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Preface

The Agency for Healthcare Research and Quality (AHRQ) conducts the Effective Health
Care Program as part of its mission to organize knowledge and make it available to inform
decisions about health care. As part of the Medicare Prescription Drug, Improvement, and
Modernization Act of 2003, Congress directed AHRQ to conduct and support research on the
comparative outcomes, clinical effectiveness, and appropriateness of pharmaceuticals, devices,
and health care services to meet the needs of Medicare, Medicaid, and the Children’s Health
Insurance Program (CHIP).

AHRQ has an established network of Evidence-based Practice Centers (EPCs) that produce
Evidence Reports/Technology Assessments to assist public- and private-sector organizations in
their efforts to improve the quality of health care. The EPCs now lend their expertise to the
Effective Health Care Program by conducting comparative effectiveness reviews (CERS) of
medications, devices, and other relevant interventions, including strategies for how these items
and services can best be organized, managed, and delivered.

Systematic reviews are the building blocks underlying evidence-based practice; they focus
attention on the strength and limits of evidence from research studies about the effectiveness and
safety of a clinical intervention. In the context of developing recommendations for practice,
systematic reviews are useful because they define the strengths and limits of the evidence,
clarifying whether assertions about the value of the intervention are based on strong evidence
from clinical studies. For more information about systematic reviews, see
http://www.effectivehealthcare.ahrg.gov/reference/purpose.cfm

AHRQ expects that CERs will be helpful to health plans, providers, purchasers, government
programs, and the health care system as a whole. In addition, AHRQ is committed to presenting
information in different formats so that consumers who make decisions about their own and their
family’s health can benefit from the evidence.

Transparency and stakeholder input from are essential to the Effective Health Care Program.
Please visit the Web site (http://www.effectivehealthcare.ahrg.gov) to see draft research
questions and reports or to join an e-mail list to learn about new program products and
opportunities for input. Comparative Effectiveness Reviews will be updated regularly.

We welcome comments on this CER. They may be sent by mail to the Task Order Officer
named below at: Agency for Healthcare Research and Quality, 540 Gaither Road, Rockville, MD
20850, or by e-mail to epc@ahrg.hhs.gov.

Carolyn M. Clancy, M.D. Jean Slutsky, P.A., M.S.P.H.

Director Director, Center for Outcomes and Evidence
Agency for Healthcare Research and Quality Agency for Healthcare Research and Quality
Stephanie Chang, M.D., M.P.H. Supriya Janakiraman, M.D., M.P.H.
Director Task Order Officer
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PCA3 Testing for the Diagnosis and Management of
Prostate Cancer

Structured Abstract

Objectives: Perform a comparative effectiveness review examining the use of PCA3 in
improving biopsy or rebiopsy decisions in patients identified at risk for prostate cancer, or in
improving decisionmaking about treatment choices (e.g., active surveillance versus aggressive
therapy) in patients with prostate cancer positive biopsies. Comparators include total PSA
elevations, free PSA, PSA density, PSA velocity, externally validated nomograms, complexed
PSA and multivariate models.

Data Sources: MEDLINE® was searched from January 1, 1990 to August 8, 2011, EMBASE®
was searched from January 1, 1990 to August 15, 2011, and, the Cochrane Database of
Systematic Reviews was searched with no date restriction. A grey literature search included
databases with regulatory information, clinical trial registries, abstracts and conference papers,
grants and federally funded research, and information from manufacturers.

Review Methods: Inclusion criteria required PCA3 and at least one comparator to be measured
in the same cohort in one of the three clinical settings: at-risk men considering first biopsy; at-
risk men considering a repeat biopsy; and men with prostate cancer making treatment decisions.
Data were extracted by one reviewer and audited by a second. Analyses were matched by
comparing with-in study differences. Modeling was used to smooth consensus ROC curves and
to associate cut-off levels with test performance. Diagnostic accuracy studies were assessed for
quality using QUADAS. Strengths of evidence were judged insufficient, low, moderate, and high
according to the AHRQ Test Review Guide.

Results: After further exclusion of six studies with strong likelihood of duplicate data, 17 studies
provided data that could be used to address diagnostic accuracy (Key Question [KQ] 1 and 2); 11
studies addressed treatment decisionmaking (KQ3). All studies were of poor quality.
Comparison of PCA3 to total PSA (tPSA) had the most available studies (17) but was subject to
both partial verification and sampling biases. Both were accounted for in the analyses. We
observed that PCA3 is more discriminatory for detecting cancers (i.e., at any sensitivity, the
specificity is higher, or at any specificity, the sensitivity is higher) than tPSA elevations, but the
strength of evidence is low. One subanalysis indicated that this finding holds for both initial and
repeat biopsies. For all other diagnostic accuracy comparisons, and for all intermediate and long-
term health outcomes, strength of evidence was insufficient. For treatment decisionmaking, in all
comparisons for intermediate and long-term health outcomes, the strength of evidence was found
to be insufficient.

Conclusions: For diagnostic accuracy, there was a low strength of evidence that PCA3 had better
diagnostic accuracy than tPSA elevations, but insufficient evidence that this led to improved
intermediate or long-term health outcomes. For all other settings, comparators and outcomes,
there was insufficient evidence.
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Executive Summary

Background

Cancer of the prostate is the second most common cancer and the second leading cause of
cancer deaths in men in the U.S.! Most patients have indolent tumors, and may live for years
with no or minimal effects, ultimately dying of other causes.? The lifetime risk of being
diagnosed with prostate cancer is 16 percent, but lifetime risk of dying from the disease is only 3
percent.® However, some patients have aggressive tumors that spread beyond the prostate,
resulting in significant morbidity and death.

The rationale for prostate cancer screening using serum total prostate specific antigen (tPSA)
levels* ® was early detection of prostate tumors leading to timely intervention and reduced
prevalence of disease. However, consensus on who to test, when, and the most effective clinical
threshold has not been reached. A recent evidence review found no reduction in prostate cancer-
specific mortality based on tPSA screening, and the test’s low specificity has led to harms (e.g.,
false positives, unnecessary biopsy, overdiagnosis/treatment of low risk cancers). ©®

In 1999, researchers reported that the prostate cancer antigen 3 gene (PCAS3; also known as
DD3), was highly overexpressed in prostate cancer relative to normal prostate or benign prostatic
hyperplasia tissue.” Subsequently, noninvasive PCA3 tests on messenger RNA from urine were
developed. Two proposed intended uses of PCA3 and comparator tests were to inform
decisionmaking about biopsy or rebiopsy of men with elevated tPSA and/or other risk factors.
The third was to inform decisions about treatment (e.g., active surveillance, prostatectomy,
radiotherapy) by classifying disease in men with positive biopsies as low risk (indolent) or high
risk (aggressive). The U.S. Food and Drug Administration recently approved a PCA3 assay for
use in men with one or more previous negative biopsies to inform decisionmaking about repeat
biopsy.

Scope and Key Questions

For prostate cancer detection, biomarker comparators are tPSA, free PSA, PSA density, PSA
velocity or doubling time, complexed PSA and externally validated risk-assessment calculators
or nomograms. For risk classification, PCA3 comparators in a prognostic workup include
Gleason score, tumor volume, risk factors, biochemical markers and clinical/pathological
staging. The Key Questions (KQ) relate to the three proposed scenarios described above:

1. In patients with elevated PSA and/or an abnormal DRE who are candidates for initial
prostate biopsy, what is the comparative effectiveness of PCA3 testing as a replacement
for, or supplement to, standard tests, including diagnostic accuracy (clinical validity) for
prostate cancer, intermediate outcomes (e.g., improved decision making about biopsy), and
long-term health outcomes (clinical utility), including mortality/morbidity, quality of life
and potential harms?

2. In patients with elevated PSA and/or an abnormal DRE who are candidates for repeat
prostate biopsy, what is the comparative effectiveness of PCA3 testing as a replacement
for, or supplement to, standard tests, including diagnostic accuracy (clinical validity) for
prostate cancer, intermediate outcomes (e.g., improved decisionmaking about biopsy), and
long-term health outcomes (clinical utility), including mortality/morbidity, quality of life
and potential harms?

ES-10



3. In patients with a positive biopsy for prostate cancer who are being evaluated to distinguish
between indolent and aggressive disease, what is the effectiveness of using PCA3 testing
alone, or in combination with the standard prognostic workup (e.g., tumor volume, Gleason
score, clinical staging) or monitoring tests (e.g., PSA, PSA velocity), with regard to
diagnostic accuracy (clinical validity) for aggressive (high risk) prostate cancer,
intermediate outcomes (e.g., improved decisionmaking about prognosis and triage for
active surveillance and/or aggressive treatment) and long-term health outcomes (clinical
utility), including mortality/morbidity, quality of life, and potential harms?

Corresponding analytic frameworks are presented in the full report.

Methods

Literature Search Strategy

Searches were run on MEDLINE®, EMBASE® and the Cochrane Central Register of
Controlled Trials for the time frame January 1, 1990 to August 15, 2011. The grey literature
searches included regulatory information, clinical trial registries, conference papers, and selected
web sites. Included studies were in English, reported primary data, addressed key questions and
fulfilled the criteria for: 1) study design (matched study); 2) study subjects/populations (at risk
men or men with a positive biopsy); 3) study interventions (biomarker testing, biopsy, risk
classification); 4) study comparators; 5) intermediate (diagnostic accuracy, impact on
decisionmaking, harms) and long-term (e.g., mortality, morbidity, function, quality of life,
harms) outcomes.

Title/abstract and full-article review involved one reviewer to read and determine eligibility
and a second reviewer to audit a subset of abstracts (and all marked uncertain) and all full
articles; discrepancies were resolved by discussion or a third reviewer when needed. Data were
extracted by a single reviewer, then fully audited by a second senior reviewer. Disagreements
were resolved through review team discussion.

Quality Assessment of Individual Studies

In adherence with the Methods Guide,™ grading the methodological quality of individual
comparative studies was performed based on study design-specific criteria.**** The quality of
diagnostic accuracy studies was assessed using the Quality Assessment of Diagnostic Accuracy
Studies (QUADAS) tool.*® The QUADAS ratings were summarized into general quality classes
of good, fair, and poor.** In all cases, quality of individual studies and the overall body of
evidence was assessed by two independent reviewers. Discordant decisions were resolved
through discussion or third-party adjudication.

Data Synthesis

For KQ1 and KQ2, PCA3 scores were compared to all comparators for which published data
were available. Analyses included sensitivity, specificity (or the false positive rate equal to 1-
specificity), and positive and negative predictive values. All comparators were studied when
possible using one or more of the following approaches for PCA3 and one or more comparators:
1) Differences in area under the curve (AUC), including direction and magnitude of differences.
2) Reported medians and standard deviations in positive and negative biopsy populations
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(reported as z scores), including direction and strength of effect. 3) Performance at a PCA3 cut-
off score of 35 (sensitivity and specificity). 4) Receiver Operator Characteristic (ROC) Curves
(sensitivity and specificity), to evaluate fixed specificities and compare corresponding
sensitivities. 5) Regression analysis using regression coefficients and associated relative odds
ratios. Based on the limited studies addressing KQ3, we anticipate a qualitative analysis.

Applicability
Applicability of the results presented in this review was assessed in a systematic manner
using the PICOT framework (Population, Intervention, Comparison, Outcome, Timing).

Results
Detailed description of analyses with tables and figures are included in the full report.

Results of Literature Searches

Inclusion criteria restrict the analyses to matched studies that provide data on PCA3 and at
least one other comparator in the same patient population. Population matching was preserved by
computing differences between PCAS3 test results and comparator test results within each study,
and comparing these differences across studies. Searches identified 1,449 citations, of which 163
underwent full text review and 34 were included. Grey literature search identified one additional
study.

Key Question 1: Initial biopsy

Two matched studies addressed diagnostic accuracy for KQ1** *® with comparisons of PCA3 to
tPSA™ 18 fPSA™ and PSA density.™ Studies differed in enrollment criteria, and strength of
evidence was rated Insufficient. No studies addressed other comparators or outcomes; all other
comparisons were graded Insufficient.

Key Question 2: Repeat Biopsy

Three matched studies addressed diagnostic accuracy for KQ , with comparisons of PCA3 to
tPSAY ™ fPSA™ 19 and externally validated nomograms®’. With only three studies, strength of
evidence was rated Insufficient. No studies addressed other comparators or outcomes; all other
comparisons were graded Insufficient.

217-19

Key Questions 1 and 2: Initial and Repeat Biopsies

Only five studies qualified for KQ1 or KQ2.1*° Another 12 provided suitable data, but their
populations were a mixture of initial and repeat biopsies.?’*! Given the lack of specific data for
these Key Questions, we examined all 17 studies to determine suitability for a combined analysis
(Table ES-2). Two key findings emerged for PCA3 with tPSA. Eleven studies reported AUC and
the proportion of men having an initial biopsy; no relationship was found (linear regression,
p=0.97, test of slope). Ten studies provided ROC curves for both PCA3 and tPSA. The
sensitivity, at a specificity of 50 percent, was not related to the proportion of men with an initial
biopsy (p=0.79). No similar analyses can be made for any other comparator for diagnostic
accuracy. This was considered sufficient to proceed with a combined analysis for KQ1/KQ2,
without the biopsy history restriction.
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Total PSA (tPSA) elevations and diagnostic accuracy for combined KQ1 / KQ2

Subsets of 17 studies provided sufficient data to compare the diagnostic accuracy of PCA3
with tPSA elevations, using the five described analyses (Table ES2). Two important biases were
identified. Modeling was used to account for the potential impact of verification bias. A
sampling bias was accounted for by stratification. Figure ES 1 shows the consensus observed
ROC curves for PCA3 and tPSA. Table ES-1 shows the modeled ability of PCA3 and tPSA to
identify prostate cancer among men at increased risk. Both Figure ES-1 and Table ES-1 indicate
that PCAS is associated with higher sensitivity at any given specificity than tPSA elevations, and
higher specificity at any given sensitivity. This combined approach made it possible to reliably
compare PCA3 and tPSA measurements for diagnostic accuracy. Quality of all individual studies
was poor. For all other comparators (Table ES 2), and all other outcomes, studies were too few
or not available, and strengths of evidence for all were considered insufficient.

Figure ES 1. Observed Consensus Receiver Operator Characteristic (ROC) curves for PCA3
scores and tPSA elevations

100=

Sensitivity (%)
3 3 3

N
o
']

Omd

20 40 60 80 100
1-Specificity (%)

Om

The open circles (solid line) indicates the consensus observed performance of PCA3 scores, while the filled circles
(solid line) indicated the matched consensus observed tPSA performance. The dashed line indicated where the
sensitivity equals 1-specificity, indicating a test with no predictive ability.

ES-13



Table ES 1. A comparison of PCA3 and tPSA measurements to identify men with prostate cancer
with either the false-positive rate or the sensitivity held constant

PCA3 Scores tPSA elevations
1-Specificity Sensitivity Sensitivity Improvement in
(FPR) (DR) (DR) PCa Detection
80% 95.8% 90.7% 5.1%
70% 92.0% 84.3% 7.7%
60% 87.2% 77.6% 9.6%
50% 81.1% 68.8% 14.0%
40% 73.7% 59.7% 14.0%
30% 63.8% 48.4% 15.4%
20% 51.6% 36.4% 15.2%
PCA3 Scores tPSA elevations
Sensitivity 1-Specificity 1-Specificity Reduction in

(DR) (FPR) (FPR) Biopsies
95% 77.7% 88.2% 10.5%
90% 65.6% 78.2% 12.6%
85% 56.3% 71.5% 15.2%
80% 48.5% 63.6% 15.1%
70% 36.2% 51.2% 15.0%
60% 26.6% 40.3% 13.7%
50% 18.9% 31.2% 12.3%

PCA3 and comparators for other intermediate and long term outcomes

Key Question 3: Testing PCA3 and comparators to identify men with
low risk/indolent cancer who may benefit from active surveillance

One* of 11 studies™ 2323 reported™™ 2122 3239 on four to six year followup of the outcome
biochemical recurrence, based on identification of micrometastases through measurement of
tPSA and PCA3 in lymph node extracts. Another®’ reported two year followup of progression
from active surveillance to treatment in men with prostate cancer, based on results of yearly
biopsy. Quality of all studies was poor. Strength of evidence was insufficient due to the inability
to compare or combine the two studies on different sample types, using different parameters
(sensitivity / specificity, mean/median biomarker levels) and addressing different outcomes. No
studies were identified for any other comparators and any other outcomes, and strength of
evidence was insufficient.

Discussion

Key Findings and Strength of Evidence

Strength of evidence was insufficient for KQ3, and for all comparators and outcomes for
KQ1/ KQ2 except the comparison of PCA3 and tPSA for the outcome of diagnostic accuracy
(Figure ES 1, Table ES 1, Table ES 2). Among men at risk, PCA3 was more discriminatory for
detecting prostate cancer than tPSA elevations. The finding that the relative performance of
PCA3 versus tPSA elevations is not dependent on biopsy history is a new observation that could
impact future studies. The quality of all studies was poor. The strength of evidence was
considered low. An important consideration in this conclusion was the indirectness of evidence
for identifying positive biopsy status. We made the underlying assumption that not all positive
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biopsies are equal. For example, identifying a positive biopsy associated with a high Gleason
score may be considered to be clinically more valuable than one with a low Gleason. None of the
included studies provided a two-way cross tabulation of PCA3 and tPSA positive and negative
test results among biopsy positive patients. Of most interest would be the clinical finding for the
cases in the off-diagonal (when one test is positive and the other negative).

For KQ3, the literature review revealed few relevant matched studies and a lack of clinical
followup after patients were placed into risk categories (low risk/indolent, high risk/aggressive)
that were defined by the results of PCA3 and other biomarker and pathological tests. In nine of
11 studies, a reference clinical endpoint (or validated surrogate) was lacking. The quality of all
studies was low. Strength of evidence was Insufficient. It is likely that more time will be needed
for studies to assess the diagnostic accuracy of predicting long-term outcomes for patients based
on categorization as having low risk or high risk disease.*’

Applicability

The populations studied in the included articles were largely drawn from academic medical
centers where patients with elevated tPSA results and/or other risk factors (e.g., positive DRE,
family history, race) often seek, or are referred for, specialty care. Performance of PCA3 and
comparators in a broader spectrum of health care settings may differ from that described in this
review. It is not yet clear how PCAS3, alone or in combination with other biomarkers/risk factors
would be integrated into diagnostic or management pathways. The level of acceptance by
physicians (and consumers) may well be impacted by Food and Drug Administration approval of
a test kit to inform decisions about repeat biopsy in men with previous negative biopsies. While
there was evidence that PCA3 performed better than tPSA with regard to diagnostic accuracy as
a secondary test for men with increased risk, it is important to note that neither PCA3 nor tPSA
have high performance. Combination of biomarkers and other risk information may be needed to
improve overall performance in predicting prostate cancer at biopsy, or informing treatment
based on risk classification. The intermediate outcome of diagnostic accuracy is key, as
improvement could directly impact the number of biopsies performed in men without prostate
cancer and the number of men with prostate cancer who are missed. It is also important to
understand other potential harms, as well as the impact of the information on decisionmaking.
The effect of even a great test is limited if uptake is low. Longer term outcomes are more
challenging, due to the difficulty of following patients and collecting the necessary information.

Research Gaps
With the exception of analyses that include PCA3 and tPSA for the intermediate outcome of
diagnostic accuracy, evidence was insufficient to answer the key questions. These questions,
therefore, articulate remaining gaps in evidence. Other gaps in knowledge include:
e How much improvement in diagnostic accuracy is needed for any new test to impact
biopsy decisionmaking.
e The potential of adding PCA3 alone or with other biomarkers to change decisionmaking
in practice.
e How PCA3 compares to the two more frequently used add on tests (free PSA, PSA
velocity) that have appeared in guidance documents.
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e The need for matched studies not derived from *“convenience” populations (e.g., biopsy
referral centers), and more data on how key demographic factors (family history, race)
impact on the performance of PCA3 and comparators.

e The need for outcome studies to determine how well PCA3 and other comparators used
to categorize risk as low/indolent or high/aggressive predict the behavior of tumors over
time.

e Arange of methodological and statistical questions relating to modeling, assessing
impact of verification bias, identifying most effective cutoffs for tests based on ROC
analysis, and designs for future studies.

Conclusions

For diagnostic accuracy, there was a low strength of evidence that PCA3 had better
diagnostic accuracy than tPSA elevations, but insufficient evidence that this led to improved
intermediate or long-term health outcomes. In men at risk for prostate cancer based on elevated
serum tPSA levels and/or suspicious digital rectal exam or other risk factor (e.g., family history),
PCA3 was found to be more discriminatory for predicting prostate cancer at biopsy than tPSA
elevations (i.e., at any sensitivity, the specificity is higher, or at any specificity, the sensitivity is
higher). The finding that the relative performance of PCA3 versus tPSA elevations is not
dependent on biopsy history (i.e., initial biopsy or repeat biopsy after one or more negative
biopsies) is a new observation that allowed studies on KQ1 and KQ2 to be combined for
analysis. Strength of evidence was insufficient for all other comparators and all other outcomes
of interest in KQ1 / KQ2. Nine of 11 studies addressing KQ3 lacked a defined reference clinical
endpoint (or validated surrogate), and the other two addressed different outcomes. Strength of
evidence was insufficient. There is insufficient evidence for all other comparators and for all
other outcomes of interest in KQ3. With one exception, these three questions continue to identify
important gaps in knowledge, with other gaps identified in the review. Current uncertainty about
the utility of tPSA screening for prostate cancer makes understanding followup tests (e.g., PCA3,
other biomarkers, and algorithms) for assessing risk before biopsy and before treatment
particularly important.
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Table ES2. PCA3 vs. Comparators — Analyses and Strength of Evidence for the Intermediate Outcome of Diagnostic Accuracy

Mui\llltcl)\:jzrllsate tPSA DT and | Comparators
Comparator tPSA fPSA PSAD! EVN? . cPsA! tPSA in Active
Including locity® il 2
tPSAL Velocity Surveillance
Risk of Bias Moderate Moderate Moderate Moderate
Consistency Consistency
Consistent, Consistent, Consistent, unknown unknown
Consistency Consistent, with 17 studies with 4 studies | with 2 studies | with 2 studies (1 study) (2 studies)3
Directness Indirect Indirect Indirect Indirect Indirect Indirect
Precision Precise Imprecise Imprecise Imprecise Imprecise
Dose-Response Relationship Present
Strength of Association Weak Weak Weak Weak
Overall Strength of Evidence
(GRADE) Low Insufficient Insufficient Insufficient Insufficient Insufficient Insufficient Insufficient
KQ 1 and KQ2 s i
n:1515 17, 19-30 n=2 19, 18 n=2 15, 26 n=2 17, 28 0 0 0 .
Area Under the Curve
17, 25, 26, 28 _1 28 _1 26 _n 17,28
Reported Mean and SD n=4 n=1 n=1 n=2 0 0 0
Performance at a PCA3 cut- _— 15,18, 20, 22, 25, 26, 31 _q15 _1 15
off score of 35 n=7 n=1 n=1 0 0 0 0
ROC Curves- Sensitivity/ _ 1 15, 16, 18-20, 22, 25, 26, 28, 30 _ . 19,1815 _ 51526 _ 26,28
specificity | "~ 10 n=3 n=2 n=2 0 0 0
Regression Analysis n=2 12 n=2 21 0 0 n=1" 0 0
KQ3 . . . . . . . n=232 37

Progression and survival

1Corresponds to KQ1 and KQ2; tPSA, total prostate specific antigen (PSA); fPSA, free PSA; PSAD, PSA density; EVN, externally validated nomograms; tPSA DT, PSA doubling time

2 Corresponds to KQ3, for which comparators include biomarkers (e.g., tPSA, fPSA, PSA velocity), EVN/risk assessment tools and pathological tumor markers
(e.g., Gleason score, staging, prostate volume). 3 Two studies had different sample types, different populations, and different surrogate/intermediate clinical outcome measures.
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Introduction
Background

Burden of IlIness

Prostate cancer is the second most commonly diagnosed cancer and the second leading cause
of cancer deaths in men in the U.S.! There are approximately 217,000 new cases per year in the
U.S. and 32,000 prostate cancer-related deaths per year.! Risk is associated with increasing age,
with more than 60 percent of cases occurring in men 70 years of age or older.? The disease is
unpredictable, with the rate of tumor growth varying from very slow to moderately fast.> Most
patients have indolent tumors, and may live for years with no or minimal effects, ultimately
dying of other causes.® Although the lifetime risk of being diagnosed with prostate cancer is 16
percent, the lifetime risk of dying from the disease is only 3 percent.* Even more striking is the
prevalence of occult disease. One third of men over the age of 60, and 50 percent of men over
the age of 70, were found to have prostate cancer at autopsy.”

