Evidence Synthesis
Number 63

Benefits and Harms of Prostate-Specific Antigen
Screening for Prostate Cancer:

An Evidence Update for the U.S. Preventive Services
Task Force

Prepared by:

Kenneth Lin, MD

Robert Lipsitz, MD, MPH
Therese Miller, DrPH

Supriya Janakiraman, MD, MPH

Agency for Healthcare Research and Quality
U.S. Department of Health and Human Services
540 Gaither Road

Rockville, MD 20850

AHRQ Publication No. 08-05121-EF-1
August 2008



This report is based on research conducted by staff of the Agency for Healthcare
Research and Quality (AHRQ), Rockville, MD. The investigators involved have declared
no conflicts of interest with objectively conducting this research. The findings and
conclusions in this document are those of the author(s), who are responsible for its
content, and do not necessarily represent the views of AHRQ. No statement in this report
should be construed as an official position of AHRQ or of the U.S. Department of Health
and Human Services.

The information in this report is intended to help clinicians, employers, policymakers,
and others make informed decisions about the provision of health care services. This
report is intended as a reference and not as a substitute for clinical judgment.

This report may be used, in whole or in part, as the basis for the development of clinical
practice guidelines and other quality enhancement tools, or as a basis for reimbursement
and coverage policies. AHRQ or U.S. Department of Health and Human Services
endorsement of such derivative products may not be stated or implied.

This report was first published in Annals of Internal Medicine on August 5, 2008.

Suggested AHRQ Citation: Lin K, Lipsitz R, Miller T, Janakiraman S. Benefits and Harms of Prostate-
Specific Cancer Screening: An Evidence Update for the U.S. Preventive Services Task Force. Evidence
Synthesis No. 63. AHRQ Publication No. 08-05121-EF-1. Rockville, Maryland: Agency for Healthcare
Research and Quality. August 2008.

Annals of Internal Medicine Citation: Lin K, Lipsitz R, Miller T, Janakiraman S. Benefits and harms of
prostate-specific antigen screening for prostate cancer: an evidence update for the U.S. Preventive Services
Task Force. Ann Intern Med. 2008:149;192-199.

1



Acknowledgement

The authors thank Caryn McManus at the Agency for Healthcare Research and Quality
for her assistance with the literature searches.

111



Structured Abstract

Background: Prostate cancer is the most common nonskin cancer in men in the United
States, and prostate cancer screening has increased in recent years. In 2002, the U.S.

Preventive Services Task Force concluded that evidence was insufficient to recommend
for or against screening for prostate cancer with prostate-specific antigen (PSA) testing.

Purpose: To examine new evidence of benefits and harms of screening asymptomatic
men for prostate cancer with PSA testing.

Data Sources: English-language articles identified in PubMed and the Cochrane Library
(search dates, January 2002 to July 2007), reference lists of retrieved articles, and expert
suggestions.

Study Selection: Randomized, controlled trials and meta-analyses of PSA screening and
cross-sectional and cohort studies of screening harms and of the natural history of
screening-detected cancer were selected to answer the following questions: Does
screening for prostate cancer with PSA, as a single-threshold test or as a function of
multiple tests over time, decrease morbidity or mortality? What are the magnitude and
nature of harms associated with prostate cancer screening, other than overtreatment?
What is the natural history of PSA-detected, nonpalpable, localized prostate cancer?

Data Extraction: Studies were reviewed, abstracted, and rated for quality by using
predefined U.S. Preventive Services Task Force criteria.

Data Synthesis: No good-quality randomized, controlled trials of screening for prostate
cancer have been completed. In 1 cross-sectional and 2 prospective cohort studies of fair
to good quality, false-positive PSA screening results caused psychological adverse effects
for up to 1 year after the test. The natural history of PSA-detected prostate cancer is
poorly understood.

Limitations: Few eligible studies were identified. Long-term adverse effects of false-
positive PSA screening test results are unknown.

Conclusion: Prostate-specific antigen screening is associated with psychological harms,
and its potential benefits remain uncertain.
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Benefits and Harms of Prostate-Specific Antigen Screening for
Prostate Cancer: An Evidence Update for the U.S. Preventive
Services Task Force

Prostate cancer is the most common nonskin cancer in U.S. men. An estimated 218,890
men received a new diagnosis of prostate cancer in 2007, and 1 in 6 men will receive a
diagnosis in their lifetime (1). The American Cancer Society estimates that 27,350 men
died of prostate cancer in 2006 (2). After peaking in 1991 (29.4 deaths per 100,000 men),
the prostate cancer mortality rate has gradually decreased. Although this positive trend
may be related to increased screening for prostate cancer, other factors, including new
treatment approaches, could also account for some or all of the observed decline in
mortality (3).

