE for different PSA values.
N =31,953

Results
The positive predictive value of DRE in the lower PSA areas:
0.0-4.0 15%

41-9.9 34%

Schroder et al,1998, ERSPC
(Schréder, van der Maas et
al. 1998)

To assess the usefulness
of DRE as a stand-alone
screening test in low PSA
ranges, ERSPC-Rotterdam.
N=10,523

The positive predictive value of DRE in the lower PSA areas:

0.0-09 4%

1.0-1.9 10%
2.0-2.9 11%
3.0-39 33%
4.0-9.9 45%

Yamamoto et al., 2001
(Yamamoto, Ito et al. 2001)

Investigate the usefulness
of DRE for prostate cancer
diagnosis in subjects with
PSA levels of 4.0 ng/ml or
less. N=90

The positive predictive value of DRE in the lower PSA areas:

0.0-0.9 4%
1.0-1.9 0%
2.0-2.9 19%
3.0-4.0 44%

Bozeman et al., 2005
(Bozeman, Carver et al. 2005)

Men with abnormal DRE
findings and a PSA level
<4.0 ng/ml who underwent
prostate biopsy to assess
the positive predictive value
of DRE for a PSA <4.0 ng/ml.
N= 986

The positive predictive value of DRE for PSA <4.0 ng/ml:

0.0-0.9 2%
1.0-1.9 6%
2.0-2.9 13%
3.0-39 21%

Andriole et al., 2005, PLCO
(Andriole, Levin et al. 2005)

Diagnostic evaluation of DRE
as initial screening test in
lower PSA ranges. N = 34,115

The positive predictive value of DRE in the lower PSA ranges:
0.0-4.0 17%

41-7.0 47%

ERSPC: European Randomized Study of Screening for Prostate Cancer, PLCO: Prostate, Lung, Colorectal, and Ovarian Cancer
Screening Trial, PCa: prostate cancer, PSA: prostate-specific antigen, DRE: digital rectal examination, Gr: group, PPV: positive
predictive value, CDR: cancer detection rate
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Since benign prostatic hyperplasia may also lead to elevations in serum PSA levels, consideration
of prostate volume may also be used to improve the specificity of PSA-based screening. In the
early 1990s, investigators in the US and Europe suggested dividing PSA by the prostate volume, or
the concept known as PSA density (PSAD). (120,121) Multi-institutional studies have shown that
a higher PSAD is significantly associated with the presence of prostate cancer and worse tumour
features. (122) A variation on PSAD is PSAD-TZ, in which PSA is instead divided by the volume of
the transition zone. (123) Disadvantages of these measurements include the requirement for imaging
to estimate volume, as well as limitations in the accuracy of these estimates. PSAD may also be used
for men with newly diagnosed prostate cancer to predict prognosis and aid in management decisions,
including the selection of active surveillance versus definitive therapy.(124,125)

As described in the European Association of Urology (EAU) Guidelines (126,127), there are two
main ways to calculate PSA kinetics: PSA velocity (PSAV, absolute change) and PSA doubling time
(PSADT, exponential change). For men with prostate cancer after definitive therapy, PSA kinetics
has a well-established role in follow-up and prognostication. (128-129)

Many studies have also evaluated the role of PSA kinetics in prostate cancer screening and detection
(see also Chapter by Taneja et al. [Chapter 4]). In 1992, data from the Baltimore Longitudinal Study
of Aging showed that PSAV could distinguish between prostate cancer, benign prostatic hyperplasia
and healthy controls. (130) Subsequent studies in both screening and non-screening populations
showed that PSAV was useful to predict prostate cancer risk. (131-133) However, other data have
suggested that total PSA remains the best predictor of prostate cancer risk, with little additional
contribution from PSA kinetics. (134,135) In the Rotterdam section of the ERSPC, for example,
Raaijmakers ef al. showed that PSAV was significantly higher among men with a positive than a
negative prostate biopsy, but it did not offer incremental value on multivariable analysis. (136)

More recent studies have demonstrated a more robust relationship between pre-diagnostic PSA
kinetics and prostate cancer aggressiveness. (137-140) Further studies are necessary to prospectively
evaluate whether PSA kinetics may be used to increase the specificity of screening for life-threatening
prostate cancer, or whether it is useful as part of multivariable risk calculators.

