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The Great Prostate Mistake
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EACH year some 30 million American men undergo testing for prostate-specific antigen, an
enzyme made by the prostate. Approved by the Food and Drug Administration in 1994, the P.S.A.
test is the most commonly used tool for detecting prostate cancer.

André da Loba

The test’s popularity has led to a hugely expensive public health disaster. It’s an issue I am painfully
familiar with — I discovered P.S.A. in 1970. As Congress searches for ways to cut costs in our
health care system, a significant savings could come from changing the way the antigen is used to
screen for prostate cancer.

Americans spend an enormous amount testing for prostate cancer. The annual bill for P.S.A.
screening is at least $3 billion, with much of it paid for by Medicare and the Veterans
Administration.

Prostate cancer may get a lot of press, but consider the numbers: American men have a 16 percent
lifetime chance of receiving a diagnosis of prostate cancer, but only a 3 percent chance of dying
from it. That’s because the majority of prostate cancers grow slowly. In other words, men lucky
enough to reach old age are much more likely to die with prostate cancer than to die of it.

Even then, the test is hardly more effective than a coin toss. As I’ve been trying to make clear for
many years now, P.S.A. testing can’t detect prostate cancer and, more important, it can’t distinguish
between the two types of prostate cancer — the one that will kill you and the one that won’t.

Instead, the test simply reveals how much of the prostate antigen a man has in his blood. Infections,
over-the-counter drugs like ibuprofen, and benign swelling of the prostate can all elevate a man’s
P.S.A. levels, but none of these factors signals cancer. Men with low readings might still harbor
dangerous cancers, while those with high readings might be completely healthy.

In approving the procedure, the Food and Drug Administration relied heavily on a study that
showed testing could detect 3.8 percent of prostate cancers, which was a better rate than the
standard method, a digital rectal exam.

Still, 3.8 percent is a small number. Nevertheless, especially in the early days of screening, men
with a reading over four nanograms per milliliter were sent for painful prostate biopsies. If the
biopsy showed any signs of cancer, the patient was almost always pushed into surgery, intensive
radiation or other damaging treatments.



The medical community is slowly turning against P.S.A. screening. Last year, The New England
Journal of Medicine published results from the two largest studies of the screening procedure, one
in Europe and one in the United States. The results from the American study show that over a
period of 7 to 10 years, screening did not reduce the death rate in men 55 and over.

The European study showed a small decline in death rates, but also found that 48 men would need
to be treated to save one life. That’s 47 men who, in all likelihood, can no longer function sexually
or stay out of the bathroom for long.

Numerous early screening proponents, including Thomas Stamey, a well-known Stanford
University urologist, have come out against routine testing; last month, the American Cancer
Society urged more caution in using the test. The American College of Preventive Medicine also
concluded that there was insufficient evidence to recommend routine screening.

So why is it still used? Because drug companies continue peddling the tests and advocacy groups
push “prostate cancer awareness” by encouraging men to get screened. Shamefully, the American
Urological Association still recommends screening, while the National Cancer Institute is vague on
the issue, stating that the evidence is unclear.

The federal panel empowered to evaluate cancer screening tests, the Preventive Services Task
Force, recently recommended against P.S.A. screening for men aged 75 or older. But the group has
still not made a recommendation either way for younger men.

Prostate-specific antigen testing does have a place. After treatment for prostate cancer, for instance,
a rapidly rising score indicates a return of the disease. And men with a family history of prostate
cancer should probably get tested regularly. If their score starts skyrocketing, it could mean cancer.

But these uses are limited. Testing should absolutely not be deployed to screen the entire population
of men over the age of 50, the outcome pushed by those who stand to profit.

I never dreamed that my discovery four decades ago would lead to such a profit-driven public
health disaster. The medical community must confront reality and stop the inappropriate use of
P.S.A. screening. Doing so would save billions of dollars and rescue millions of men from
unnecessary, debilitating treatments.

Richard J. Ablin is a research professor of immunobiology and pathology at the University of
Arizona College of Medicine and the president of the Robert Benjamin Ablin Foundation for
Cancer Research.
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screening (38,343 subjects) or usual care as the control (38,350 subjects). Men in the
screening group were offered annual PSA testing for 6 years and digital rectal examination
for 4 years. The subjects and health care providers received the results and decided on the
type of follow-up evaluation. Usual care sometimes included screening, as some
organizations have recommended. The numbers of all cancers and deaths and causes of
death were ascertained.

Results In the screening group, rates of compliance were 85% for PSA testing and 86% for
digital rectal examination. Rates of screening in the control group increased from 40% in
the first year to 52% in the sixth year for PSA testing and ranged from 41 to 46% for digital
rectal examination. After 7 years of follow-up, the incidence of prostate cancer per 10,000
person-years was 116 (2820 cancers) in the screening group and 95 (2322 cancers) in the
control group (rate ratio, 1.22; 95% confidence interval [Cl], 1.16 to 1.29). The incidence of
death per 10,000 person-years was 2.0 (50 deaths) in the screening group and 1.7 (44
deaths) in the control group (rate ratio, 1.13; 95% CI, 0.75 to 1.70). The data at 10 years
were 67% complete and consistent with these overall findings.

Conclusions After 7 to 10 years of follow-up, the rate of death from prostate cancer was
very low and did not differ significantly between the two study groups. (ClinicalTrials.gov
number, NCT00002540 [ClinicalTrials.gov] .)

The benefit of screening for prostate cancer with serum prostate-specific—antigen (PSA) testing,
digital rectal examination, or any other screening test is unknown. There has been no
comprehensive assessment of the trade-offs between benefits and risks. Despite these uncertainties,
PSA screening has been adopted by many patients and physicians in the United States and other
countries. The use of PSA testing as a screening tool has increased dramatically in the United States
since 1988.1 Numerous observational studies have reported conflicting findings regarding the
benefit of screening.2 As a result, the screening recommendations of various organizations differ.
The American Urological Association and the American Cancer Society recommend offering annual
PSA testing and digital rectal examination beginning at the age of 50 years to men with a normal
risk of prostate cancer and beginning at an earlier age to men at high risk.>4 The National
Comprehensive Cancer Network recommends a risk-based screening algorithm, including family
history, race, and age.> In contrast, the U.S. Preventive Services Task Force recently concluded that
there was insufficient evidence in men under the age of 75 years to assess the balance between
benefits and side effects associated with screening, and the panel recommended against screening

men over the age of 75 years.é

Evidence from randomized trials would be of great assistance in making decisions about whether to
pursue prostate-cancer screening. One randomized trial of PSA-based screening reported a benefit,
but the results have been generally discounted because of serious methodologic concerns, including
a lack of intention-to-screen analysis.Z Two ongoing randomized, controlled trials of prostate-cancer
screening are being conducted to determine the effect of screening on prostate-cancer mortality: the
Prostate, Lung, Colorectal, and Ovarian (PLCO) Cancer Screening Trial in the United States and the
European Randomized Study of Screening for Prostate Cancer (ERSPC).§’2 In the United Kingdom,
another ongoing trial, the Comparison Arm for the PROTECT (Prostate Testing for Cancer and
Treatment) study (CAP), combines the assessment of screening and treatment. 1
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The prostate component of the PLCO trial was designed to determine the effect of annual PSA
testing and digital rectal examination on mortality from prostate cancer.!! Previous reports have
described the results of the baseline round and three later rounds of screeningﬁ’ﬁ and the
characteristics of men undergoing biopsyM in the intervention group. This report provides
information on prostate-cancer incidence, staging, and mortality in both study groups during the
first 7 to 10 years of the study.

Methods
Subjects

The design of the PLCO trial has been described previously. From 1993 through 2001, men and
women between the ages of 55 and 74 years were enrolled at 10 study centers across the United
States. Each institution obtained annual approval from its institutional review board to carry out the
study, and all subjects provided written informed consent. Individual randomization was performed
within blocks stratified according to center, age, and sex. The primary exclusion criteria at study
entry were a history of a PLCO cancer, current cancer treatment, and, starting in 1995, having had
more than one PSA blood test in the previous 3 years.

Screening Methods

Subjects who were assigned to the screening group were offered annual PSA testing for 6 years and
annual digital rectal examination for 4 years. PSA tests were analyzed with the Tandem-R PSA
assay until January 1, 2004, and with the Access Hybritech PSA after that date (both assays were
manufactured by Beckman Coulter). All tests were performed at a single laboratory. As was
standard in the United States at the time of the trial's initiation, a serum PSA level of more than 4.0
ng per milliliter was considered to be positive for prostate cancer. Digital rectal examinations were
performed by physicians, qualified nurses, or physician assistants. The results of the examinations
were deemed to be suspicious for cancer if there was nodularity or induration of the prostate or if
the examiner judged the prostate to be suspicious for cancer on the basis of other criteria, including
asymmetry. At study entry, subjects completed a baseline questionnaire that inquired about
demographic characteristics and medical and screening histories. In addition, a biorepository for the
collection and storage of blood and tissue samples was an integral component of the trial. 12

All men who underwent screening and their health care providers were notified of the PSA value
and the results of the digital rectal examination. Men with positive results for the PSA test or
suspicious findings on the digital rectal examination were advised to seek diagnostic evaluation. In
accordance with standard U.S. practice, diagnostic evaluation was decided by the patients and their
primary physicians. Staff members at the PLCO study centers obtained medical records related to
diagnostic follow-up of positive screening results, and medical-record abstractors recorded
information on relevant diagnostic procedures.

The rate of compliance with screening was calculated as the number of subjects who were screened
divided by the number of those who were expected to be screened. Screening outside the trial
protocol in the control group was assessed through random surveys. The reasons for and frequency
of use of various procedures, including the screening tests under evaluation in the trial, were queried
every 1 to 2 years. In each survey, a new random sample of 1% of subjects was chosen. Two groups
were identified from responses on the baseline questionnaire: those who had undergone repeated
prostate screening in the 3 years before trial entry and those who had not. For the latter, the
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proportion who reported having had a PSA test as part of a routine physical examination in the
previous year was computed; those who had had repeated PSA screenings, who comprised 9.8% of
the control group, did not receive the annual surveys during the PLCO study years of screening, and
screening was assumed to persist at 100% each year. A weighted average of these two percentages
was calculated to provide an estimated overall "contamination" rate for subjects in the control group
who underwent screening.

Primary and Secondary End Points

Cause-specific mortality for each of the PLCO cancers was the primary end point. In addition, data
on PLCO cancer incidence, staging, and survival were collected and monitored as secondary end
points. All diagnosed cancers, both PLCO and non-PLCO, and all deaths occurring during the trial
were ascertained, primarily by means of a mailed annual questionnaire, which asked about the type
of cancer and the date of diagnosis in the previous year. Subjects who did not return the
questionnaire were contacted by repeat mailing or telephone.

This active follow-up was supplemented by periodic linkage to the National Death Index to enhance
completeness of end-point ascertainment. Clinical stage was determined with the use of the tumor—
node—metastasis staging system and categorized according to the fifth edition of the 4JCC

116 Death certificates were obtained

[American Joint Committee on Cancer| Cancer Staging Manua
to confirm the death and to provisionally determine the underlying cause. Since the true underlying
cause may not always be evident or accurately recorded on the death certificate, the trial used a
special end-point adjudication process to assign the cause of death in a uniform and unbiased
mannerL All deaths from causes that were potentially related to one of the PLCO cancers were
reviewed, including any cause of death in which the subject had a PLCO cancer or a possible
metastasis from a PLCO cancer and all deaths of unknown or uncertain cause. Reviewers of these

deaths were unaware of study-group assignments for deceased subjects.