The serum prostate-specific antigen (PSA) test was approved by the U.S. Food and Drug
Administration in 1986, and its use for prostate cancer screening has increased
substantially since the mid-1990s (4). However, PSA testing is not specific to prostate
cancer; common conditions, such as benign prostatic hyperplasia and prostatitis, also
increase PSA levels. Approximately 1.5 million U.S. men age 40 to 69 years have a PSA
level greater than 4.0 pg/L, a widely used cutoff value for a positive screening result (5).
Refinements designed to improve the PSA test’s sensitivity and specificity for prostate
cancer include determination of PSA density, PSA velocity, PSA doubling time, and
percentage of free PSA (6-9).

Potential harms from PSA screening include additional medical visits, adverse effects of
prostate biopsies, anxiety, and overdiagnosis (the identification of prostate cancer that
would never have caused symptoms in the patient’s lifetime, leading to unnecessary
treatment and associated adverse effects). Much uncertainty surrounds which cases of
prostate cancer require treatment and whether earlier detection leads to improvements in
duration or quality of life. Two recent systematic reviews of the comparative
effectiveness and harms of therapies for localized prostate cancer concluded that no
single therapy is superior to all others in all situations (10, 11).

In 2002, the U.S. Preventive Services Task Force (USPSTF) found insufficient evidence
to recommend for or against routine screening for prostate cancer. The USPSTF found
good evidence that PSA screening can detect early-stage prostate cancer but found mixed
and inconclusive evidence that screening and early detection improve health outcomes.
Consequently, the USPSTF was unable to determine the balance between benefits and
harms of periodic screening for prostate cancer.

The analytic framework that guided the previous USPSTF evidence review (Figure) (12)
included 8 key questions about benefits and harms of prostate cancer screening and
treatment. This evidence update focuses on critical gaps in the evidence that the Task
Force identified in the previous review: the lack of good-quality studies linking screening
to improved health outcomes; limited information about harms of screening; and a
paucity of knowledge about the natural history of PSA-detected, nonpalpable, localized
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prostate cancer (the most common type of prostate cancer detected today). These
evidence gaps produced 3 new key questions for this update:

1. Does screening for prostate cancer with PSA, as a single-threshold test or as a
function of multiple tests over time, decrease morbidity or mortality?

2. What are the magnitude and nature of harms associated with prostate cancer
screening other than overtreatment?

3. What is the natural history of PSA-detected, nonpalpable, localized prostate
cancer?

Methods

After consultation with USPSTF liaisons and content experts, we chose a broad definition
of PSA screening that included evolving prognostic measures, such as PSA velocity and
doubling time. However, a comparison of the performance characteristics of such
measures with traditional single-threshold PSA testing is outside the scope of this review.

Data Sources

For evidence on health outcomes associated with PSA screening, we searched PubMed
for English-language articles indexed between 1 January 2002 and 12 July 2007 by using
combinations of the Medical Subject Heading (MeSH) terms and keywords prostate
neoplasms, screening, prostate-specific antigen, early diagnosis, PSA velocity, PSA
doubling time, and prostate specific antigen doubling.

For evidence on the harms of screening for prostate cancer, we searched PubMed for
English-language articles indexed between 1 January 2002, and 12 July 2007 by using
combinations of the MeSH terms and keywords prostate neoplasms; screening; false
positive reactions; adverse effects; mass screening/adverse effects; mass
screening/psychology; anxiety,; quality of life; and health knowledge, attitudes, practice.

For evidence on the natural history of PSA-detected, nonpalpable, localized prostate
cancer, we searched PubMed for English-language articles indexed between 1 January
2002 and 23 August 2007 by using combinations of the MeSH terms and keywords
prostatic neoplasms, natural history, epidemiology, disease progression, survival
analysis, watchful waiting, active surveillance, population surveillance, expectant
management, and conservative management.

We identified additional articles through a search of the Cochrane Library,
recommendations of experts, and a hand search of reference lists from major review
articles and studies.



Study Selection

Two reviewers independently reviewed the title lists, abstracts, and full articles by using
predetermined inclusion and exclusion criteria. Articles selected by at least 1 reviewer
advanced to the next stage of review.

For key question 1, eligible studies were randomized, controlled trials (RCTs), meta-
analyses, and systematic reviews that compared screening with no screening (or usual
care) in general primary care populations and reported morbidity or mortality outcomes.
Although the 2002 USPSTF review (12) considered case—control studies and ecological
data related to this key question, we excluded these study types from this part of the
evidence update to avoid potential sources of confounding that are inherent in
nonrandomized studies.

For key question 2, eligible studies were randomized or nonrandomized comparative
studies that reported quantitative health or quality-of-life outcomes related to a false-
positive screening result. We excluded studies that reported only harms resulting from
prostate cancer treatment.