At present, the use of PSAV in clinical practice is controversial. The EAU only recommend PSA kine-
tics in the post-treatment setting, and not in screening. (127) By contrast, both the AUA and National
Comprehensive Cancer Network currently include PSAV among their criteria to determine the need
for prostate biopsy. (74)
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Conclusions

PSAD increases specificity for cancer detection, while PSA changes over time are controversial for the selection of men
for prostate biopsy.

The diagnosis of prostate cancer is made from the histology of prostatic biopsies. Systematic sextant
biopsy was proposed and popularized by Hodge et al. (141) and has been the standard protocol for
many years. Later studies applying extended biopsy protocols showed that the sextant biopsy misses
10-30% of biopsy-detectable cancers (142,143). Prostate volume can affect the cancer detection rate,
as a sextant biopsy might undersample larger prostates (144,145).

So over the last ten years the number and location of diagnostic biopsies has changed, and the tradi-
tional systematic sextant biopsy, even when lateralized, does not appear to be common practice
anymore. The number of prostatic biopsies needed to detect tumours of various sizes with 90-95
% certainty has been calculated from data of radical prostatectomy series (146). For example, in a
40-gram prostate, eight biopsies are necessary to detect a tumour of 1.5ml with 90% certainty. The
data of the European Prostate Cancer Detection Study validate this analysis, as it was concluded that
8 to 18 biopsy cores should be taken, based on prostate volume and age, to ensure a 90% certainty of
cancer detection (146).

This conclusion might differ from the situation during the initial round of a screening study. The
ERSPC study showed that applying a volume-independent lateralized sextant biopsy scheme in a
prostate cancer screening programme with repeated screenings did not result in an undersampling
of large prostates with respect to the number and aggressiveness of tumours found during the eight
years of follow-up. This study is in line with three studies, including PCPT, that have focused on
the relation of tumour grade and prostate volume (147-149). In a review of seven studies (150), it
was confirmed that a volume-adjusted and increased-core regimen significantly increased the posi-
tive biopsy rate, without significant increase in morbidity of the procedure (151). However, because
increased detection also results in an increasing number of indolent tumours found, there are
still arguments to consider sextant biopsies acceptable in order to limit overdiagnosis of indolent
tumours. Indolent tumours have been associated with a tumour volume of less than 0.5 ml (152).
However, this size was recently estimated to be 1.3 ml, based on a longitudinal study within ERSPC
(153). These data would suggest that in the setting of repeated screening, a modified biopsy scheme
might be justifiable (146). When performed, the biopsy itself also carries a high burden of error;
areas of the prostate that can be reached with the biopsy needle are sampled in a “blinded” manner,
resulting in detection of insignificant cancers. On the other hand, areas that are out of reach, such as
the anterior prostate and apex are either undersampled or never sampled, resulting in non-detection
of significant cancers. As a result of this diagnostic strategy, many men are falsely reassured that they
are free of clinically significant cancer when they are not. By using multiparametric MRI (mpMRI)
to assess the risk status of men with a previous negative biopsy, biopsies can be targeted to visible
MRI lesions (154)
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There might also be other reasons to repeat a biopsy based on the results of the initial histology. If
the biopsy result shows atypical small acinar proliferation (ASAP) a repeat biopsy is warranted (155).

Conclusions

The total number of cancers and aggressive cancers is higher in small prostates. The optimal number of biopsy cores remains
subject to debate. If the biopsy result shows atypical small acinar proliferation (ASAP), a repeat biopsy is warranted.