However, some patients have aggressive tumors that spread beyond the prostate, resulting in
significant morbidity and death. Therefore, the key diagnostic challenge in dealing with prostate
cancer is deciding which patients to biopsy and when. The most pressing challenge in managing
clinically localized disease is distinguishing between men who have aggressive disease and need
aggressive therapy and men who have indolent disease and can be safely managed by active
surveillance.

Screening for Prostate Cancer

Screening programs that use the total prostate-specific antigen (tPSA) test have been in place
since the late 1980s, and have sparked interest and controversy. Production of tPSA is increased
in men with prostate cancer, and elevation of tPSA can precede clinical disease by as much as 5
to 10 years.® Therefore, the rationale for tPSA screening is that it will lead to early diagnosis of
prostate cancer, and early initiation of effective treatment that will improve clinical outcomes.

However, tPSA elevation is not specific to prostate cancer, and is also found in men with
benign conditions (e.g., prostatic hyperplasia, prostatitis). In fact, tPSA screening has been found
to lead to high rates of both false-negative and false-positive results. In men with false-negative
results, cancer may be missed. Men with false-positive screening results may undergo one or
more unwarranted biopsies with negative results. These men may experience unnecessary
anxiety, discomfort, and significant procedural complications (e.g., infection, hemorrhage) in
some cases.

It has been estimated that as many as 75 percent of eligible men in the U.S. have undergone
at least one tPSA test.” However, a consensus approach for tPSA testing has not been reached,
including who should be tested, when to test (and retest), and what is the most effective tPSA
clinical threshold (e.g., 2.5, 4.0, 10.0 ng/mL). Several professional association (e.g., American
Urological Association, American Cancer Society) guidelines support tPSA screening in
asymptomatic men age 50 years of age or older, and in younger men in higher-risk populations.®
19 They do not propose “routine” screening, but rather propose that men be provided with
information on the potential risks and benefits of tPSA screening, and then make a decision
about screening in consultation with their physician.



The incidence of prostate cancer decreased 2.4 percent per year between 2000 and 2006, and
prostate cancer-related death rates have also decreased (39 percent, 1990-2006)." While some
association with increased tPSA screening is likely, the effect size is currently unknown.
However, it is known that the low specificity of the test has subjected many men to unnecessary
prostate biopsy (false positives) and to overdiagnosis of indolent cancers with low probability of
progressing.t**

Diagnosis and Management of Prostate Cancer

Clinical action points for tPSA screening results range from 2.5 to 10 ng/mL. Criteria for
immediate consideration of biopsy in screen positive men vary, but almost always include men
with tPSA results >10 ng/mL, and may include men with tPSA results >4 to 10 ng/mL and/or
suspicious DRE findings.” * Patients with elevated (>4 ng/mL) or intermediate (also referred to
as “grey zone”) tPSA results (e.g., 2.5 to 4) may be subject to biopsy based on results of
subsequent testing with tPSA and/or other biomarkers (e.g., fPSA, PSA density, PSA velocity)
and/or prebiopsy individualized risk assessment tools (e.g., PCPT Risk Calculator®®) or
nomograms.® " *® However, the most effective approaches for use of biomarkers and risk
assessment tools/nomograms remain controversial, and evidence of impact on decision making
and subsequent short- and long-term improvement in clinical outcomes (e.g., function,
morbidity, mortality) are lacking.'® ** Decisions about biopsy may also be impacted by other risk
factors, comorbidities, or patient and physician preferences.

Biopsy

When needle biopsy is performed, pathologic examination of tissue cores includes identification
of the presence or absence of cancer, the percent of the tissue core that is cancer and the Gleason
score (an assessment of tissue differentiation).> ** 1" Classification systems have been developed
to designate biopsy-positive men as high risk or low risk relative to the likelihood of disease
progression without treatment, in order to inform decisions about the option of active
surveillance.*® *° Patients who are biopsy positive for prostate cancer also have a variety of
treatment options. There is considerable interest in the identification of new biomarkers, or
effective combinations of biomarkers and/or other risk factors, to better inform prebiopsy
decisionmaking.?

Treatment Options

For patients with “low-risk cancer” (i.e., low grade, low volume tumor with characteristics
believed to be associated with indolent or insignificant disease), one option is active
surveillance.!” Instead of working to eradicate the tumor, the patient defers treatment and begins
ongoing surveillance that minimally includes serial tPSA and PSA velocity testing and repeated
biopsies. If there is evidence of conversion to more aggressive disease (i.e., increasing tPSA
levels or PSA velocity, upgrading in tumor stage or volume), surgery and other options can be
considered.

For patients with “high-risk cancer” (i.e., high grade, high volume or multifocal tumor with
characteristics believed to be associated with aggressive disease), or those unwilling to accept the
risk associated with active surveillance, there are three well-established treatment options.® '

e Prostatectomy involves complete excision of the prostate. Prostate tissue from radical

prostatectomy undergoes clinical staging and gross and histopathological examination.*



14.17.2L Quantitative tools for risk stratification are available to estimate the likelihood of

prostate cancer recurrence post-prostatectomy or other treatment.* ??*Complications of
prostatectomy include infection, urinary incontinence and erectile dysfunction. The 10-
year rate of prostate cancer-related death ranges from one to eight percent, depending on
classification of the tumor as high or low risk.

e Interstitial brachytherapy is a choice for patients with low to moderate risk disease, and
involves implanting high-dose radioactive seeds into the prostate. Adverse effects include
lower urinary tract symptoms, obstructive or irritative prostatitis, rectal urgency, and later
onset of erectile dysfunction. Ten year disease free survival is reported to be about 85
percent.®

e External beam radiotherapy is commonly used in combination with androgen therapy to
treat high-risk disease. Adverse effects include irritative voiding symptoms, hemorrhagic
cystitis or proctitis, and risk of a second malignancy of the bladder and rectum. Reported
ten year disease free survival is about 88 percent.”®

e Newer techniques for focal ablation of tumor, including cryotherapy and high-intensity
focused ultrasound (HIFU), are currently being studied. These are generally considered
investigational, with ongoing long-term followup on benefits and harms.

While biomarkers and risk assessment tools/nomograms are being used to identify men with
high and low risk cancers, evidence of their effectiveness based on long-term clinical outcomes
is needed.

Development of a New Biomarker: PCA3

In 1999, researchers reported identification of the differential display 3 gene (DD3), highly
over-expressed in prostate cancer tissue but having little or no expression in normal prostate
tissue or benign prostatic hyperplasia tissue.?” Subsequently renamed the prostate cancer antigen
3 gene (PCA3), PCA3 is a noncoding mRNA mapped to chromosome 9¢21-22.%?° Since 2002,
quantitative methods to measure PCA3 mRNA in urine samples have been developed and
improved”® * (see Table 4 in Results). Early investigators found that prostate manipulation led to
a general release of mMRNA. Since the gene that encodes PSA, KLK3, was not over-expressed in
prostate cancer tissue,>* PSA mRNA was chosen as the ‘housekeeping’ gene against which
PCA3 mRNA results were normalized.®* 3 In most assays, the ratio of PCA3 mRNA copies per
mL and PSA mRNA copies per mL is multiplied by 1,000 to provide a PCA3 “score.”** 33

Stability of mMRNA has been shown to be a source of variability for some tests, but use of a
detergent based stabilization buffer** and shipping frozen samples have improved sample quality.
Sokoll et al.* reported the first multicenter study of PCA3 analytical performance in 2008 using
the Gen-Probe assay and concluded that the assay performs well and is insensitive to pre-
analytical factors.

On February 17, 2012, Gen-Probe reported that they had received U.S. Food and Drug
Administration (FDA) approval for the PROGENSA® PCA3 assay. FDA approval specifies that
the test’s intended use is for men 50 years of age or older who have had a previous negative
biopsy (and no finding of atypical small acinar proliferation) and are being considered for a
repeat biopsy. A negative PROGENSA PCAS3 assay is noted to be associated with decreased
likelihood of a positive biopsy. However, the label specifies that “...the performance of the assay
has not been established in men for whom a repeat biopsy was not already recommended.” PCA3
testing is also offered by reference laboratories as laboratory-developed tests (i.e., tests



developed by and used at a single laboratory testing site). With FDA approval, it is reasonable to
anticipate that this test will be more widely available throughout the U.S.

In summary, the upregulation of PCA3 mRNA expression in prostate cancer tissue provided
a rationale for detecting a small number of cancer cells within the background of a large number
of normal or benign prostatic hypertrophy cells.”® 3 Three potential intended uses for PCA3
have been proposed: 1) to inform decisions about when to biopsy patients at-risk and when to
wait; 2) to inform decisions about when to rebiopsy patients at-risk and when to wait (the claim
currently approved by FDA for the PROGENSA® PCA test); and 3) to determine in patients with
positive biopsies whether the disease is indolent or aggressive, so that an optimal treatment plan
can be developed.

Selected PCA3 Comparators

Total PSA (tPSA)

In 1989, Catalona et al.*® initiated a multicenter population-based study examining the use of
tPSA and DRE for prostate cancer screening. Based on the findings of enhanced early prostate
cancer detection, the FDA approved PSA for prostate cancer screening in 1994, and defined the
upper limit of normal as 4.0 ng/mL.?° Numerous studies have followed, and the test is widely
available as a screening and monitoring test. A subsequent meta-analysis of studies on PSA as a
screening test showed that a significant number of prostate cancers would be missed using 4
ng/mL as a cutoff.>” Concerns about the number of false-negative results led many urologists to
use tPSA cutoffs of 2.5 to 3 ng/mL. This change increased the yield of positive cancers, but at a
cost of many false-positive tPSA results that led to unnecessary biopsies with associated risk of
clinical harms.?®

In spite of its importance in health care, serum tPSA is not a standardized analyte, meaning
that there is not a national requirement for quality specifications defined by either the Clinical
Laboratory Improvement Act (CLIA) regulations or by the FDA. Assay-specific and site-specific
differences in serum tPSA test performance in proficiency testing have been reported for more
than 15 years.®*° In 1999, Klee et al. reported that +/-10 percent bias ranges for PSA correspond
to -19.9 percent to +20.4 percent variation in patient classification.** Redesign of proficiency
testing (PT) materials was reported to improve College of American Pathology survey
outcomes,* and these specimens are likely to be the best available for monitoring testing in U.S.
laboratories.** However, a 2006 review of PT data for tPSA found that available methods could
be assumed correct less than 40 percent of the time at 6.5 ng/mL, and only 30 to 40 percent of
the time at 19 ng/mL.* They concluded that test results were insufficiently reliable when
applying uniform national cutoffs, and could cause many false-positive results.

In summary, for KQ1 and KQ2 (and in some instances for KQ3), nearly all study subjects
with have tPSA levels of at least 2 to 4 ng/mL or higher (i.e., screen positive). Therefore, the
actual comparator for PCA3 is not a positive or negative tPSA but, among those with positive
results, the extent of the tPSA elevation. For example, risk of a prostate cancer being identified
among men with levels between 4 and 6 ng/mL is lower than among men with tPSA levels
greater than 10.

Free PSA (fPSA)
Serum PSA circulates in blood as different isoforms, mainly as unbound or free PSA (fPSA)
and a form that complexes with serum antiproteases (complexed PSA or cPSA).*® The ratio of



fPSA to tPSA levels is reported as percent fPSA. High levels of fPSA are associated with benign
prostatic disease, while low levels are associated with cancer.*® Percent fPSA increases with age
and prostate volume, and decreases as total PSA increases.?® In addition, fPSA is less stable than
tPSA, and requires processing with 24 hours of collection.

One meta-analysis of fPSA studies* reported that, in the tPSA diagnostic grey zone of 2 to
10 ng/mL, addition of fPSA testing can reduce the number of unnecessary biopsies while
maintaining a high cancer detection rate, but a second meta-analysis reported that fPSA is a
useful addition to tPSA testing in only one part of the grey zone.*> However, FDA has approved
fPSA testing for men with tPSA levels in the 4-10 ng/mL range. The National Cancer
Consortium Network includes fPSA in its diagnostic algorithm for early detection of prostate
cancer, as part of decisionmaking about biopsy or rebiopsy.’ They suggest that patients with grey
zone tPSA levels and fPSA of 10 percent or less are candidates for biopsy or repeat biopsy;
patients with fPSA greater than 25 percent be should be followed closely (e.g., DRE, tPSA,
fPSA, PSA velocity), and that patients with intermediate values be informed of choices.’

PSA Density

Benson et al.*® described the concept of PSA density (PSAD) as the ratio of tPSA
concentration to prostate volume in cc. They identified differences in mean PSAD between men
with prostate cancer and men with BPH. Subsequent studies suggested a modest improvement in
diagnostic accuracy when PSAD was added to tPSA values, but more recent studies failed to
confirm the value of PSAD. Consequently, its current use appears limited.?® *’ One recent report
has suggested this measurement can be used to predict clinical pathological features of disease.*®

PSA Velocity and Doubling Time

PSA velocity and PSA doubling time are measures of longitudinal increases in tPSA. PSA
velocity is defined as the rate of change of tPSA levels in a specified period, typically reported as
ng/mL per year.®***° PSA doubling time is defined as the time it takes (e.g., months) for the
tPSA level to increase by a factor of two. Both have been defined in many ways, with variability
in number of PSA measures needed to calculate a dynamics metric, the time between measures,
and the statistical method for estimating change.*®*°

National Comprehensive Cancer Network (NCCN) Guidelines for early detection of prostate
recommend that PSA velocity be considered in both screening and followup.® However, one
systematic review of pretreatment use of these biomarkers reported a slight increase in prediction
of positive biopsy using PSA velocity, but found the studies subject to verification bias.*® A
second systematic review found limited evidence that addition of PSA velocity testing to a single
tPSA measurement increases diagnostic accuracy for prostate cancer.* It has been proposed that
tPSA dynamics may have a more effective role in monitoring of patients and/or differentiating
aggressive or life-threatening prostate cancer.

Complexed PSA

Another PSA isoform considered in early detection of prostate cancer is measurement of the
PSA bound to serum antiproteases, termed complexed PSA (cPSA). A recent systematic review**
concluded that cPSA and fPSA showed equivalent effects. The authors cautioned that a lack of
detail on study methodology and the relatively small number of studies warranted caution in the
interpretation of the findings.



Externally Validated Nomograms

Current decisionmaking about risk of prostate cancer and whether to biopsy or rebiopsy has
not been standardized, but depends on consideration of a variety of clinical factors (e.g., age,
family history, race) and laboratory test results.*® Recently, attention has been directed at
development of risk algorithms, nomograms or artificial neural networks that combine multiple
clinical and laboratory risk factors to create a cumulative risk score that informs clinical
decisionmaking.” ** ?%-%! These risk assessment tools are intended to exploit the incremental
value of running multiple tests, each with independent contributions to the estimation of the risks
of biopsy or treatment outcomes for patients. Risk factors often included were tPSA level, age,
ethnic background and family history, and other biomarkers that vary by study. A systematic
review concluded that these tools produced improvements in area under the receiver operator
characteristics (ROC) curve (AUC), when compared to tPSA levels alone, but noted that many
nomograms were not externally validated. When external validation was taken into account,
benefits of nomogram use were decreased, although still statistically significant.” Despite
variation in development and validation, a recent systematic review suggested that these tools
tend to provide more accurate diagnostic predictions for cancer-positive biopsies than the use of
tPSA testing or other factors alone.

Criteria for Distinguishing Low-Risk/Indolent and High-

Risk/Aggressive Prostate Cancer

Three criteria have been commonly recognized to identify candidates for active surveillance:
low-grade disease, low-volume disease, and low tPSA levels. However, eligibility criteria vary
from study to study and site to site.>® The oldest and most established criteria for identifying
patients with low risk disease are those proposed by Epstein.™® Epstein criteria that define low-
risk or indolent cancer include: PSA density less than 0.15 ng/mL; Gleason score of 6 or less;
fewer than three biopsy cores containing prostate cancer; and 50 percent or less involvement of
any core. Original and modified Epstein criteria are key inclusion measures for studies of active
surveillance.>

Comparison of criteria for identifying low risk or indolent tumors are complicated by the
development by multiple groups of web-based predictive and prognostic nomograms/risk
assessment tools, with little or no comparison and standardization of underlying assumptions.
Understanding the relative performance of measurements to identify candidates for active
surveillance is complicated by the use of varying criteria to identify risk progression, including
changes in tPSA levels, histological grade, extent of biopsy core involvement, and/or clinical
stage.” Longitudinal studies are needed to determine long-term clinical outcomes of patients
classified as low and high risk, who immediately entered treatment or initially chose active
surveillance (possibly progressing to treatment).

Key Questions

This comparative effectiveness review addresses three key questions. The first two relate to
the use of the urine PCA3 test and other biomarker tests to predict detection of prostate tumor at
biopsy or rebiopsy of men at risk based primarily on elevated tPSA and/or suspicious DRE. A
recognized problem in tPSA screening-based diagnosis of prostate cancer is the high rate of
false-positive results that can lead to a relatively high number of unnecessary biopsies. The third
key question concerns the use of the urine PCA3 test and other biomarker tests and pathological



markers to classify the patient as low or high risk. This review will not address the merits or
limitations of prostate cancer screening.
The Key Questions relate to three proposed scenarios in which this testing may be used:

1. In patients with elevated PSA and/or an abnormal DRE who are candidates for initial
prostate biopsy, what is the comparative effectiveness of PCA3 testing as a
replacement for, or supplement to, standard tests, including diagnostic accuracy
(clinical validity) for prostate cancer, intermediate outcomes (e.g., improved decision
making about biopsy), and long-term health outcomes (clinical utility), including
mortality/morbidity, quality of life and potential harms?

2. In patients with elevated PSA and/or an abnormal DRE who are candidates for repeat
prostate biopsy (when all previous biopsies were negative), what is the comparative
effectiveness of PCA3 testing as a replacement for, or supplement to, standard tests,
including diagnostic accuracy (clinical validity) for prostate cancer, intermediate
outcomes (e.g., improved decisionmaking about biopsy), and long-term health
outcomes (clinical utility), including mortality/morbidity, quality of life and potential
harms?

3. In patients with a positive biopsy for prostate cancer who are being evaluated to
distinguish between indolent and aggressive disease, what is the effectiveness of
using PCAS testing alone, or in combination with the standard prognostic workup
(e.g., tumor volume, Gleason score, clinical staging) or monitoring tests (e.g., PSA,
PSA velocity), with regard to diagnostic accuracy (clinical validity) for aggressive
(high risk) prostate cancer, intermediate outcomes (e.g., improved decisionmaking
about prognosis and triage for active surveillance and/or aggressive treatment) and
long-term health outcomes (clinical utility), including mortality/morbidity, quality of
life, and potential harms?

The proposed Key Questions (KQs) were posted for public comment on the Effective Health
Care Program Web site (www.effectivehealthcare.ahrg.gov) from May 4, 2011, to June 1, 2011.
A total of eight comments were received. No respondent suggested a specific change in the
questions, although several noted that data concerning the use of PCAS3 testing were currently
most compelling for decisionmaking about repeat biopsy in patients screened with a PSA test
and a DRE. At least two comments were directed at the likelihood that our review would not be
able to address the long-term outcomes of interest (e.g., mortality, morbidity, quality of life).
One commentator addressed the value of PCAS3 test results in multispecialty team
decisionmaking and noted that this test should be evaluated in patients receiving treatment to aid
decisions about management changes. Based on the public comments received, no changes were
made to the KQs.

Analytic Frameworks

Two analytical frameworks (AFs) were developed for this review, one for Key Question
(KQ) 1 and KQ2, and a second for KQ3. The first AF (Figure 1) addresses KQ1 and KQ2, and
applies to men who are at risk for prostate cancer based on elevated tPSA results and/or
abnormal DRE, and are having either an initial (KQ1) or repeat (KQ2) biopsy. The AF in Figure
1 depicts the comparative effectiveness of using PCA3 testing (alone or in combination with
other biomarkers) and other standard tests (e.g., tPSA, fPSA) to predict intermediate and long-
term health outcomes of interest. In Figure 1, direct evidence of the impact of testing on health


http://www.effectivehealthcare.ahrq.gov/

outcomes (e.g., mortality/ morbidity, quality of life) is shown by Link A. In the indirect chain of
evidence, Link B addresses an intermediate outcome, the diagnostic accuracy (clinical validity)
of the PCA3 test and its designated comparators in predicting positive biopsies. Link C addresses
the impact of test results on the decision to proceed to an initial prostate biopsy, which, in turn,
impacts other intermediate outcomes (Link D) and may affect health outcomes (Link E).
Intermediate outcomes may have a direct association with long term health outcomes (Link F).
Link G on the left addresses potential harms related to the effect testing has on the biopsy
decision; Link G on the right focuses on clinical (e.g., bleeding, infection) and psychosocial
(e.g., anxiety, quality of life) harms related to the biopsy procedure and/or repeated biopsy.

The second analytic framework (Figure 2) addresses KQ3, and applies to men who have had
a biopsy result that is positive for prostate cancer. Figure 2 depicts the comparative effectiveness
of using PCAS testing (alone or in combination with other biomarkers) and other commonly used
tests (e.g., Gleason score and other pathological markers, percent positive cores) on intermediate
and long-term health outcomes of interest. Direct evidence of the impact of testing on health
outcomes (e.g., mortality, morbidity, function, quality of life) is shown by Link A. In the indirect
chain of evidence, Link B addresses the diagnostic accuracy (clinical validity) of the tests in
categorizing tumors as aggressive and indolent. Link C addresses the impact of test results on
decisionmaking related to prognosis and triage for active surveillance versus aggressive
treatment. This link, in turn, impacts other intermediate outcomes (Link D) and indirectly affects
health outcomes (Link E). Intermediate outcomes may have an association with health outcomes
(Link F). Link G on the left addresses potential harms related to the effect testing has on
treatment decisions; Link G on the right focuses on clinical (e.g., infection, hemorrhage) and
psychosocial (e.g., anxiety, self-image, quality of life) harms related to the treatment.



Figure 1. Analytic framework for PCA3 as a diagnostic indicator for biopsy or rebiopsy in patients
with elevated PSA and/or abnormal digital rectal examination (Key Questions 1 and 2)
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Figure 2. Analytic framework for PCA3 used to distinguish indolent versus aggressive prostate
cancer (KQ3)
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PICOTS Framework

The PICOTS (Population, Intervention, Comparator, Outcome, Timing, and Setting) for the
Key Questions follow:

Population(s)

KQ1: Adult male patients who are candidates for initial prostate biopsy based on elevated
prostate-specific antigen (tPSA) and/or abnormal digital rectal examination (DRE).