For key question 3, eligible studies were RCTs and cohort studies that reported health
outcomes of patients with stage T1c (nonpalpable, localized, PSA-detected) prostate
cancer who did not receive active treatment (including patients assigned to watchful
waiting or active surveillance protocols). To ensure that we retrieved the most applicable
information on natural history, we excluded studies that predominantly involved patients
with non—PSA-detected cancer (defined as comprising >80% of the study population),
were too small to draw reliable conclusions about health outcomes (defined as <50
patients in the watchful waiting or surveillance group), or did not provide separate data
on patients with stage T1c prostate cancer.

Data Extraction and Quality Assessment

For all citations that met the initial eligibility criteria, 2 reviewers reviewed the full
articles and independently rated their quality by using previously published USPSTF
criteria (13). Disagreements between reviewers regarding article inclusion and quality
rating were resolved through a consensus process. We assessed the quality of RCTs and
cohort studies on the following items: initial assembly and maintenance of comparable
groups; absence of important differential loss to follow-up or overall high loss to follow-
up; use of equal, valid, and reliable outcome measurements; clear definition of
interventions; and appropriateness of outcomes. We evaluated systematic reviews and
meta-analyses on the following items: comprehensiveness of sources considered,
appropriateness of search strategy, standard appraisal of included studies, validity of
conclusions, recency, and relevance. The Appendix Table describes more thoroughly the
criteria and definitions for USPSTF quality ratings.

Data Synthesis and Analysis
We synthesized the data qualitatively by key question in tabular and narrative formats.
Data from the 2002 USPSTF review (12) relevant to key questions 1 and 2 are included



to facilitate an overall assessment of the body of evidence. We did not perform
quantitative synthesis because of the paucity and heterogeneity of included studies.

Role of the Funding Source
The general work of the USPSTF is supported by the Agency for Healthcare Research
and Quality. This review did not receive specific funding.

Results

We identified 390 potentially relevant articles on health outcomes associated with PSA
screening, 421 potentially relevant articles on harms of prostate cancer screening, and 91
potentially relevant articles on the natural history of PSA-detected prostate cancer.
Appendix Figure 1, Appendix Figure 2, and Appendix Figure 3 contain details of the
stages of review and reasons for study exclusion. We obtained 68 articles for full-text
review; 10 articles met inclusion criteria for this evidence update.

Key Question 1
Does screening for prostate cancer with PSA, as a single-threshold test or as a function
of multiple tests over time, decrease morbidity or mortality?

No good- or fair-quality RCTs addressed this question. Two poor-quality RCTs with
important flaws in design and analysis (Table 1) do not show a mortality benefit from
PSA screening independently or in a meta-analysis. We identified no RCTs that
measured health outcomes from PSA screening by means other than single-threshold
tests.

In 2002, the USPSTF identified 1 poor-quality RCT of prostate cancer screening by
Labrie and colleagues (14) that did not show a mortality benefit from screening when
data were re-analyzed by using an intention-to-screen analysis. A 2004 publication
described 3 additional years of follow-up of this study (15). By the end of 1999, 23.6% of
the screening-invited group and 7.3% of the control group had actually received
screening. Comparing all men who were screened with all men who were not, the authors
calculated a relative risk (RR) for death from prostate cancer of 0.385 (95% CI, 0.207 to
0.714) in those who were screened. However, when they compared screening-invited
men with noninvited men, they found no mortality difference between the 2 groups (RR,
1.085 [CI, 0.822 to 1.433]).

Labrie and colleagues did not report information on the adequacy of randomization, the
demographic composition of the 2 groups, or the characteristics of participants who
crossed over from screening to no screening or vice versa. Moreover, they did not
indicate whether the assessment of outcomes was blinded. And finally, the inappropriate
analysis comparing screened with unscreened cohorts did not adjust for potential
confounders.

A poor-quality quasi-RCT by Sandblom and colleagues (16) compared total mortality
and prostate-cancer—specific mortality in 1494 men who received digital rectal
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examination and PSA screening with those in 7,532 control participants. An intention-to-
screen analysis found no statistical difference in total mortality or prostate-cancer—
specific mortality between the 2 groups. Sandblom and colleagues did not report
information on the comparability of the groups, crossovers from the control group, or
how the cause of death was assigned. Also, the study was not adequately powered to
detect a statistically significant difference in the outcomes of interest.

A Cochrane meta-analysis (17) combined these 2 studies by using an intention-to-screen
analysis and found no difference in prostate cancer mortality between men invited to
prostate cancer screening and control groups (RR, 1.01 [CI, 0.80 to 1.29]). The authors
assessed both studies as having a high risk for bias because of the methodological
problems discussed previously.

Key Question 2
What are the magnitude and nature of harms associated with prostate cancer screening
other than overtreatment?