5.10 How to Inform a man who Wishes
to be Screened

5.10.1 Information required

Opportunistic screening of the individual (case finding, wild screening) started around the 1990s
with the introduction and marketing of PSA assays. The public awareness on prostate cancer and
early diagnosis by PSA increased individual PSA testing to a level such that 30-50% of the male popu-
lation between 50 and 80 years were reported to know their serum PSA value. (215) This resulted not
only in contamination of the later phases of RCTs, but also in a significant increase of overall prostate
cancer incidence (as described above).

Currently, many men are being screened without actually knowing their current status (156). These
men did not have the possibility to make an informed decision about having a PSA test. An informed
choice or decision has two core characteristics: first, it is based on relevant, good quality information,
and second, the resulting choice reflects the decision-maker’s values (157). Physicians play an impor-
tant role in counselling men about the benefits and harms of screening by PSA testing (158-160).
Table 6 lists the pros and cons of PSA screening. The information that should be provided to aid in
screening decisions has been described in the various information brochures developed around the
world (161). In addition, Table 7 lists the items that are generally regarded as the minimum informa-
tion needed before initiating a PCa screening.
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TABLE 6. Summary of the Most Important Reasons for and Against Early Detection
During Individual Assessment

Arguments for Testing Arguments Against

* If my PSA value is elevated and further study does not show
prostate cancer, | will have undergone medical testing for
nothing and this will have caused unnecessary anxiety;

= If the result of the PSA test is favourable, it may calm down
my worries;

= The PSA test can miss prostate cancer. After a normal
result, | may feel relieved for no good reason or may still
remain worried;

The PSA test can help to find prostate cancer at an early
stage before it leads to complaints;

If, as a result of a positive PSA test, | undergo successful

treatment, | may have a better chance of cure and may live An elevated PSA test may detect a slow, growing tumour

which would otherwise never have given me any trouble;

longer;
® If the treatment is successful in an early stage, | may
be spared the late symptoms of prostate cancer such * | may be confronted with the possible complications of the
as spread of the tumour to other parts of my body treatment of prostate cancer.
(metastases).

Screening has been shown to lower prostate cancer
mortality by 20-27% in men aged 55—69 years.

TABLE 7. Information Needed Before Initiating Screening

Regional incidence of PCa

Regional incidence of indolent PCa
Regional mortality of PCa

Natural course of PCa

Familiar PCa

Life expectancy in relation to comorbidity
Results of RCT on screening
Instruments for screening: PSA DRE
Diagnosis of PCa by biopsy

Side effects of biopsy

Diagnosis and prognosis
Treatments and side effects

Active surveillance

Qol after various treatments
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5.10.2 Ethnicity and family

It is well known that African American ethnicity is associated with an increased risk of prostate
cancer, (162), and it is therefore not surprising that it was shown to be statistically significant in many
of the models analyzed (ORs from 1.03 to 1.89). This is not due to PSA-driven ascertainment bias, as
PSA testing is less frequent in the African-American population. (163) Given that African American
men are often underrepresented in prospective studies examining risk, it is also evident that some
of the observed ORs failed to reach statistical significance due to sample-size considerations. This
may be the case with the PCPT, an important study, as it included empiric biopsies of men without a
clinical indication, where only 3.8% of enrollees were African-Americans. (164)

A family history of prostate cancer has long been identified as a risk factor for the development and
diagnosis of the disease (162), and for the most part, has been found to contribute significantly to
the predictive models in which it has been analyzed. (164-169). Hereditary prostate cancer is defined
as a phenomenon in which the disease is identified before the age of 55, and occurs in three subse-
quent generations, or in at least three cases (170). Other disease patterns are described as familial. In
hereditary cancer, there is little evidence of a robust genetic modifier, though incidentally prognostic
SNPs are reported (171). Two meta-analyses have calculated the relative risk of prostate cancer based
upon the number and type of affected males in the family (172,173), varying from 2.2-2.5 for a first-
degree relative, to 1.88 for a second-degree relative. These risks were even higher for men younger
than 65 years, or more family members with a positive history of PCa (174). However, excess risk
is minimal or absent if the family member is diagnosed at an age greater than 70 years. (175). Two
cohort studies have further emphasized this finding (176,177). Remarkably there is no evidence that
a positive family history is associated with more aggressive disease.