KQ2: Adult male patients with one or more previous negative prostate biopsies who are
candidates for repeat biopsy based on elevated tPSA and/or abnormal DRE.

KQ3: Adult male patients with a positive prostate biopsy.

Interventions
e Testing for the prostate cancer antigen 3 gene (PCA3) mRNA alone or in conjunction
with comparator tests.
e Prostate biopsy
e Prostatectomy

Comparators

e KQs1and

o Total PSA

Percent free PSA
PSA velocity or doubling time
PSA density
Complexed PSA
Externally validated nomograms

O O0OO0OO0O0o

°
A
Q
w

Total PSA

Percent free PSA

PSA velocity or doubling time
Externally validated nomograms
Gleason score

Stage

Prostate volume

Epstein and other risk criteria
Other pathological markers

O 00000 O0O0Oo

Outcomes
KQs1land?2
e Long-term health outcomes: Prostate cancer-related mortality, morbidity, function,
quality of life (measured with validated instruments), and harms related to PCAS3 testing
and subsequent interventions (e.g., biopsy, surveillance, treatment).
e Intermediate outcomes: Diagnostic accuracy; impact on decisionmaking that leads to
reduction in the number of unnecessary biopsies and increased identification of prostate
tumors.
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KQ3
e Long-term outcomes: Prostate cancer-related mortality, morbidity, function, quality of
life (measured with validated instruments) and harms related to PCAS3 testing and
subsequent interventions (e.g., repeat biopsy, active surveillance, and treatment).
e Intermediate outcomes: Diagnostic accuracy; impact on decisionmaking that provides
information on prognosis and informs treatment decisions.

Timing
e Any duration of followup will be evaluated.
e Timing of studies related to successive generations of PCA3 and PSA assays will be
considered as part of quality assessment and as a potential source of heterogeneity.

Setting
e All settings.

Scope of the Review

Despite the large body of published literature on prostate cancer screening with tPSA, the
value of early intervention remains unclear.** However, the burden of prostate cancer and the
efforts to effectively diagnose and treat the disease are substantial. Consequently, there is
continuing interest in identifying and validating biomarkers that can improve the clinical
specificity and sensitivity of the prostate cancer diagnostic pathway (i.e., predicting prostate
cancer in at risk men) or prognosis (i.e., classifying prostate tumors as high or low risk).
Introduction of such a biomarker, alone or in combination with other biomarkers or risk factors,
has the potential to reduce the current uncertainty in decisionmaking, which may lead to
improved health outcomes with lower risk of associated harms. However, systematic review of
the evidence supporting the diagnostic accuracy and utility of each intended use is needed to
ensure an overall net balance of benefits over harms, and reduce the risk of introducing new
unanticipated harms.

This is a comparative effectiveness review of testing with prostate cancer antigen 3 (PCA3),
alone or in combination with other markers (comparators), in three proposed intended uses. The
key questions addressed how PCAS3 testing effectiveness compares to other markers: 1) alone or
in combination with other risk factors (e.g., age, family history) or biomarkers in making
decisions about which at risk patients to biopsy (KQ1); 2) alone or in combination with other risk
factors (e.g., age, family history) or biomarkers in making decisions about which at risk patients
to rebiopsy (KQ2); and 3) alone or in combination with other biomarkers, risk factors or
pathological markers in biopsy positive patients, in making decisions about aggressive treatment
(e.g., radical surgery or radiation therapy) or active surveillance (KQ3). KQ1 and KQ?2 reflect
important clinical decision points. However, they are narrowly focused on a specific subset of
patients (i.e., only initial or only repeat biopsy), and studies often do not distinguish these two
groups in their presentation of data. Therefore, it may be necessary to create a combined
KQ1/KQ2 question if sufficient evidence exists that the biomarkers perform equally well in the
two groups.

For prostate cancer prediction at biopsy or rebiopsy, the selected serum biomarker
comparators were total prostate specific antigen (tPSA) elevations, free PSA (fPSA), PSA
density, PSA velocity or doubling time, and complexed PSA. Externally validated nomograms
(EVNSs), a type of risk assessment tool, were also reviewed. For classification as high or low risk,
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comparators included Gleason score, tumor stage, other pathological tumor markers, prostate
volume, and biomarkers used for risk classification (e.g., tPSA, fPSA, PSA density) and
monitoring disease progression (e.g., tPSA, PSA velocity). The selected outcomes of interest for
all key questions included both intermediate (diagnostic accuracy, impact on decisionmaking,
harms of biopsy or treatment) and long-term (mortality, morbidity, quality of life) outcomes.
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Methods

Methodological practices followed in this review were derived from AHRQ Methods Guide
for Effectiveness and Comparative Effectiveness Reviews®® (hereafter Methods Guide) and
AHRQ Methods Guide for Medical Test Reviews (hereafter AHRQ Test Review Guide).>*

Topic Development and Refinement

Key questions were reviewed and refined as needed by the Evidence-based Practice Center
(EPC) with input from Key Informants and the Technical Expert Panel (TEP) to ensure that the
questions were specific and explicit about what information was being reviewed. In addition, for
Comparative Effectiveness reviews, the key questions were posted for public comment and
finalized by the EPC after review of the comments.

Key Informants are the end users of research, including patients and caregivers, practicing
clinicians, relevant professional and consumer organizations, purchasers of health care, and
others with experience in making health care decisions. Within the EPC program, the Key
Informant role is to provide input into identifying the Key Questions for research that will inform
health care decisions. The EPC solicits input from Key Informants when developing questions
and an analytic framework for the systematic review or when identifying high priority research
gaps and needed new research. The Key Informants selected to work on PCA3 included
individuals with expertise in urology, pathology, laboratory medicine, internal medicine, family
medicine, clinical trial design, as well as a patient advocate. The experts selected for the
Technical Expert Panel to provide expertise and perspectives specific to the topic included
individuals with expertise in urology, pathology, laboratory medicine, internal medicine, family
medicine, clinical trial design and statistics. Technical Experts provided information to the EPC
to identify literature search strategies and recommended approaches to specific issues as
requested by the EPC.

Key Informants and Technical Experts are not involved in analyzing the evidence or writing
the report and have not reviewed the report, except as given the opportunity to do so through the
peer or public review mechanism. Key Informants and Technical Experts were required to
disclose any financial conflicts of interest greater than $10,000, and any other relevant business
or professional conflicts of interest. Because of their role as end-users or their unique clinical or
content expertise, individuals were invited to serve as Key Informants or Technical Experts, and
those who presented without potential conflicts were retained. The AHRQ Task Order Officer
(TOO) and the EPC worked to balance, manage, or mitigate any potential conflicts of interest
identified.

Literature Search Strategy

The research librarian, in collaboration with the review team, developed and implemented
search strategies designed to identify articles relevant to each Key Question. Details on strategies
with full search strings are presented in Appendix A. The search was limited to English-language
articles or articles in other languages for which the journal provided an English translation. The
rational for this decision is that this EPC’s experience demonstrated that non-English references
did not yield information of sufficiently high quality to justify the resources needed for
translation. In addition, studies have demonstrated that excluding non-English language studies
has little impact on effect size estimates or conclusions relative to the resources required.>®
Systematic reviews/meta-analyses were identified through the MEDLINE® searches and grey
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literature searches. Bibliographies of included studies were hand-searched to ensure complete
identification of relevant articles. The time frame for the search was limited to literature
published after January 1, 1990 based on FDA approval of the tPSA test for early detection of
prostate cancer in 1993.

e MEDLINE® (January 1, 1990 to August 9, 2011)

e EMBASE® January 1, 1990 to August 15, 2011)

e Cochrane Central Register of Controlled Trials (no date restriction)

Search results were stored in a project-specific EndNote9® database that was subsequently
uploaded into DistillerSR (Evidence Partners Inc., Ottawa, Ontario, Canada), a web-based
systematic review software application. Two independent reviewers used the DistillerSR
software to determine study eligibility. Using selection criteria for screening abstracts, the two
reviewers marked each abstract as: 1) yes (eligible for review of the full article); 2) no (ineligible
for review); or 3) uncertain (review the full article to resolve eligibility). Reviewer discrepancies
were resolved by discussion and consensus opinion; a third reviewer was consulted as needed.
When abstracts were unavailable or unclear, full-text articles were obtained for review.

Using study selection criteria and the DistillerSR software, a single reviewer read each full-
text article and determined eligibility of the study for data abstraction. A second reviewer audited
a subset of articles, and reviewed all articles marked as uncertain. Discrepancies were resolved
by discussion and consensus opinion; a third reviewer was consulted as needed. Key reasons for
excluding studies were captured by DistillerSR and Excel® spreadsheet. Each paper retrieved in
full-text, but excluded from the review, is listed in Appendix B with reasons for exclusion.

An updated search of the published literature was conducted upon submission of the draft
report to determine if new information had been published since completion of the previous
search. In addition, the Technical Expert Panel and individuals and organizations providing peer
review were asked to inform the project team of any studies relevant to the KQs that were not
included in the draft list of selected studies.

Study Selection
Studies were included if they fulfilled the following criteria:

e Study was a randomized controlled trial, a matched comparative study (e.g., prospective
or retrospective cohort, diagnostic accuracy and case-control studies), or a systematic
review of matched comparative studies. Note that systematic reviews of unmatched
studies were initially retained in DistillerSR (but not extracted) based on potential
usefulness in two areas: 1) providing references that might identify additional studies of
PCAS3; and 2) as sources of more broadly based unmatched data on performance
characteristics of PCA3 and comparators (i.e., to compare to results based on smaller
numbers of subjects in the primary matched studies of fPSA, to determine if the results
are consistent or inconsistent).

e Study subjects were adult males with elevated total PSA tests and/or abnormal DRE who
have not had a prostate biopsy or who have had one or more prostate biopsies (KQ1 and
2), OR adult male patients with prostate cancer positive biopsies (KQ3).

e Study intervention included testing for PCA3 and at least one designated pretreatment
standard comparator test for prostate cancer, and a prostate biopsy (6 core minimum) or
radical prostatectomy (KQ3 only).
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e Study comparators for KQ1 and 2 were standard validated tests for prostate cancer that
included tPSA, fPSA, PSA velocity, complexed PSA and externally validated
nomograms/risk assessment programs; for KQ3, comparators included Gleason score,
pathological staging, other pathological tumor characteristics, and tumor volume.

e Study outcomes included intermediate outcomes (e.g., diagnostic accuracy for prostate
cancer, impact on biopsy decisionmaking and number of true and false positive biopsies),
long-term outcomes (e.g., mortality, morbidity, function, quality of life) and potential
harms (e.g., adverse effects of biopsy, misdiagnosis) (KQ1 and 2).

OR

e Study outcomes included the intermediate outcomes of diagnostic accuracy for tumor risk
category (i.e., indolent/low risk, aggressive/high risk) and impact on decisionmaking
about active surveillance versus aggressive treatment, as well as long-term outcomes
(e.g., mortality, morbidity, function, quality of life) and potential harms (e.g., adverse
effects of treatment, misdiagnosis) (KQ3).

Studies were excluded if they fulfilled at least one of the following criteria:
e Published in a non-English language for which the journal did not provide a translation
e Did not study prostate cancer
e Did not address one of the Key Questions
e Did not use a relevant study design
e Did not report primary data
e Did not report relevant outcomes

Search Strategies for Grey Literature
A systematic search of grey literature sources was undertaken to identify unpublished
studies, or studies published in journals that are not indexed in major bibliographic citation
database, in accordance with guidance from Effective Health Care Scientific Resource Center.
The detailed search strategies and results can be found in Appendix C. Briefly, the searches
included: regulatory information (i.e., FDA); clinical registries; abstracts and papers from
professional annual meetings and conferences; organizations publishing guidance or review
documents (e.g., National Guideline Clearinghouse, Cochrane, National Institute for Clinical
Excellence); grants and federally funded research; and manufacturer web sites.
Search strategies were similar to those used in bibliographic databases, except for the
following:
e Regulatory information: The FDA website was searched for PMA and 510(k) decision
summary documents related to urine PCA3 mRNA assays.
e For clinical registries, NIH RePORTER, HSRPROQOJ, and AHRQ GOLD, searches were
limited to completed studies only.
e For abstracts and conferences articles, studies published prior to 2009 were excluded.

Data Extraction and Management

The data elements from included studies were extracted using DistillerSR software into
standard data formats and tables by one reviewer, and were subject to a full quality review for
accuracy and completeness by a second reviewer. Data extraction question formats and tables
were pilot-tested for completeness on a group of selected studies, and revised as necessary before
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full data extraction began. Project staff met regularly to discuss the results at each phase, review
studies that were difficult to classify and/or abstract, and to address any questions raised by team
members.

Data Elements

Data elements extracted from the selected studies were defined in consultation with the TEP.
A detailed list can be found in Appendix B, and the corresponding database fields in the
DistillerSR Data Extraction Forms in Appendix I.

Evidence Tables

DistillerSR reports were created that contained content for specific evidence tables and
downloaded into Excel® spreadsheets for editing. Final tables were formatted in Microsoft
Word®. Primary reporting of DistillerSR data elements for each evidence table was done by one
person; a second person reviewed articles and evidence tables for accuracy. Disagreements were
resolved by discussion and, if necessary, by consultation with a third reviewer. When small
differences occurred in quantitative estimates of data from published figures, the values were
obtained by averaging the two reviewers’ estimates.

Individual Study Quality Assessment

Definition of Ratings for Individual Studies and Reviews

In adherence with the Methods Guide™, grading the methodological quality of individual
comparative studies was performed based on study design-specific criteria. In all cases, quality
of individual studies and the overall body of evidence was assessed by two independent
reviewers. Discordant decisions were resolved through discussion or third-party adjudication.
Quality assessments were summarized for each study and recorded in tables. Criteria for
assessing quality of nonrandomized comparative intervention studies and quality rating
definitions®” *® can be found in Appendix E. The quality of diagnostic accuracy studies was
assessed using the Quality Assessment of Diagnostic Accuracy Studies (QUADAS) tool>®
included the following 14 questions:

1. Was the spectrum of patients representative of the patients who will receive the test in
practice?

2. Were the selection criteria clearly described?

3. Is the reference standard likely to classify the target condition correctly?

4. s the period between the reference standard and index test short enough to be
reasonably sure that the target condition did not change between the two tests?

5. Did the whole sample or a random selection of the sample receive verification by
using a reference standard of diagnosis?

6. Did patients receive the same reference standard regardless of the index test result?

7. Was the reference standard independent of the index test (i.e., the index test did not
form part of the reference standard)?

8. Was the execution of the index test described in sufficient detail to permit replication
of the test?

9. Was the execution of the reference standard described in sufficient detail to permit
replication of the reference standard?
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10. Were the index test results interpreted without knowledge of the results of the
reference standard?

11. Were the reference standard results interpreted without knowledge of the results of
the index test?

12. Were the same clinical data available when the test results were interpreted as would
be available when the test is used in practice?

13. Were uninterpretable/intermediate test results reported?

14. Were withdrawals from the study explained?

For KQ1 and 2, the index test was PCA3 and the reference standard was biopsy. However,
because selection of the screening positive populations was largely based on levels of tPSA, it
was necessary to also consider QUADAS question 11 for tPSA to assess the potential for
verification bias. This additional criterion was added at the end of the QUADAS questions
(Table F-1, Appendix F), along with an entry to indicate whether verification bias was found
(response, Yes or No). Because measurement of specific clinical outcomes was needed to assess
diagnostic accuracy for KQ3, the additional criterion of clinical followup was added to the
QUADAS questions (Table F-2, Appendix F).

The QUADAS ratings were summarized into general quality classes (from Table 5-4, Paper
5, AHRQ Test Review Guide®):

e Good - No major features that risk biased results.

e Fair - Susceptible to some bias, but flaws not sufficient to invalidate the results.

e Poor - Significant flaws that imply bias of various types which may invalidate the results.

Measuring Outcomes of Interest

There were several factors that supported the likelihood that most included studies would be
focused on the predictive performance (e.g., clinical sensitivity and specificity, positive and
negative predictive values for positive biopsy) of the PCA3 test. These factors included: the
relatively short length of time that the PCAS3 test, particularly the latest generation test, has been
available; the comparative ease of conducting studies in which the end point is biopsy; and the
length of time needed to collect long-term clinical outcomes related to the subsequent impact of
interventions (e.g., active surveillance, aggressive treatment) related to the use of the test (as
compared with no PCA3 testing or testing for other biomarkers). We expected that studies would
provide a 2X2 table for PCA3 and other comparators, both for those subjects with positive
biopsies and for those with negative biopsies (i.e., a matched analysis). In this way, one could
evaluate not only the total performance of each test, but how the performance of the two tests
varied in the population. For example, two tests could be shown to have equal sensitivity, but a
matched analysis would indicate how often the two tests identified the same men with positive
and negative biopsy results, and how often (and in what cases) they disagreed.

Two other intermediate outcomes for which data were sought were the impact of testing on
physician and patient decisionmaking regarding biopsy versus surveillance, and on the potential
harms related to the biopsy procedure (e.g., pain, bleeding, infection). Infectious complications
appear to be increasing, with recent US and European reports indicating that 0.3 to 4.2 percent of
men biopsied were admitted to the hospital for procedure-related infectious complications.®®
Such data could be collected as followup to biopsy via records review or by conducting surveys
of physicians and patients. Use of surveys requires particular attention to uptake rates and the
reliability, validity and disease-specificity of survey instruments.
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Long-term outcomes or study endpoints (e.g., 7-15 years) of interest include mortality and
survival, morbidity and clinical and biochemical failure.? All-cause mortality at different time
frames is reliable, but not a sensitive measure because it is dependent on age distribution and
because most prostate cancer patients do not die of the disease. More sensitive measures are
prostate cancer-specific 10 year survival or mortality if the cause of death is clear. Clinical
failure may be measured as development of symptomatic disease, local disease progression or
metastatic disease. Biochemical failure relates to increasing levels of total PSA (e.g., greater than
0.2 ng/mL) that may indicate disease recurrence. Morbidity also includes treatment-related
adverse events (e.g., urinary incontinence, impotence, prostatitis) and other harms, as well as
quality of life (QOL). Again, measuring QOL and the personal impact of symptoms related both
to the cancer and to therapy requires the use of reliable and validated survey instruments.
Minimally, assessment of QOL involves the use of a generic instrument to measure overall
wellbeing, and a disease-specific instrument that focuses on specific symptoms and functions
(e.g., incontinence, impotence).

Data Synthesis

After initial review of the extracted data from included studies, the analysis plan was
finalized. Only matched studies were included and pair-wise relative performance of PCA3
scores versus comparator results summarized. Studies provided a wide variety of methods for
comparing results, none of which were true matched analyses. For that reason, we chose to create
the difference between the paired estimates and summarize these differences. Five separate
analyses were designed:

1. A comparison of area under the ROC curve (or AUC);

1. Estimates of parameters defining the positive versus the negative biopsy populations;
2. Performance of PCA3 at a common cut-off score of 35;

3. Comparison of the ROC curves over a wide range of specificities/sensitivities; and

4. Results from logistic regression analysis.

As an example, consider a study reporting on a cohort of men age 50 or older who have a
prostate biopsy and tPSA and PCAS3 testing. For the first analysis, the AUC for tPSA was
subtracted from the AUC for PCAZ3, resulting in the “difference of AUCs.” This comparison is
an unbiased estimate of effect size differences. The next retrieved study is analyzed in the same
way, and the two differences are then compared for consistency across studies. This is repeated
for all relevant studies, and then repeated for each of the five analyses. The entire process is then
repeated for each comparator.

Due to the small number of relevant matched studies for most comparators, heterogeneity of
results could only be explored for the PCA3/tPSA comparison. This included stratification by
studies including men with all elevations of tPSA versus those focusing on the “grey zone” of
borderline tPSA elevations. The analysis of tPSA was complicated by the presence of partial
verification bias in all of the studies. We relied on published results and in-house modeling in an
attempt to account for this bias, as original data was not available to use published correction
methods.?* %3

For KQ3, a qualitative analysis was considered likely. Identification of multiple matched
studies in comparable populations, tested for PCA3 and one or more selected comparators, and
reporting on the same intermediate or long-term clinical outcomes appeared to be unlikely.
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Grading the Body of Evidence for Each Key Question

The strength of evidence for primary outcomes was graded by using the standard process of
the Evidence-based Practice Centers as outlined in the Methods Guide.>® The method is based on
a system developed by the Grading of Recommendations Assessment, Development and
Evaluation (GRADE) Working Group, and addresses four specific domains: risk of bias,
consistency, directness, and precision of the evidence.®* The evidence pertaining to key question
were classified into four grade categories:

e High - High confidence that the evidence reflects the true effect. Further research is

unlikely to change our confidence in the estimate of effect.

e Moderate — Moderate confidence that evidence reflects the true effect. Further research
may change our confidence in the estimate of effect, or could change the estimate of
effect.

e Low- Low confidence that the evidence reflects the true effect. Further research is likely
to change our confidence in the estimate of effect and is likely to change the estimate.

e Insufficient — Evidence either is unavailable or does not permit a conclusion.

e Additional domains (e.g., strength of association, dose-response relationship, plausible
confounding, publication bias) were assessed and reported if applicable based on the
results of the evidence review.

The GRADE rating was determined by independent reviewers, and disagreements were resolved
by consensus as necessary.

Assessment of Applicability

Applicability of the results presented in this review was assessed in a systematic manner
using the PICOT framework (Population, Intervention, Comparison, Outcome, Timing).
Assessment included both the design and execution of the studies, and their relevance with
regard to target populations, interventions and outcomes of interest.

Peer Review and Public Commentary

Peer reviewers were invited to provide written comments on the draft report content based on
their clinical and methodological expertise. Peer review comments on the preliminary draft of the
report will be considered by the EPC in preparation of the final draft of the report. Peer reviewers
have not participated in writing or editing of the final report or other products. The synthesis of
the scientific literature presented in the final report will not necessarily represent the views of
individual reviewers. The dispositions of the peer review comments will be documented and
published three months after the publication of the evidence report.

Potential reviewers were required to disclose any financial conflicts of interest greater than
$10,000, and any other relevant business or professional conflicts of interest. Peer reviewers who
disclose potential business or professional conflicts of interest will be able to submit comments
on draft reports through the public comment mechanism.
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Results

Literature Search

Of the 1,449 citations identified through the literature searches, 1,415 were excluded at
various stages of review. One additional study was identified through grey literature searches.
No additional studies were identified from one identified systematic review on PCA3; this
review was excluded from analyses as having no primary data. The 34 included articles reported
the results of observational cohort studies with matched comparisons of PCA3 and other selected
biomarkers. The PRISMA flow diagram (Figure 3) illustrates the review process for published
studies, exclusions at each step and the selection results.

For KQ1 and KQ2, no randomized or comparative intervention trials were identified that
included the use of PCAS3 testing and reported long-term outcomes, or intermediate outcomes
other than diagnostic accuracy. Of the 34 articles included, 25 were identified as addressing
PCA3 and comparators in initial (KQ1) and/or repeat (KQ2) prostate biopsies.?* 3 °% 6587 gjx
studies found to have duplicate data®* >* 78487 \yere excluded, and two studies’ #® did not
have report data in a format usable for analyses. For KQ3, no randomized or comparative
intervention trials were identified that included the use of PCA3 testing and reported
intermediate or long-term outcomes. Two of 11 poor quality observational studies were
identified that addressed two shorter-term health outcomes (i.e., biochemical recurrence and time
to progression to treatment from active surveillance). Table 1 provides general descriptive
information on the studies. Table 2 describes inclusion/exclusion criteria and Table 3 describes
the populations studied. Table 4 provides key information on PCA3 testing. Table 17 provides
information on biopsy results (KQ 1, 2, 3 asindicated in Table 17), and Table 18 and Table 19
provide information on prostatectomy results (KQ3 only).