One cross-sectional and 2 prospective cohort studies of fair-to-good quality reported
short- and long-term psychological harms from prostate cancer screening (Table 2).
Although abnormal screening results did not affect summary measures of anxiety or
health-related quality of life, men with false-positive PSA screening test results were
more likely to worry specifically about prostate cancer, have a higher perceived risk for
prostate cancer, and report problems with sexual function compared with control
participants for up to 1 year after the test. In 1 study, 26% of men with false-positive
screening results reported moderate-to-severe pain during the prostate biopsy; men with
false-positive results were also more likely to undergo repeated PSA testing and
additional biopsies.

In 2002, the USPSTF found little evidence on harms associated with prostate cancer
screening. Digital rectal examination and prostate biopsy cause discomfort or pain in
most men. However, in the initial screening round of an RCT, health-related quality-of-
life measures were not negatively affected by false-positive screening test results (18).

Brindle and colleagues (19) administered standardized assessments of anxiety,
depression, and mental health to 7,344 men who received PSA testing. Of the 855 men
with a PSA level greater than an age-specific or numerical threshold, 770 returned for a
biopsy and then took the questionnaires again before receiving their biopsy results.
Assessment scores did not change in patients with an elevated PSA level. Because some
elevated PSA levels were true positives, this study was not able to specifically assess the
psychological effect of a false-positive PSA result. It was not clear whether the measures
used were sensitive enough to detect changes in mental health related to anxiety specific
to prostate cancer. Finally, this study was limited by 2 potential sources of selection bias:
Recruited patients were already enrolled in a randomized trial of PSA screening, and
more than 20% of participants with abnormal PSA levels were not re-evaluated.



Other studies have used prostate-specific measures of harms in addition to generic mental
health or quality-of-life scores. Katz and colleagues (20) did a telephone survey of 2
groups of men approximately 2 months after PSA screening. After adjustment for
baseline characteristics, men with false-positive screening results were statistically more
likely than control participants to worry about getting prostate cancer, have a higher
perceived 5-year risk for prostate cancer, and report at least moderate problems with
sexual function. This study was limited by the potential of confounding through other
sources of psychological differences between the 2 groups (for example, referral vs.
primary care patient population) and a lower survey response rate in the control group.

McNaughton-Collins and colleagues (21) compared 167 men who had an abnormal
screening result but a benign biopsy specimen with 233 men who had a normal PSA level
(defined as <2.5 pg/L). After 6 weeks, 49% of men in the biopsy group reported thinking
about prostate cancer “a lot” or “some of the time,” compared with 18% of the control
group. In addition, 40% of the biopsy group worried “a lot” or “some of the time” about
developing prostate cancer compared with 8% of the control group. A total of 26% of
men experienced moderate-to-severe pain from the biopsy. For 25% of men, the most
recent benign biopsy was their third biopsy or more. Statistically significant differences
between the biopsy and control groups in anxiety related to prostate cancer and perceived
prostate cancer risk persisted 6 months and 1 year later (22). After 1 year, more men in
the biopsy group than in the control group had at least 1 additional PSA test (73% vs.
42%) and another biopsy (15% vs. 1%).

Key Question 3
What is the natural history of PSA-detected, nonpalpable, localized prostate cancer?

Three fair-quality cohort studies with small-to-medium sample sizes, highly self-selected
elderly patients, and high drop-out rates show that some men with PSA-detected,
nonpalpable, localized (stage T1c) prostate cancer have good health outcomes up to 10
years after diagnosis (Table 3). We did not identify any population-based studies in
which patients with stage T1c prostate cancer were followed longitudinally with no
intervention in order to determine health outcomes resulting from the natural progression
of disease.

The USPSTF did not directly examine this question in 2002. Recent studies have used
PSA testing and biopsy-based monitoring protocols to identify groups of men with
“favorable-risk” prostate cancer who were candidates for delayed treatment if subsequent
testing showed biochemical or histologic evidence of disease progression. Triggers for
treatment varied by study, and many men in the monitoring groups eventually opted for
treatment without any objective signs of disease progression.

Hardie and colleagues (23) tested the feasibility of a surveillance protocol in 80 men
(median age, 70.5 years) with localized prostate cancer (stage T1 to T2) who were
referred to a single tertiary care center in the United Kingdom from 1993 to 2002.
Delayed treatment was recommended on the basis of serial PSA level testing and life
expectancy assessments. After a median of 42 months of follow-up, 64 men remained on
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surveillance, 11 had received delayed treatment, and 5 had died of causes other than
prostate cancer. This study was limited by the self-selected nature of participants
(representing only 10% of eligible patients during the study enrollment period) and the
absence of a standardized PSA-based threshold (absolute value or rate of increase) for
initiating treatment.