Statistical Analysis

The primary analysis was an intention-to-screen comparison of prostate-cancer mortality between
the two study groups. Event rates were defined as the ratio of the number of events (cancer
diagnoses or deaths) in a given time period to the person-years at risk for the event. Person-years
were measured from randomization to the date of diagnosis, death, or data censoring (whichever
came first) for incidence rates and to the date of death or censoring (whichever came first) for death
rates. Confidence intervals for rate ratios for incidence and mortality were calculated with the use of
asymptotic methods, assuming a normal distribution for the logarithm of the ratio and a Poisson
distribution for the number of events.1®

From the initiation of the trial, an independent data and safety monitoring board considered reports
every 6 months and reviewed the accumulating data. In November 2008, the board unanimously
recommended that the current results on prostate-cancer mortality be reported, after notification of
study investigators and subjects, on the basis of data showing a continuing lack of a significant
difference in the death rate between the two study groups at 10 years (with complete follow-up at 7
years) and information suggesting harm from screening. This recommendation was not the result of
crossing a statistical futility boundary but, rather, was triggered by concern that men and their
physicians were making decisions on screening on the basis of inadequate information, that the data
available from the trial were complete up to 7 years and consistent up to at least 10 years, and that
public health considerations dictated that the available results should be made known. However, the
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monitoring board also supported follow-up of the subjects until all of them had reached at least 13
years of follow-up.

Results
Subjects

The baseline characteristics of the subjects were virtually identical in the two study groups (Table
1). At 7 years, vital status was known for 98% of the men in the two groups (see the Supplementary

Appendix, available with the full text of this article at NEJM.org). At 10 years, vital status was
known for 67% of the subjects, although 23% had not been enrolled for 10 years. The median
duration of follow-up was 11.5 years (range, 7.2 to 14.8) in the two groups.

View this table: Table 1. Characteristics of the Subjects at Baseline.
[in this window]
[in a new window]
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Compliance with the screening protocol overall was 85% for PSA testing and 86% for digital rectal
examination. These findings are similar to the design estimates of 90% for each test. Screening
results for the first four rounds were reported previously.12 In the control group, the rate of PSA
testing was 40% in the first year and increased to 52% in the sixth year; for subjects who reported
having undergone no more than one PSA test at baseline (89% of subjects), the rate of PSA testing
was 33% in the first year and 46% in the sixth year. The rate of screening by digital rectal
examination in the control group ranged from 41 to 46%.

Figure 1A shows the accumulation of cases of prostate cancer in the two study groups. At 7 years, 2
years after the cessation of screening, prostate cancer had been diagnosed in more subjects in the
screening group (2820) than in the control group (2322) (rate ratio, 1.22; 95% confidence interval
[CI], 1.16 to 1.29). At 10 years, with follow-up complete for 67% of subjects, the excess in the
screening group persisted, with 3452 subjects versus 2974 subjects (rate ratio, 1.17; 95% CI, 1.11 to
1.22).

Figure 1. Number of Diagnoses of All Prostate Cancers (Panel A) and
Number of Prostate-Cancer Deaths (Panel B).

View larger version
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[in this window]
[in a new window]
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Table 2 shows the characteristics of subjects with prostate cancer in each group, according to the
circumstances of detection, through 10 years of follow-up. The large majority of prostate cancers
were stage II at diagnosis, regardless of the mode of detection in the screening group; nearly all
were adenocarcinomas, and more than 50% had a Gleason score of 5 to 6 (on a scale from 2 to 10,
with higher scores indicating more aggressive disease). Overall, the numbers of subjects with
advanced (stage III or IV) tumors were similar in the two groups, with 122 in the screening group
and 135 in the control group, though the number of subjects with a Gleason score of 8 to 10 was
higher in the control group (341 subjects) than in the screening group (289 subjects).

View this  Table 2. Tumor Stage, Histopathological Type, and Gleason Score for All Prostate
table: Cancers at 10 Years, According to Method of Detection and Time of Diagnosis.
in this
window
in a new
window

Get PowerPoint
Slide

The treatment distributions were similar in the two groups within each tumor stage. For example,
among subjects with stage Il tumors, as their primary treatment, 44% of the screening group and
40% of the control group underwent prostatectomy, 22% of the screening group and 21% of the
control group underwent irradiation alone, and 18% and 21%, respectively, underwent irradiation
and hormonal therapy. Among subjects with stage III tumors, 24% of the screening group and 16%
of the control group underwent irradiation alone, and 47% and 52%, respectively, underwent
irradiation plus hormone therapy. Among subjects with stage [V tumors, 75% of the screening group
and 72% of the control group received hormone therapy only. Overall, nearly 11% of the subjects in
the screening group and 10% of those in the control group did not undergo any known treatment.

Mortality
At 7 years, there were 50 deaths attributed to prostate cancer in the screening group and 44 in the

control group (rate ratio, 1.13; 95% CI, 0.75 to 1.70) (Figure 1B and Table 3). Through year 10,
with follow-up complete for 67% of the subjects, the numbers of prostate-cancer deaths were 92 in

the screening group and 82 in the control group (rate ratio, 1.11; 95% CI, 0.83 to 1.50). At 10 years,
the median follow-up time for subjects with prostate cancer was 6.3 years in the screening group
and 5.2 years in the control group.

View this table: Table 3. Death Rates from Prostate Cancer per 10,000 Person-Years at 10
[in this window] Years.
[in a new window]

Get PowerPaint
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There was little difference between the two groups in terms of the proportion of deaths according to
tumor stage. In the screening group, 60% of the subjects had stage I or II tumors, 2% had stage 111
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tumors, and 36% had stage [V tumors; in the control group, 52% of the subjects had stage I or II
tumors, 4% had stage III tumors, and 39% had stage IV tumors.

Analyses within strata according to the screening status at baseline showed no indication of any
reduction in prostate-cancer mortality in the screening group, as compared with the control group, in
any of the subgroups. Thus, at 7 years, among the 34,755 men in the screening group and 34,590 in
the control group who reported having undergone no more than one PSA test at baseline, there were
48 prostate-cancer deaths in the screening group and 41 deaths in the control group (rate ratio, 1.16;
95% CI, 0.76 to 1.76); at 10 years, there were 83 deaths in the screening group and 75 in the control
group (rate ratio, 1.09; 95% CI, 0.80 to 1.50). Similarly, among 3588 men in the screening group
and 3760 men in the control group who reported having had two or more PSA tests in the previous 3
years at baseline, there were two deaths in the screening group and three deaths in the control group
at 7 years (rate ratio, 0.70; 95% CI, 0.12 to 4.17) and nine deaths in the screening group and seven
in the control group at 10 years (rate ratio, 1.34; 95% CI, 0.50 to 3.59).

At 7 years, the total numbers of deaths (excluding those from prostate, lung, or colorectal cancers)
were 2544 in the screening group and 2596 in the control group (rate ratio, 0.98; 95% CI, 0.92 to
1.03); at 10 years, the numbers of such deaths were 3953 and 4058, respectively (rate ratio, 0.97;
95% CI, 0.93 to 1.01). The distribution of the causes of death was similar in the two groups (Table
4).

View this table: Table 4. Causes of Death at 10-Year Follow-up.
[in this window]
[in a new window]
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Screening-Related Risks

Risks incurred from a screening process can result from the screening itself or from downstream
diagnostic or treatment interventions. In the screening group, the complications associated with
screening were mild and infrequent. Digital rectal examination led to very few episodes of bleeding
or pain, at a rate of 0.3 per 10,000 screenings. The PSA test led to complications at a rate of 26.2 per
10,000 screenings (primarily dizziness, bruising, and hematoma) and included three episodes of
fainting per 10,000 screenings. Medical complications from the diagnostic process occurred in 68 of
10,000 diagnostic evaluations after positive results on screening. These complications were
primarily infection, bleeding, clot formation, and urinary difficulties. Treatment-related
complications, which are generally more serious, include infection, incontinence, impotence, and
other disorders. Such complications are now being catalogued in a quality-of-life study and are
particularly pertinent in cases of overdiagnosis.

Discussion

We are reporting here for the first time on the PLCO trial with respect to prostate-cancer mortality.
At 7 years, screening was associated with a relative increase of 22% in the rate of prostate-cancer
diagnosis, as compared with the control group. This increase occurred even though the rate of
compliance in screening (85%) was slightly below the level we anticipated in the study design
(90%) and there was more-than-expected screening in the control group.
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Screening was associated with no reduction in prostate-cancer mortality during the first 7 years of
the trial (rate ratio, 1.13), with similar results through 10 years, at which time 67% of the data were
complete. However, the confidence intervals around these estimates are wide. The results at 7 years
were consistent with a reduction in mortality of up to 25% or an increase in mortality of up to 70%;
at 10 years, those rates were 17% and 50%, respectively. There was little difference between the two
study groups in the number of deaths from other causes. However, among men with prostate cancer
at 10 years, 312 in the screening group and 225 in the control group died from causes other than
prostate cancer, and the excess in the screening group was possibly associated with overdiagnosis of
prostate cancer.

There are several possible explanations for the lack of a reduction in mortality so far in this trial.
First, annual screening with the PSA test using the standard U.S. threshold of 4 ng per milliliter and
digital rectal examination to trigger diagnostic evaluation may not be effective. In the ERSPC trial,
a PSA cutoff level of 3 ng per milliliter was used, with potentially increased sensitivity but reduced
specificity. In our trial, a lower cutoff level might have resulted in the diagnosis of more prostate
cancers earlier by screening. It has been shown that cancers that are detected by PSA screening at a
level of less than 4 ng per milliliter have a favorable prognosis.2 Since increased detection of more
of such good-prognosis tumors might have increased the rate of overdiagnosis, such a change
probably would have had little or no effect on the rate of death from prostate cancer.

Second, the level of screening in the control group could have been substantial enough to dilute any
modest effect of annual screening in the screening group. Although the estimated rate of screening
in the control group was higher than the original design estimate of 20%, it was similar to the 38%
level anticipated in the protocol revision in 1998.1 To be included in our definition of "PSA
contamination," a subject in the control group needed to have had a PSA test within the past year as
part of a routine physical examination. It was thought that such a situation would most closely
represent the experience of PSA screening among compliant men in the screening group. However,
this definition could be overly restrictive, since PSA testing that occurred outside these measures
could still have had an effect on prostate-cancer incidence and mortality in the control group.
Nonetheless, in the early years of the study, the level of testing in the screening group was
substantially higher than that in the control group, and although the difference lessened later, testing
levels remained distinctly higher in the screening group. The screening that occurred in the control
group was not enough to eliminate the expected effects of annual screening — such as earlier
diagnosis and a persistent excess of cases, largely due to overdiagnosis — in the screening group.

Third, approximately 44% of the men in each study group had undergone one or more PSA tests at
baseline, which would have eliminated some cancers detectable on screening from the randomized
population, especially in health-conscious men (who tend to be screened more often, a form of
selection bias); thus, the cumulative death rate from prostate cancer at 10 years in the two groups
combined was 25% lower in those who had undergone two or more PSA tests at baseline than in
those who had not been tested.