Figure 3. PRISMA diagram for identified published studies

1,449 Records identified through
database searches

——>| Duplicate references (N=85) |
v
| Title and abstract screen (N=1,364) |

——>| Excluded references (N=1,201) |

v
| Full-text review of articles (N=163) |

Excluded references (N=130)

Articles/documents identified * Non-English Ia'nguage (N=1) .
through gray literature search = Study population AND study design
(N=1) > do not meet inclusion criteria (N=77)

* No original data (e.g., review,
editorial) (37 of 77)
= Study population not relevant (N=5)
= Study design not relevant (N=47)

AA 4
Unique articles meeting
inclusion criteria (N=34)
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Table 1. General descriptions of the included studies in matched populations

Author?, Year Country Enrollment Reference N Biopsies Unreported % Key Matched | Potential COI
Period Standard Reported / Biopsies Positive Question Analysis Funding®/
(Month/Year) Total N Explainedb Biopsies | Addressed | Reported | Disclosures
Biopsies
Adam, 2011%, South Africa 07/09 - 02/10 Biopsy 105/ 107 Yes 43 KQ1, 2 No No/ Yes
ol
Eu rﬁgﬁ,egi{ni%? Us. NR Biopsy 443 | 443 NA 28 KQ2 No No/ Yes
Aubin, 2010%, International, U.S. NR Biopsy 1072 /1140 Yes 18 KQ2 No Yes / Yes
Cao, 2011%, China 06/09 — 04/10 Biopsy 131/ 143 Yes 60 KQ1, 2, 3 No No/NR
de la Taille, 201170, Europe 02/08 - 08/09 Biopsy 516 /528 Yes 40 KQ1, 3 No Yes / Yes
Deras, 200871, Canada, U.S. 04/04 — 05/06 Biopsy 557 /1 570 Yes 36 KQ1, 2 No NR / No
Hessels, 2010"* The Netherlands 07/03 - 09/06 Biopsy 336/351 Yes 40 KQ1,2,3 No No /NR
Mearini, 2009, Italy NR Biopsy 96/ 96 NA 73 KQ1, 2 No No / No
Nyberg, 2010, Sweden 01/08 - 09/08 Biopsy 62 /62 NA 29 KQ1, 2 No No / No
Ochiai, 2011”", Japan 05/07 - 05/08 Biopsy 102/ 105 Yes 36 KQ1, 2 No Yes / No
Ouyang, 2009'%, US NR Biopsy 92/ 106 Yes 47 KQ1, 2 No No/NR
Perdona, 2011,20 ltaly 10/08 - 10/09 Biopsy 218 /218 NA 33 KQ1, 2 No No / No
Ploussard, 2010, Europe 08/06 — 07/07 Biopsy 301/301 Yes 24 KQ2 No NR /Yes
Rigau, 2010%, Spain NR Biopsy 215/ 262 No 34 KQ1, 2 No No /NR
Roobol, 201081, Europe 09/07 - 02/09 Biopsy 492 [ 492 NA 17 KQ1, 2 No NR / Yes
Schilling, 2010%, Germany 01/08 - 06/08 Biopsy 103/ 104 Yes 56 KQ1, 2 Yes® NR / No
Tosoian, 2010%, U.S. 00/95 — 00/09 Biopsy 294 /301 No 13 KQ3 No Yes / NR
surveillance
Wang, 2009%, U.S. 09/06 — 12/07 Biopsy 187 /192 Yes 46 KQ1, 2 No No/ Yes
- 67
Gerg‘;ﬂg?%é?}iustﬂa 11/06 - 10/09 P 621 / 805 Yes NA KQ3 No No / No
Kusuda, 201190, Japan 10/01 - 07/04 P 120/ 120 NA NA KQ3 No NR /NR
Liss, 2011", U.S. 05/07 - 04/08 P 98/ 100 Yes NA KQ3 No Yes / NR
Nakanishi, 200892, U.S. 06/05 - 05/06 P 96 /96 NA NA KQ3 No Yes / Yes
Ploussard, 201193, France 02/09 - 06/10 P 106/ 106 NA NA KQ3 No No / No
Vlaeminck-Guillem, 2011*, France | 01/08 — 05/10 P 102 /102 NA NA KQ3 No NR / Yes
Whitman, 200895, U.S. 09/06 - 11/07 P 72172 NA NA KQ3 No Yes / Yes

NR=Not reported; NA=Not applicable, P=prostatectomy. *In alphabetical order for studies with a reference standard = biopsy (N=20), then alphabetical order for studies with a
reference standard = prostatectomy (N=7). ® ‘Unreported biopsies’ are biopsies completed without results reported. This column indicates whether the studies provided an

explanation for missing biopsy results. © “Yes’ indicates that funding for the study was provided entirely or in part by a developer of a PCA3 assay used in the study; ‘No’ indicates

funding from another source. ¢ *Yes’ indicates that one or more authors disclosed a paid consultancy or other relationship with the developer of a PCA3 assay used in the study.
¢ This one matched analysis was small (N=18).
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Table 2. Reported criteria® for inclusion of subjects into studies and specific exclusion criteria

Previous | Positive Other
b PSA Cutoff Abnormal | Positive | Negative Family African- Risk - . e
Author”, Year (ng/ml) DRE® (%) Biopsyd Biopsy History American | Factors Specific Exclusion Criteria
(%9 (%9 (%9
Adam® All values Yes No 18 Yes Yes NR BPH, indwelling catheters
Ankerst™ 225 Yes (19) No 100 5.9 NR NR
. 66 2.5-10 (<60y) PSA levels >10; meds that affect PSA
Aubin 3-10 (260y) No No 100 No NR NR | evels; HGPIN, ASAP
cao® 24 Yes No NR NR NR NR Meds that affect PSA levels
de la Taille” 2.5-10 Yes (19) No 0 NR NR NR PSA levels >10
Deras’* 22.5 Yes (15) No 50 Yes Yes Yes
Hessels" >3 Yes No Yes® Yes NR NR
Mearini’® >1 Yes No NR NR NR NR
Nyberg"® 25 Yes No 45 NR NR NR
Ochiai’’ 225 Yes No 19 NR NR NR Meds that affect PSA levels
Ouyang”® >4 NR No NR NR NR NR
20 PSA levels > 10; meds that affect
Perdona <10 Yes (22) No 38 No No NR PSA levels; previous dx PCa
79 PSA levels > 10; , meds that affect
Ploussard 2.5-10 No No 100 NR NR NR PSA levels; initial biopsies
Rigau® 4 Yes (20) No 0 NR NR NR Meds that affect PSA levels
Roobol® 23.0 No No 29 No NR NR
Schilling,® >4 Yes No 14 No No NR
Wang86 Yes Yes No 27 Yes (19) NR (\ée;) History PCa
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Table 2. Reported criteria® for inclusion of subjects into studies and specific exclusion criteria (continued)

Authorb, PSA Cutoff | Abnormal | Positive Prewqus P05|t_|ve Race: Ot_her . . e
c : d | Negative Family Risk Specific Exclusion Criteria
Year (ng/ml) DRE Biopsy : . Black
Biopsy History Factors
Auprich®’ NA NA Yes NA NA NA NA Meds that affect PSA levels
Kusuda™ NA NA Yes NA NA NA NA
Liss™ NA NA Yes NA NA NA NA
.02 Not age 40-70, PSA levels < 50; meds that
Nakanishi NA NA Yes NA NA NA NA affect PSA levels
Ploussard® NA NA Yes NA NA NA NA Not “low risk” = PSA < 10; stage T1c-T2a;
Gleason score 6
Tosoian®® NR Yes Yes _ NR NR NR P05|t|ye blppgy, not “low risk” based on
Epstein criteria
Véﬁ“;;%'ﬁ' NA NA Yes NA NA NA NA Meds that affect PSA levels
Whitman® NA NA Yes NA NA NA NA Meds that affect PSA levels

NR = Not Reported; No = Not a criterion for inclusion; NA=Not applicable.

& Criteria represent the common risk factors for prostate cancer that are used to characterize subjects in the included studies.

® In alphabetical order for studies with a reference standard = biopsy (N=20), then alphabetical order for studies with a reference standard = prostatectomy (N=7).
° DRE = Digital Rectal Examination (DRE)
9 Yes’ answer indicates subjects having radical prostatectomy rather than biopsy; ‘No’ answer associated with study of biopsy patients.
¢ ASAP, atypical small acinar proliferation; BPH, benign prostatic hyperplasia; HGPIN, high-grade prostatic intraepithelial neoplasia.
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Table 3. Characteristics of populations studied

Age Distribution in

%

o % - Co-Existing
Author, Year Reference years Race Distribution Positive P03|t!ve Pathology
Standard Mean (sd) / % Family
- DRE . Name, %
Median (range) History
Adam® Biopsy NR / 67 (35-89) White 25.7; AA 68.6; Other 5.7 48.6 4.8 NR
Ankerst™ Biopsy NR / 66 (11-83) White 97.5; AA 2.0; Other 0.5 18.7 NR NR
Aubin® Biopsy 66.1 (6.0) / 66.1 (52.7-80) NR NR 13.8 NR
cao® Biopsy NR Asian (Chinese) 100 NR NR NR
de la Taille” Biopsy 63 (7.6) / 63 NR NR NR NR
71 . White 82.5; AA 5.3; Hispanic
Deras Biopsy 64/ 64 (32-89) 2.3 Asian 0.4: Other 9.6 NR NR NR
Hessels™ Biopsy 63 / 64 (38-83) NR NR NR NR
Mearini” Biopsy NR NR NR NR BPH, 27
Nyberg"® Biopsy NR / 63 (IQR 57-70) NR NR NR HGPIN, 5
Ochia’’ Biopsy NR / 66 (44-87) Asian (Japanese) 100 NR NR NR
Ouyang”® Biopsy NR White 98; AA 2 NR NR NR
Perdona® Biopsy NR / 66 (60-72) NR NR 4.6 NR
Ploussard” Biopsy 64.6 / 65.4 (43.3-83.4) NR NR NR ASAP. 4
Rigau® Biopsy Mean 65.7 / Range 44-85 NR 26.5 NR NR
Roobol*® Biopsy 70.0/70.2 (63.6-77.5) NR 13.1 NR NR
Schilling® Biopsy NR / 67 (42-88) NR NR NR NR
8 Biopsy 68.2 (6.2) / 68.2 (50.3- . _ ,
Tosoian surveillance 84.2) White 91.8; AA 5.4; Other 2.8 NR NR NP
Wwang® Biopsy Me digﬁ ,(\?F'fz Af 4-86) White 91.5; AA 5.3; Other 3.2 16 18.7 1%'2'2' S’f
Auprich®’ Prostatectomy NR / 63 (44-79) NR 23.9 NR NR
Kusuda™ Prostatectomy 67.2 (6.5)/ NR NR NR NR NR
Liss™ Prostatectomy 62.7 (7.2) / NR NR 16 NR NR
Nakanishi® Prostatectomy 60/ 60 (45-70) White 78.1; Ag‘?)15'6; Hispanic NR NR NR
Ploussard™ | Prostatectomy 62/ 62 (43-75) NR NR NR NR
viaeming- | prostatectomy | 62 (6)/63 (47-72) NR NR NR NR
itman rostatectomy - ite )
Whitman® P NR / 58 (42-73 White 75; AA 25 NR NR NR

AA, African American; DRE, Digital Rectal Examination; ASAP, atypical small acinar proliferation; BPH, benign prostatic hyperplasia; HGPIN, high-grade prostatic

intraepithelial neoplasia; NR — Not Reported
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Table 4. PCA3 / DD3 assay characteristics

. Handling .
Altentive . Method Assay Reporting Hou§e- Temperatures Informative
Author, Year Massage | Specimen e . keeping : ; Results
Used Used Specified Units Gene Holding ( C); %
Storage (C)
Adam, 2011% Yes uu TMA Progensa PCA3 Score PSA NR 98.1
Aubin, 2010% Yes uu T™MA “Gen-Probe” | PCA3 Score PSA NR; -70 94
Auprich, 2011% Yes uu T™MA Progensa PCA3 Score PSA NR 100
de la Taille, 20117 Yes uu TMA Progensa PCA3 Score PSA NR 99
Deras, 2008 Yes uu TMA Progensa PCA3 Score PSA NR; -70 100
Hessels, 2010" Yes us T™MA Aptima PCA3 Score PSA NR 95.8
Liss, 2011% Yes uu TMA NR PCA3 Score PSA 2-8: NR 100
Nakanishi, 2008 Yes uu TMA “Gen-Probe” PCA3 Score PSA 2-8; -70 100
Nyberg, 2010 Yes uu TMA Progensa PCA3 Score PSA NR 100
Ochiali, 20117 Yes uu TMA Aptima PCA3 Score PSA NR; -70 100
Perdona, 2011%° Yes uu TMA Progensa PCA3 Score PSA NR 100
Ploussard, 2011% Yes uu TMA Progensa PCAS3 Score PSA NR NR
Roobol, 2010% Yes uu TMA Progensa PCA3 Score PSA NR 100
Schilling, 2010% Yes uu TMA “Gen-Probe” PCA3 Score PSA NR 99
Tosoian, 2010% Yes uu T™MA Aptima PCA3 Score PSA NR; -80 97.7
V'aemg'ocﬁcgi”"'em‘ Yes uu T™MA Progensa | PCA3 Score PSA NR 100
Wang, 2009% Yes uu T™MA “Gen-Probe” | PCA3 Score PSA 30; NR 97.4
Whitman, 2008 Yes uu TMA “Gen-Probe” PCA3 Score PSA NR 100
Fradet, 2004 Yes uu NASBA uPM3 Probability PSA NR; 2-8 86
Tinzl, 2004% Yes uu NASBA uPM3 PCA3 Score PSA 4; -20 79
Cao, 2011% Yes us QRT-PCR NR PCA3 Score PSA 4; -20 92
Kusuda, 2011% NR LN QRT-PCR NR Quantification GADPH NR NR
Mearini, 2009 Yes us QRT-PCR NR Quantification | Beta actin NR -70 NR
Ouyang, 20098 Yes us QRT-PCR NR PCA3 Score GADPH NR; -80 87
Rigau, 2010%° Yes us QRT-PCR NR PCA3 Score PSA NR: -80 82.1
Ankerst, 2008 NR NR NR NR PCA3 Score PSA NR NR
Ploussard, 2010”° NR uu NR NR PCA3 Score PSA NR NR

LN, lymph node tissue; NASBA, nucleic acid sequence-based amplification; NR, not reported; QRTPCR, quantitative real time polymerase chain reaction; TMA, transcription-

mediated amplification; UU, urine-unsedimented; US, urine-sedimented.
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Figure 4. PRISMA diagram for identified grey literature
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Grey Literature Search

The process for evaluation of grey literature search results is summarized in Figure 4. and
Appendix C. Although Gen-Probe has announced FDA clearance for the Progensa® assay Kkit,
the data were not available for analysis for the draft report. Two clinical trial registry citations
were relevant to the review:

e Prostate Cancer Antigen 3 (PCA-3) Gene Project (NCT01177436) — This trial is still
recruiting participants. Of interest is the use of three housekeeping genes for PCA3
testing in addition to KLK3 (PSA): ACTB (beta-actin), TUA (Ka 1 tubulin), and GAPDH
(glyceraldehyde-3-phosphate). Results may resolve remaining concerns about potential
bias related to the use of PSA as the housekeeping gene.

e Clinical Evaluation of the Progensa® PCA3 Assay in Men With a Previous Negative
Biopsy Result (NCT01024959) — This trial, conducted by GenProbe and completed in
April, 2011, is likely to have provided data for the submission to FDA. However, no
published article was identified that reported the results of this clinical trial.

Overall, the search of grey literature yielded one published study.

Key Question 1 — Testing PCA3 and Comparators to Identify
Prostate Cancer in Men Having an Initial Biopsy

Among the 17 included studies, only two reported results in populations where all men were
having initial biopsies (Table 5).”" # Both studies reported data on tPSA, and one reported on
fPSA and PSA density.” The actual data will be presented in later analyses (KQ1/KQ2
combined), but clearly there were too few data for reliable interpretations. The five matched
analyses are outlined in Methods, and discussed in more detail in later sections (Table 7).

Table 5. Data available for the comparison of PCA3 scores and the five comparators, when
analysis is restricted to studies reporting results only in men having initial biopsies

Matched analyses (of five) available for each PCA3 comparator
Initial PSA PSA cPSA Validated
Author N Biopsy tPSA fPSA velocity | Density Nomogram
de la Taille™ 516 100% ACDEE | CD,E - A,C,D - -
Rigau® 21 100% A,D - - - - -

The dash (*-*) indicates no data provided for that comparator. The letters ‘A’ through “E’ represent the analyses: A
= AUC, B = mean/sd, C = PCA3 > 35, D = Sensitivity/Specificity and E = Regression.

Shaded rows indicate studies focusing on the ‘grey zone’ of tPSA (2.5-10 ng/mL) when enrolling patients.

Strength of Evidence: When data are restricted to the two studies reporting only on populations
of men having an initial prostate biopsy, it is not possible to evaluate consistency (similar
between-study results). In addition any estimates of effect size will, necessarily, be imprecise.
This results in assigning grades of “insufficient” for all six comparisons of PCA3 with tPSA,
fPSA, PSA velocity, PSA density, complexed PSA and externally validated nomograms,
respectively.
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Key Question 2 — Testing PCA3 and Comparators to Identify
Prostate Cancer in Men Having a Repeat Biopsy

Among the 17 studies, only three®" ®® ™ reported results in populations where all of the men were
having a repeat biopsy (Table 6). All studies reported on tPSA, two on fPSA®® "and one on
externally validated nomograms.® The actual data will be presented in later analyses, but clearly
there are too few data for reliable interpretations.

Table 6. Data available for the comparison of PCA3 scores and the five comparators, when
analysis is restricted to studies reporting results only in men having a repeat biopsy

Matched analyses (of five) available for each PCA3 comparator

Initial PSA PSA cPSA Validated
Author N Biopsy | tPSA fPSA velocity Density Nomogram
Ankerst® | 443 0% AB - - - - AB

Aubin®® 1072 0% C,D AD

Ploussard”® | 301 0% A.D A.D

A dash (“-’) indicates no data provided for that comparator. The letters ‘A’ through ‘E’ represent the analyses: A =
AUC, B = mean/sd, C = PCA3 > 35, D = Sensitivity/Specificity and E = Regression.

Shaded rows indicate studies focusing on the ‘grey zone’ of tPSA (2.5-10 ng/mL) when enrolling patients.

Strength of Evidence: When data are restricted to the three studies reporting only on
populations of men having repeat prostate biopsy, it is not possible to evaluate consistency
(similar between-study results). In addition, one of the studies® restricted recruitment to men
with tPSA in the “grey” zone. Estimates of effect size will, necessarily, be imprecise. This results
in assigning grades of “insufficient” for all six comparisons of PCA3 with tPSA, fPSA, PSA
velocity, PSA density, complexed PSA and externally validated nomograms, respectively.

Potential to Combine Key Questions 1 and 2 — Testing PCA3 and
Comparators to Identify Prostate Cancer in Men With or Without a
Previous Negative Biopsy (Initial and Repeat)

Five studies® ¢ 7% 7980 exclusively studied men having an initial biopsy (KQ1) and men
having repeat biopsy (KQ2). These have been shown in the previous pages. However, 12
additional studies include matched results of PCA3 and the comparators, but enrolled men with
both initial and repeat biopsies, or did not report biopsy history.?: 6% 68 7. 74-78.82.86.97 \p gt often,
the results from these studies were not stratified by biopsy history. At this point, one could
ignore the data in these 12 studies, as they do not directly apply to either KQ1 or KQ2. Instead,
based on the inadequate strength of evidence found for the prior individual analyses of KQ1 and
KQ2, we decided to examine whether data from all 17 studies may be suitable for a combined
analysis (Table 7). Prior to performing this combined analysis, however, it is necessary to
provide evidence that the biopsy status is not an important covariate that could bias the findings.
An examination of Table 7 finds that the most common comparator is tPSA, and the most
common analysis, by far, is the area under the curve (AUC), indicated by an “A.”

28



Table 7. Data available for the comparison of PCA3 scores and the five comparators, when
analysis is restricted to studies reporting results with/without a previous prostate biopsy

Matched analyses (of five) available for each PCA3 comparator

Initial PSA PSA cPSA Validated
Author N Biopsy tPSA fPSA | velocity | density Nomogram
Cao® 143 - A - - - - -
Hessels™ 336 - A - - - - -
Mearini” - - A - - - - -
Ouyang’® 92 - A - - - - -
Ankerst™ 443 0% A,B - - - - AB
Aubin® 1072 0% C,D AD - - - -
Ploussard™ | 301 0% A,D A,D - - - -
Deras’" 570 51% A,C,D - - - - -
Nyberg” 62 55% A,B,C,D - - - - -
Perdona® 218 61% A,B,D,E B,E B - B A,B,D
Roobol™® 721 71% A - - - - -
Wang®™ 516 73% C - - - - -
Ochiai’’ 105 81% A,B,C,D B B A,B,D B D
Adam® 106 82% A.CD - - - - -
Schiling® | 32 86% AC - - - - -
Tg‘ﬁk'go 516 | 100% | A,C.DE | C,D,E - A.C,D - -
Rigau® 215 | 100% AD - - - - -

A dash (“-’) indicates no data provided for that comparator. The letters ‘A’ through ‘E’ represent the analyses: A = AUC,

B = mean/sd, C = PCA3 > 35, D = Sensitivity/Specificity and E = Regression.
Shaded rows indicate studies focusing on the ‘grey zone’ of tPSA when enrolling patients.

Fifteen of the 17 studies reported AUC results for both PCA3 and tPSA. Of these, 11 also
provided the proportion of study subjects with no previous prostate biopsies. A regression
analysis of AUC difference (PCA3 — tPSA) versus proportion of men with an initial biopsy
would provide evidence regarding suitability of the combined analysis. Figure 5 shows this
analysis. The raw data for this figure can be found in Table 10. The slope (-0.00227) is

nonsignificant (p=0.97, test of slope), indicating that there is no significant relationship between

the biopsy status and AUC difference.
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Figure 5. A scatterplot showing the relationship between the proportion of men with an initial
biopsy versus the difference in the area under the curves (AUC) for PCA3 scores and tPSA

elevations

AUC Difference (PCA3 - tPSA)

The horizontal axis shows the proportion of men with an initial biopsy (range 0 to 100%). The vertical
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axis shows the AUC Difference; a value of O (dashed horizontal line) indicates the AUCs are
equivalent. Each circle indicates the results from one included study. Results from three studies

focusing on the grey zone are filled. There is no significant relationship, as indicated by the solid line

and 95% confidence intervals.

Examining Table 7 also indicates that 10 studies reported the ROC curves for both PCA3 and
tPSA. The raw data for this figure can be found in Table 13. Figure 6 again shows the proportion
of men with an initial biopsy on the x-axis but now indicates the relative increase (or decrease) in
the PCA3 — tPSA sensitivities, at a constant specificity of 50 percent. Based on linear regression

(slope =0.02956, p=0.79, test of slope) there again appears to be little or no association
between the biopsy history and the relative performance of PCA3 and tPSA.
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Figure 6. A scatterplot showing the relationship between the proportion of men with an initial
biopsy versus the difference in sensitivity at a specificity of 50%
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The horizontal axis shows the proportion of men with an initial biopsy (range 0 to 100%). The vertical
axis shows the difference in sensitivity of detecting prostate cancer, when the specificity is held
constant at 50%; a value of 0 (dashed horizontal line) indicates the specificities are equivalent. Each
circle indicates the results from one included study. Results from three studies focusing on the grey
zone are filled. There is no significant relationship, as indicated by the solid line and 95% confidence
intervals.