Roemeling and colleagues (24) studied 64 men (mean age, 68.4 years) who chose
watchful waiting and were part of a larger cohort of 293 men with stage T1c or T2
prostate cancer who met favorable risk criteria. After a mean follow-up of 82.4 months
(range, 23.8 to 119.9 months), 37 men were living and untreated, 19 had chosen
treatment, and 8 had died from causes other than prostate cancer. The same authors
examined health outcomes in 278 men (median age, 69.8 years) who chose an active
surveillance protocol (25). After a median follow-up of 3.4 years (range, 1.2 to 6 years),
170 men remained on surveillance, 26 had died of causes other than prostate cancer, and
82 had chosen treatment. Both studies by Roemeling and colleagues were limited by
having highly self-selected patient populations and high drop-out rates.

Discussion

We found inconclusive evidence from RCTs about the health benefits of screening for
prostate cancer with PSA. Although we excluded nonrandomized studies of PSA
screening, several case—control studies have been published since the 2002 USPSTF
review. These studies, conducted in a variety of settings and populations, have yielded
conflicting results about the relationship between PSA screening and prostate cancer—
related morbidity and mortality (26-31).

In 2007, Aus and colleagues (32) reported interim results from the ERSPC (European
Randomized Study of Screening for Prostate Cancer), an ongoing trial that is designed to
detect a mortality difference in men randomly assigned to biennial PSA screening or
usual care. In the 19945 men in this subsection of the study, the authors observed a 49%
reduction in the risk for metastatic prostate cancer in the screening group (24 cases
compared with 47 cases in the control group) after 10 years of follow-up (32).

We determined that this study did not meet inclusion criteria but brought it to the
attention of the USPSTF. The primary outcome, metastatic prostate cancer, is an
uncertain surrogate for mortality because of high initial response rates to androgen
deprivation therapy and competing causes of death. Also, the criterion used for testing to
ascertain this outcome may have resulted in unequal attention to the 2 groups, thereby
biasing the results. In the absence of symptoms, bone scans were obtained only in men
with a PSA level greater than 20 pg/L. Because patients in the control group with prostate
cancer had a higher mean PSA level (90.4 pg/L) than do patients in the screening group
(19.8 pg/L), the reported difference in metastatic disease may have been exaggerated in
favor of the screening group.

Although we found some evidence that false-positive PSA test results are associated with
adverse psychological effects, we cannot determine from the existing studies the precise
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magnitude of psychological harms of prostate cancer screening. Because the populations
studied have almost exclusively consisted of college-educated white men, these results
may not be generalizable to men with less formal education, or to ethnic or racial
minorities. No studies of the effects of false-positive PSA test results have included many
black men, who have a higher risk for diagnosis with and dying of prostate cancer.
Studies excluded during our review that were performed in black patient populations
involved strategies for increasing rates of prostate cancer screening in these patients, with
the benefit of such screening being assumed.

Short-term monitoring studies of highly selected older men with PSA-detected,
nonpalpable, localized prostate cancer do not suggest that delayed or no treatment leads
to poor health outcomes. Larger, longer-term studies are urgently needed. A recent report
of a population-based cohort of men with untreated, early-stage prostate cancer found a
sharp decline in prostate cancer—specific survival after 15 years of follow-up (33). None
of the participants in this study received their diagnosis through screening, and most
cancer cases were detected when clinically palpable. However, these results, in addition
to those from a retrospective cohort study that did not find an increase in prostate cancer
mortality rates over a similar period (34), suggest that decades of follow-up may be
required to determine the safety and effectiveness of current monitoring protocols.

Although we did not examine new evidence on the harms of treatment in this focused
update, the 2002 USPSTF review found that prostate cancer treatments cause clinically
significant harms, including erectile dysfunction and urinary incontinence, in many
patients (12). Still, many physicians continue to believe that the benefits of immediately
treating PSA-detected prostate cancer outweigh the risks of delayed or no treatment. In
this context, a study that was excluded from this review merits mention.

In 2005, Bill-Axelson and colleagues (35) reported the results of a trial of 695 men with
localized prostate cancer who were randomly assigned to receive radical prostatectomy or
watchful waiting. The study did not meet inclusion criteria because only 5.2% of the
population had prostate cancer diagnosed through screening and 77.8% of the treatment
group had stage T2 (palpable) cancer. After a median of 8.2 years, 14.4% of men in the
control group and 8.6% of men in the treatment group had died of prostate cancer. An
analysis of prostate cancer—specific mortality stratified by age and intervention suggested
that the men younger than 65 years were much more likely to benefit from radical
prostatectomy than men 65 years of age or older. In the latter subgroup, the cumulative
incidence of death from prostate cancer after 10 years was comparable in the watchful
waiting and prostatectomy groups.