Fourth, and potentially most important, improvement in therapy for prostate cancer during the
course of the trial probably resulted in fewer prostate-cancer deaths in the two study groups, which
blunted any potential benefits of screening. 1222 It is important to note that our policy of not
mandating specific therapies after cancer detection on screening resulted in substantial similarities

in treatment according to tumor stage between the two study groups.
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Finally, the follow-up may not yet be long enough for benefit from the earlier detection of an
increased number of prostate cancers in the screening group to emerge. Data are accruing on the
natural history of screen-detected prostate cancer. Thus, a report from the Rotterdam component of
the ERSPC trial suggests a lead time of 12.3 years at the age of 55 years and 6 years at the age of 75
years, with estimated overdiagnosis rates of 27% and 56%, respectively.2l Wider application of
improvements in prostate-cancer treatment is probably at least in part responsible for declining
death rates from prostate cancer in most countries.22 For example, if a patient's life is prolonged by
the use of hormone therapy, the opportunities for competing causes of death increase, especially
among older men. Computations of lead time provide little information on prognosis, except to the
extent that patients with long lead times are likely to have a better prognosis than those with short
lead times. In our study, the average lead time achieved by increased early diagnosis through
screening was approximately 2 years (Figure 1A). At 7 years, 73% of prostate cancers had been
screen-detected in the screening group. In addition, the possibly emerging reduction in the incidence
of tumors with a Gleason score of 8 to 10 in the screening group might portend a future reduction in
mortality.

However, we now know that prostate-cancer screening provided no reduction in death rates at 7
years and that no indication of a benefit appeared with 67% of the subjects having completed 10
years of follow-up. Thus, our results support the validity of the recent recommendations of the U.S.
Preventive Services Task Force, especially against screening all men over the age of 75 years.®

23,24 123,26,27,28,29,30,31

Risks incurred by screening, diagnosis, and resulting treatmen of prostate
cancer are both substantial and well documented in the literature. To the extent that overdiagnosis
occurs with prostate-cancer screening, many of these risks occur in men in whom prostate cancer
would not have been detected in their lifetime had it not been for screening. The effect of screening
on quality of life is a subject of an ongoing substudy and should be completed within the next
several years. Follow-up in the PLCO trial is planned to continue until all subjects reach at least 13

years. A final report will be presented once the planned duration of follow-up is completed.
Supported by contracts from the National Cancer Institute.

Dr. Andriole reports receiving consulting and lecture fees from GlaxoSmithKline and grant support from Aeterna
Zentaris, Antigenics, Ferring Pharmaceuticals, and Veridex; Dr. Crawford, being chair of the Prostate Conditions
Education Council and receiving lecture fees from GlaxoSmithKline and AstraZeneca; Dr. Grubb, receiving research
support from GlaxoSmithKline; Dr. Gelmann, receiving lecture fees from Momenta Pharmaceuticals and Daiichi
Sankyo and having an equity interest in Genentech and GlaxoSmithKline; and Dr. Kvale, receiving grant support from
Roche. No other potential conflict of interest relevant to this article was reported.

We thank the study subjects for their contributions in making this study possible.

* Members of the Prostate, Lung, Colorectal, and Ovarian (PLCO) Cancer Screening Trial project team are listed in the
Supplementary Appendix, available with the full text of this article at NEJM.org.

Source Information

The authors' affiliations are listed in the Appendix.

This article (10.1056/NEJMo0a0810696) was published at NEJM.org on March 18, 2009.

Address reprint requests to Dr. Berg at the Division of Cancer Prevention, National Cancer Institute, National Institutes
of Health, 6130 Executive Blvd., Rm. 3112, Bethesda, MD 20892-7346, or at bergc@mail.nih.gov.

References


mailto:bergc@mail.nih.gov
http://content.nejm.org/cgi/content/full/NEJMoa0810696/DC1
http://content.nejm.org/cgi/content/full/NEJMoa0810696#R31
http://content.nejm.org/cgi/content/full/NEJMoa0810696#R30
http://content.nejm.org/cgi/content/full/NEJMoa0810696#R29
http://content.nejm.org/cgi/content/full/NEJMoa0810696#R28
http://content.nejm.org/cgi/content/full/NEJMoa0810696#R27
http://content.nejm.org/cgi/content/full/NEJMoa0810696#R26
http://content.nejm.org/cgi/content/full/NEJMoa0810696#R25
http://content.nejm.org/cgi/content/full/NEJMoa0810696#R24
http://content.nejm.org/cgi/content/full/NEJMoa0810696#R23
http://content.nejm.org/cgi/content/full/NEJMoa0810696#R6
http://content.nejm.org/cgi/content/full/NEJMoa0810696#F1
http://content.nejm.org/cgi/content/full/NEJMoa0810696#R22
http://content.nejm.org/cgi/content/full/NEJMoa0810696#R21

1. Potosky AL, Miller BA, Albertsen PC, Kramer BS. The role of increasing detection in the
rising incidence of prostate cancer. JAMA 1995;273:548-552. [Free Full Text]

2. 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. [Free Full Text]

3. American Urological Association (AUA). Prostate-specific antigen (PSA) best practice
policy. Oncology (Williston Park) 2000;14:267-72, 277. [Medline]

4. American Cancer Society guidelines for the early detection of cancer. (Accessed March 6,
2009, at
http://www.cancer.org/docroot/ped/content/ped 2 3x acs cancer_detection guidelines 36.
asp.)

5. Kawachi MH, Bahnson RR, Barry M, et al. National Comprehensive Cancer Network
clinical practice guidelines in oncology: prostate cancer early detection (v.2.2007).
(Accessed March 6, 2009, at
http://www.nccen.org/professionals/physician_gls/PDF/prostate detection.pdf.)

6. Screening for prostate cancer: U. S. Preventive Services Task Force recommendation
statement. Ann Intern Med 2008;149:185-191. [Free Full Text]

7. Labrie F, Candas B, Cusan L, et al. Screening decreases prostate cancer mortality: 11-year
follow-up of the 1988 Quebec prospective randomized controlled trial. Prostate
2004;59:311-318. [CrossRef][Web of Science][Medline]

8. Gohagan JK, Prorok PC, Hayes RB, Kramer BS. The Prostate, Lung, Colorectal and
Ovarian (PLCO) Cancer Screening Trial of the National Cancer Institute: history,
organization, and status. Control Clin Trials 2000;21:Suppl:251S-272S. [CrossRef][Web of
Science][Medline]

9. Schroder FH, Hugosson J, Roobol MJ, et al. Screening and prostate-cancer mortality in a
randomized European study. N Engl J Med 2009;360:1320-1328. [Free Full Text]

10.Martin RM, Donovan JL, Hamdy FC, et al. Evaluating population-based screening for
localized prostate cancer in the United Kingdom: the CAP (Comparison Arm for ProtecT)
study. London: Cancer Research UK/Department of Health (C18281/A8145). (Accessed
March 6, 2009, at http://ije.oxfordjournals.org/cgi/content/full/dyl305v1.)

11.Prorok PC, Andriole GL, Bresalier RS, et al. Design of the Prostate, Lung, Colorectal and
Ovarian (PLCO) Cancer Screening Trial. Control Clin Trials 2000;21:Suppl:273S-
309S. [CrossRef][Web of Science][Medline]

12.Andriole GL, Levin DL, Crawford ED, et al. Prostate cancer screening in the Prostate,
Lung, Colorectal, and Ovarian (PLCO) Cancer Screening Trial: findings from the initial
screening round of a randomized trial. J Natl Cancer Inst 2005;97:433-438. [Free Full Text]

13.Grubb RL III, Pinsky PF, Greenlee RT, et al. Prostate cancer screening in the Prostate, Lung,
Colorectal, and Ovarian Cancer Screening Trial: update on findings from the initial four
rounds of screening in a randomized trial. BJU Int 2008;102:1524-1530. [CrossRef][Web of
Science][Medline]

14.Pinsky PF, Andriole GL, Kramer BS, Hayes RB, Prorok PC, Gohagan JK. Prostate biopsy
following a positive screen in the Prostate, Lung, Colorectal, and Ovarian Cancer Screening
Trial. J Urol 2005;173:746-750. [CrossRef][Web of Science][Medline]

15.Hayes RB, Reding D, Kopp W, et al. Etiologic and early marker studies in the Prostate,
Lung, Colorectal and Ovarian (PLCO) Cancer Screening Trial. Control Clin Trials
2000;21:Suppl:349S-355S. [CrossRef][Web of Science][Medline]

16.Fleming ID, Cooper JS, Henson DE, et al., eds. AJCC cancer staging manual. 5th ed.
Philadelphia: Lippincott-Raven, 1997.

17.Miller AB, Yurgalevitch S, Weissfield JL. Death review process in the Prostate, Lung,
Colorectal and Ovarian (PLCO) Cancer Screening Trial. Control Clin Trials
2000;21:Suppl:400S-406S. [CrossRef][Web of Science][Medline]

18.Ahlbom A. Biostatistics for epidemiologists. Boca Raton, FL: CRC Press, 1993.



http://content.nejm.org/cgi/external_ref?access_num=11189691&link_type=MED
http://content.nejm.org/cgi/external_ref?access_num=000165987600010&link_type=ISI
http://content.nejm.org/cgi/external_ref?access_num=10.1016%2FS0197-2456(00)00095-7&link_type=DOI
http://content.nejm.org/cgi/external_ref?access_num=11189687&link_type=MED
http://content.nejm.org/cgi/external_ref?access_num=000165987600006&link_type=ISI
http://content.nejm.org/cgi/external_ref?access_num=10.1016%2FS0197-2456(00)00101-X&link_type=DOI
http://content.nejm.org/cgi/external_ref?access_num=15711261&link_type=MED
http://content.nejm.org/cgi/external_ref?access_num=000227075500018&link_type=ISI
http://content.nejm.org/cgi/external_ref?access_num=10.1097%2F01.ju.0000152697.25708.71&link_type=DOI
http://content.nejm.org/cgi/external_ref?access_num=19035857&link_type=MED
http://content.nejm.org/cgi/external_ref?access_num=000261135300009&link_type=ISI
http://content.nejm.org/cgi/external_ref?access_num=000261135300009&link_type=ISI
http://content.nejm.org/cgi/external_ref?access_num=10.1111%2Fj.1464-410X.2008.08214.x&link_type=DOI
http://content.nejm.org/cgi/ijlink?linkType=ABST&journalCode=jnci&resid=97/6/433
http://content.nejm.org/cgi/external_ref?access_num=11189684&link_type=MED
http://content.nejm.org/cgi/external_ref?access_num=000165987600003&link_type=ISI
http://content.nejm.org/cgi/external_ref?access_num=10.1016%2FS0197-2456(00)00098-2&link_type=DOI
http://ije.oxfordjournals.org/cgi/content/full/dyl305v1
http://content.nejm.org/cgi/ijlink?linkType=ABST&journalCode=nejm&resid=360/13/1320
http://content.nejm.org/cgi/external_ref?access_num=11189683&link_type=MED
http://content.nejm.org/cgi/external_ref?access_num=000165987600002&link_type=ISI
http://content.nejm.org/cgi/external_ref?access_num=000165987600002&link_type=ISI
http://content.nejm.org/cgi/external_ref?access_num=10.1016%2FS0197-2456(00)00097-0&link_type=DOI
http://content.nejm.org/cgi/external_ref?access_num=15042607&link_type=MED
http://content.nejm.org/cgi/external_ref?access_num=000220910600011&link_type=ISI
http://content.nejm.org/cgi/external_ref?access_num=10.1002%2Fpros.20017&link_type=DOI
http://content.nejm.org/cgi/ijlink?linkType=ABST&journalCode=annintmed&resid=149/3/185
http://www.nccn.org/professionals/physician_gls/PDF/prostate_detection.pdf
http://www.cancer.org/docroot/ped/content/ped_2_3x_acs_cancer_detection_guidelines_36.asp
http://www.cancer.org/docroot/ped/content/ped_2_3x_acs_cancer_detection_guidelines_36.asp
http://content.nejm.org/cgi/external_ref?access_num=10736812&link_type=MED
http://content.nejm.org/cgi/ijlink?linkType=ABST&journalCode=annintmed&resid=149/3/192
http://content.nejm.org/cgi/ijlink?linkType=ABST&journalCode=jama&resid=273/7/548