Together, these two analyses (Figure 5, Figure 6) provide evidence that combining results
from studies of initial biopsies, repeat biopsies, and mixtures of initial and repeat biopsies will
not impact the comparison of PCA3 with tPSA elevations. No such analyses can be made for any
of the other comparators, but given the lack of data for those comparisons, we have chosen to
comprehensively list all potentially relevant results, regardless of the biopsy status of the
enrolled men. The following sections provide the results of the combined analysis of Key
Questions 1 and 2.

Description of Included Studies for KQ1/KQ2 “Combined”

The inclusion criteria restricted the analyses to matched studies. These were defined as
studies that provided estimates of diagnostic test performance for PCA3 and at least one other
comparator (e.g., total PSA elevations or free PSA) using the same patient population. Thus, a
study of PCA3 alone, or a comparator alone, would not be included. In examining the included
studies, it was clear that although the same population was used, the reports rarely applied a true
matched analysis. However, the results were still considered as being “matched,” due to the
application of the test(s) to the same underlying population. We preserved this population
matching by computing differences between PCAS3 test results and comparator test results within
each study. These matched differences could then be compared across studies. For example, one
study of biopsied patients might report an AUC for PCA3 and then separately report an AUC for
tPSA in the same population. The difference in the two would then be computed and compared
to the difference in AUCs from other similarly matched studies. Although this restriction limited
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the number of included publications, it was aimed at improving the consistency of results. For
example, an analysis of unmatched studies might have provided sufficient information to stratify
PCAZ3 performance by number of previous biopsies. Similar data could be obtained from the
literature for tPSA. Comparing the results between these unmatched studies might have shown
differences related to variations in study populations or design rather than the variable of interest.

All studies were judged to be of poor quality either because of verification bias, missing
followup to clinical endpoints, or unclear data presentation or blinding. Almost a third of studies
(N=8) were funded by GenProbe and almost half (N=12) indicated conflicts of interest by
investigators (Table 1). All of these studies focused on determining the diagnostic accuracy of
PCAS3 testing using biopsy results as the reference or gold standard. No studies were identified
that reported on intermediate outcomes other than diagnostic accuracy, or long-term clinical
outcomes.

Evaluation of PCA3 and Other Comparators to Identify
Intermediate and Long-Term Outcomes Related to Prostate Cancer

Comparator: Total Serum PSA

Study design was a crucial criterion for this comparison, because tPSA measurements are
integral to men’s decisionmaking regarding uptake of prostate biopsy after the finding of an
initial tPSA elevation obtained at routine prostate cancer screening. Men were likely offered
biopsy based on the extent of tPSA elevations, suspicious findings on a digital rectal exam
(DRE), a combination of the two or, less commonly, other risk factors such as family history or
race. This leads to only a subset of initially identified men having the “gold standard” test
(biopsy) that defines one of the outcomes of interest — diagnostic accuracy. This association of
test result with uptake of the diagnostic test is labeled verification bias. In this setting,
verification bias will occur because men with higher tPSA elevation are more likely to undergo
biopsy compared to men with lower levels. Thus, test sensitivity will be overestimated (as a
higher proportion of cancers with lesser elevations will not be identified by biopsy). This bias
will also underestimate specificity (or overestimate the false positive rate), because the larger
number of men without cancer and negative results are not identified via biopsy). Appendix J
contains a more complete description of verification bias, an example relevant to prostate cancer
and tPSA elevations, a review of directly relevant literature, and an evaluation of what will, or
will not be compromised in this comparison. Appendix J also contains a more complete
description of the modeling used to overcome the major impact of verification bias and a more
extensive comparison of PCA3 and tPSA test performance characteristics. These analyses
indicate that the relative performance of tPSA elevations (sensitivity at a given specificity) is not
influenced by verification bias, but the tPSA cut-off level at which this performance occurs
cannot be directly observed. We employed a simple model to determine approximate tPSA cut-
off levels in the presence of verification bias. This bias is unlikely to be an issue for the other
comparators (e.g., fPSA, PSA density). This is because they are not routinely used in all men
with a tPSA/DRE positive result and are, therefore, not strongly associated with biopsy uptake.
A second known bias relates to a subset of studies that limit their reporting to men in the “grey
zone” of tPSA measurements, usually defined as between 2.5 and 10 ng/mL.?% * " These studies
will underestimate the performance of tPSA compared to studies that include all men with
elevated results. We accounted for this bias by stratifying results, when possible.
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Intermediate Outcome: Diagnostic Accuracy

Key Points

The extent of tPSA elevations were compared with PCA3 scores to determine their
diagnostic accuracy to predict prostate biopsy results (cancer/no cancer). Measures included in
the analyses are the sensitivity, specificity (or the false positive rate equal to 1-specificity), and
positive and negative predictive values. As a reminder, only studies in which the performance
estimates for both comparators were made in the same population were included in the five
analyses listed below.

e Areaunder the curve (AUC). Fifteen studies®® 51 6% 68.70.71,74-80,82,86.96 rapyqrted AUC
estimates for tPSA and PCAS3 in the same population and the difference of the two
[AUC(PCA3) — AUC(tPSA)] was computed. Overall, 1320 3% 68. 70,71, 74,75, 77-80.82.9 q tha
15 studies found a positive difference. The two® ° studies finding tPSA elevations to
have a greater AUC were among the four smallest studies. Removing the three studies®"
65.76 that restricted recruitment to the grey zone resulted in an AUC difference of 0.0750
in the remaining 12 studies.?® % 70 7. 74.75. 7780, 82,96

e Reported medians and standard deviations (SD). Four studies provided
sufficient data for analysis, and none of these reported a logarithmic SD (most, if not all

20,51, 76,77

studies examining the distribution found both PCA3 and tPSA to be highly right skewed).
These were estimated from inter-quartile ranges or ranges. The differences, reported as z-
scores, indicated that two studies (both small) found tPSA to be slightly better than PCA3
at separating populations of positive and negative prostate biopsies, while two others
found a larger difference in separation of these groups in favor of PCA3.

e Performance at a PCA3 cut-off score of 35. Seven studies®® % 7% % 76.77.8 ranorted the
sensitivity and specificity of PCAS3 at this cut-off. We computed the difference in
sensitivity (PCA3 — tPSA) when tPSA was held at the PCA3-related specificity. Six®> ®®
70.71. 77,86 of the seven studies reported a positive difference (median 19.8 percent, range -
23 to 31 percent) favoring PCA3.

e ROC Curves - Sensitivity / Specificity. Ten studies provide an
ROC curve, or data representing an ROC curve for both markers. At a specificity of 50
percent, the difference in corresponding specificities (PCA3 — tPSA) was zero or positive
for all 10. Removing the four studies that restricted recruitment to the grey zone resulted
in a difference in sensitivity of 9 percent favoring PCA3 (range 0 to 39 percent).

e Regression analysis. Only one study provided sufficient data to apply the respective
regression coefficients to create a relative odds ratio (OR) between the 25" and 75"
centiles of the two distributions. A second study reported all but the inter-quartile range,
and that was estimated from the first study so that both datasets could be evaluated. In
both studies, the ratio of the ORs (PCA3 / tPSA) was greater than 1 (1.38 and 1.97).
These two studies®® ™ both restricted recruitment to the “grey zone” so these are likely to
overestimate the relative superiority of PCA3 by underestimating tPSA performance.

20, 65, 66, 70, 71, 76, 77, 79, 80, 82

Interpretation

The results of analyzing the literature regarding the matched analyses of PCA3 score versus
extent of tPSA elevations is summarized in Table 8. A more complete description of how these
data were computed is described fully in Appendix J. Table 8 compares the diagnostic accuracy
of PCA3 scores and tPSA elevations to independently identify men who would have a positive
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biopsy (prostate cancer). In the top half of Table 8, the false-positive rate (1-specificity) is held
constant, while in the bottom half, the sensitivity (detection rate) is held constant. This display
was chosen because an undetected cancer is not equivalent to an unnecessary prostate biopsy
and, therefore, comparing a loss in sensitivity to a gain in specificity is difficult. In the last
column is the difference between the two estimates (PCA3 — tPSA). When comparing the
sensitivities (top half) this column contains the improvement in prostate cancer detection. When
comparing the false positive rates, it contains the reduction in unnecessary biopsies occurring in
men without prostate cancer. For example, assume that one would like to set test sensitivities to
85 percent. Using the row with 85 percent sensitivity (bottom half of Table 8), only 56 percent of
men without cancer would be subject to biopsy with PCAS3 testing (cut-off score of about 17).
Using tPSA elevations, 71.5 percent of those men without cancer would be biopsied (cut-off of
about 2.5 ng/mL). This means that using PCA3 instead of tPSA elevations, the same proportion
of cancers might be detectable while performing 15 percent fewer biopsies. Additional tables at
fixed PCA3 and tPSA cut-off levels, individual risks and positive and negative predictive values
at several difference prostate cancer rates can be found in Appendix J.

Table 8. A comparison of PCA3 and tPSA elevations to identify men with prostate cancer with
either the false positive rate, or the sensitivity held constant

PCA3 Scores tPSA Measurements
1-Specificity Cut-off Sensitivity Cut-off Sensitivity Improvement in
(FPR) (Score) (DR) (ng/mL) (DR) PCa Detection
80% 9.2 95.8% 2.0 90.7% 5.1%
70% 12.3 92.0% 2.6 84.3% 7.7%
60% 15.8 87.2% 3.2 77.6% 9.6%
50% 20.0 81.1% 4.0 68.8% 14.0%
40% 25.1 73.7% 4.9 59.7% 14.0%
30% 325 63.8% 6.2 48.4% 15.4%
20% 43.4 51.6% 8.0 36.4% 15.2%
PCA3 Scores tPSA Measurements
Sensitivity Cut-off 1-Specificity Cut-off 1-Specificity Reduction in

(DR) (Score) (FPR) (ng/mL) (FPR) Biopsies
95% 9.9 77.7% 15 88.2% 10.5%
90% 13.8 65.6% 2.1 78.2% 12.6%
85% 17.3 56.3% 25 71.5% 15.2%
80% 20.7 48.5% 3.0 63.6% 15.1%
70% 27.7 36.2% 3.9 51.2% 15.0%
60% 35.6 26.6% 4.9 40.3% 13.7%
50% 45.0 18.9% 6.0 31.2% 12.3%

DR: proportion of biopsy positive men with a value at or above the cut-off level ; FPR: proportion of biopsy negative men
with a value at or above the cut-off level.
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Study Characteristics

A total of 17 studies reported PCA3 and tPSA comparisons that could be used in one or more
of the five matched analyses (Table 9). Three studies provided data for four analyses, three
provided data for three, five provided data for two, and six provided data for only one of the
analyses. Fourteen of the 17 studies (82 percent) were consistent in finding the matched PCA3
estimate better at identifying positive prostate biopsies than the corresponding tPSA estimate for
all analyses performed using that study’s data. In only three®* ® ® of the 17 studies (18 percent),
one or more analysis found the tPSA estimate to be higher than the matched PCAS3 estimate
(p=0.013, binomial distribution). These entries are highlighted in grey in Table 10. All study
quality ratings were poor.

Of interest are the four studies that used an upper cut-off for tPSA elevations to define a
“grey zone.”?% % 707 \When the tPSA is truncated, it will reduce the effectiveness of the marker
to predict biopsy outcome. In Table 9, all four of these studies are associated with positive
findings, with PCA3 being more discriminatory. If these four studies were to be removed from
the analysis, 10 of 13 studies (77 percent) would find in favor of PCA3 compared to tPSA
(p=0.09, binomial distribution).

Table 9. Summary results for the five analytic comparisons of PCA3 versus tPSA in matched
populations of men having prostate biopsies

Results for a matched comparison available® PCA3 > tPSA

Author Year Number AUC Mean/SD | PCA3>35 | Sens/Spec Reg % (analyses)
Wang™ 2011 516 - - 28.4% - - 100 (1)
Aubin® 2010 1072 - - 12.9% 7% - 100 (2)
Adam® 2011 105 -0.1389 - 3.1% 1% - 67 (3)
Nyberg® 2010 62 -0.0543 -0.22 -23.3% 0% - 0 (4
Roobol™ 2010 721 0.0540 - - - - 100 (1)
Rigau® 2010 215 0.0580 - - 39% - 100 (2)
Ankerst™ 2008 443 0.0580 -0.24 - - - 50 (2)
Hessels™ 2010 336 0.0700 - - - - 100 (1)
Ouyang” 2009 92 0.0800 - - - - 100 (1)
Mearini” 2010 - 0.1180 - - - - 100 (1)
Ochiai”’ 2011 105 0.1264 0.98 19.8% 11% - 100 (4)
Ploussard” | 2010 301 0.1350 - - 21% - 100 (2)
Deras’* 2008 570 0.1390 - 21.4% 20% - 100 (3)
Cao”™ 2011 143 0.1730 - - - - 100 (1)
dela Taille™ | 2011 516 0.1840 - 31.0% 26% 1.38 100 (3)
Perdona”’ 2011 218 0.1920 0.38 - 25% 1.97 100 (4)
Schilling™ 2011 32 0.2000 - - 7% - 100 (2)

1AUC = area under the curve for PCA3 minus the AUC of tPSA; Mean/DS = difference in separation between PCA3 scores and
tPSA results, when expressed as z-scores; PCA3>35 = difference of the PCA3 minus the tPSA sensitivities at the specificity
found for a PCAS3 cut-off of 35; Sens/Spec = difference between PCA3 and tPSA sensitivity at a specificity of 50%; Reg =
relative change in the PCA3 ORs (between the 25" and 75™ centiles) and the corresponding tPSA ORs. The corresponding full
analyses resulting in these summaries can be found on the following pages.

Shaded rows indicate studies in which tPSA outperformed PCA3 measurements in identify prostate cancer.
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PCA3 and tPSA: Area Under the Curve

Fifteen studies®® > 6> 68.70. 71, 74-80.82.9 rapqrted the diagnostic performance of PCA and
extent of tPSA elevation among men with initially screen positive test results (elevated tPSA
with or without positive DRE) to discriminate between positive and negative needle biopsy test
results. These studies and related information are shown in Table 10, sorted by effect size. Two
studies in which all individuals already had one negative biopsy>" ”° were among the included
studies in order to strengthen the potential bias by including men with previous biopsies. The
studies are ordered by the difference between the matched AUC estimates of PCA3 minus tPSA
(positive numbers indicate PCA3 performed better), ordered from smallest to largest effect size
(negative differences indicate that tPSA had a higher AUC then PCA3).

All but two studies®® ® found the matched AUC point estimate for PCA3 higher than that for
tPSA. Those two studies were among the three smallest reported with 62 and 105 enrollees,
respectively. The largest effect size was reported by the smallest study of all® that provided
matched results for only 32 men. The median AUC difference was 0.118 (range -0.139 to 0.200).
Only seven®® L 7077796 o the 15 studies reported the matched p-values comparing the two
AUCs. Using these as a guide, at least the eight studies®® % 70 ™ 7> 77. 7982 from row eight” to
the end of the table are likely to have been statistically significant. No study reported a
statistically significant lower performance for PCA3. The study reporting a difference of -0.139
did not report a p-value, but did provide the respective 95 percent confidence intervals on the
PCAS3 and tPSA AUC estimates. These overlapped, indicating the differences were not likely to
be significant (0.705, 95 percent ClI: 0.599 to 0.812; and 0.844, 95 percent Cl: 0.765 t0 0.910,
respectively). None of the studies reported a confidence interval or standard deviation for the
matched difference of the two AUCs. Although the AUCs for PCA3 and tPSA ranged widely
(indicating relatively high heterogeneity), the variability of the differences seemed more
consistent. This may be due to the requirement that only paired estimates of the AUCs be
included in this analysis.

Three studies® " >! employed an upper cut-off of 10 ng/mL essentially limiting their
population to the so-called “grey zone.” In general, only 1 percent to 2 percent of biopsy
negative men have tPSA levels over 10, while about 20 percent of biopsy positive men are in this
range®® % Removing this subset from the overall population of men with positive tPSA/DRE will
have the effect of reducing the ability of tPSA to predict positive prostate biopsies. Thus, one
would expect these studies to show greater differences in favor of PCA3 than the remaining
ones. These three studies focusing on the grey zone are highlighted in grey in Table 10. They are
all near the bottom of the table, indicating that they do in fact find greater differences. The
median difference in AUC for all of the included studies is 0.1180. If these three studies are
removed, the AUC difference is reduced to 0.0750. Although not formally computed, the
heterogeneity will also be expected to be reduced. One could argue that these three studies
should be excluded, as they do not, technically, satisfy fully the inclusion criteria. However, they
are included for two reasons. First, the performance in this subset is a closely related question
that has clinical implications. Clinicians may want to act based solely on a very elevated tPSA,
but use additional markers to evaluate the remaining “grey zone” patients. In addition, the
analysis shows one source of heterogeneity that other meta-analyses may not have examined and
in doing so helps demonstrate the validity of these analyses.
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Table 10. Comparing PCA3 levels and extent of tPSA elevations in matched studies via AUC
analysis to correctly diagnose prostate cancer, as defined by a positive needle biopsy

Author Year Number | Initial Bx PCA3 AUC tPSA AUC Difference* P-value®
Adam® 2011 105 82% 0.7054 0.8443 -0.1389 -
Nyberg™ 2010 62 28% 0.7418 0.7961 -0.0543 0.07
Roobol™ 2010 721 - 0.6350 0.5810 0.0540 0.14
Ankerst™ 2008 443 0% 0.6650 0.6070 0.0580 >0.05
Rigau®™ 2010 215 - 0.6600 0.6020 0.0580 -
Hessels™ 2010 336 - 0.7200 0.6500 0.0700 -
Ouyang”® 2009 92 - 0.6700 0.5900 0.0800 -
Mearini” 2010 - - 0.8140 0.6960 0.1180 <0.05
Ochiai” 2011 105 81% 0.8507 0.7243 0.1264 0.025
Ploussard” 2010 301 0% 0.6880 0.5530 0.1350 -
Deras’" 2008 570 51% 0.6860 0.5470 0.1390 -
Cao™ 2011 143 - 0.7390 0.5660 0.1730 -
de la Taille™ 2011 516 100% 0.7610 0.5770 0.1840 <0.001
Perdona®™ 2011 218 61% 0.8280 0.6360 0.1920 <0.001
Schilling™ 2011 32 56% 0.8100 0.6100 0.2000 -
Median (all data, N=15) 0.1180
Median (only ‘grey zone’, N=3) 0.1840
Median (excluding ‘grey zone’, N=12) 0.0750
Bx = biopsy, AUC = area under the curve, ‘-* = no value reported

Shaded rows indicate studies focusing on the ‘grey zone’ of tPSA

1 All comparisons were between all subjects, regardless of repeat/initial biopsy status.

2 Reported p-value for the comparison of the two AUCs computed among the same set of men.
Shaded rows indicate studies focusing on the ‘grey zone’ of tPSA

An estimate of the potential for publication bias for this analysis can be generated under the
assumption that the standard error of the AUC difference is proportional to the reciprocal of the
square root of the number of enrolled men for each study.

Figure 7 shows a plot of the computed AUC difference (x-axis) versus its estimated precision
(i.e., the reciprocal of the square root of the sample size [y-axis]). The solid vertical line shows
the median difference of 0.118 while the dashed vertical line at 0.000 shows where the AUC
would be equivalent. As predicted, the data fit a symmetric “inverted funnel” suggesting that at
least some of the variability is due to the small samples sizes for several of the studies. The
results seem far more consistent for the eight largest studies?® > 7% 71 74. 79.80.9 that provided
matched results for 200 or more men.
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Figure 7. Examining the relationship between effect size (AUC difference) and an estimate of
precision
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In this analysis, precision is estimated by the reciprocal of the square root of N. The vertical dashed line indicates the points at
which the two tests perform equally.
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Figure 8 explores the relationship of the AUC difference, this time comparing the results
against the average AUC (average of PCA3 and tPSA AUCSs). The actual AUC for the markers
may be indicative of extraneous factors (e.g., tPSA cut-off level, age of enrollees) that may be
different between the 15 studies. Of interest, the two studies reporting the negative AUC
differences were two® ’° of the three highest average AUCs. However, regression analysis
shows no significant relationship between average AUC and the AUC difference (p=0.32). The
median average AUC was 0.6690 (range 0.6080 to 0.7875).

Figure 8. The relationship between AUC difference and average AUC for PCA3 and tPSA
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The solid line indicates the results of linear regression (AUC_Difference = -0.4032 * Avg AUC + 0.3692). The dashed lines
show the 95% prediction limits. The slope is not significant (p=0.32).

Among the six of 15 studies that reported the racial/ethnic distribution in the study
population,®! %871 77. 78 gne \was in an Asian (Japanese) population’’ and this group’s AUC
difference of 0.126 was slightly higher than the summary estimate of 0.118. Another Asian study
(China) had an AUC difference estimate of 0.173. Only one study performed in South Africa
reported on a population composed of a majority of black men (68.6 percent)®®, and the group’s
AUC difference of -0.140 was the lowest observed in all studies (Table 3). The five North
American studies reporting a small black population (5.4,% 5.3,"*¢ and 2 percent®" "®) had AUC
differences near the consensus estimate.

Two manufactured kits (Aptima, Progensa), and one in-house methodology (quantitative RT
PCR) were used to test for PCA3 in 11 of the 15 studies (73 percent). Among the remaining four
studies, three did not report the assay method, and one used the “Gen-Probe” test. The median
AUC differences for the three commonly used PCA3 assay methods were 0.126, 0.054 and
0.080, respectively. Two studies that found a negative AUC difference used the Progensa assay
methodology.® "

Each reviewed study was assigned a QUADAS quality score of good, fair, or poor.*®® Among
the 15 included studies®® % 6568 70.71,74-80.82.96 i the AUC differences computation (Table 10),
all were rated poor. Only one of the studies was blinded in both directions (i.e., laboratory
blinded to outcome, and clinicians blinded to laboratory results) and only two blinded in a single
direction (one in each direction).
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PCA3 and tPSA: Reported Medians and Standard Deviations

Seven studies (Table 11) reported some information concerning the distributions of PCA3
and tPSA elevations among men with screen positive test results (elevated tPSA with or without
positive DRE) who subsequently had positive or negative needle biopsy test results. Results from
these studies and related information are also shown in Table 11, sorted by effect size. The
distributions of both markers are highly right skewed and have been shown to be reasonably
Gaussian after a logarithmic transformation. For this reason, we chose to include for analysis
only those studies in which the median or logarithmic mean could be determined along with the
logarithmic standard deviation. In some instances the standard deviation was estimated using
reported centiles (e.g., inter-quartile range). If a study only reported the range, the standard
deviation was computed assuming the range represented 6 standard deviations.*™ For each
study, the difference in marker levels in those with positive or negative biopsies was expressed
as a z-score, using a study-specific pooled standard deviation.

It was possible to obtain a median and pooled log standard deviation for both markers using
data from four studies® > "® ' (Table 11). Three additional studies®® " "* had partial data and
these have also been summarized in Table 11. For each of the four studies, the z-score for tPSA
was subtracted from the PCA3 z-score to give a summary comparator (last column in Table 11).
In one study,”* PCA3 was not found to not have any separation, and that study also found the
tPSA separation to be small (z=0.24). The overall estimate was a z-score of -0.24, indicating that
tPSA has better separation than PCA3. This was also the finding of the second study’®, although
that study found both markers to perform better. The second two studies found that PCA3 was
consistently higher than tPSA measurements, with overall estimates of 0.38% and 0.98."