Two large RCTs of PSA screening are currently under way. The ERSPC randomly
assigned 190000 men between ages 50 and 75 years to screening with PSA, digital rectal
examination, and transrectal ultrasonography or usual care; the intervention was later
changed to PSA screening alone (36). Biopsies were performed in patients with PSA
levels greater than 3.0 ug/L, and positive biopsy results led to treatment outlined by a
standardized protocol. The prostate component of the U.S. National Cancer Institute’s
Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial is evaluating the effect of
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annual screening with PSA and digital rectal examination on prostate cancer—specific
mortality in 76,705 men (37). Abnormal results were provided to the patient’s primary
care physician of record, and further diagnostic work-up and treatment were based on
individual patient and physician preferences.

These trials may provide valuable and complementary information about the health
outcomes associated with PSA screening in the general primary care population. Even if
1 or both ultimately demonstrates a population-level mortality benefit, however,
individual screening decisions will still need to be made by weighing the benefits and
harms of prostate cancer screening and treatment summarized in the previous USPSTF
review (12) and this focused evidence update.
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Figure 1: Analytic Framework for Screening for Prostate Cancer
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Table 1. Evidence for Key Question 1: Effect of Prostate Cancer Screening on Morbidity and Mortality

Author, Year
(Reference)

Participants

Labrie et al., 2004  Men registered on the Québec City area electoral

(15) rolls in 1985; 46 486 men age 45-80 y; 23% of
invited men actually screened; 7.3% of control
participants received screening.

Sandblom et al., All male residents of Norrkoping, Sweden,

2004 (16) 1987-1996; men age 5069 y; 1494 men (every

6th man) invited for screening; 70%—78%
received screening; 7532 control participants
received usual care; an unknown number
received screening.

Monitoring Protocol

Annual screening by
PSA and DRE, 1988—
1999; PSA cut-point
>3.0 ug/L; positive
screening result led to
TRUS and biopsy.

DRE only in 1987 and
1990; DRE and PSA
test in 1993 and 1996;
PSA cut-point >4.0
ug/L; positive screening
result led to biopsy;
confirmed prostate
cancer treated by
urologist with
“standardized
management program.”

Results

Primary outcome
was death from
prostate cancer;
10 deaths in 7348
men who received
screening; 74
deaths in 14 231
unscreened men;
62% reduction in
prostate cancer
mortality in
screened group.

Total and prostate
cancer—specific
survival did not
differ between
invited and

noninvited groups.

Comments Quality
Rating

No sociodemographic Poor

comparison of the 2

groups; no intention-to-

screen analysis; no

information on death

rates from other causes.

No sociodemographic Poor

comparison of the 2
groups; no information
on crossovers from
control group; study
was inadequately
powered to detect
differences in outcomes
of interest.

DRE = digital rectal examination; PSA = prostate-specific antigen; TRUS = transrectal ultrasonography.
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Table 2. Evidence for Key Question 2: Harms of PSA Screening

Author, Year
(Reference)

Study Type

Brindle et al., 2006 (19)  Prospective cohort

Katz et al., 2007 (20) Cross-sectional

McNaughton-Collins et
al., 2004 (21); Fowler et
al., 2006 (22)

Prospective cohort

HADS = Hospital Anxiety and Depression Scale; PSA = prostate-specific antigen; SAI-6 = State Anxiety Index, Short-Form; SF-12 =

Participants

Men age 50-69 y in
general practices in the
United Kingdom

Men at university-
affiliated primary care
practices in Wisconsin,
Towa, and Indiana; 97%
white; mostly college-
educated

Men age >40 y at
primary care practices
of 3 Boston teaching
hospitals; 88% white;
mostly college-educated

Measurements

Before-and-after abnormal
PSA results: HADS and SF-
12

2 mo after testing: Medical
Outcomes Study SF-36,
SAI-6, questions about
prostate cancer—related
worry (using 5-point scale),
perception of cancer risk,
and sexual function

6 wk, 6 mo, and 1 y after
testing: survey developed in
focus groups with questions
about prostate cancer worry,
prostate cancer knowledge,
self-perceived cancer risk,
and biopsy experiences

Short Form-12 Health Survey; SF-36 = Short Form 36-item Health Survey.
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Results

HADS or SF-12
scores did not differ.

SF-36 or SAI-6
scores did not differ;
men with false-
positive screening
results had increased
prostate cancer—
related worry and
problems with sexual
function.

Biopsy group
reported more
thinking and
worrying about
prostate cancer than
control participants;
biopsy group was
more likely than
control participants
to have had another
PSA test or biopsy.

Comments

Did not specifically
assess effect of false-
positive screening
results; complete data on
78% of participants.
84% of biopsy group and
73% of control group
returned surveys;
findings persisted after
multivariate regression
analysis; limited external
validity because of
demographic
characteristics of
participants

More than 85% of men
in both groups returned
1-y surveys. Limited
external validity because
of demographic
characteristics of
participants

Quality
Rating

Fair

Fair

Good



Table 3. Evidence for Key Question 3: Natural History of PSA-Detected, Localized Prostate Cancer

Author,
Year
(Reference)

Hardie et
al., 2005
(23)

Roemeling
et al., 2006
24

Roemeling
et al., 2007
(25)

DRE = digital rectal exam; ERSPC = European Randomized Study of Screening for Prostate Cancer; PSA = prostate-specific antigen.

