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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 and 74 years through registries
in seven European countries for inclusion in our study. The men were randomly
assigned to a group that was offered PSA screening at an average of once 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% CI, 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.)
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easurement of serum prostatespecific antigen (PSA), a biomarker for
prostate cancer,1 is useful for the detection of early prostate cancer.2 Nevertheless, the
effect of PSA-based screening on prostate-cancer
mortality remains unclear.3 The European Randomized Study of Screening for Prostate Cancer
(ERSPC) was initiated in the early 1990s to determine whether a reduction of 25% in prostatecancer mortality could be achieved by PSA-based
screening.4 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.5

Me thods
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.6,7
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). 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 followup. 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 randomnumber generators (Fig. 1).
At all study centers, the core age group includ
ed 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

182,160 Subjects 50–74 yr old underwent randomization
162,387 Were in the core age group (55–69 yr old)
160 Subjects 50–74 yr old died
144 Were 55–69 yr old

82,816 Were assigned to the
screening group
72,890 Were 55–69 yr old

99,184 Were assigned to the
control group
89,353 Were 55–69 yr old

6830 Had prostate cancer
5990 Were 55–69 yr old

4781 Had prostate cancer
4307 Were 55–69 yr old

Figure 1. Enrollment and Outcomes, According to Age Group at Randomization.
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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 qualitycontrol committee, a pathology committee, and
a PSA committee.7 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.8,9
Screening Tests and Indications for Biopsy

Total PSA was measured with the use of Hybri
tech 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.10
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 and 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)
1322
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was used for screening; in 1997, this combination
was replaced by PSA testing only.7,11,12 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.13 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 algorithm9 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). Deci-
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sion points that were used for determining the had the same underlying risk and that screening
cause of death have been described previously.9 in the control group was as effective as that in
For this analysis, we have combined the catego- the screening group.
ries of definite and probable prostate cancer and
the category of causes related to screening.
R e sult s
Other Analyses

Subjects

Aspects of quality of life were evaluated in several study centers. A complete evaluation of all
the steps of screening was conducted in the
Netherlands (data not shown).15-21

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).
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

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 intentionto-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.23 A 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 2008.4 The samplesize 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 intentionto-treat analysis. This assumes that men who
were screened and those who were not screened
n engl j med 360;13
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263 (74.3)

354 (19.2)
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1056 (100)
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1056 (100)

61.1

61.4

59.7
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160 (3.2)

18.6

88
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353 (7.1)
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1846 (20.7)
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4740 (95.8)
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4721 (95.4)
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61.7

61.0

61.6

61.1

61.6

4955 (50.0)
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9903
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Total

4,307 (4.8)

24.1

1,755

4,235

5,990 (8.2)

17,543 (85.8)

20,437 (16.2)

126,462

59,923 (82.2)

NA

55,480 (76.1)

59.9

60.7

60.3

60.9

60.1

60.8

89,353 (55.1)

72,890 (44.9)

162,243

June 1991–
December 2003

* The results are for the predefined core age group for this study, which included men between the ages of 55 and 69 years. The dates that are listed for each country are the periods in
which subjects underwent randomization. NA denotes not applicable, and PSA prostate-specific antigen.
† The positive predictive value of biopsy was calculated as the number of screen-detected cancers divided by the number of biopsies.
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Prostate cancers

Biopsies — no. (%)

34,526
7,707 (22.3)

No. of screening tests performed

Positive PSA tests — no. (%)

16,502 (94.6)

4

16,502 (94.6)

Screened at least once — no. (%)

Screening interval — yr

First round of screening — no. (%)

62.0
61.7

Mean

Median

Control group

61.9

63.0

61.7

Median

63.0

Mean

Screening group

Median

Mean

All subjects

4255 (49.7)

4307 (50.3)

8562

61.9

17,390 (49.9)

Control group — no. (%)

Age at randomization — yr

17,443 (50.1)

34,833

Belgium
June 1991–
December 2003

The Netherlands
November 1993–
March 2000

Screening group — no. (%)

Total no. of subjects

Variable

Table 1. Numbers of Subjects and Results of Screening, According to Study Center.*
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European Trial of Prostate-Cancer Screening

Nelson–Aalen Cumulative Hazard

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
(Fig. 2). Overall mortality results at 30 days are
summarized in Supplementary Appendix 8.
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 ÷ 1000 × 34) 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
n engl j med 360;13
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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.
Heterogeneity of Rate Ratios

In an exploratory analysis of heterogeneity according to study center (which was carried out in accordance with the monitoring plan6), 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).
Adverse Events