Table 11. Comparison of PCA3 and tPSA differences in central estimates in men with positive and
negative prostate biopsy results, after accounting for study-specific variability in measurements

PCA3 Scores tPSA Results (ng/mL)
Median for | Pooled | Zpcas® | Median for Bx | Pooled | Zipsa®
Bx

Author Year N Pos | Neg | Log SD Pos Neg | Log SD Zpca — Zipsa
Ankerst™ | 2008 | 443 | 34.3 | 34.2 | 0.4480 | 0.00 8.2 6.7 | 0.3604 | 0.24 -0.24
Nyberg " 2010 62 | 49.0 | 22.0 | 0.4150 | 0.84 12.6 6.2 | 02918 | 1.06 -0.22
Perdona”® | 2011 | 218 | 72.0 | 22.0 | 0.4264 | 1.21 8.0 6.0 | 0.1514 | 0.83 0.38
Ochiai”’ 2011 | 105 | 59.5 | 14.2 | 0.3489 | 1.78 10.7 6.3 | 0.2875 | 0.80 0.98
Hessels™ | 2010 | 336 | 50.0 | 18.0 - - 8.3 59 | 0.4836 | 0.31

Aubin® 2010 | 1072 | 33.8 | 16.7 - - - - - -

de la Taille”™ | 2011 | 516 | 50.0 | 18.0 - - 5.8 5.2

Pos = prostate biopsy positive, Neg = prostate biopsy negative
Z score = (log (Pos median) — log (Neg median)) / pooled log SD
Shaded rows indicate studies focusing on the “grey zone” of tPSA
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Figure 9. Distributions of PCA3 and tPSA in men with positive and negative prostate biopsies
from four studies that reported such information in the same cohort
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The logarithmic means and standard deviations needed for these figures were obtained from Table 11. The solid line indicates the
distribution for those with a negative biopsy, while the dashed line represents the distribution in those with a positive biopsy. For
each study (indicated by the first author), these distributions were obtained in the same group of men. The figures are sorted by
the relative performance of PCA3 over tPSA.

However, given the need to estimate the population distribution parameters for these markers
(Appendix J), the analyses may not accurately reflect the findings of these studies. Had they
actually reported the median and logarithmic standard deviations for their populations, the results
may have been considered more reliable. Figure 9 shows the overlapping distributions from the
four studies, derived from the data in Table 11. The analyses were performed across each set of
paired distributions. Given only four studies were analyzed, it was not possible to stratify results
by race, region or test methodology. The three studies that truncated results above 10 ng/mL are
shown in grey (Table 11). Truncation is the likely cause for the distributions to have such a small
standard deviation for tPSA in Table 11.%
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PCA3 and tPSA: Performance at a PCA3 Cut-Off Score of 35

Seven studies®® © 7071 76. 778 |isted in Table 12 reported the sensitivity and specificity of
PCAZ3 score at a cut-off of 35 among men with positive initial screening results (elevated tPSA
with or without positive DRE) who subsequently had positive or negative needle biopsy test
results. These studies and the corresponding sensitivity of tPSA at the same specificity found for
the PCA3 cut-off level are shown in Table 12, sorted by effect size. The difference in the two
sensitivities (with the specificity held constant) is a comparison of the ability to distinguish
prostate cancer between the two markers. In some instances, the tPSA results were estimated
from a published ROC curve. In two studies, the specificity was incorrectly reported as 1-
specificity, or vice versa. The most appropriate analysis comparing two tests on the same
population is to use a matched analysis of the 2x2 table. However, all of the seven studies
reported only independent evaluations of each marker.

Among the seven studies (Table 12), the PCA3 score cut-off level of 35 were associated with
false-positive rates (1-specificity) ranging between 20 percent and 45 percent with corresponding
sensitivities (detection rates) range from 48 percent to 77 percent. For each study, the
corresponding sensitivity for tPSA (at the same false positive rate) was subtracted from the
PCA3 sensitivity. For one study,’® the difference was negative, while the six remaining studies
showed PCAS3 having higher sensitivities ranging from 3 percent to 31 percent. The median
increase in sensitivity was 19.8 percent. Since the 2x2 matched tables were not available, the
statistical significance was estimated in the following way. For the two smallest studies,®> " all
possible 2x2 tables were computed and the p values assigned. The p value associated with the
“middle” table was taken as the overall significance. This is likely to be appropriate, given the
knowledge that there is some correlation between the markers. For the larger tables, even the
most negative of assumptions would still result in a significant finding in the direction of PCAS.
For two studies, neither of these methods produced a reliable estimate of significance.®® "’

Given only seven studies were analyzed, it was not possible to stratify results by race, region
or test methodology. Of interest, however, is that the two studies finding PCAS3 to be the least
useful were both quite small with only 187 and 12%° positive biopsy results, leading to wide
confidence intervals on the sensitivity estimates.

Table 12. A comparison of PCA3 and tPSA in identifying a positive prostate biopsy among
matched studies: difference in sensitivities at the fixed specific associated with the commonly
used PCA3 score cut-off of 35

Prostate Biopsy PCA3 score tPSA" Difference

Author Year | Number | Initial | Positive 1-Spec (%) | Sens (%) A Sens (%) B | (A-B) (%)
Nyberg™ | 2010 62 45.0 29.0 45.4 66.7 90.0 -23.3(NS)
Adam® 2011 27 18.1 42.9 35.1 77.1 74.0 3.1 (NS)
Aubin® 2010 | 1072 100 17.7 21.4 48.4 355 12.9 (?)
Ochiai”’ 2011 105 19.0 36.0 25.4 74.3 54.5 19.8 (?)
Deras” 2008 570 50.3 36.0 26.1 53.9 325 21.4(S)
Wang™ 2009 187 27.3 46.5 20.0 52.9 24.5 28.4 (S)
de la Taille” | 2011 516 - 40.0 24.0 64.0 33.0 31.0 (S)

Spec=specificity (1-specificity=false positive rate), Sens = sensitivity (detection rate), NS = not significant, S = significant (see
text), ?= significance level cannot be estimated.

Shaded rows indicate studies focusing on the ‘grey zone’ of tPSA

1 Sensitivity for tPSA elevation at the same false positive rate (1-specificity) found for a PCA3 score at a cut-off of 35.
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As a way of estimating whether the seven studies were reasonably consistent in their
estimates of sensitivity/specificity, a simple random effects meta-analysis was performed for
PCAS3 (Figure 10). The weighted consensus for sensitivity and 1-specificity are 56.9 (95 percent
Cl: 53.3t0 60.4) and 23.6 percent (95 percent Cl: 21.6 to 25.6 percent), respectively. Assuming
no threshold effect (the PCA3 cut-off score was held constant), the diagnostic odds ratios
associated with these studies range from 2.4 to 8.2, with a summary estimate of 4.17 (95 percent
Cl: 3.26 to 5.34). Heterogeneity is moderate (1°=28 percent). This analysis is not biased by the
tPSA upper cut-off of 10 ng/mL used in two of the studies®® "° as PCA3 is independent of tPSA
measurements.

Figure 10. The performance of PCA3 score to identify subsequent positive prostate cancer
biopsies from seven studies
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The sensitivity (y-axis) versus the false positive rate (1-specificity, x-axis) is shown for the seven studies (open circles) along
with the weighted consensus estimate (dark circle). Solid lines indicate the 95% confidence intervals of the estimates. The dashed
line indicates where the sensitivity and 1 - specificity are equal.

PCA3 and tPSA: ROC Curves - Sensitivity / Specificity

Ten studies®® & 6. 70.71.76.77,79.80.82 (T apl e 13) provided ROC curves for both PCA3 and for
tPSA elevations among men with positive initial screening test results (elevated tPSA with or
without positive DRE) who subsequently had positive or negative needle biopsy test results.
These studies and the corresponding performance of tPSA testing are presented in Table 13. In
each study, the sensitivities of each marker at preselected false positive (1-specificity) rates were
estimated from published ROC curves. These values were recorded to the nearest percent (e.g.,
sensitivity of 55 percent).

Table 13 shows details of test performance from the 10 included studies, sorted from smallest
to largest number of enrolled men. The table entries showing test performance are the PCA3
sensitivity, followed, in parentheses, by the incremental increase, or decrease, of tPSA
sensitivity. For example, at a false-positive rate (1-specificity) of 20 percent, the first study found
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a PCA3 sensitivity of 50 percent, with the corresponding difference in tPSA sensitivity being -19
percent, (i.e., 69 percent). Negative numbers indicate that tPSA is performing better; positive
numbers indicated PCA3 is performing better. The last line in Table 13 is the median of these
differences, ignoring matching. That is, the median PCA3 sensitivity is provided along with the
median difference computed separately. Of interest is that both studies that found tPSA to be
better®® ® (negative differences) along with the study reporting the largest advantage to PCA3%
are the three smallest studies. All studies of 200 or more subjects tend to agree on the PCA3
sensitivity and the relatively advantage over the range of (1-specificities).

Table 13. Matched studies of PCA3 and tPSA testing performance to identify positive biopsy men

PCA3 Sensitivity (Difference)® at PCA3 (1-Specificity) Rates of:
Author Year | Number 20% 30% 40% 50% 60% 70% 80%
Adam® 2011 27 |50 (-19) |68 (-7 |75 (0|78 ( 1| 78(¢-2 | 8 (1] 9 (0
Shilling™ 2010 32 |57 (19) | 71 (29) | 90 (45) | 95 (39) | 95 (17) | 100 ( 6) | 100 ( 6)
Nyberg” 2010 62 |50 (-11) | 61 (-11) [ 73 (- 4) [ 89 ( 0) | 94 (- 3) | 94 (- 6) 94 (- 6)
Ochiai”’ 2011 105 | 74 (23) |87 (30) [ 92 (20) [ 97 ( 7) | 98 ( 9) | 100 ( 8) | 100 ( 8)
Rigau®™ 2010 215 [ 32 (- 2) | 57 (15) | 64 (14) | 77 (11) | 84 (11) | 87 ( 9) | 93 (10)
Perdona®™ | 2011 218 | 70 (24) | 79 (21) | 82 (21) | 88 (25) | 97 (20) | 100 (17) | 100 (12)
Ploussard” | 2010 301 | 40 (12) |56 (21) | 71 (25) | 80 (21) | 83 (13) | 89 (11) | 93 (11)
de la Taille” | 2011 516 |57 (27) | 71 (29) | 77 (27) | 85 (26) | 89 (21) | 93 (17)| 95 ( 7)
Deras” 2008 570 | 45 (21) | 55 (22) | 63 (19) | 74 (20) | 82 (25) 89 (13) | 95 ( 5)
Aubin® 2010 1072 49 (13) | 60 (18) |68 (11) |74 ( 7) | 79 ( 5 | 8 ( 20| 94 ( 3)
Median (all data, N=10) 50 (16) | 65 (21) | 74 (19) |83 (15) | 87 (12) | 91 ( 9) | 95 ( 7)
Median (only ‘grey zone’, N=4) 53 (19) | 65 (18) | 74 (23) | 83 (23) | 86 (16) 91 (14) 95 ( 9)
Median (excluding ‘grey zone’, | 50 ( 9) | 65 (18) | 74 (17) | 83 ( 9) | 89 (10) 91 ( 7) 95 ( 5)
N=6)

4(PCAZ3 sensitivity — tPSA sensitivity) when (1-specificity) is held constant at values ranging from 20% to 80%.
Shaded rows indicate studies focusing on the ‘grey zone’ of tPSA. It also indicates the summary line where the results of those
studies have been removed.
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Figure 11 displays the summary ROC curves using the PCA3 median sensitivities and
median differences provided in the last row of Table 13 This can be taken as a simple summary
of performance for the two tests, under similar circumstances. The second to the last line in
Table 13 shows the summary results only if the four studies?® ® " " having an upper limit set
for tPSA were to be used. On average, the PCA3 sensitivity does not change, but the difference
for tPSA sensitivity is smaller, but PCA3 sensitivities are consistently higher.

Figure 11. Summary ROC curves for PCA3 and tPSA based on studies applying the tests to the
same population
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Data are presented in Table 13. The open circles (solid line) indicates performance of PCA3 scores, while the filled circles (solid
line) indicated tPSA performance. The dashed line indicated where the sensitivity equals 1-specificity, indicating a test with no
predictive ability.
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PCA3 and tPSA: Regression Analysis

Two studies®® " reported sufficient results of regression analysis separately for PCA3 and for
tPSA elevations in the same population of men to be included in these analyses. Each of the
studies reported the odds ratio (OR) for each marker when that marker was assumed to be a
continuous variable. That is, the antilog of the OR will be the regression coefficient per unit
increase of the marker (e.g., increase of PCA3 score from 30 to 31). This makes comparison of
PCA3 and tPSA difficult, as the range of results for the two markers differs (Table 14). To
account for this, the coefficients will be used to compute the ratio of the ORs at the 25™ and 75"
centiles for each marker. This is a measure of the change in odds over the inter-quartile range.
This ratio of ORs for PCA3 will then be divided by the corresponding ratio for tPSA. Values
greater than 1 indicates that PCA3 provides more discrimination than tPSA. This normalization
also allows for comparisons between studies, where the coefficient is dependent on the range of
tPSA values studied. Both studies included in this analysis restricted tPSA to <10 ng/mL).%*

Only one of the included studies”® provided the inter-quartile ranges for both markers. It was
necessary to estimate those ranges for the second study.”® For PCA3, this was done by
extrapolating the log mean and SD from two centiles provided as part of the sensitivity/
specificity results. For tPSA, this was done by using the inter-quartile range from the first study®
and adjusting for a minor difference in the mean values reported. Both of the studies restricted
the upper limit of tPSA to <10 ng/mL.

Two additional studies provide some further insight. One®® showed similar coefficients for
PCA3 and tPSA, but it was not possible to compute the ratio of the ORs for tPSA as no data
were provided to estimate the 25" and 75" centiles. However, given that the inter-quartile range
of PCA3 scores are generally larger than the corresponding range of tPSA results, these
coefficients are likely to have shown an overall finding of PCA3 being more discriminatory.
Another study® provided only the continuous OR estimates. The PCA3 OR was the highest
reported among the four studies in Table 14, and the corresponding OR for tPSA was slightly
under 1.0. This would have to be associated with PCA3 being more discriminatory, but estimates
of effect size cannot be provided because information about the distributions were not provided.

Five studies®® ®® 7 7":%8 provided some information on the independence of PCA3 and tPSA
as markers for prostate biopsy status. Two specific measures were sought. The most useful
would be bivariate correlations (parametric or non-parametric) between the two markers for
those with positive, and for those with negative, prostate biopsies. Alternatively, logistic
regression coefficients (or the corresponding ORs) with, and without, adjusting for tPSA were
evaluated. In many of the studies reporting logistic regression models, additional factors such as
history, prostate volume or other variables were also included. If both PCA3 and tPSA
coefficients remain essentially constant after adjusting for the other marker (and possibly
additional markers), this can be taken as evidence that the two markers together are more
predictive that either alone (independent).

Three studies®® " reported information on correlation coefficients (Table 15). One
reported the two correlation coefficients (non-parametric estimates), one reported a single
merged correlation (parametric), and the third just reported that the correlations were “low’ for
both groups. One potential problem with these estimates is that reliable correlation estimates for
both PCA3 and tPSA would require a logarithm transformation prior to computing a parameter
estimate such as the Pearson’s correlation coefficient. None reported that the data were
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transformed. Overall, it appears that the two markers are not highly correlated in either of the

groups of interest.
Five studies

20, 66, 68, 70, 77

provided information on coefficients for PCA3 and/or tPSA from
univariate and multivariate logistic regression modeling (Table 15). Four of the five

20, 66, 70, 77

found the PCA3 coefficients unchanged after accounting for tPSA (and often other variables as
well). The remaining study®® found a reduction in the coefficient, but it was still the most
significant predictor. In addition, this study did not include tPSA in the multivariate model, as it
was not statistically significant in the univariate logistic regression (p=0.08). The results were
less consistent for tPSA. Three studies? ®® ™ found tPSA essentially unchanged after accounting
for PCAS3. Interestingly, these three studies all restricted tPSA levels to under 10 ng/mL. This
may reduce the correlation between the two markers, if PCA3 and tPSA are concordant when
tPSA elevations are relatively high. A fourth,”” did not report the coefficients but did report the
p-value was reduced from being highly significant (p<0.001) to no significance (p=0.52). The
fifth did not report results for tPSA after adjustment, as it only included variables found to be
significant in univariate modeling.

Table 14. Comparison of modeled univariate continuous odds ratios (OR) for PCA3 and tPSA in
matched studies

PCA3 Odds Ratio (OR) tPSA Odds Ratio (OR) Ratio

Author Year | Number | report | @25" | @75" | Ratio” | report | @25" | @75" | Ratio” | (A/B)

Perdona”® | 2011 218 1.030 16 70 493 | 1.258 5.0 9.0 2.50 1.97

de la Taille™ | 2011 516 1.020 13 53 216 | 1.120 4.0* 8.0% 1.57 1.38
Aubin® 2010 | 1072 | 1.019 9 35 1.63 | 1.106
Cao® 2011 1.075 0.964

*  Values estimated from those reported in Perdona (16) after subtracting 1 (the difference in mean tPSA values in those with
positive versus negative biopsies). Both studies only included patients between 2.5 and 10 ng/mL.

Table 15. Measures of independence of PCA3 and tPSA in identifying men having a positive
biopsy finding in matched studies

Corr (PCA3/tPSA) PCA3 OR tPSA OR Other relevant findings
Author Year | Numbe | Bx Pos | Bx Neg (raw, adj) (raw, adj)
r

Perdona® | 2011 218 ‘low’ ‘Jow’ 1.030/1.030 1.258/1.239 | Accuracy improves 3%
Aubin® 2010 | 1072 - - 1.019/1.015 1.106/1.087 | AUC improves; 69 - 75%
de la Taille” | 2011 516 0.042 1.020/1.010 1.120/1.150 | Accuracy improves 5.5%

Ochiai’’ 2011 105 - - P<0.001/<0.001 | P<0.001/0.52 -

Cao™ 2011 131 | -0.079 | -0.372 1.075/1.055 -

Bx = prostate biopsy, Corr = Correlation coefficient, OR = odds ratio, raw = as observed, adj = after adjustment for other markers
Shaded rows indicate studies focusing on the ‘grey zone’ of tPSA.
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PCA3 and tPSA Elevations: Diagnostic Accuracy

PCA3 and tPSA GRADE Strength of Evidence: LOW

Risk of Bias: Moderate.

Two biases were identified that could potentially impact this analysis: partial verification
bias, and a sampling bias (some studies restrict the range of tPSA measurements to be
enrolled). Partial verification bias was clearly present for tPSA elevation, but our
analyses and a review of the literature indicated that in this setting, the ROC curve was
unlikely to be biased (Appendix J). Thus, the focus was towards the ROC and related
measurements. Monte Carlo modeling was used to account for the verification bias
related to the specific cut-off level at which a certain performance was obtained
(Appendix J). The second bias was accounted for by stratifying the analyses, when
possible. Although there was a relatively high potential for bias to affect select
measurements and their interpretation, the measures taken as part of the analyses result in
a low risk of those biases influencing the final interpretation. Publication bias was
informally evaluated and not considered to be an important source of potential bias.
However, given the poor quality of all included studies, there is potential for unidentified
biases to have occurred.

Consistency: CONSISTENT

Due to the matched nature of our analyses, it was not possible to formally test for
heterogeneity, as original data were not available. No study actually reported a matched
analysis.

Directness: INDIRECT

Diagnostic accuracy, an intermediate outcome, can be considered a direct outcome.
However, some biopsies may more indicative of serious existing (or future) disease than
others. None of the included studies provided evidence that the positive biopsies
identified by PCA3 were at least as serious as those identified by tPSA.

Precision: PRECISE

A formal analysis of precision (e.g., confidence intervals) was not able to be computed
due to the matched nature of our analyses and the lack of original data. In one analysis
that included 15 studies (AUC difference), it was possible to see the reduction in
performance for tPSA in that subset of ‘grey zone’ studies, where the AUC difference
expanded to a median of 18 percent, compared to the 7.9 percent found in the studies
with no sampling bias. Overall, analysis showed that PCA3 measurements had higher
sensitivity at any specificity compared to tPSA, and higher specificity at any sensitivity.
Dose-Response Relationship: PRESENT

In the largest analysis of studies (after excluding those in the ‘grey zone”) 10 of 12 AUC
differences indicated PCAS3 to be better (median +0.079). That analysis was also able to
see the reduction in performance for tPSA in that subset of ‘grey zone’ studies, where the
difference expanded to a median of 0.18 percent.

Strength of Association: WEAK

Although there is evidence that PCA3 will be slightly better at identifying high risk
individuals with a prostate cancer, both PCA3 and tPSA are relatively weak predictors
with low sensitivity and low specificity.
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Summary of the Remaining Key Questions 1 and 2 “Combined” Analyses

In this combined set of analyses PCA3 was to be compared with a total of six comparators
(tPSA being one) against three intermediate outcome (diagnostic accuracy being one) and one
long term outcome (long term morbidity/mortality). This results in a total of 24 comparisons.
Table 16 showed that for diagnostic accuracy, only tPSA and three other comparators have any
available data. No reports were identified that provided data on any of the six markers and the
other two intermediate outcomes of interest. Table 16 shows a summary of the numbers of
studies available for each of the 18 analyses, along with the strength of evidence findings. More
detail regarding the limited findings for diagnostic accuracy (fPSA, PSA density and validated
nomograms) can be found in Appendix K.
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Table 16. Key Questions 1 and 2 “Combined” Analyses: Summary Studies Available and Strength of Evidence for the Six PCA3
Comparators versus the four Outcomes of Interest

Outcomes of Interest

PCA3 Comparators Diagnostic Accuracy Patient Decisionmaking Biopsy-related Harms Long term Health

Number of Strength of Number of Strength of Number of Strength of Number of Strength of
Studies Evidence Studies Evidence Studies Evidence Studies Evidence

tPSA elevations 17 Low 0 Insufficient 0 Insufficient 0 Insufficient
fPSA 4 Insufficient 0 Insufficient 0 Insufficient 0 Insufficient
tPSA velocity 0 Insufficient 0 Insufficient 0 Insufficient 0 Insufficient
PSA density 2 Insufficient 0 Insufficient 0 Insufficient 0 Insufficient
cPSA 0 Insufficient 0 Insufficient 0 Insufficient 0 Insufficient
Validated Nomogram 3 Insufficient 0 Insufficient 0 Insufficient 0 Insufficient

Strength of Evidence (Insufficient, Low, Moderate, High)
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Key Question 3 — Testing for PCA3 and Comparators to Identify
Patients with Low Risk/Indolent Cancer Who May Be Candidates

for Active Surveillance

KQ3 presented a complex clinical scenario. Identified studies investigated PCA3 and
comparator tests in categorizing men with positive prostate biopsies into high risk or aggressive
and low risk or indolent cancers (Link B in the analytic framework, Figure 2). Variability was
observed in the terminology and definitions of high risk/aggressive and low risk/indolent disease.
Low risk tumors are variably referred to as “low risk,”®® “indolent,”"® 8 “insignificant,”"* % %
and “low volume/low grade.”* % High risk tumors were referred to as “intermediate or high
risk,”®® “significant,”’® " 9 “unfavorable,”® and “aggressive.”® These endpoints are not clinical
outcomes or legitimate surrogates for clinical outcomes, but rather risk categories, defined by the
prognostic markers, that have been proposed as a clinical guide to decisionmaking about whether
to proceed with treatment or active surveillance. What is primarily lacking in this literature is the
formal evidentiary link between variable definitions of risk categories and subsequent
management decisions and specific long-term clinical outcomes. Estimation of diagnostic
accuracy for tests used to make clinical decisions requires the use of a specified clinical endpoint
or validated surrogate. Therefore, estimation of diagnostic accuracy for this key question was not
possible.