Study Type

Prospective
cohort

Prospective
cohort

Retrospective
cohort

Participants

80 men referred to tertiary
care center in United
Kingdom, 1993-2002, with
stage T1-T2 disease, PSA
level <20 pg/L, Gleason score
<7, and fitness for radical
prostatectomy or
radiotherapy; median age,
705y

64 men with stage T1c or T2
prostate cancer, in the first
screening round of the
Rotterdam section of ERSPC,
who chose watchful waiting;
50 had stage T1c prostate
cancer; Gleason score <6,
PSA level <15 ng/L, and PSA
density <0.2 ug/L; mean age,
684y

278 men with Tlc or T2
prostate cancer in 1 of the 3
screening rounds of the
Rotterdam section of ERSPC;
median age, 69.8 y; median
PSA level, 3.6 pg /L; PSA
level <15 pg/L; Gleason
score <8

Monitoring Protocol

PSA and DRE every 3—6 mo
for first 2 y, then every 6 mo
after; no routine repeated
biopsy; delayed treatment
decision based on rate of
PSA level increase; no
established triggers for
treatment; decisions “made
according to the judgment of
each patient and clinician.”
PSA and DRE every 3 mo
for first year, then every 6
mo; “major reason for
deferred treatment was an
increasing PSA level” but no
established triggers.

Not standardized, but
consisted of periodic PSA
testing; no uniform
indications for treatment.
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Results

Median follow-up, 42
mo; 64 patients remained
on surveillance; 5 died of
causes other than prostate
cancer; 11 received or
would receive radical
treatment; no evidence of
disease recurrence in 7
patients who received
treatment.

Mean follow-up, 82.4
mo; 37 patients remained
on watchful waiting; 19
patients chose deferred
treatment; no deaths from
prostate cancer; 8
patients died of other
causes.

Median follow-up, 3.4 y;
196 patients remained on
surveillance; 89% overall
survival; 100% prostate
cancer—specific survival.

Comments

Self-selected population; Fair
only 10% of patients with

localized prostate cancer

entered protocol; short

follow-up.

Characteristics of patients Fair
who chose watchful waiting
were not separately

described

End points (prostate cancer—  Fair
specific and total mortality)
determined by blinded

independent committee;

short follow-up.

Quality Rating



Appendix Table 1. U.S. Preventive Services Task Force Hierarchy of Research Design and
Quality Rating Criteria*

Hierarchy of research design
I: Properly conducted RCT
I1-1: Well-designed controlled trial without randomization
11-2: Well-designed cohort or case—control analytic study
11-3: Multiple time-series with or without the intervention; dramatic results from uncontrolled
experiments
Ill: Opinions of respected authorities, based on clinical experience; descriptive studies or case
reports; reports of expert committees

Design-specific criteria and quality category definitions
Systematic reviews

Criteria
Comprehensiveness of sources considered/search strategy used
Standard appraisal of included studies
Validity of conclusions
Recency and relevance are especially important for systematic reviews

Definition of ratings based on above criteria
Good: Recent, relevant review with comprehensive sources and search strategies;
explicit and relevant selection criteria; standard appraisal of included studies; and valid
conclusions
Fair: Recent, relevant review that is not clearly biased but lacks comprehensive sources
and search strategies
Poor: Outdated, irrelevant, or biased review without systematic search for studies, explicit
selection criteria, or standard appraisal of studies

Case—control studies

Criteria
Accurate ascertainment of cases
Nonbiased selection of cases/controls with exclusion criteria applied equally to both
Response rate
Diagnostic testing procedures applied equally to each group
Measurement of exposure accurate and applied equally to each group
Appropriate attention to potential confounding variables

Definition of ratings based on above criteria
Good: Appropriate ascertainment of cases and nonbiased selection of case and control
participants; exclusion criteria applied equally to cases and controls; response rate =80%;
diagnostic procedures and measurements accurate and applied equally to cases and
controls; and appropriate attention to confounding variables
Fair: Recent, relevant, without major apparent selection or diagnostic work-up bias but
with response rates <80% or attention to some but not all important confounding
variables
Poor: Major section or diagnostic work-up biases, response rates <50%, or inattention to
confounding variables

RCTs and cohort studies
Criteria

Initial assembly of comparable groups
For RCTs: Adequate randomization, including first concealment and whether
potential confounders were distributed equally among groups
For cohort studies: Consideration of potential confounders with either restriction or
measurement for adjustment in the analysis; consideration of inception cohorts

Maintenance of comparable groups (includes attrition, crossovers, adherence,

contamination)