No deaths were reported as a direct complication
(e.g., septicemia or bleeding) associated with a
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Table 2. Death from Prostate Cancer, According to the Age at Randomization.*
Age at Randomization

All subjects

Screening Group

Control Group

Rate Ratio (95% CI)†

No. of
Deaths

Person-Yr (Death
Rate per 1000
Person-Yr)

No. of
Deaths

Person-Yr (Death
Rate per 1000
Person-Yr)

261

737,397 (0.35)

363

878,547 (0.41)

0.85 (0.73–1.00)

6

55,241 (0.11)

4

53,734 (0.07)

1.47 (0.41–5.19)

Age group
50–54 yr
55–59 yr

60

316,389 (0.19)

102

402,062 (0.25)

0.73 (0.53–1.00)

60–64 yr

76

191,542 (0.40)

95

221,113 (0.43)

0.94 (0.69–1.27)

65–69 yr

78

135,470 (0.58)

129

162,410 (0.79)

0.74 (0.56–0.99)

70–74 yr

41

38,755 (1.06)

33

39,228 (0.84)

1.26 (0.80–1.99)

* The result of the chi-square test for heterogeneity among subjects in the core age group (55 to 69 years) was 2.44 (P = 0.49).
† Rate ratios were calculated with the use of Poisson regression and compare the rate of death from prostate cancer in
the screening group with the rate in the control group.

biopsy procedure. Complications associated with sults were based on a combined analysis of data
screening procedures (including prostate biopsy) from centers sharing a common core protocol,
which defined the minimal criteria for inclusion
have been reported previously.24,25
and the scope of the primary analysis but allowed
wider age ranges or shorter screening intervals.
Discussion
Because of various recruitment approaches, the
In an intention-to-screen analysis of data from estimate of a 20% reduction in prostate-cancer
seven European centers, PSA screening was as- mortality does not represent the effect of a screensociated with a significant absolute reduction of ing program at the population level or the effect
0.71 prostate-cancer death per 1000 men after an on individual subjects but instead represents a
average follow-up of 8.8 years (median, 9.0). This mixture of such estimates. Despite some variafinding corresponds to a relative reduction of tion in screening procedures, the results from each
20% in the rate of death from prostate cancer center were compatible with the main result:
among men between the ages of 55 and 69 years at a lowering of the death rate from prostate cancer
study entry, given an average screening interval of associated with screening.
The screening interval of 4 years was chosen
4 years and a compliance rate of 82% of those
who accepted the offer of screening (rate ratio, on the basis of the mean lead time of 5 to 10
0.80; adjusted P = 0.04). To prevent one prostate- years in PSA-based screening.28,29 However, the
cancer death, 1410 men (or 1068 men who actually lead time of aggressive cancers, which may be
underwent screening) would have to be screened, the most important target of screening, is likely
and an additional 48 men would have to be treated. to be much shorter.
The high number of men who would need to be
The benefit of screening was restricted to the
treated could be improved by avoiding the diag- core age group of subjects who were between the
nosis and treatment of indolent cancers during ages of 55 and 69 years at the time of randomscreening or by improving treatment in the re- ization. The results that were seen in other age
maining men with cancer. The number needed to groups are preliminary and inconclusive. Our findscreen in our study is similar to that in studies of ings are early results of the trial, and continued
mammographic screening for breast cancer and follow-up will provide further information. Adfecal occult-blood testing for colorectal cancer.26,27 justment for noncompliance resulted in a greater
Our analysis shows that the results were gen- effect among men who actually underwent screenerally similar in all participating study centers ing, and after adjustment for both noncompliconsidered individually (Table 3). The trial was ance and contamination, the effect of screening
not powered to evaluate mortality differences in the intention-to-screen analysis is likely to be
between centers or for age subgroups. The re- further enhanced.
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Table 3. Rate Ratios for Death from Any Cause and Death from Prostate Cancer, with Exclusions According to Location
of Study Center.*
Variable

Rate Ratio (95% CI)

P Value†

All deaths from any cause

0.99 (0.97–1.02)

0.50

All deaths from prostate cancer

0.80 (0.67–0.95)

0.01

Excluding the Netherlands

0.81 (0.67–0.99)

0.04

Excluding Finland

0.74 (0.58–0.94)

0.01

Excluding Sweden

0.84 (0.70–1.01)

0.06

Excluding Belgium

0.79 (0.66–0.94)

0.01

Excluding Spain

0.79 (0.67–0.94)

0.01

Excluding Italy

0.79 (0.66–0.94)

0.01

Excluding Switzerland

0.80 (0.68–0.96)

0.02

* Rate ratios, which were calculated with the use of Poisson regression, compare the rate of death from prostate cancer
in the screening group with the rate in the control group. The calculations were restricted to men in the core age group
(55 to 69 years).
† P values have not been corrected for multiple testing.