Description of Included Studies

The inclusion criteria for KQ3 were also set to select only matched studies. These are defined
as studies that provide estimates of diagnostic test performance or other outcomes for PCA3 and
at least one other comparator using the same sample set. Studies of PCA3 alone, or of other
comparators without PCA3, were excluded. Eleven studies were identified that addressed KQ3
and reported on PCA3 and other preoperative and pretreatment markers for characterizing
tumors based on biopsy or prostatectomy results.®” %8 " 89%Three studies included data on
biopsy results,?® "8 seven on prostatectomy results®’ °>*® and one on both.”* Two studies were
conducted on subjects in an active surveillance program.®® % Table 1 through Table 4 include
descriptive information about these studies. Table 17 and Table 18 provide information on
biopsy and prostatectomy marker results. Table 19 provides more detailed information about the
wide variety of markers investigated in these studies for association with low and high risk
disease.

Only two studies had a longitudinal component and describe a clinical outcome.

None of the other biomarkers or pathological markers used met criteria for validated
intermediate or surrogate outcomes.

e Lymph node involvement in a prostate cancer patient is an indicator of poor clinical
outcome. One study® attempted to identify “micrometastases,” based on identifying tumor
cells within the lymph nodes that are producing the prostate cancer markers tPSA and
PCA3. The method used to quantify these markers in lymph node extracts was real time
reverse transcriptase PCR (RT-PCR) for both PCA3 and PSA mRNA. The study followed
120 patients with localized prostate cancer for four to six years and used biochemical
recurrence (any serum tPSA greater than 0.2 ng/mL) as the surrogate outcome of interest.
As expected, they found significantly decreased biochemical recurrence free survival
among the 11 subjects with histologically confirmed lymph node metastases, compared to

89, 90
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77 subjects with no lymph node involvement. Among the remaining 32 patients with
biochemical recurrence, many were identified as having micrometastases based on either
PSA or PCAS3 (or both) RT-PCR testing. The RT-PCR PSA test had a sensitivity for
biochemical recurrence of 73 percent and a false positive rate of 22 percent (p<0.001). The
corresponding PCAS test had a lower detection (42 percent) and a comparable false
positive rate (23 percent), but the effect was not significant (p=0.095). While this appears
to indicate that PSA testing is more predictive, the use of PSA mRNA as the test, and a rise
in serum tPSA levels as the outcome suggests an important risk of bias. The authors
provided no information on validation of quantitative RT-PCR for these biomarkers in this
sample type or on confirmation of the results using a published method
(immunohistochemistry).

e Based on no more than 2-year followup of patients in an active surveillance program,
Tosoian et al. reported PCA3 and tPSA results (mean, standard deviation, median) for the
38 of 294 patients progressing to treatment based on yearly biopsy results.?® Epstein
criteria were used for initial enroliment in the surveillance program. Progression to
treatment was recommended for “unfavorable” findings”, defined as any Gleason pattern 4
or 5, greater than 2 positive biopsy cores, or more than 50 percent involvement of any core
with cancer (modified Epstein criteria). No difference in PCA3 and tPSA levels was
observed between the 13 percent who progressed and those remaining in active
surveillance (p=0.13). However, the authors state that only 140 of the 294 study subjects
submitted a urine sample, and did not report how many of these 140 men had an
unfavorable result on biopsy. This study did not provide matched results for all subjects
(partially matched).

All studies were judged to be poor quality, either because of missing followup to clinical
endpoints, unclear data presentation and/or blinding. One study was funded by GenProbe®! and
the other® did not report on source of funding or conflicts of interest (Table 1). No studies were
identified that reported on other intermediate outcomes (e.g., diagnostic accuracy,
decisionmaking, harms) or long-term clinical outcomes (e.g., mortality/survival, morbidity,
quality of life). The detailed results of assessment of quality of individual studies addressing
KQ3 are presented in Table F-2 in Appendix F.

PCA3 and Comparators - Intermediate Outcome: Diagnostic Accuracy
No studies were identified that reported on matched data for PCA3 and comparator results, and
also reported specific clinical outcomes of patients with tumors characterized as low risk and
high risk, who:

e opted for active surveillance and never progressed to treatment;

e opted for active surveillance and progressed to treatment; or

e opted for immediate treatment.

Strength of Evidence: Insufficient

PCA3 and Comparators - Intermediate Outcome: Impact on
Decisionmaking

No studies were identified that reported PCA3 and comparator results and intermediate outcome
data (e.g., physician or patient surveys, chart review) on the degree to which PCA3 or
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comparator test results and categorization of risk as high or low impacted decisions made with
regard to selection of active surveillance versus aggressive treatment.

Strength of Evidence: Insufficient

PCA3 and Comparators - Intermediate Outcome: Treatment-Related

Harms

Studies have been conducted that document treatment-related clinical harms such as
incontinence, impotence, and prostatitis. Based on general studies on potential psychosocial
harms of diagnostic testing, it is possible to generalize that patients facing treatments such as
radical prostatectomy might also experience anxiety or perceive a reduction in quality of life.
However, no studies were identified that reported PCA3 and comparator test results and
intermediate outcome data (e.g., physician or patient-reported adverse events, biochemical
recurrence, progression to treatment) on the degree to which categorization of risk as high or low
and choice of active surveillance or treatment related to the occurrence of adverse clinical events.

Strength of Evidence: Insufficient

PCA3 and Comparators — Intermediate and Long-Term Health

Outcomes

No studies were identified that reported PCA3 and comparator results and the association of low
and high risk categorization with long-term outcomes such as mortality/survival and morbidity
(e.g., function, quality of life) of the selected course of treatment. However, two poor quality
studies reported on relatively short-term health outcomes, biochemical recurrence and
progression from surveillance to treatment in an active surveillance program.

Strength of Evidence: Insufficient
Strength of evidence was not evaluated. Only two studies were identified, and they did not
study the same setting, have the same sample type or have comparable outcome measures.
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Table 17. Characteristics of biopsy studies

Number o Cores per % : .
Author, Year of /o_Rep_eat Biopsy by Positive Biopsy Gleason Scores Pathological Stage,
. . Biopsies * . . Cutoff, % %
Biopsies Protocol Biopsies
Adam, 2011% 105 18.1 13 42.9 GS<6,64;GS=7,27;GS 28,9 NR
51 GS<6,55.3;,GS =7, 33.3;
Ankerst, 2008 443 100 NR 27.8 GS=8 57 GS=9 16 NR
Aubin, 2010°° 1072 100 10 17.7 GS=6,69.5;GS =7, 289 NR
Cao, 2011% 131 NR 10 66 GS<6,50;GS =7, 38; GS = 8, 12 <T2a, 25; T2b, 52; T3, 23
) 70 GS<6.1;GS =6,52; Tic, 86; T2, 13;
de la Taille, 2011 516 0 8 40 GS =7, 42: GS >7.5 3,1
7n GS<6,54.9,GS=7,29.1;
Deras, 2008 570 50.3 10 36 S = 810, 12 NR
Fradet, 2004 443 20.5 NR 34 GS=60r7,72 NR
74 GS <8.2;,GS=554;GS=7,26.7%; GS8 - i
Hessels, 2010 336 NR 8 40% 5.2 GSS8 5.9% T2,59; T3, 42
. 75 GS<7,64.3,GS=7,27.1;
Mearini, 2009 96 NR NR 72.9 GS > 7: 6 (8.6) NR
Nyberg, 2010 62 45 NR 29 GS <6,22;GS=7,56; GS =8, 22 NR
Ochiai, 2011 105 19 8 36 GS=6,37;GS =7,37;GS = 8, 26 NR
Ouyang, 2009"° 92 NR NR 46.7 GS=50r6:83.7:GS=7o0r8, 16.3 NR
Perdona, 2011°%° 218 38.5 12 335 GS=>7,37 NR
79 GS<6,65.5 GS=7,30.2;
Ploussard, 2010 301 100 10 23.6 GS>8.43 T2,17.4
. 30 GS <7:24.7, GS=7:57.5;
Rigau, 2010 215 NR 10-18 34 oS >7178 NR
Roobol, 2010% 721 29.4 6 16.9 NR NR
Schilling, 2010% 32 13.6 10 56 NR NR
} 83 GS <7, 60; GS=7, 22; ]
Tinzl, 2004 158 26.5 NR 39 GS>7.18 T2, 74; 273, 26
Tosoian, 2010% 294 100 12 12.9 GS<7,57.9;,GS 27,42 NR
86 GS=6, 36.8; GS= 7, 37.9; Tlc, 69; T2a, 22;
Wang, 2009 187 27.3 12 46.5 GS>8 253 >T2b. 9

GS, Gleason Score; NR, Not Reported; SD = standard deviation
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Table 18. Characteristics of prostatectomy only studies

Biopsy Gleason RP Gleason Pathologic Low Risk Other Post-RP Pathological
Author, Year N RP! Score (GS) Score Cutoffs, Stage (g%) Prostate Cancer Parameters®
Cutoffs, % % ge, Category, % Reported
. 67 GS <7,50.8 GS <7,27.9 Insignificant” S
Auprich, 2011 305 GS 7. 49.2 GS 7. 72.1 NR 10 ECE, SVI, TV =2 0.5
74 GS <7,61 GS <7, 43 pT2,59 Low volume/low
Hessels, 2010 70 GS 27, 39 GS >7, 57 p T3, 42 grade ECE
GS <86, 56.7 pT2, 55.8
Kusuda, 2011% 120 NR GS=7,333 pT3, 42.5 NR NR
GS =8, 10.0 pT4, 1.7
pT2, 77.3
. 01 GS <6, 53.1 GS<86,29.9
Liss, 2011 98 GS>6 479 6S>6 711 pT3a, 16.5 NR ECE, PNI
>pT3b, 6.2
GS = 6, 40.6 gg = ?’ %3‘15 T2, 82.3 Low volume / low
Nakanishi, 2008% 96 GS=7,53.1 ca-g 31 pT3a, 10.4 grade V=205
GS=8,6.3 6S-9 42 pT3b, 7.3 11
_ pTO, 0.9 Criteria for active
Ploussard, 2011% 106 GS =6, 100 gg - g' f’ﬁ'g pT2, 75.5 surveillance® V=205
- ot pT3, 23.6 18.9
GS =6, 47 Low volume / low
Vlaeminck-Guillem, 2011% 102 GS=7,45 NR NR grade® V=205
GS =8/9, 8 8.2
GS=6,71.2 GS =6, 58.3 pT2, 70.9
Whitman, 2008% 72 GS=7,208 GS=7,32.0 pT3a, 20.8 ECE, TV=0.5
GS = 8/9, 9.7 GS =8/9, 9.7 pT3b, 8.3

1 RP, radical prostatectomy;

2 Defined by Epstein criteria: organ confined, tumor volume less than 0.5 cc, absence of Gleason grade 4 or 5.
3 Defined as organ confined, dominant tumor volume less than 0.5 cc, and absence of Gleason grade 4 or 5.

4 Defined by Epstein criteria: organ defined, tumor volume less than 0.5 cc, absence of Gleason grade 4 or 5.

5 Organ confined cancer (pT2 or less) with a total tumor volume of less than 0.5 ml, and absence of Gleason grade 4 or 5 disease.
6 ECE, ExtraPCasular Extension; PNI, Perineural Invasion; SVI, Seminal Vesicle Invasion; TV, Tumor Volume; NR, Not Reported
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Table 19. Comparators investigated along with PCA3 levels in studies addressing KQ3

Aupri%p Cao68 'Iqaeilll?a Hesse7IAS Kusu%gl Liss91 Nakanigzhi PIouss%rd To?‘ma Vlgﬁmlgr;k- Whitmgasn
2011 2010 2011 © 2010 2011 2011 2008 2011 2010%° 2011% 2008
No. of biopsy patients - 131 515 70 - - - - 294 - -
orost a{\'e‘ért‘;t;ﬁ; ‘r’);ti ents 305 - - 336 120 98 96 106 - 102 72
Biopsy
Gleason score No Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
B'Oﬁsgtggg'ca' No Yes Yes Yes No No No Yes No Yes Yes
Percent téjon:gsr positive No No Yes No No No Yes Yes No No No
Percent tumor per core No No No No No No No Yes No No No
Prostate volume No Yes No Yes No No No Yes No Yes No
Prostatectomy
Gleason score Yes No No Yes Yes Yes Yes Yes No Yes Yes
Pathological stage No No No Yes Yes Yes Yes Yes No Yes Yes
Tumor volume Yes No No Yes Yes No Yes Yes No Yes Yes
Sets of criteria for
identification of low risk Yes No Yes Yes No No Yes Yes Yes Yes No
tumors RP
Other markers
Multifocality No NA NA No No No No No No Yes No
Extracapsular extension Yes NA NA No No Yes No No No No Yes
Seminal vesicle invasion Yes NA NA No No No No No No No No
Perineural invasion No NA NA No No Yes No No No No No
Surgical margin status No NA NA No Yes No No No No Yes No
Lymph node MRNA NA NA NA NA Yes NA NA NA NA NA NA

expression

NA = Not applicable; RP = radical prostatectomy:
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Discussion

Key Findings and Strength of Evidence

This comparative effectiveness review investigated the use of PCA3 testing: in comparison
with six serum biomarkers to predict risk of prostate cancer among men already identified as
being at risk (KQ1 and KQ2); and in comparison with serum biomarkers, other risk factors (e.g.,
family history, age) and pathological tumor markers (e.g., Gleason score, staging) to identify
men with high risk (i.e., aggressive) and low risk (i.e., indolent) prostate cancers. The first key
question (KQ1) focused on men having an initial biopsy, while KQ2 focused on men with at
least one prior negative biopsy. KQ3 focused on men with a positive prostate biopsy, in order to
inform decisions about management and treatment options (i.e., active surveillance versus
treatment).

The review compared PCAS3 testing with multiple comparators through the selection of
matched studies. These are defined as studies in which both PCA3 and the comparator marker
were measured in the same individuals, in the relevant clinical setting. The outcomes of interest
were both intermediate (e.g., diagnostic accuracy, decisionmaking) and long term
(morbidity/mortality related to prostate cancer). All included studies were considered to be of
poor quality. This discussion considered what was learned about PCA3 testing in the context of
other potential markers (comparators) for these intended uses.

Key Question 1: Testing PCA3 and Comparators to Identify
Prostate Cancer in Men Having an Initial Biopsy

Comparison of PCA3 to Six Comparators

Only two studies provided results from both PCA3 testing and a comparator marker in
populations of men at increased risk for prostate cancer who were having an initial biopsy.
Strength of evidence® was considered insufficient to derive any conclusions about relative
performance or about the combination of PCA3 and one or more of the comparators. This
includes all intermediate and long-term outcomes of interest.

Key Question 2: Testing PCA3 and Comparators to Identify
Prostate Cancer in Men Having a Repeat Biopsy

Comparison of PCA3 to Six Comparators

Only three studies provided results from both PCA3 testing and a comparator marker in
populations of men at risk for prostate cancer who had one or more previous negative biopsies.
Strength of evidence was considered insufficient to derive any conclusions about relative
performance or about the combination of PCA3 and one or more of the comparators. This
includes all intermediate and long-term outcomes of interest.

Potential to Combine Studies Addressing Key Questions 1 and 2

Given the limited data available for KQ1 and KQ2, we examined the pool of studies that
provided comparison data, but were not limited to only men having an initial biopsy or men with
no previous positive biopsy having a repeat biopsy. An additional 12 studies provided usable
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comparative data for PCA3 and tPSA, but the enrolled population consisted of a mixture of men
in both categories. The proportion of enrolled men having an initial biopsy (100 percent would
indicate a study suitable for KQ1, while 0 percent would indicate a study suitable for KQ2) was
then plotted against two separate measures of relative effect size (difference in AUC and
sensitivity at selected specificities). In both analyses, the correlation was essentially zero,
indicating that neither of the two relative effect size measures was dependent on the mixture of
initial versus repeat biopsies. This provided sufficient evidence to perform a “combined”
KQ1/KQ2 analysis.

Comparison of PCA3 to Extent of tPSA Elevations: Diagnostic Accuracy

Based on results from 15 studies, PCA3 was more discriminatory for detecting prostate
cancer than extent of tPSA elevations among men identified as being at risk. At any set clinical
sensitivity, the clinical specificity of PCA3 testing is higher than that of tPSA. Conversely, at any
set clinical specificity, the clinical sensitivity of PCA3 was higher than that of tPSA. These two
biomarkers appeared to be independent in detection of prostate cancer. The strength of evidence
for diagnostic accuracy was low, mainly due to the poor quality rating of all studies and presence
of verification bias.

Comparison of PCA3 to Five Other Comparators: Diagnostic Accuracy
Limited data were available for fPSA (four studies), PSA density (two studies) and externally

validated nomograms (three studies). No studies were found suitable for PSA velocity or

complexed PSA. The strength of evidence for all five comparisons was considered insufficient.

Comparison of PCA3 to Six Comparators: Other Intermediate Outcomes

PCA3 testing has the potential to reduce unnecessary biopsies, while maintaining or
increasing the detection of prostate cancer. Reducing unnecessary biopsies can avoid anxiety,
improve decisionmaking and reduce adverse events related to this invasive procedure. However,
no studies were identified that reported on any other intermediate outcome measures for PCA3
and any of the six comparators. The strength of evidence for all comparators for these
intermediate outcomes was insufficient.

Comparison of PCA3 to Six Comparators: Long-Term Outcomes

The data were missing or inadequate for comparison of PCAS3 testing to the other selected
biomarkers with regard to long term outcomes such as prostate cancer-related morbidity /
mortality, function, and quality of life. The strength of evidence for all comparators for these
long term outcomes was insufficient.

Key Question 3: Testing PCA3 and Comparators Among Men with
a Positive Prostate Biopsy to Identify Low Risk/Indolent Patients
Who May Be Candidates for Active Surveillance

The third Key Question focuses on intermediate and long term outcomes and the reference
standard must also be a longer term clinical endpoint, in order to investigate outcomes in the
context of categorization of risk. These endpoints might include measures of progression,
metastasis, and prostate cancer related morbidity (e.g., function, quality of life) or mortality. This
is unlike the situation in KQ1 and KQ2, where positive or negative prostate biopsy results were
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the endpoint for diagnostic accuracy. A validated surrogate could be used in this situation, and
we considered biochemical recurrence (specific rise in tPSA levels) a validated surrogate. It is
commonly used as an indicator of risk for disease recurrence, but is not a highly sensitive and
specific marker of prostate cancer. Progression from active surveillance to treatment appears to
be a commonly used intermediate marker of overall disease progression.

Seven prospective cohorts studies of men in active surveillance are currently active.® The
one partially informative study described in Results was derived from one of these seven
ongoing studies.®® More time will be needed for assessment of progression free survival,
mortality and other long-term outcomes.* Given the relatively recent advent of PCA3 testing, it
is not surprising that no studies were identified that provided intermediate or long term outcomes
based on PCA3 and one or more comparators.

Findings in Relationship to What is Already Known
Systematic Review of PCA3

One prior structured systematic literature review of PCA3 testing and prostate cancer was
identified.'® That review covered the time period 2000 to 2009 and included only studies of
diagnostic accuracy, with prostate biopsy as the gold standard. No comparisons were made to
other biomarkers. Included were studies reporting on cohorts of adult men undergoing prostate
cancer screening; mean tPSA levels were provided for each study, but elevated tPSA was not an
inclusion criterion. Fourteen studies were included in the Ruiz-Aragon review>* '*-73.78.83.87.92
103107 The four studies from our review that were also reviewed by Ruiz-Aragon were excluded
from our review due to high likelihood of data duplication with other included studies.3* 3-8 1%

Summary estimates of clinical sensitivity and specificity from the previously published meta-
analysis (random effects model) were 63 percent (95 percent Cl: 60-66 percent) and 75 percent
(95 percent Cl: 73 to 76 percent), respectively. Heterogeneity was high and significant (p <
0.001). The SROC AUC was 0.783. The authors acknowledged that no consensus existed on the
most appropriate PCA3 cutoff for clinical decisionmaking. Based on QUADAS
criteria, ENREF_101 the authors reported the studies to be of moderate to high quality, in spite
of the acknowledged lack of blinding. However, the review did not compare PCA3 performance
with any other biomarkers, used reported sensitivity/specificity results from studies with varying
PCA3 cutoffs (range, scores of 19 to 66), included studies using probability cutoffs, and included
a study of prostatic fluid samples. These inclusion criteria may account for a portion of the
observed heterogeneity.

Applicability

Key Questions 1 and 2: Biopsy Decisionmaking

To determine the effectiveness of PCA3 and comparator tests in predicting risk of prostate
cancer at initial or repeat biopsy, or in risk categorization to inform decisions about treatment, it
is useful to assess the applicability of the findings in this review.

Population and Settings of Care

The populations studied in these papers were largely drawn from academic medical centers
where patients with elevated tPSA results and/or other risk factors (e.g., positive DRE, family
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history, African American) are seeking referral or specialty care. Spectrum effects should be
considered when evaluating data on diagnostic tests generated from referral centers. For
example, these studies may have represented a group of men at higher risk of prostate cancer
than the total cohort of men with elevated tPSA and/or other risk factors. The positive biopsy
rate in such referral populations will depend on multiple factors, including the tPSA cutoff, the
number of men with elevated tPSA who opt out of biopsy (e.g., men with lower tPSA levels and
lower risk), and/or the proportions of men with other important risk factors. In the 17 included
studies, biopsy positive rates ranged from 16.9 to 72.9 percent, with a median of 36 percent. It is
unlikely that the clinical sensitivity and specificity estimates derived from these studies will be
affected. However, positive and negative predictive values do depend on disease prevalence, and
the reported predictive values will vary.

A second spectrum effect of more concern was potential difference in the severity of disease
between a referral group and the total high risk cohort. If the more severe cases were more likely
to be referred and/or accept biopsy, or if PCA3 was more likely to identify severe disease,
clinical sensitivity could be overestimated. No studies addressed these potential biases.

Total PSA is currently the standard initial screening test for the identification of men at
increased of prostate cancer. However, studies of proficiency testing data have shown that tPSA
test kits provide variable results that could result in significant differences in proportion of
identified cancers at recommended tPSA cutoffs. Therefore, an inherent limitation or source of
heterogeneity for the PCA3 test may be the use of PSA for first order screening.

Our finding that the relative performance of PCA3 versus tPSA elevations is not dependent
on the biopsy history is a new finding. The current FDA approval for PCA3 restricts it use to
decision-making regarding a repeat biopsy in men with one or more negative biopsies. This
review suggests that it might be just as useful in men making decisions about an initial biopsy.
This would greatly broaden the settings in which PCA3 might be offered. Whether or not this
occurs will involve other dynamics, such as costs and availability, as well as the validation of
models incorporating PCA3 testing with other markers in the setting of the initially positive
patient.

Interventions

No publications were identified that addressed the impact of adding results of PCA3 testing
to the process of making decisions about proceeding to initial or repeat biopsies. Therefore,
uncertainty remained about how the test would, or should, impact practice (e.g., all screen
positive men, men in the “grey zone,” only for repeat biopsy decisions). Other issues that need
clarification include: how the testing would be integrated into protocols for management of men
with elevated tPSA or other risk factors, and whether physicians and patients are receptive to
using PCAS results in the biopsy decision.

Comparisons

For this intended use, analysis of 15 matched studies showed that PCA3 had slightly higher
performance compared to the extent of tPSA elevations. However, this result is based on a
summary analysis of matched within-study differences. Some studies reported the sensitivity and
specificity for PCA3 and tPSA, but no studies actually reported a full matched analysis. A full
matched analysis might provide 2x2 tables (or raw data for analysis) that allowed for direct
comparison of PCA3 and a comparator in biopsy positive and biopsy negative samples (i.e.,
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identifying those that both tests called positive, those both called negative, and those on which
results were inconsistent).