19.Albertsen PC, Hanley JA, Fine J. 20-Year outcomes following conservative management of
clinically localized prostate cancer. JAMA 2005;293:2095-2101. [Free Full Text]

20.Bill-Axelson A, Holmberg L, Ruutu M, et al. Radical prostatectomy versus watchful waiting
in early prostate cancer. N Engl J Med 2005;352:1977-1984. [Free Full Text]

21.Draisma G, Boer R, Otto SJ, et al. Lead times and overdetection due to prostate-specific
antigen screening: estimates from the European Randomized Study of Screening for Prostate
Cancer. J Natl Cancer Inst 2003;95:868-878. [Free Full Text]

22.Etzioni R, Feuer E. Studies of prostate cancer mortality: caution advised. Lancet Oncol
2008;9:407-409. [CrossRef][Web of Science][Medline]

23.Aus G, Ahlgren G, Bergdahl S, Hugosson J. Infection after transrectal core biopsies of the
prostate -- risk factors and antibiotic prophylaxis. Br J Urol 1996;77:851-855. [Web of
Science][Medline]

24 Rietbergen JB, Kruger AE, Kranse R, Schroder F. Complications of transrectal ultrasound-
guided systematic sextant biopsies of the prostate: evaluation of complication rates and risk
factors within a population-based screening program. Urology 1997;49:875-880. [CrossRef]
[Web of Science][Medline]

25.Yao SL, Lu-Yao G. Population-based study of relationships between hospital volume of
prostatectomies, patient outcomes, and length of hospital stay. J Natl Cancer Inst
1999;91:1950-1956. [Free Full Text]

26.Alibhai SMH, Leach M, Tomlinson G, et al. 30-Day mortality and major complications after
radical prostatectomy: influence of age and comorbidity. J Natl Cancer Inst 2005;97:1525-
1532. [Erratum, J Natl Cancer Inst 2007;99:1648.] [Free Full Text]

27.Potosky AL, Davis WW, Hoffman RM, et al. Five-year outcomes after prostatectomy or
radiotherapy for prostate cancer: the Prostate Cancer Outcomes Study. J Natl Cancer Inst
2004;96:1358-1367. [Free Full Text]

28.Lim AJ, Brandon AH, Fiedler J, et al. Quality of life: radical prostatectomy versus radiation
therapy for prostate cancer. J Urol 1995;154:1420-1425. [CrossRef][Web of Science]
[Medline]

29.Hamilton AS, Stanford JL, Gilliland FD, et al. Health outcomes after external-beam
radiation therapy for clinically localized prostate cancer: results from the Prostate Cancer
Outcomes Study. J Clin Oncol 2001;19:2517-2526. [Free Full Text]

30.Fowler FJ Jr, McNaughton Collins M, Walker Corkery E, Elliott DB, Barry MJ. The impact
of androgen deprivation on quality of life after radical prostatectomy for prostate carcinoma.
Cancer 2002;95:287-295. [CrossRef][Web of Science][Medline]

31.Tsai HK, D'Amico AV, Sadetsky N, Chen MH, Carroll PR. Androgen deprivation therapy for
localized prostate cancer and the risk of cardiovascular mortality. J Natl Cancer Inst
2007;99:1516-1524. [Free Full Text]

Appendix

The authors' affiliations are as follows: the Washington University School of Medicine, St. Louis
(G.L.A., R.L.G.); Huntsman Cancer Institute, Salt Lake City (S.S.B.); UCLA Immunogenetics
Center, Los Angeles (D.C.); University of Minnesota, Minneapolis (T.R.C.); University of Alabama
at Birmingham School of Medicine, Birmingham (M.N.F.); Lombardi Cancer Center, Georgetown
University, Washington, DC (E.P.G.); Henry Ford Health System, Detroit (P.A.K.); Marshfield
Clinic Research Foundation, Marshfield, WI (D.J.R.); University of Pittsburgh Medical Center
Cancer Pavilion, Pittsburgh (J.L.W.); Pacific Health Research Institute, Honolulu (L.A.Y.);
Anschutz Cancer Pavilion, University of Colorado, Denver (E.D.C.); Westat, Rockville, MD (B.O.);
Information Management Services, Rockville, MD (J.D.C., J.JM.R., T.L.R.); National Cancer
Institute (R.B.H., G.I., PE.P., P.C.P,, ].LK.G., C.D.B.) and the Office of Disease Prevention (B.S.K.),
National Institutes of Health, Bethesda, MD; and the Dalla Lana School of Public Health,


http://content.nejm.org/cgi/ijlink?linkType=ABST&journalCode=jnci&resid=99/20/1516
http://content.nejm.org/cgi/external_ref?access_num=12124828&link_type=MED
http://content.nejm.org/cgi/external_ref?access_num=000176928100013&link_type=ISI
http://content.nejm.org/cgi/external_ref?access_num=10.1002%2Fcncr.10656&link_type=DOI
http://content.nejm.org/cgi/ijlink?linkType=ABST&journalCode=jco&resid=19/9/2517
http://content.nejm.org/cgi/external_ref?access_num=7658548&link_type=MED
http://content.nejm.org/cgi/external_ref?access_num=A1995RU47200044&link_type=ISI
http://content.nejm.org/cgi/external_ref?access_num=A1995RU47200044&link_type=ISI
http://content.nejm.org/cgi/external_ref?access_num=10.1016%2FS0022-5347(01)66881-2&link_type=DOI
http://content.nejm.org/cgi/ijlink?linkType=ABST&journalCode=jnci&resid=96/18/1358
http://content.nejm.org/cgi/ijlink?linkType=ABST&journalCode=jnci&resid=97/20/1525
http://content.nejm.org/cgi/ijlink?linkType=ABST&journalCode=jnci&resid=91/22/1950
http://content.nejm.org/cgi/external_ref?access_num=9187694&link_type=MED
http://content.nejm.org/cgi/external_ref?access_num=A1997XC72100013&link_type=ISI
http://content.nejm.org/cgi/external_ref?access_num=10.1016%2FS0090-4295(97)00100-3&link_type=DOI
http://content.nejm.org/cgi/external_ref?access_num=10.1016%2FS0090-4295(97)00100-3&link_type=DOI
http://content.nejm.org/cgi/external_ref?access_num=8705220&link_type=MED
http://content.nejm.org/cgi/external_ref?access_num=A1996UP44100014&link_type=ISI
http://content.nejm.org/cgi/external_ref?access_num=A1996UP44100014&link_type=ISI
http://content.nejm.org/cgi/external_ref?access_num=18452850&link_type=MED
http://content.nejm.org/cgi/external_ref?access_num=000255819100005&link_type=ISI
http://content.nejm.org/cgi/external_ref?access_num=10.1016%2FS1470-2045(08)70112-8&link_type=DOI
http://content.nejm.org/cgi/ijlink?linkType=ABST&journalCode=jnci&resid=95/12/868
http://content.nejm.org/cgi/ijlink?linkType=ABST&journalCode=nejm&resid=352/19/1977
http://content.nejm.org/cgi/ijlink?linkType=ABST&journalCode=jama&resid=293/17/2095

University of Toronto, Toronto (A.B.M.).

The following persons are either current or former members of the data and safety monitoring
board: Current Members: J.E. Buring (chair), Brigham and Women's Hospital; D. Alberts, Arizona
Cancer Center; H.B. Carter, Johns Hopkins School of Medicine; G. Chodak, Midwest Prostate and
Urology Health Center; E. Hawk, M.D. Anderson Cancer Center; H. Malm, Loyola University; R.J.
Mayer, Dana—Farber Cancer Institute; S. Piantadosi, Cedars—Sinai Medical Center; G.A. Silvestri,
Medical University of South Carolina; .M. Thompson, University of Texas Health Sciences Center
at San Antonio; C.L. Westhoff, Columbia University. Former Members: J.P. Kahn, Medical
College of Wisconsin; B. Levin, M.D. Anderson Cancer Center; D. DeMets, University of
Wisconsin; J.R. O'Fallon, Mayo Clinic; A.T. Porter, Harper Hospital; M.M. Ashton, Edina, MN;
W.C. Black, Dartmouth—Hitchcock Medical Center.

The following persons are either current or former members of the end-point verification team:
Current Members: P.C. Albertsen (chair), University of Connecticut Health Center; J.H.
Edmonson, Rochester, MN; W. Lawrence, Medical College of Virginia; R. Fontana, Rochester, MN;
A. Rajput, Roswell Park Cancer Institute. Former Members: A.B. Miller, University of Toronto;
M. Eisenberger, Sidney Kimmel Comprehensive Cancer Center at Johns Hopkins; I. Jatoi, National
Naval Medical Center; E. Glatstein, University of Pennsylvania Medical Center; H.G. Welch,
Dartmouth Medical School.

This article has been cited by other THIS ARTICLE
articles: > Abstract
* Wever, E. M., Draisma, G., Heijnsdijk, E. A. M., Roobol, M. : %’:\ Eull Text
J., Boer, R., Otto, S. J., de Koning, H. J. (2010). Prostate- . mlide Set
Specific Antigen Screening in the United States vs in the .
European Randomized Study of Screening for Prostate - Supplementary Material
Cancer-Rotterdam. JNCI J Natl Cancer Inst 102: 352-355
[Abstract] [Full Text] COMMENTARY
* Albertsen, P. C. (2010). Efficacy vs Effectiveness in Prostate- Editorial
Specific Antigen Screening. JNCI J Natl Cancer Inst 102:
288-289 [Full Text] by Barry. M.