-17 -



Important differential loss to follow-up or overall high loss to follow-up
Measurements: equal, reliable, and valid (includes masking of outcome assessment)
Clear definition of the interventions
All important outcomes considered

Definition of ratings based on above criteria
Good: Evaluates relevant available screening tests; uses a credible reference standard;
interprets reference standard independently of screening test; reliability of test assessed;
has few or handles indeterminate results in a reasonable manner; includes large number
(>100) of broad-spectrum patients
Fair: Evaluates relevant available screening tests; uses reasonable although not best
standard; interprets reference standard independent of screening test; moderate sample
size (50-100 participants) and a “medium” spectrum of patients
Poor: Has fatal flaw, such as uses inappropriate reference standard; screening test
improperly administered; biased ascertainment of reference standard; very small sample
size or very narrow selected spectrum of patients

Diagnostic accuracy studies

Criteria
Screening test relevant, available for primary care, adequately described
Study uses a credible reference standard, performed regardless of test results
Reference standard interpreted independently of screening test
Handles indeterminate result in a reasonable manner
Spectrum of patients included in study
Sample size
Administration of reliable screening test

Definition of ratings based on above criteria
Good: Evaluates relevant available screening test; uses a credible reference standard;
interprets reference standard independently of screening test; reliability of test assessed;
has few or handles indeterminate results in a reasonable manner; includes large number
(>100) of broad-spectrum patients with and without disease
Fair: Evaluates relevant available screening test; uses reasonable although not best
standard; interprets reference standard independent of screening test; moderate sample
size (50-100 participants) and a “medium” spectrum of patients
Poor: Has fatal flaw, such as uses inappropriate reference standard; screening test
improperly administered; biased ascertainment of reference standard; very small sample
size or very narrow selected spectrum of patients

* From Harris RP, Helfand M, Woolf SH, Lohr KN, Mulrow CD, Teutsch SM, et al. Current

methods of the US Preventive Services Task Force: a review of the process. Am J Prev Med.
2001;20:21-35. [PMID: 11306229]
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APPENDIX FIGURE 1
KEY QUESTION 1: STAGES OF ARTICLE REVIEW

Identified by initial literature review
390 articles

Excluded at title stage

v

342 articles

Abstract reviewed
48 articles

Excluded at abstract stage

42 articles

v

Complete article reviewed
6 articles

Excluded at complete article

v

3 articles

v

Articles meeting inclusion criteria
3 articles
Ilic et al., 2006
Labrie et al., 2004
Sandblom et al., 2004
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Reasons for exclusion (number of studies excluded):

Reason Description

Not a Study (6) Narrative review, editorial, comment, or case report
Not Screening (318) Study did not address screening

Study Design (1) Not an RCT, meta-analysis, or systematic review

Not Condition (3) Not a study on prostate cancer

No Outcomes (59) Contains no information on health outcomes of interest
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APPENDIX FIGURE 2
KEY QUESTION 2: STAGES OF ARTICLE REVIEW

Identified by initial literature review
421 articles

Excluded at title stage

v

296 articles

Abstract reviewed
125 articles

Excluded at abstract stage

v

Complete article reviewed
31 articles

94 articles

Excluded at complete article

v

27 articles

|

v

Articles meeting inclusion criteria
4 articles (3 studies)
Brindle et al., 2006

Note: Includes 4 systematic review
articles scanned for new studies; 2
additional studies were identified at
this point. Both articles were
completely reviewed and found not to
meet the inclusion criteria.

Katz et al., 2007
McNaughton et al., 2004 and Fowler
et al., 2006
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Reasons for exclusion (number of studies excluded):

Reason

Not a Study (47)

Not Screening (197)

Not Harm (91)

Harm of Treatment (52)
Study Design (9)

Not Condition (15)
High-Risk Population (6)

Description

Narrative review, editorial, comment, or case report
Did not address screening

Did not report harm outcomes

Not on harm of screening

Qualitative study, modeling study, or literature review
Not on prostate cancer

Not generalizable to general primary care population
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APPENDIX FIGURE 3
KEY QUESTION 3: STAGES OF ARTICLE REVIEW

Abstracts identified by literature review
91 articles

Excluded at abstract stage

60 articles

v

Complete article reviewed
31 articles

Excluded at complete article

v

28 articles

v

Articles meeting inclusion criteria and at
least fair quality
3 articles

Reasons for exclusion (number of studies excluded):

Reason (Number) Description

Not a Study (25) Narrative review, editorial, comment, or case report
No Outcomes (27) Did not report health outcomes.

Active Treatment (10) All subjects received some form of active treatment.
Study Design (7) An excluded study design, or a design not capable of

answering this key question (eg, does not report T1c cancer
outcomes separately)

Not Condition (16) Not on prostate cancer
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Duplicate Study (1) No new information additional to that in a previous
publication

Quality (2) Rated as poor quality by both reviewers
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