Studies of PCA3 and comparators other than tPSA (e.g., free PSA, PSA density, PSA
velocity or doubling time, complexed PSA, and externally validated nomograms) were
inadequate or completely lacking. Even if PCA3 were a better secondary screening test than
tPSA elevations (i.e., detected the same number of cancers, but with fewer biopsies in men
without cancer), no data has shown that the identified men have the same type of prostate cancer
(e.g., aggressive, indolent). Matched analyses of existing data could help answer this question.

Although the focus is generally on comparing PCA3 with other prostate cancer markers,
neither PCA3 nor tPSA have high performance. To improve overall performance, both
biomarkers and demographic information have been combined to predict the risk of prostate
cancer. The patient-specific risk derived could be used in personalized decisionmaking regarding
the benefits and harms of prostate biopsy.

Outcomes

Applicability was limited by the lack of information on the impact that reporting PCA3
results in a clinical setting can have on intermediate and long-term outcomes. Of primary interest
is whether patient decision-making regarding prostate biopsy would be impacted by reporting
PCAS3 results (improved diagnostic accuracy), and whether those decisions result in higher
positive predictive values (fewer biopsies performed in men without prostate cancer). Future
studies might consider routinely combining the tPSA elevations with PCA3 results according to
one of several validated nomograms contained in this review. The population could be
randomized into those with PCA3 included versus those receiving routine care. Both groups
would have urine samples collected; one group would be immediately tested, while the other is
tested at a later time. Cut-offs levels could be selected such that the sensitivities are similar in
both groups, but fewer biopsies would be expected with the use of PCA3. This would be
expected to result in a higher positive predictive value. Once the study is complete, patients
could receive additional results as if they were had been randomized to the other group. This
would allow for a fully matched study of which cancers were detected by both, as well as
comparing the cancer detected by one or the other.

The remaining intermediate and longer term outcomes are more challenging due to the
difficulty of collecting this information and the lack of validated surrogate measurements.

Timeframes

After the introduction of routine PSA screening for prostate cancer, it was thought that the
harms associated with unnecessary biopsies among false positive PSA tests were outweighed by
the benefits of identifying prostate cancer in its early stage. Since that time, more information on
the benign nature of many of these cancers, the harms associated with treatments, including
biopsy itself, and more attention is being focused on the avoidance of unnecessary biopsy. This
area is the topic of KQ1 and KQ2. Avoiding harms of treatments associated with less aggressive
cancers is the topic of KQ3.

Key Question 3: Management of Biopsy Positive Patients

To determine the effectiveness of PCA3 and comparator tests in identifying patients who are
candidates for active surveillance versus aggressive therapy (e.g., radical prostatectomy,
brachytherapy, external radiation therapy), it is useful to assess the applicability of the findings
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in this review in a systematic manner, reflecting both on the design and execution of the included
studies. However, no studies reported clinical outcomes of patients classified as low risk and
enrolled in active surveillance versus those of patients for whom treatment was recommended or
elected. Two poor quality longitudinal studies reported on PCA3 and tPSA, but data could not be
compared or combined. Detection of micrometastases in lymph node tissue as a predictor of
biochemical recurrence was outside the inclusion criteria because no PSA serum testing or PCA3
urine testing was performed along with lymph node extracts. The study of 2-year followup on
progression of patients from active surveillance to treatment had design flaws (e.g., partially
matched, incomplete data).

Implications for Clinical and Policy Decisionmaking

The published literature on the use of PCA3 and comparators in the two intended uses
described in KQ1 and KQ2 was found to be limited and of poor quality. However, the recent
FDA approval of the Gen-Probe PCAS test for the intended use addressed in KQ2 will raise
awareness of this test, and possibly accelerate its adoption into practice. Practice guidelines
currently recommend that a decision to have tPSA testing should be based on discussion between
the physician and patient on the balance of potential benefits and harms. An increase in the
knowledge base on the comparative effectiveness of PCA3 and other biomarkers is needed to
support more informed choices.

The pros and cons of prostate cancer screening are impacted by any diagnostic or
demographic information that will help physicians and their patients at risk for prostate cancer to
make better informed decisions about biopsy. In biopsy-positive men, the impact of additional
diagnostic information on decisions regarding treatment options is of equal importance.
However, in order to achieve the potential improvement in outcomes, reliable information is
needed on the diagnostic accuracy of a new test and its comparators for the outcomes of interest.
Ultimately, direct or indirect evidence is needed to measure improvement in long-term health
outcomes related to the use of the test and subsequent decisionmaking.

Limitations of the Comparative Effectiveness Review
Process

One limitation of the review process was our decision to craft two separate Key Questions on
biopsy decisionmaking — one for initial biopsies and one for repeat biopsies. We were able to
identify only a small number of studies specifically targeting use for these specific populations.
A majority of studies included populations with mixed biopsy histories (some patients were
candidates for initial and others for repeat biopsy). This was addressed in our analysis, but
reflected a characteristic of studies that was not anticipated when we scoped the Key Questions.

A second limitation was the need to develop an expanded QUADAS framework to address
the quality of studies for the three Key Questions. QUADAS asks if the reference standard
results are interpreted without knowledge of the index test results (in this case PCA3). However,
it was also important to know if this was also true for the tPSA comparator test, and if partial
verification bias was identified. For Key Question 3 we observed that the endpoint of interest
(patient clinical outcomes) seldom had appropriate clinical information. Again we added an
additional QUADAS item to ensure we accounted for this information.
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Finally, a procedural limitation was the implementation of the DistillerSR application (and
the associated learning curve) concurrently with the beginning of this review. This was balanced
by strengths of DistillerSR, such as improved efficiency of abstract review.

Limitations of the Evidence Base

Key Questions 1 and 2

There were several severe limitations of the evidence base identified during the review. First,
our inclusion criteria required that PCA3 and the comparator both be reported from the same
population. These studies were identified as being ‘matched’. The aim was to reduce the well
known variability in diagnostic test performance that both the underlying population and study
entry characteristics can cause. By requiring a matched comparison, the analyses might result in
less between-study heterogeneity and we believe that this was the case. However, requiring this
matching reduced the number of included studies. It is possible that some conclusions may have
been possible for some of the comparators if unmatched data had been included. On the other
hand, the likely variability in results may have rendered those data unhelpful.

Another challenging aspect of this review was integrating and interpreting the information
for diagnostic accuracy. We found data to support the conclusion that PCA3 had slightly higher
performance compared to the extent of tPSA elevation. Based on limited data, the two markers
seemed to be relatively independent. Better performance would be expected by combining the
two, and this was supported by one report. We could have extended our modeling to include both
markers, but chose not to because that was beyond the scope of the report. Such modeling was
identified as a gap in knowledge.

There were limited data available when focusing only on initial, or on repeat, prostate
biopsies. Most studies reported a mixture of initial and repeat biopsies. Two analyses (difference
between the matched AUCs, comparison of ROC curves) allow for a regression of the effect size
on proportion with repeat biopsies in nine studies. The slope was not significant, and based on
this result we concluded that any difference between PCA3 and tPSA elevations for men being
offered an initial versus repeat biopsy would likely be small.

The issue of potential verification bias for analyses related to tPSA was raised early in
discussion of the analytical framework and key questions, and discussed with members of the
TEP. Although this potential bias was not acknowledged by any of the included studies, we
chose to proceed with review of the data sets. A modeling exercise was undertaken to investigate
the magnitude of the effect, and whether it affected the overall estimate of performance,
performance estimate at a given cut-off, or both. We concluded that the effect of verification
bias, while present, was likely to influence the overall estimate of performance (e.g., sensitivity
at a given specificity), but had strong influence on performance at a given cut-off (e.g.,
sensitivity / specificity at >6 ng/mL of tPSA). This latter issue was potentially solvable by
additional modeling (Appendix J).

Key Question 3

The review of the literature revealed a lack clinical followup after patients were placed into
risk categories (low risk/indolent, high risk/aggressive) that were defined by the results of PCA3
and other biomarker and pathological tests. In nine of 11 studies, a reference or gold standard
clinical endpoint (or validated surrogate) was lacking; in one poor-quality short-term study,
PCA3 levels were not associated with disease progression.
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Research Gaps

Overview

The PCAS test is the key marker of this comparative effectiveness review. Its performance
has been evaluated against/with six comparators (tPSA, fPSA, PSA density, PSA velocity and
doubling time, complexed PSA and externally validated nomograms) in three clinical scenarios
(diagnostic accuracy and other intermediate outcomes, and long term outcomes). With the
exception of analyses that include PCA3 and tPSA for the intermediate outcome of diagnostic
accuracy, evidence was insufficient to answer the key questions. These then, remain as gaps in
evidence. Even for the PCA3/tPSA comparison and diagnostic accuracy, the strength of evidence
was low. Thus, virtually all comparisons for all outcomes in this review could be considered
gaps in knowledge. As these comparisons have been extensively reviewed in the Results and
Discussion, they will not be repeated here.

Instead, the following sections deal with gaps in knowledge and their associated research
question/future study design for cross-cutting issues, statistical/methodological issue related to
multiple comparisons, or clinical issues that are relevant to multiple comparisons. The first
section focuses on gaps for KQ1 and KQ2, while the second section focuses on KQ3. Within
each section, the specific gaps are gathered into two general areas: gaps relating to clinical
issues, and those relating to methodological and statistical issues. For each identified gap, a
potential study is designed and discussed.

Gaps in Knowledge for Key Questions 1 and 2

Clinical Gaps in Knowledge

1. Does the addition of PCAS3, either alone, or in combination with other markers, change
prostate cancer biopsy decisionmaking for the patient or physician? Several studies (and
our review) provide evidence that PCA3 may improve individualized risk prediction
among men with an initial positive tPSA and/or DRE. However, no information is
available on whether the clinical use of PCA3 can be effectively used to change current
practice.
Future Studies: Researchers might consider routinely combining the tPSA elevations
with PCAS3 results according to one of several validated nomograms contained in this
review. The population could be randomized into those with PCA3 included as part of
care (intervention) versus those receiving current care (control). Both groups would have
urine samples collected; with the intervention group being immediately tested, while the
control group members are tested later. Cut-offs levels in the two groups could be
selected separately, such that the sensitivities (proportion of cancers detected) are
expected to be similar in both groups. However, fewer biopsies would be expected
among the intervention group. This would be expected to result in a higher positive
predictive value. Once the study is complete (perhaps one year later), patients could
receive additional test results, as if they had been randomized to the other group. This
would allow for a fully matched analysis of which cancers were detected by both, as well
as comparing the cancer detected by protocol versus the other. These data could provide
the type of data that would allow PCA3 to become a routine test, or be rejected as a
potential contributor to the testing process.
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2. What improvement in diagnostic accuracy is needed for any new test (e.g., PCA3) to
provide sufficient value to impact biopsy decisionmaking? Were there clear guidance on
how much improvement in diagnostic accuracy would be required to impact clinical
protocols, the methods required to assess and accept/reject prospective markers would be
streamlined. The relative importance of other factors to be considered (e.g., convenience,
cost) would also be useful.

Future Studies: Models can be created for various types of markers (e.g., continuous,
categorical) with varying performance characteristics (e.g., low sensitivity but high
specificity, high sensitivity but low specificity) that utilize, when possible, existing
prostate cancer markers. Health care providers could evaluate the relative improvement in
test performance and also provide guidelines regarding other factors that assay
developers need to bear in mind.

3. How does PCA3 compare to the two commonly used add on tests of fPSA and tPSA
velocity/doubling time? These comparisons have been singled out, because both
comparators have been recommended for clinical implementation (NCCN guidelines) but
their use has generated some controversy rather than bringing consensus. Special
attention should be paid toward looking at the relative performance of PCA3 against
these two comparators at outcomes of decisionmaking as a way to avoid even further
fracturing of protocols based on limited evidence.

Future Studies: Since our restriction to “matched” studies identified no suitable data, it
may be necessary to move to a broader set of inclusion criteria that does not require
PCAS3 and fPSA/tPSA velocity to be measured in the same dataset. However, prior to this
undertaking, it would be prudent to validate that such a methodology is likely to provide
reliable information (see Methodological and Statistical Gaps in Knowledge, Number 4).

4. 1s PCAS3 affected by key demographic features known to change risk for prostate cancer
(ethnicity, family history)? These features were not well reported in most studies. Their
impact on performance of PCA3 (as well as for some of the comparators) is unknown,
but may be important.

Future Studies: It may be possible to create a collaboration between groups studying
PCA3 such that pooled raw data might be created. If funding is available, it may also be
possible to collect some of the relevant data that might be missing. From this combined
dataset, it might be possible to answer some of these important questions.

5. What is the population from which the convenience samples of biopsied men have been
selected? Nearly all of the “matched” studies were convenience samples gathered by
centers performing prostate biopsies. These sites should be encouraged to gather
information regarding the catchment population as a way to estimate the potential for
partial verification bias.

Future Studies: Few, if any studies included in this review identified a well-defined
cohort of consecutive men identified as being at risk for prostate cancer and then
followed their subsequent screening/diagnostic decision-making. This may require
external funding, as a relatively high proportion of men identified as being at high risk
will not chose to have a biopsy, according to current guidelines. However, with the
collection of data that could reduce partial verification bias, and longer followup, it may
be possible to account for, or more clearly delineate the effect of this bias on tPSA and on
other related biomarkers.
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Methodological and Statistical Gaps in Knowledge

1. What modeling approach/algorithm would allow for the easiest inclusion of new markers
while reducing the need for independent verification? Most reported multivariate
modeling of prostate cancer risk relies on logistic regression. These models are difficult
to compare across studies and do not allow for simple inclusion of new variables without
re-computing all coefficients. Other models, such as multivariate overlapping Gaussian
distributions, may fit the markers of interest and might allow for easier comparisons as
well as the ability to easily add (or subtract) markers as knowledge increases. This could
also allow for validation of partial models, if some markers have not been measured.
Future Studies: A review of select literature might provide a model methodology to use in
designing an approach to multivariate modeling. One that has been successful in the area
of prenatal screening for select congenital abnormalities (e.g., Down syndrome) is based
on multi-dimensional overlapping Gaussian distributions. Such testing began in the early
1980s with both a demographic (maternal age) and a second trimester biochemical
marker (alpha-fetoprotein). Currently, the most advanced protocol relies on these and
three more second trimester and two first trimester biochemical markers, and a first
trimester ultrasound markers. All are successfully combined to produce one risk that has
been extensively validated as part of routine screening. Other models to explore might
include those used in testing for BRCAL/2 mutations and breast cancer.

2. What factors influence whether partial verification bias impacts the tPSA and/or the
matched tPSA/PCA3 ROC curves? Factors that could be explored include the range of
cancer rates, the range of verification rates, and the use of continuous versus categorical
verification corrections. There have been only a handful of reports on tPSA use that
address partial verification bias. A better understanding of this issue is needed if PCA3 is
to be properly evaluated in the context of the widespread use of tPSA as triage test for
treatment decisions.

Future Studies: Both modeling and examining select datasets might help provide an
answer to this question in the specific setting of interest. Our modeling suggests that
verification bias introduced by decision-making relying on tPSA elevations has a strong
impact on the sensitivity/specificity at a given tPSA cut-off. However, we found that it
does not distort the ROC curve to any great extent. If this can be verified, it might result
in the reexamination of previous studies where verification bias was thought to have
made the reliable interpretation of results impossible.

3. What absolute cut-offs or continuous values can be assigned to the PCA3 assay across the
ROC curve? While the analyses in this review provide an approximate ROC curve
allowing interpolation of sensitivity and false positive rates across the range of values, the
absolute PCA3 and tPSA cut-offs may not be appropriate in every setting.

Future Studies: The modeling studies suggested for the previous gap could also help
resolve this issue. Is it possible to account for verification bias to such an extent that
reliable performance estimates can be computed?

4. Does our review’s literature restriction to matched studies provide more consistent and
reliable comparisons than had the review used independent summaries of each marker’s
performance? Given the increasing emphasis on comparative effectiveness analyses, a
formal comparison of these two methods might provide useful guidance to future
reviews.
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Future Studies: A structured evidence review between the performance of PCA3 and
tPSA could be performed without restricting data to matched studies. That is, a summary
review of PCA3 performance (via an ROC curve) could be compared to a similar
independent summary of the performance of tPSA elevations to identify prostate cancer.
The two independent ROC curves could then be compared and the difference compared
to our matched differences. As a check on precision, one could examine the tPSA
analysis and determine whether the “grey zone” studies differ from the studies having no
restriction on the tPSA elevation. Our matched analyses clearly show this difference and
are likely an indicator of reliability.

Does the reporting of matched analyses improve the usefulness of the dataset? Although
our inclusion criteria required PCA3 and a comparator to be measured in the same
population, it did not require a formal matched analysis to be reported. Thus, the reports
did not allow for a comparison of how many men with cancer were identified by both
markers, neither of the markers, or only one or the other marker. Requesting such
analyses be performed using existing datasets would help answer this question.

Future Studies: It may be possible to collaborate with authors of selected studies to obtain
original data, in which a true matched analysis can be performed. The study (or studies)
should be large, and have information available about the “aggressiveness’ of the cancers
identified. Then, two 2x2 tables could be created (one for positive biopsies, one for
negative) comparing the results of the two tests at chosen cut-offs. A series of these tables
could be created at fixed sensitivities or fixed false positive rates. One could imagine that
the data examined this way will provide insights into the types of cancers identified by
both, one, or neither of the tests.

How can researchers studying PCA3 and other comparators be encouraged to provide
proper reporting of statistical details? Proper reporting of statistical information on
studies of PCA3 and the comparators was often absent in articles evaluated for this
review. These include: confidence intervals, standard errors, prediction limits and other
measure of dispersion and precision for all effect measures as well as good summary
parameters for their data (e.g., selected centiles, medians, geometric means and trimmed
logarithmic standard deviations). All studies identified were of poor quality when rated
by QUADAS.

Future Studies: Statisticians, epidemiologists and others with experience in analyzing
screening and diagnostic tests are in the process of setting guidelines for evaluation.
Those guidelines should be reviewed with an eye towards ensuring that 1) appropriate
statistics are used (e.g., needed transformations performed), 2) methods to allow for raw
data to be available for additional analyses, and 3) confidence intervals / standard errors
be provided more consistently, when possible.

How can systematic differences in marker levels due to reagents/manufactures be
minimized or accounted for by analysis? Systematic differences between
reagents/manufacturers exist for at least some of the markers that can influence the tests
performance at fixed mass unit cut-offs.

Future Studies: Review of external proficiency testing results may provide guidance as to
what steps may be needed. Attempting to harmonize results is one possibility, but this can
take time and may not ever succeed. Mathematical methods that use a normalizing
function (z-score, multiples of the median) could also be explored and tested against
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existing datasets to see whether more consistent patient-specific information can be
provided from the test results.

Gaps in Knowledge for KQ3

Clinical Gaps in Knowledge

1. What should the gold standard be for defining intermediate outcomes for use in
establishing the clinical validity of PCA3? Studies evaluating PCAS3 as selection criteria
for entering a program of active surveillance have focused on how well PCA3 compares
to other selection criteria (tumor volume, tumor grade, clinical stage, Epstein criteria,
etc.). These intermediate measures were not well described in most studies and vary
considerably between studies.

Future studies: A consensus conference or statement from a relevant professional
organization might help harmonize the definitions of intermediate outcomes such that
research studies can be combined. However, the only sure way to determine the
appropriateness of intermediate outcomes is to engage in long-term followup of a select
cohort of men with sufficient numbers that even relatively uncommon events (e.g., death
due to prostate cancer) can be quantified.

2. How can PCA3 alone or when integrated with one or more comparators be used to
improve decisionmaking about whether to choose active surveillance or aggressive
treatment for biopsy positive men? No studies have yet examined the impact of PCA3 on
decisionmaking when compared to existing criteria such as the Epstein Criteria. There
have been no outcomes studies performed to determine how well PCAS3 scores predict the
behavior of a particular tumor over time.

Future Studies: This is similar to question 1 (Clinical Gap in Knowledge for KQ1/KQ3),
but studies would focus on other intermediate outcomes. Based on this review, and the
recent FDA approval of PCAS3, it should be possible to establish protocols that use PCA3
and begin developing studies that examine and validate intermediate health outcomes.

Methodological and Statistical Gaps in Knowledge

1. Can intermediate outcomes, such as cancer classifications of aggressive or indolent
tumors be properly validated? Given that current clinical practice guidelines employ
unvalidated, or partially validated intermediate outcomes, it is difficult to design studies
that would provide proper validation. Exploration of what study designs or re-analyses of
existing dataset might provide stronger validation of select intermediate measures could
be undertaken.
Future Studies: To validate intermediate outcomes, they must be standardized (addressed
earlier) and then associated with longer term health outcomes. This might require
longitudinal studies with followup of five to ten years. Some of these studies are
underway and preliminary results have been reported, but longer timeframes need to be
utilized.

2. What is the impact of use of PCA3 on long-term health outcomes when used to help
select patients for active surveillance versus aggressive treatment?
Future Studies: Longitudinal studies that track patients under both active surveillance and
aggressive treatment would be helpful in determining this impact. Many of the ongoing
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studies are focused on only the active surveillance group, and these should be expanded
to at least include a subset of those undergoing treatment for comparison.
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Abbreviations and Acronyms

ACMG American College of Medical Genetics

ACS American Cancer Society

AHRQ Agency for Healthcare Research and Quality

AMP Association for Molecular Pathology

AS active surveillance

AUC area under the receiver operating characteristics (ROC) curve
AUA American Urological Association

ASAP atypical small acinar proliferation

ASCO American Society of Clinical Oncology

BPH benign prostatic hyperplasia

PCA College of American Pathologists

cc cubic centimeter (measure of volume)

CER comparative effectiveness review

Cl confidence interval

CuU clinical utility

CVv clinical validity OR coefficient of variation

DA diagnostic accuracy

DD3 differential display code 3

DOR diagnostic odds ratio

DRE digital rectal examination

ECE extracapsular extension

EPICOT evidence, population, intervention, comparison, outcome, timestamp
ERSPC European Randomized Study of Screening for Prostate Cancer
EVN externally validated nomogram

FDA Food and Drug Administration

FPR false positive rate

GRADE grading of recommendations assessment, development and evaluation
GS Gleason score

IQR Inter-quartile range

LR likelihood ratio

mg milligram

mi milliliter

mRNA messenger RNA (ribonucleic acid)

ng nanogram

NICE UK National Institute for Health and Clinical Excellence
NIH National Institutes of Health

NCCN National Cancer Consortium Network

NCI National Cancer Institute

NPV negative predictive value

NR not reported

OAPR odds of being affected given a positive result

OANR odds of being affected given a negative result

OR odds ratio

PCa prostate cancer, prostatic cancer

PCA3 prostate cancer antigen 3

PCPT Prostate Cancer Prevention Trial

PICOTS patient, intervention, comparator, outcome, timing, and setting
PCRI Prostate Cancer Research Institute

PIN prostatic intraepithelial neoplasia

PPV positive predictive value

PSA prostate-specific antigen

cPSA complexed prostate-specific antigen

fPSA free prostate-specific antigen

tPSA total prostate-specific antigen

PSAD prostate-specific antigen density

PSADT prostate-specific antigen doubling time

PSAV prostate-specific antigen velocity
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RCT randomized controlled trial

RP radical prostatectomy

RT-PCR real-time — polymerase chain reaction
SD standard deviation

SER systematic evidence review

TEP technical expert panel

TMA transcription-mediated amplification
TURP transurethral resection of the prostate
v tumor volume

us United States

USPSTF US Preventive Services Task Force
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