* Brawley, O. W., Gansler, T. (2010). Introducing the 2010
American Cancer Society Prostate Cancer Screening
Guideline. CA Cancer J Clin 0: caac.20067v1-NA [Full Text

TOOLS & SERVICES

* Wolf, A. M. D., Wender, R. C., Etzioni, R. B., Thompson, L.
M., D'Amico, A. V., Volk, R. J., Brooks, D. D., Dash, C.,
Guessous, 1., Andrews, K., DeSantis, C., Smith, R. A. (2010).
American Cancer Society Guideline for the Early Detection
of Prostate Cancer: Update 2010. CA Cancer J Clin 0:
caac.20066v1-NA [Abstract] [Full Text]

* Smith, R. A., Cokkinides, V., Brooks, D., Saslow, D.,
Brawley, O. W. (2010). Cancer Screening in the United
States, 2010: A Review of Current American Cancer Society
Guidelines and Issues in Cancer Screening. CA Cancer J * PubMed Citation
Clin 60: 99-119 [Abstract] [Full Text]

* Xu,J., Zheng, S. L., Isaacs, S. D., Wiley, K. E., Wiklund, F.,

Add to Personal Archive

Add to Citation Manager
Notify a Friend

E-mail When Cited
E-mail When Letters
Appear

L . . B J

MORE INFORMATION



http://caonline.amcancersoc.org/cgi/content/full/60/2/99
http://caonline.amcancersoc.org/cgi/content/abstract/60/2/99
http://caonline.amcancersoc.org/cgi/content/full/caac.20066v1
http://caonline.amcancersoc.org/cgi/content/abstract/caac.20066v1
http://caonline.amcancersoc.org/cgi/content/full/caac.20067v1
http://jnci.oxfordjournals.org/cgi/content/full/102/5/288
http://jnci.oxfordjournals.org/cgi/content/full/102/5/352
http://jnci.oxfordjournals.org/cgi/content/abstract/102/5/352
http://content.nejm.org/cgi/external_ref?access_num=19297565&link_type=PUBMED
http://content.nejm.org/cgi/external_ref?link_type=letters_mms&doi=10.1056%2FNEJMoa0810696
http://content.nejm.org/cgi/external_ref?link_type=letters_mms&doi=10.1056%2FNEJMoa0810696
http://content.nejm.org/cgi/alerts/ctalert?alertType=citedby&addAlert=cited_by&saveAlert=no&cited_by_criteria_resid=nejm;360/13/1310&return_type=article&return_url=%2Fcgi%2Fcontent%2Ffull%2FNEJMoa0810696
http://content.nejm.org/cgi/mailafriend?url=http://content.nejm.org/cgi/content/short/360/13/1310&title=Mortality+Results+from+a+Randomized+Prostate-Cancer+Screening+Trial
http://content.nejm.org/cgi/citmgr?gca=nejm;360/13/1310
http://content.nejm.org/cgi/folders?action=addtofolder&wherefrom=JOURNALS&wrapped_id=nejm;360/13/1310
http://content.nejm.org/cgi/content/short/NEJMe0901166v1
http://content.nejm.org/cgi/content/short/NEJMe0901166v1
http://content.nejm.org/cgi/content/short/NEJMe0901166v1
http://content.nejm.org/cgi/content/full/NEJMoa0810696/DC1
http://content.nejm.org/cgi/slideshow/360/13/1310
http://content.nejm.org/cgi/external_ref?link_type=pda_mms&doi=10.1056%2FNEJMoa0810696
http://content.nejm.org/cgi/reprint/360/13/1310.pdf
http://content.nejm.org/cgi/content/abstract/360/13/1310

Sun, J., Kader, A. K., Li, G., Purcell, L. D., Kim, S.-T., Hsu, F.-C., Stattin, P., Hugosson, J.,
Adolfsson, J., Walsh, P. C., Trent, J. M., Duggan, D., Carpten, J., Gronberg, H., Isaacs, W. B.
(2010). Inherited genetic variant predisposes to aggressive but not indolent prostate cancer.
Proc. Natl. Acad. Sci. USA 107: 2136-2140 [Abstract] [Full Text]

Mohler, J., Bahnson, R. R., Boston, B., Busby, J. E., D'Amico, A., Eastham, J. A., Enke, C.
A., George, D., Horwitz, E. M., Huben, R. P., Kantoff, P., Kawachi, M., Kuettel, M., Lange,
P. H., MacVicar, G., Plimack, E. R., Pow-Sang, J. M., Roach, M. III, Rohren, E., Roth, B. J.,
Shrieve, D. C., Smith, M. R., Srinivas, S., Twardowski, P., Walsh, P. C. (2010). Prostate
Cancer. J Natl Compr Canc Netw 8: 162-200 [Abstract] [Full Text]

Kawachi, M. H., Bahnson, R. R., Barry, M., Busby, J. E., Carroll, P. R., Carter, H. B.,
Catalona, W. J., Cookson, M. S., Epstein, J. L., Etzioni, R. B., Giri, V. N., Hemstreet, G. P.
III, Howe, R. J., Lange, P. H., Lilja, H., Loughlin, K. R., Mohler, J., Moul, J., Nadler, R. B.,
Patterson, S. G., Presti, J. C., Stroup, A. M., Wake, R., Wei, J. T. (2010). Prostate Cancer
Early Detection. J Natl Compr Canc Netw 8: 240-262 [Abstract] [Full Text]

Catalona, W. J., Loeb, S. (2010). Prostate Cancer Screening and Determining the
Appropriate Prostate-Specific Antigen Cutoff Values. J Natl Compr Canc Netw 8§: 265-270
[Abstract] [Full Text]

Snow, D. C., Klein, E. A. (2010). Use of Nomograms for Early Detection in Prostate Cancer.
J Natl Compr Canc Netw 8: 271-276 [Abstract] [Full Text]

Khan, A. P., Poisson, L. M., Bhat, V. B., Fermin, D., Zhao, R., Kalyana-Sundaram, S.,
Michailidis, G., Nesvizhskii, A. 1., Omenn, G. S., Chinnaiyan, A. M., Sreekumar, A. (2010).
Quantitative Proteomic Profiling of Prostate Cancer Reveals a Role for miR-128 in Prostate
Cancer. Mol. Cell. Proteomics 9: 298-312 [Abstract] [Full Text]

Wu, C.-L., Jordan, K. W,, Ratai, E. M., Sheng, J., Adkins, C. B., DeFeo, E. M., Jenkins, B.
G., Ying, L., McDougal, W. S., Cheng, L. L. (2010). Metabolomic Imaging for Human
Prostate Cancer Detection. Sci Transl Med 2: 16ra8-16ra8 [Abstract] [Full Text]

Chung, C. C., Magalhaes, W. C. S., Gonzalez-Bosquet, J., Chanock, S. J. (2010). Genome-
wide association studies in cancer--current and future directions. Carcinogenesis 31: 111-
120 [Abstract] [Full Text]

Kohli, M., Tindall, D. J. (2010). New Developments in the Medical Management of Prostate
Cancer. Mayo Clin Proc. 85: 77-86 [Abstract] [Full Text]

Petrelli, N. J., Winer, E. P., Brahmer, J., Dubey, S., Smith, S., Thomas, C., Vahdat, L. T.,
Obel, J., Vogelzang, N., Markman, M., Sweetenham, J. W., Pfister, D., Kris, M. G.,
Schuchter, L. M., Sawaya, R., Raghavan, D., Ganz, P. A., Kramer, B. (2009). Clinical
Cancer Advances 2009: Major Research Advances in Cancer Treatment, Prevention, and
Screening--A Report From the American Society of Clinical Oncology. JCO 27: 6052-6069
[Abstract] [Full Text]

Brandt, A., Bermejo, J. L., Sundquist, J., Hemminki, K. (2009). Age at Diagnosis and Age at
Death in Familial Prostate Cancer. The Oncologist 14: 1209-1217 [Abstract] [Full Text]

La Vecchia, C., Bosetti, C., Lucchini, F., Bertuccio, P., Negri, E., Boyle, P., Levi, F. (2009).
Cancer mortality in Europe, 2000-2004, and an overview of trends since 1975. Ann Oncol 0:
mdp530v1-mdp530 [Abstract] [Full Text]

Thaxton, C. S., Elghanian, R., Thomas, A. D., Stoeva, S. 1., Lee, J.-S., Smith, N. D.,
Schaefter, A. J., Klocker, H., Horninger, W., Bartsch, G., Mirkin, C. A. (2009). From the
Cover: Nanoparticle-based bio-barcode assay redefines "undetectable" PSA and biochemical
recurrence after radical prostatectomy. Proc. Natl. Acad. Sci. USA 106: 18437-18442
[Abstract] [Full Text]

Howard, D. H. (2009). Comparative Effectiveness Research and Cancer Screening in the
United States and Europe. Med Decis Making 29: NP12-NP13

Lin, G. A., Aaronson, D. S., Knight, S. J., Carroll, P. R., Dudley, R. A. (2009). Patient
Decision Aids for Prostate Cancer Treatment: A Systematic Review of the Literature. CA



http://www.pnas.org/cgi/content/full/106/44/18437
http://www.pnas.org/cgi/content/abstract/106/44/18437
http://annonc.oxfordjournals.org/cgi/content/full/mdp530v1
http://annonc.oxfordjournals.org/cgi/content/abstract/mdp530v1
http://theoncologist.alphamedpress.org/cgi/content/full/14/12/1209
http://theoncologist.alphamedpress.org/cgi/content/abstract/14/12/1209
http://jco.ascopubs.org/cgi/content/full/27/35/6052
http://jco.ascopubs.org/cgi/content/abstract/27/35/6052
http://www.mayoclinicproceedings.com/cgi/content/full/85/1/77
http://www.mayoclinicproceedings.com/cgi/content/abstract/85/1/77
http://carcin.oxfordjournals.org/cgi/content/full/31/1/111
http://carcin.oxfordjournals.org/cgi/content/abstract/31/1/111
http://stm.sciencemag.org/cgi/content/full/2/16/16ra8
http://stm.sciencemag.org/cgi/content/abstract/2/16/16ra8
http://www.mcponline.org/cgi/content/full/9/2/298
http://www.mcponline.org/cgi/content/abstract/9/2/298
http://beta.jnccn.org/cgi/content/full/8/2/271
http://beta.jnccn.org/cgi/content/abstract/8/2/271
http://beta.jnccn.org/cgi/content/full/8/2/265
http://beta.jnccn.org/cgi/content/abstract/8/2/265
http://beta.jnccn.org/cgi/content/full/8/2/240
http://beta.jnccn.org/cgi/content/abstract/8/2/240
http://beta.jnccn.org/cgi/content/full/8/2/162
http://beta.jnccn.org/cgi/content/abstract/8/2/162
http://www.pnas.org/cgi/content/full/107/5/2136
http://www.pnas.org/cgi/content/abstract/107/5/2136

Cancer J Clin 59: 379-390 [Abstract] [Full Text]

Ahmed, H. U. (2009). The Index Lesion and the Origin of Prostate Cancer. NEJM 361:
1704-1706 [Full Text]

Esserman, L., Shieh, Y., Thompson, 1. (2009). Rethinking Screening for Breast Cancer and
Prostate Cancer. JAMA 302: 1685-1692 [Abstract] [Full Text]

Zietman, A. (2009). Evidence-Based Medicine, Conscience-Based Medicine, and the
Management of Low-Risk Prostate Cancer. JCO 27: 4935-4936 [Full Text]

Rogers, C. S. (2009). Prostate Cancer Screening and Surveillance. JAMA 302: 1529-1529
[Full Text]

Welch, H. G., Albertsen, P. C. (2009). Prostate Cancer Diagnosis and Treatment After the
Introduction of Prostate-Specific Antigen Screening: 1986-2005. JNCI J Natl Cancer Inst
101: 1325-1329 [Abstract] [Full Text]

Brawley, O. W. (2009). Prostate Cancer Screening; Is This a Teachable Moment?. JNCI J
Natl Cancer Inst 101: 1295-1297 [Full Text]

Marshall, J. R. (2009). Keeping Our Eye on the Ball: The American Society of Preventive
Oncology in 2009. Cancer Epidemiol. Biomarkers Prev. 18: 2796-2802 [Full Text]
Pignone, M. (2009). Weighing the Benefits and Downsides of Prostate-Specific Antigen
Screening. Arch Intern Med 169: 1554-1556 [Full Text

Woolf, S. H., Krist, A. (2009). Shared Decision Making for Prostate Cancer Screening: Do
Patients or Clinicians Have a Choice?. Arch Intern Med 169: 1557-1559 [Full Text]
Howard, K., Barratt, A., Mann, G. J., Patel, M. L. (2009). A Model of Prostate-Specific
Antigen Screening Outcomes for Low- to High-Risk Men: Information to Support Informed
Choices. Arch Intern Med 169: 1603-1610 [Abstract] [Full Text]

Hoffman, R. M., Couper, M. P., Zikmund-Fisher, B. J., Levin, C. A., McNaughton-Collins,
M., Helitzer, D. L., VanHoewyk, J., Barry, M. J. (2009). Prostate Cancer Screening
Decisions: Results From the National Survey of Medical Decisions (DECISIONS Study).
Arch Intern Med 169: 1611-1618 [Abstract] [Full Text]