5.10.3 Individual risk assessment and nomograms

There are many biological factors that influence the risk of PCa, such as a positive family history,
race (African Americans are at higher risk as compared with Caucasians) and age (178). Clinical
determinants include an abnormal DRE, an elevated PSA level or a relatively small prostate volume
(73,162,178). Higher PSA levels, abnormal DRE, older age and African American race were reported
to be predictive for high-grade disease (Gleason score > 7) (164).

Because of the complexity of the integration of various factors to provide advice to the individual
patient, numerous nomograms have been constructed to aid in risk assessment.

A limited number of nomograms are based on data obtained from the general population, which is a
prerequisite for adequate risk assessment of asymptomatic men. These are the ERSPC PCa risk calcula-
tor (179), and the PCPT risk calculator (180). The ERSPC risk calculator is based on the data of 20,000
participants from the Rotterdam area, and has been validated successfully on a screening population
in Sweden and Finland. (186) In these validation studies, the ERSPC risk calculator showed 33% fewer
biopsies with applying both the PSA cut-off of 23ng/ml and a chosen probability cut-off of 12.5%. The
PPV of the lateralized sextant biopsy increases from 29% to approximately 40%. This improvement in
PPV was achieved with a marginal loss in the detection of aggressive PCa (181). The PCPT risk calcu-
lator is based on the control group of the PCPT study, in which all participants underwent an end of
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study biopsy. The cohort includes, unlike the European cohorts, information on African Americans in
the USA. Nevertheless, for Caucasian Americans, the ERSPC risk calculator outperformed the PCPT
calculator, as the ERSPC instrument includes prostate volume in its calculation of probability (216).
Direct head-to-head comparisons of the two risk calculators have been published recently and show
that the overall the ERSPC risk calculator has better discriminatory capability. (182-184). It should
be realized that several other important factors are not included in current models, such as baseline
quality of life, comorbidity, life expectancy, and treatment preference (185).

Nomograms can be applied as a decision aid at every level of the process from diagnosis, through
therapy and follow-up. The ERSPC risk calculator provides risk assessment to aid in the decision for
prostate biopsy with or without prior information on negative screening biopsies, and on the pres-
ence of indolent disease for men diagnosed with prostate cancer.

Conclusions

Information on the consequences of screening should be given to every man considering screening for prostate cancer.
Race is an independent risk factor for the diagnosis of prostate cancer. A positive family history predisposes to an increased risk
of up to two-fold for the detection of prostate cancer.

5.10.4 Risk assessment strategies for individual screening

The benefit for men that consider screening is to remain asymptomatic during life with regards to
prostate cancer, and preferably to remain without a diagnosis of prostate cancer. Thus, men with a
low probability of cancer may choose not to undergo biopsy, while men being diagnosed with cancer
may elect to avoid invasive therapy in case of a high probability on indolent disease. On the other
hand, men with clinically significant cancers require early identification and adequate treatment in
order to avoid morbidity and mortality from progressive disease.

Avoiding unnecessary biopsies and overdiagnosis can be performed by using the risk assessment
tools as described. These instruments have been validated for men between the ages 50-74 years. The
compliance with biopsy recommendations provided by the ERSPC prostate cancer risk calculator
was evaluated by Van Vugt (186). In 291 men undergoing PSA screening who agreed to the use of
this risk assessment instrument, 84% were compliant with the advice to biopsy or to refrain from
it. Remarkably, the most important reason for non-compliance in 31 men that were advised not to
undergo biopsy, was the reluctance of the physicians due to consideration of the PSA level as a single
parameter. This suggested that the traditional biopsy threshold of PSA over 3 ng/ml overruled the
advice given by the nomogram.

Men with low initial PSA values are less likely to benefit from early detection with regard to cancer-
specific mortality (see the above results of RCTs). This observation allows making s