Holmstrom, B., Johansson, M., Bergh, A., Stenman, U.-H., Hallmans, G., Stattin, P. (2009).
Prostate specific antigen for early detection of prostate cancer: longitudinal study. BM.J 339:
b3537-b3537 [Abstract] [Full Text]

Ilic, D., Green, S. (2009). Prostate specific antigen for detecting early prostate cancer. BM.J
339: b3572-b3572 [Full Text

Stark, J. R, Mucci, L., Rothman, K. J, Adami, H.-O. (2009). Screening for prostate cancer
remains controversial. BMJ 339: b3601-b3601 [Full Text]

Schlaberg, R., Choe, D. J., Brown, K. R., Thaker, H. M., Singh, I. R. (2009). XMRYV is
present in malignant prostatic epithelium and is associated with prostate cancer, especially
high-grade tumors. Proc. Natl. Acad. Sci. USA 106: 16351-16356 [Abstract] [Full Text]
Sturgeon, C M, Lai, L C, Duffy, M J (2009). Serum tumour markers: how to order and
interpret them. BMJ 339: b3527-b3527 [Full Text]

Delbanco, T., Albertsen, P. C. (2009). A 72-Year-Old Man With Localized Prostate Cancer--
14 Years Later. JAMA 302: 1105-1106 [Full Text]

Gigerenzer, G., Mata, J., Frank, R. (2009). Public Knowledge of Benefits of Breast and
Prostate Cancer Screening in Europe. JNCI J Natl Cancer Inst 101: 1216-1220 [Abstract]
[Full Text

Woloshin, S., Schwartz, L. M. (2009). Numbers Needed to Decide. JNCI J Natl Cancer Inst
101: 1163-1165 [Full Text

Law, M. (2009). What now on screening for prostate cancer?. J Med Screen 16: 109-111
[Full Text

Nelson, W. G., De Marzo, A. M., Yegnasubramanian, S. (2009). Epigenetic Alterations in
Human Prostate Cancers. Endocrinology 150: 3991-4002 [Abstract] [Full Text]



http://endo.endojournals.org/cgi/content/full/150/9/3991
http://endo.endojournals.org/cgi/content/abstract/150/9/3991
http://jms.rsmjournals.com/cgi/content/full/16/3/109
http://jnci.oxfordjournals.org/cgi/content/full/101/17/1163
http://jnci.oxfordjournals.org/cgi/content/full/101/17/1216
http://jnci.oxfordjournals.org/cgi/content/abstract/101/17/1216
http://jama.ama-assn.org/cgi/content/full/302/10/1105
http://www.bmj.com/cgi/content/full/339/sep22_1/b3527
http://www.pnas.org/cgi/content/full/106/38/16351
http://www.pnas.org/cgi/content/abstract/106/38/16351
http://www.bmj.com/cgi/content/full/339/sep24_1/b3601
http://www.bmj.com/cgi/content/full/339/sep24_1/b3572
http://www.bmj.com/cgi/content/full/339/sep24_1/b3537
http://www.bmj.com/cgi/content/abstract/339/sep24_1/b3537
http://archinte.ama-assn.org/cgi/content/full/169/17/1611
http://archinte.ama-assn.org/cgi/content/abstract/169/17/1611
http://archinte.ama-assn.org/cgi/content/full/169/17/1603
http://archinte.ama-assn.org/cgi/content/abstract/169/17/1603
http://archinte.ama-assn.org/cgi/content/full/169/17/1557
http://archinte.ama-assn.org/cgi/content/full/169/17/1554
http://cebp.aacrjournals.org/cgi/content/full/18/10/2796
http://jnci.oxfordjournals.org/cgi/content/full/101/19/1295
http://jnci.oxfordjournals.org/cgi/content/full/101/19/1325
http://jnci.oxfordjournals.org/cgi/content/abstract/101/19/1325
http://jama.ama-assn.org/cgi/content/full/302/14/1529
http://jco.ascopubs.org/cgi/content/full/27/30/4935
http://jama.ama-assn.org/cgi/content/full/302/15/1685
http://jama.ama-assn.org/cgi/content/abstract/302/15/1685
http://content.nejm.org/cgi/content/full/361/17/1704
http://caonline.amcancersoc.org/cgi/content/full/59/6/379
http://caonline.amcancersoc.org/cgi/content/abstract/59/6/379

Hillier, S. M., Maresca, K. P., Femia, F. J., Marquis, J. C., Foss, C. A., Nguyen, N.,
Zimmerman, C. N., Barrett, J. A., Eckelman, W. C., Pomper, M. G., Joyal, J. L., Babich, J.
W. (2009). Preclinical Evaluation of Novel Glutamate-Urea-Lysine Analogues That Target
Prostate-Specific Membrane Antigen as Molecular Imaging Pharmaceuticals for Prostate
Cancer. Cancer Res. 69: 6932-6940 [Abstract] [Full Text]

Jain, A., McKnight, D. A., Fisher, L. W., Humphreys, E. B., Mangold, L. A., Partin, A. W,
Fedarko, N. S. (2009). Small Integrin-Binding Proteins as Serum Markers for Prostate
Cancer Detection. Clin. Cancer Res. 15: 5199-5207 [Abstract] [Full Text]

KLEIN, E. A. (2009). What's new in prostate cancer screening and prevention?. Cleveland
Clinic Journal of Medicine 76: 439-445 [Abstract] [Full Text]

GILLIGAN, T. (2009). The new data on prostate cancer screening: What should we do
now?. Cleveland Clinic Journal of Medicine 76: 446-448 [Full Text]

Bretthauer, M. (2009). The Capsule and Colorectal-Cancer Screening -- The Crux of the
Matter. NEJM 361: 300-301 [Full Text]

Kramer, B. S., Hagerty, K. L., Somerfield, M. R., Schellhammer, P. (2009). Reply to P.C.
Walsh. JCO 27: e23-e23 [Full Text

Catalona, W. J., Preston, S. H., Cooperberg, M. R., Carroll, P. R., Ojha, R. P, Thertulien, R.,
Fischbach, L. A., Izmirlian, G., Dubben, H.-H., Andriole, G. L., Miller, A. B., Berg, C. D.,
the PLCO Project Team, , Schroder, F. H., Roobol, M., Moss, S., the ERSPC Investigators,
(2009). Prostate-cancer screening.. NEJM 361: 202-203 [Full Text]

Boyle, P., Brawley, O. W. (2009). Prostate Cancer: Current Evidence Weighs Against
Population Screening. C4A Cancer J Clin 59: 220-224 [Full Text]

Brawley, O. W., Ankerst, D. P., Thompson, I. M. (2009). Screening for Prostate Cancer. CA
Cancer J Clin 59: 264-273 [ Abstract] [Full Text]

Pavlou, M., Diamandis, E. P. (2009). The Search for New Prostate Cancer Biomarkers
Continues. Clin. Chem. 55: 1277-1279 [Full Text]

Goodwin, P. J., Sridhar, S. S. (2009). Health-Related Quality of Life in Cancer Patients--
More Answers but Many Questions Remain. JNCI J Natl Cancer Inst 101: 838-839 [Full
Text]

Pashayan, N., Pharoah, P., Neal, D. E, Hamdy, F., Donovan, J., Martin, R. M, Greenberg, D.,
Duffy, S. W (2009). Stage shift in PSA-detected prostate cancers - effect modification by
Gleason score. J Med Screen 16: 98-101 [Abstract] [Full Text]

Sanda, M. G., Kaplan, I. D. (2009). A 64-Year-Old Man With Low-Risk Prostate Cancer:
Review of Prostate Cancer Treatment. JAMA 301: 2141-2151 [Abstract] [Full Text]

Gann, P. H. (2009). Antioxidant Supplementation and Cancer Prevention--Reply. JAMA 301:
1879-1879 [Full Text]

Gelmann, E. P, Henshall, S. M. (2009). Clinically Relevant Prognostic Markers for Prostate
Cancer: The Search Goes On. ANN INTERN MED 150: 647-649 [Full Text]

Barry, M. J. (2009). Screening for Prostate Cancer -- The Controversy That Refuses to Die.
NEJM 360: 1351-1354 [Full Text

(2009). All you need to read in the other general journals. BMJ 338: b1181-b1181 [Full Text]

(2009). PSA Screening: Initial Reports from Two Randomized Trials. JWatch General 2009:
1-1 [Full Text]


http://general-medicine.jwatch.org/cgi/content/full/2009/318/1
http://www.bmj.com/cgi/content/full/338/mar25_1/b1181
http://content.nejm.org/cgi/content/full/360/13/1351
http://www.annals.org/cgi/content/full/150/9/647
http://jama.ama-assn.org/cgi/content/full/301/18/1879
http://jama.ama-assn.org/cgi/content/full/301/20/2141
http://jama.ama-assn.org/cgi/content/abstract/301/20/2141
http://jms.rsmjournals.com/cgi/content/full/16/2/98
http://jms.rsmjournals.com/cgi/content/abstract/16/2/98
http://jnci.oxfordjournals.org/cgi/content/full/101/12/838
http://jnci.oxfordjournals.org/cgi/content/full/101/12/838
http://www.clinchem.org/cgi/content/full/55/7/1277
http://caonline.amcancersoc.org/cgi/content/full/59/4/264
http://caonline.amcancersoc.org/cgi/content/abstract/59/4/264
http://caonline.amcancersoc.org/cgi/content/full/59/4/220
http://content.nejm.org/cgi/content/full/361/2/202
http://jco.ascopubs.org/cgi/content/full/27/20/e23
http://content.nejm.org/cgi/content/full/361/3/300
http://www.ccjm.org/cgi/content/full/76/8/446
http://www.ccjm.org/cgi/content/full/76/8/439
http://www.ccjm.org/cgi/content/abstract/76/8/439
http://clincancerres.aacrjournals.org/cgi/content/full/15/16/5199
http://clincancerres.aacrjournals.org/cgi/content/abstract/15/16/5199
http://cancerres.aacrjournals.org/cgi/content/full/69/17/6932
http://cancerres.aacrjournals.org/cgi/content/abstract/69/17/6932

THE EUROPEAN STUDY

o The NEW ENGLAND

2 JOURNALof MEDICINE

FREE NEJM E-TOC HOME | SUBSCRIBE | CURRENT ISSUE ‘ PAST

ISSUES | COLLECTIONS | SearchTerm‘ ‘

Search

Advanced

Sign in | Get NEJM's E-Mail Table of Contents — Free | Subscribe

ORIGINAL ARTICLE

+ Previous
Volume 360:1320-1328 March 26. 2009 Number 13

Z
@
b
| —+

Screening and Prostate-Cancer Mortality in a

Randomized European Study
Fritz H. Schroder, M.D., Jonas Hugosson, M.D., Monique J. Roobol, Ph.D., Teuvo
L.J. Tammela, M.D., Stefano Ciatto, M.D., Vera Nelen, M.D., Maciej Kwiatkowski,
M.D., Marcos Lujan, M.D., Hans Lilja, M.D., Marco Zappa, Ph.D., Louis J. Denis,
M.D., Franz Recker, M.D., Antonio Berenguer, M.D., Liisa
Mdttdnen, Ph.D., Chris H. Bangma, M.D., Gunnar Aus, Ll

M.D., Arnauld Villers, M.D., Xavier Rebillard, M.D., > Abstract
Theodorus van der Kwast, M.D., Bert G. Blijenberg, =~ * EDE
Ph.D., Sue M. Moss, Ph.D., Harry J. de Koning, M.D., "~ PDAFull Text
Anssi Auvinen, M.D., for the ERSPC Investigators > BowerPoint Slide Set
» CME Exam
>

Editor's note: Do the benefits of PSA Supplementary Material

screening outweigh the risks? Watch
video of a roundtable discussion,

COMMENTARY
participate in a poll, and contribute your

comments in our Clinical Directions o Editorial
feature — Screening for Prostate Cancer. by Barry, M.
Commenting closes April 1, 2009. J.

ABSTRACT

Background The European Randomized Study of Screening
for Prostate Cancer was initiated in the early 1990s to
evaluate the effect of screening with prostate-specific—antigen
(PSA) testing on death rates from prostate cancer.

Methods We identified 182,000 men between the ages of 50 E-mail When Cited
and 74 years through registries in seven European countries E-mail When Letters
for inclusion in our study. The men were randomly assigned to ~ Appear

a group that was offered PSA screening at an average of once

TOOLS & SERVICES

Add to Personal Archive

Add to Citation Manager
Notify a Friend

L . . B J

MORE INFORMATION

* PubMed Citation



http://content.nejm.org/cgi/content/full/NEJMoa0810084
http://www.nejm.org/perspective-roundtable/screening-for-prostate-cancer/
http://content.nejm.org/cgi/external_ref?access_num=19297566&link_type=PUBMED
http://content.nejm.org/cgi/external_ref?link_type=letters_mms&doi=10.1056%2FNEJMoa0810084
http://content.nejm.org/cgi/external_ref?link_type=letters_mms&doi=10.1056%2FNEJMoa0810084
http://content.nejm.org/cgi/alerts/ctalert?alertType=citedby&addAlert=cited_by&saveAlert=no&cited_by_criteria_resid=nejm;360/13/1320&return_type=article&return_url=%2Fcgi%2Fcontent%2Ffull%2FNEJMoa0810084
http://content.nejm.org/cgi/mailafriend?url=http://content.nejm.org/cgi/content/short/360/13/1320&title=Screening+and+Prostate-Cancer+Mortality+in+a+Randomized+European+Study
http://content.nejm.org/cgi/citmgr?gca=nejm;360/13/1320
http://content.nejm.org/cgi/folders?action=addtofolder&wherefrom=JOURNALS&wrapped_id=nejm;360/13/1320
http://content.nejm.org/cgi/content/short/NEJMe0901166v1
http://content.nejm.org/cgi/content/short/NEJMe0901166v1
http://content.nejm.org/cgi/content/short/NEJMe0901166v1
http://content.nejm.org/cgi/content/full/NEJMoa0810084/DC1
http://cme.nejm.org/cgi/cme/nejmcme_course;NJ200903263601328?promo=ONFLNC09
http://content.nejm.org/cgi/slideshow/360/13/1320
http://content.nejm.org/cgi/external_ref?link_type=pda_mms&doi=10.1056%2FNEJMoa0810084
http://content.nejm.org/cgi/reprint/360/13/1320.pdf
http://content.nejm.org/cgi/content/abstract/360/13/1320
http://content.nejm.org/cgi/content/short/360/13/1329?query=nextarrow
http://content.nejm.org/content/vol360/issue13/index.dtl
http://content.nejm.org/cgi/content/short/360/13/1310?query=prevarrow
https://secure.nejm.org/ecom/subscribe/sub_home.aspx?promo=ONFLN21A
https://secure.nejm.org/ecom/register/reg_homeonepage.aspx?promo=ONFLNR63&cpc=REGONJEJ0607
http://content.nejm.org/cgi/login?uri=/
http://www.nejm.org/search/advanced-search.html
http://www.nejm.org/search/advanced-search.html
http://content.nejm.org/collections/
http://content.nejm.org/archive/
http://content.nejm.org/archive/
http://content.nejm.org/current.dtl
https://secure.nejm.org/ecom/subscribe/sub_home.aspx?promo=ONFLNS1A
http://content.nejm.org/
https://secure.nejm.org/campaigns/Register/REGONJEJ0607/REGONJEJ0607.aspx?promo=ONFLNR26&cpc=REGONJEJ0607
http://content.nejm.org/
https://secure.nejm.org/campaigns/Register/REGONJEJ0607/REGONJEJ0607.aspx?promo=ONFLNR26&cpc=REGONJEJ0607
http://content.nejm.org/cgi/content/short/360/13/1310?query=prevarrow
http://content.nejm.org/cgi/content/short/360/13/1329?query=nextarrow

every 4 years or to a control group that did not receive such screening. The predefined
core age group for this study included 162,243 men between the ages of 55 and 69 years.
The primary outcome was the rate of death from prostate cancer. Mortality follow-up was
identical for the two study groups and ended on December 31, 2006.

Results In the screening group, 82% of men accepted at least one offer of screening.
During a median follow-up of 9 years, the cumulative incidence of prostate cancer was
8.2% in the screening group and 4.8% in the control group. The rate ratio for death from
prostate cancer in the screening group, as compared with the control group, was 0.80
(95% confidence interval [CI], 0.65 to 0.98; adjusted P=0.04). The absolute risk difference
was 0.71 death per 1000 men. This means that 1410 men would need to be screened and
48 additional cases of prostate cancer would need to be treated to prevent one death from
prostate cancer. The analysis of men who were actually screened during the first round
(excluding subjects with noncompliance) provided a rate ratio for death from prostate
cancer of 0.73 (95% ClI, 0.56 to 0.90).

Conclusions PSA-based screening reduced the rate of death from prostate cancer by 20%
but was associated with a high risk of overdiagnosis. (Current Controlled Trials number,
ISRCTN49127736 [controlled-trials.com] .)

Measurement of serum prostate-specific antigen (PSA), a biomarker for prostate cancer, is useful

for the detection of early prostate cancer.2 Nevertheless, the effect of PSA-based screening on
prostate-cancer mortality remains unclear The European Randomized Study of Screening for
Prostate Cancer (ERSPC) was initiated in the early 1990s to determine whether a reduction of 25%
in prostate-cancer mortality could be achieved by PSA-based screening.‘—‘ Preliminary data from this
study have been published and can be accessed at www.erspc.org. Another randomized screening
trial in the United States, the Prostate, Lung, Colon, and Ovarian (PLCO) Cancer Screening Trial,
was initiated around the same time, and interim results are also reported in this issue of the

Journal 2

Methods
Study Design

We designed the ERSPC as a randomized, multicenter trial of screening for prostate cancer, with the
rate of death from prostate cancer as the primary outcome. An independent data and safety
monitoring committee reviewed the trial, and interim analyses were carried out according to a
monitoring and evaluation plan in which the outcome of the trial was to be presented to the research
group once a statistically significant result corrected for interim analyses was reached.®. The
study's protocol was reviewed by local and governmental ethics committees (for details, see
Supplementary Appendix 4, available with the full text of this article at NEJM.org).

Recruitment and randomization procedures differed among countries and were developed in
accordance with national regulations. In Finland, Sweden, and Italy, the trial subjects were
identified from population registries and underwent randomization before written informed consent
was provided (population-based effectiveness trial). In the Netherlands, Belgium, Switzerland, and
Spain, the target population was also identified from population lists, but when the men were invited
to participate in the trial, only those who provided consent underwent randomization (efficacy trial).
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The results of analyses from two participating countries were not included in this analysis:
investigators in Portugal discontinued their participation in October 2000 because they were unable
to provide the necessary data, and investigators in France decided to participate in 2001, so data
from their analyses were not included because of the short duration of follow-up. Men in whom
prostate cancer had been diagnosed (according to data from questionnaires or registries) were
ineligible. Within each country, men were assigned to either the screening group or the control
group, without the use of blocks of numbers or stratification on the basis of random-number

generators (Figure 1).

Figure 1. Enrollment and Outcomes, According to Age Group at
Randomization.

The predefined core age group for this study included 162,243 men
between the ages of 55 and 69 years.

View larger version
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At all study centers, the core age group included men between the ages of 55 and 69 years at entry.
In addition, in Sweden, study investigators included men between the ages of 50 and 54 years, and
investigators in the Netherlands, Italy, Belgium, and Spain included men up to the age of 74 years at
entry. In Switzerland, men between the ages of 55 and 69 years were included, with screening up to
the age of 75 years. In Finland, men were recruited at the ages of 55, 59, 63, and 67 years and were
screened until the age of 71 years. Screening was discontinued in all other centers when the chosen
upper age limit was reached. The validity of randomization was determined by comparing the age
distributions and the rates of death from any cause in the two study groups.

At centers in all countries except Finland, subjects were randomly assigned in a 1:1 ratio to the
screening group or the control group. In Finland, the size of the screening group was fixed at 32,000
subjects. Because the whole birth cohort underwent randomization, this led to a ratio, for the
screening group to the control group, of approximately 1:1.5.

Each center reported data on recruitment, screening, and mortality twice a year to a central data
center. Several task forces and working groups were responsible for quality assurance, including an
epidemiology committee, a quality-control committee, a pathology committee, and a PSA
committee. The data and safety monitoring committee had oversight of the trial, with a mandate to
stop the trial on demonstrating a significant difference between the groups or adverse effects of
screening. The monitoring committee received reports on the progress of the trial, including
prostate-cancer mortality. Causes of death, which were obtained from registries and individual chart
review, were assigned according to definitions and procedures developed for the trial. A committee
that analyzed causes of death was formed at each center, and an international committee coordinated

the work of these national committees.$2

Screening Tests and Indications for Biopsy
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Total PSA was measured with the use of Hybritech assay systems (Beckman Coulter). From 1994
through 2000, the Tandem E assay was used, and thereafter the Access assay, with the original
Hybritech calibration always applied.m

Most centers used a PSA cutoff value of 3.0 ng per milliliter as an indication for biopsy. In Finland,
a PSA value of 4.0 ng per milliliter or more was defined as positive and the men were referred for
biopsy; those with a value of 3.0 to 3.9 ng per milliliter underwent an ancillary test — digital rectal
examination until 1998 Ed_ calculation of the ratio of the free PSA value to the total PSA value

(with a value of 0.16) starting in 1999 — and were referred for biopsy if the test was

positive. In Italy, a PSA value of 4.0 ng per milliliter or more was defined as positive, but men with
a PSA value of 2.5 to 3.9 ng per milliliter also underwent ancillary tests (digital rectal examination
and transrectal ultrasonography).

In the Dutch and Belgian centers, up to February 1997, a combination of digital rectal examination,
transrectal ultrasonography, and PSA testing (with a cutoff value of 4.0 ng per milliliter) was used
for screening; in 1997, this combination was replaced by PSA testing only. 21112 In Belgium, where
the results of a pilot study (from 1991 to 1994) were included in the final data set up to 1995, a PSA
cutoff value of 10.0 ng per milliliter was used initially. Most centers used sextant biopsies guided by
transrectal ultrasonography. As of June 1996, lateralized sextant biopsies were recommended.!3 In
Italy, transperineal sextant biopsies were used. In Finland, a biopsy procedure with 10 to 12 biopsy

cores was adopted in 2002 as a general policy for the two study groups.

The screening interval at six of the seven centers was 4 years (accounting for 87% of the subjects);
Sweden used a 2-year interval. In Belgium, the interval between the first and second rounds of
screening was 7 years because of an interruption in funding.

Pathological Evaluation

The primary evaluation of specimens from biopsies and radical prostatectomies was performed by
local pathologists. Central review of the pathological analyses was not carried out. However,
standardization of procedures was coordinated and achieved by the work of the international
pathology committee. (For details on the committee and its functions, see Supplementary Appendix
3)

Treatment Policies

The treatment of prostate cancer was performed according to local policies and guidelines. The
equality of distribution of treatments that were applied to the screening group and the control group
has been evaluated, with little indication of differences between the two study groups after

adjustment for disease stage, tumor grade, and age (data not shown).14

Follow-up

Follow-up for mortality analyses began at randomization and ended at death, emigration, or a
uniform censoring date (December 31, 2006), with identical follow-up in the two study groups.
Causes of death were evaluated in a blinded fashion and according to a standard algorithm? or, after
validation, on the basis of official causes of death. The causes were classified by the independent
committees as definite prostate cancer, causes related to screening, probable or possible prostate
cancer, and other intercurrent causes (with or without prostate cancer as a contributory factor).
Decision points that were used for determining the cause of death have been described previously.2-
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For this analysis, we have combined the categories of definite and probable prostate cancer and the
category of causes related to screening.

Other Analyses

Aspects of quality of life were evaluated in several study centers. A complete evaluation of all the
).15 16,17,18,19,20,21

steps of screening was conducted in the Netherlands (data not shown

Statistical Analysis

The statistical analysis was based on the core age group (including men between the ages of 55 and
69 years at randomization) and on the intention-to-screen principle. Overall mortality was studied to
evaluate the correctness of randomization. Poisson regression analysis was used to estimate the ratio
of mortality in the intervention group to mortality in the control group, stratified according to study
center and age group at randomization. The Nelsen—Aalen method was used for the calculation of
cumulative hazard.22 All P values are two-sided. Interim analyses were conducted for follow-up in
2002, 2004, and 2006, with an alpha spending curve with a division of uneven weights.QA
preliminary analysis included men who had actually undergone screening in the first round (with
adjustment for noncompliance). The number that would need to be screened to prevent one death
from prostate cancer was calculated as the inverse of the absolute difference in cumulative mortality
from prostate cancer between the two study groups.

The study had a power of 86% to show a statistically significant difference of 25% or more in
prostate-cancer mortality with a P value of 0.05 among men who underwent screening, on the basis
of follow-up through 2008.2 The sample-size calculation, which was part of the power calculation,
took into account noncompliance in the screening group in each study center and the use of PSA
tests outside the protocol assignment in the control group (termed contamination of the control
group). On the basis of an overall level of compliance of 82% and 20% contamination in the control
group, a 25% reduction in the number of men who underwent screening would be equivalent to a
14% reduction in an intention-to-treat analysis. This assumes that men who were screened and those
who were not screened had the same underlying risk and that screening in the control group was as
effective as that in the screening group.

Results
Subjects

Figure 1 shows trial enrollment, study-group assignments, and follow-up of all subjects and of the
core age group. A total of 162,387 men in the core age group underwent randomization; of these
men, 72,952 were assigned to the screening group and 89,435 to the control group. A total of 62
men in the screening group and 82 men in the control group died between identification and
randomization.

Table 1 summarizes the characteristics of the subjects according to the center and the results of
screening. The mean age at randomization was 60.8 years (range, 59.6 to 63.0), with little variation
among the seven countries. In total, 82.2% of the men in the screening group were screened at least
once. Compliance was higher in study centers that obtained consent before randomization (88 to
100%) than in those in which subjects underwent randomization before providing consent (62 to
68%) (for details concerning all age groups, see Table 1A in Supplementary Appendix 5).

View this table: Table 1. Numbers of Subjects and Results of Screening, According to Study
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During the trial, 126,462 PSA-based tests were performed, an average of 2.1 per subject who
underwent screening. Overall, 16.2% of all tests were positive, with a range of 11.1 to 22.3% among
the centers. The average rate of compliance with biopsy recommendations was 85.8% (range, 65.4
to 90.3). Of the men who underwent biopsy for an elevated PSA value, 13,308 (75.9%) had a false
positive result.

We detected 5990 prostate cancers in the screening group and 4307 in the control group. These
numbers correspond to a cumulative incidence of 8.2% and 4.8%, respectively. The positive
predictive value of a biopsy (the number of cancers detected on screening divided by the number of
biopsies expressed as a percentage) was on average 24.1% (range, 18.6 to 29.6). The cumulative
incidence of local prostate cancer was higher in the screening group than in the control group (for
details about tumor stage, grade distribution, and treatment, see Supplementary Appendixes 6 and
7). For example, the number of men with positive results on a bone scan (or a PSA value of more
than 100 ng per milliliter in those without bone-scan results) was 0.23 per 1000 person-years in the
screening group, as compared with 0.39 per 1000 person-years in the control group, a 41%
reduction in the screening group (P<0.001). The proportions of men who had a Gleason score of 6
or less were 72.2% in the screening group and 54.8% in the control group, and the proportions with
a Gleason score of 7 or more were 27.8% in the screening group and 45.2% in the control group.

Prostate-Cancer Mortality

As of December 31, 2006, with average and median follow-up times of 8.8 and 9.0 years in the
screening and control groups, respectively, there were 214 prostate-cancer deaths in the screening
group and 326 in the control group in the core age group. Deaths that were associated with prostate-
cancer—related interventions were categorized as deaths from prostate cancer. The unadjusted rate
ratio for death from prostate cancer in the screening group was 0.80 (95% confidence interval [CI],
0.67 to 0.95; P=0.01); after adjustment for sequential testing with alpha spending due to two
previous interim analyses (based on Poisson regression analysis), the rate ratio was 0.80 (95% CI,
0.65 to 0.98; P=0.04). The rates of death in the two study groups began to diverge after 7 to 8 years
and continued to diverge further over time (Figure 2). Overall mortality results at 30 days are
summarized in Supplementary Appendix 8.

Figure 2. Cumulative Risk of Death from Prostate Cancer.

: As of December 31, 2006, with an average follow-up time of 8.8 years,
BAELESE there were 214 prostate-cancer deaths in the screening group and 326 in
the control group. Deaths that were associated with interventions were
View larger version categorized as being due to‘prostate cancer. The adjusted rate ratio for

(20K): death from prostate cancer in the screening group was 0.80 (95% CI, 9.65
to 0.98; P=0.04). The Nelsen—Aalen method was used for the calculation
of cumulative hazard.
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In the intention-to-screen analysis, the absolute difference between the screening group and the
control group was 0.71 prostate-cancer death per 1000 men. This means that in order to prevent one
prostate-cancer death, the number of men who would need to be screened would be 1410 (95% CI,
1142 to 1721), with an average of 1.7 screening visits per subject during a 9-year period. The
additional prostate cancers diagnosed by screening resulted in an increase in cumulative incidence
of 34 per 1000 men, as compared with the control group. In other words, 48 additional subjects
(1410+1000x34) would need to be treated to prevent one death from prostate cancer.

In an analysis of men who were actually screened during the first round (which was adjusted for
noncompliance), the rate ratio for prostate-cancer death after 9 years was 0.73 (95% CI, 0.56 to
0.90), which meant that 1068 men would need to be screened and 48 would need to be treated to
prevent one death from prostate cancer. The number of men who would need to be treated (48)
remained unchanged in the per-protocol analysis because the same number of deaths were
prevented and the same number of additional cases were diagnosed in men who actually underwent
screening.

Effect of Age on Mortality

In an exploratory analysis of mortality according to age group, there was no evidence of
heterogeneity among age groups (Table 2). Among men between the ages of 50 and 54 years at
baseline, the number of events was small, with no obvious screening effect.

View this table: Table 2. Death from Prostate Cancer, According to the Age at Randomization.
[in this window]
[in a new window]
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Heterogeneity of Rate Ratios

In an exploratory analysis of heterogeneity according to study center (which was carried out in
accordance with the monitoring planﬁ), the decrease in the rate of death from prostate cancer in the
screening group could not be attributed to any single center, as evidenced by rate ratios ranging
between 0.74 and 0.84 after the exclusion of each center, one at a time. There was no significant
difference in overall mortality (Table 3).

View this  Table 3. Rate Ratios for Death from Any Cause and Death from Prostate Cancer,
table: with Exclusions According to Location of Study Center.
in this
window]
in a new
window]
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Adverse Events

No deaths were reported as a direct complication (e.g., septicemia or bleeding) associated with a
biopsy procedure. Complications associated with screening procedures (including prostate biopsy)

have been reported previously.%’z—5

Discussion

In an intention-to-screen analysis of data from seven European centers, PSA screening was
associated with a significant absolute reduction of 0.71 prostate-cancer death per 1000 men after an
average follow-up of 8.8 years (median, 9.0). This finding corresponds to a relative reduction of
20% in the rate of death from prostate cancer among men between the ages of 55 and 69 years at
study entry, given an average screening interval of 4 years and a compliance rate of 82% of those
who accepted the offer of screening (rate ratio, 0.80; adjusted P=0.04). To prevent one prostate-
cancer death, 1410 men (or 1068 men who actually underwent screening) would have to be
screened, and an additional 48 men would have to be treated. The high number of men who would
need to be treated could be improved by avoiding the diagnosis and treatment of indolent cancers
during screening or by improving treatment in the remaining men with cancer. The number needed
to screen in our study is similar to that in studies of mammographic screening for breast cancer and

fecal occult-blood testing for colorectal cancer.2&21

Our analysis shows that the results were generally similar in all participating study centers
considered individually (Table 3). The trial was not powered to evaluate mortality differences

between centers or for age subgroups. The results were based on a combined analysis of data from
centers sharing a common core protocol, which defined the minimal criteria for inclusion and the
scope of the primary analysis but allowed wider age ranges or shorter screening intervals. Because
of various recruitment approaches, the estimate of a 20% reduction in prostate-cancer mortality does
not represent the effect of a screening program at the population level or the effect on individual
subjects but instead represents a mixture of such estimates. Despite some variation in screening
procedures, the results from each center were compatible with the main result: a lowering of the
death rate from prostate cancer associated with screening.

The screening interval of 4 years was chosen on the basis of the mean lead time of 5 to 10 years in
PSA-based screening.ﬁ’ﬁ However, the lead time of aggressive cancers, which may be the most
important target of screening, is likely to be much shorter.

The benefit of screening was restricted to the core age group of subjects who were between the ages
of 55 and 69 years at the time of randomization. The results that were seen in other age groups are
preliminary and inconclusive. Our findings are early results of the trial, and continued follow-up
will provide further information. Adjustment for noncompliance resulted in a greater effect among
men who actually underwent screening, and after adjustment for both noncompliance and
contamination, the effect of screening in the intention-to-screen analysis is likely to be further
enhanced.

The rate of overdiagnosis of prostate cancer (defined as the diagnosis in men who would not have
clinical symptoms during their lifetime) has been estimated to be as high as 50% in the screening
group.w Consistent estimates of overdiagnosis (a third of cancers detected on screening) have also
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been obtained by identifying potentially indolent prostate cancers on the basis of clinical and
pathological characteristics.21:32:33 Overdiagnosis and overtreatment are probably the most

important adverse effects of prostate-cancer screening and are vastly more common than in

screening for breast, colorectal, or cervical cancer.34

Although the results of our trial indicate a reduction in prostate-cancer mortality associated with
PSA screening, the introduction of population-based screening must take into account population
coverage, overdiagnosis, overtreatment, quality of life, cost, and cost-effectiveness. The ratio of
benefits to risks that is achievable with more frequent screening or a lower PSA threshold than we
used remains unknown. Further analyses are needed to determine the optimal screening interval in

consideration of the PSA value at the first screening and of previously negative results on
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