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.30 Consistent estimates of overdiagnosis (a third of cancers detected on screening) have also been obtained by identifying potentially indolent prostate cancers on the basis
of clinical and pathological characteristics.31-33
Overdiagnosis and overtreatment are probably
the most important adverse effects of prostatecancer 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 pop-

ulation 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 biopsy.35-38

A video roundtable
and comments
on the value of
PSA screening
are available at
NEJM.org
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The effect of screening with prostate-specific–antigen (PSA) testing and digital rectal
examination on the rate of death from prostate cancer is unknown. This is the first
report from the Prostate, Lung, Colorectal, and Ovarian (PLCO) Cancer Screening
Trial on prostate-cancer mortality.
Methods

From 1993 through 2001, we randomly assigned 76,693 men at 10 U.S. study centers to receive either annual 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 [CI], 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.)
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T

he 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 adopt
ed 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.3,4 The National Comprehensive Cancer Network recommends a risk-based screening algorithm, including family history, race, and age.5 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.6
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 analy
sis.7 Two ongoing randomized, controlled trials
of prostate-cancer screening are being conducted
to determine the effect of screening on prostatecancer 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).8,9
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.10
The prostate component of the PLCO trial was
designed to determine the effect of annual PSA
testing and digital rectal examination on mortal-

n engl j med 360;13

ity from prostate cancer.11 Previous reports have
described the results of the baseline round and
three later rounds of screening12,13 and the characteristics of men undergoing biopsy14 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.

Me thods
Subjects

The design of the PLCO trial has been described
previously.11 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.15
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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 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 nonPLCO, 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.
1312
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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 AJCC
[American Joint Committee on Cancer] Cancer Staging Manual.16 Death certificates were obtained 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
manner.17 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.18
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
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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 monitoring board
also supported follow-up of the subjects until all
of them had reached at least 13 years of follow-up.

R e sult s

Table 1. Characteristics of the Subjects at Baseline.*

Variable

Screening
Control
Group
Group
(N = 38,343) (N = 38,350)
percent

Age
55–59 yr

32.3

32.3

60–64 yr

31.3

31.3

65–69 yr

23.2

23.2

70–74 yr

13.2

13.2

Race or ethnic group†

Subjects

Non-Hispanic white

86.2

83.8

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.
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.13 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).
Table 2 shows the characteristics of subjects
with prostate cancer in each group, according to
the circumstances of detection, through 10 years

Non-Hispanic black

4.5

4.3

Hispanic

2.1

2.1

Asian

4.0

3.9

Other

0.8

0.9

Missing data

2.4

5.0
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Enlarged prostate or benign prostatic hyperplasia

21.4

20.5

Previous prostate biopsy

4.3

4.3

Family history of prostate cancer

7.1

6.7

34.6

34.3

9.4

9.8

PSA test within past 3 yr
Once
Two or more times
Digital rectal examination within past 3 yr
Once

32.8

31.9

Two or more times

22.2

22.0

* PSA denotes prostate-specific antigen.
† Race or ethnic group was self-reported.

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).
The treatment distributions were similar in the
two groups within each tumor stage. For example, among subjects with stage II tumors, as their
primary treatment, 44% of the screening group
and 40% of the control group underwent pros-
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tion alone, and 47% and 52%, respectively, underwent irradiation plus hormone therapy. Among
subjects with stage IV 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.

A Prostate Cancers

0

of

n engl j med 360;13

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)
(Fig. 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.
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 III tumors, and 36% had stage IV 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).
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95 (10.9)

16 (10.4)
10 (6.5)

8–10

Unknown

11 (2.9)

25 (6.7)

74 (19.8)

228 (61.0)

36 (9.6)

3 (0.8)

25 (6.7)

346 (92.5)

7 (1.9)

9 (2.4)

3 (0.8)

347 (92.8)

8 (2.1)

Outside of
Screening
Protocol
(N = 374)

20 (3.6)

55 (10.0)

132 (24.0)

278 (50.6)

64 (11.7)

2 (0.4)

36 (6.6)

511 (93.1)

0

19 (3.5)

12 (2.2)

516 (94.0)

2 (0.4)

number (percent)

Screen Detected
at Baseline
(N = 549)

27 (1.8)

98 (6.5)

318 (21.2)

963 (64.2)

94 (6.3)

1 (0.1)

124 (8.3)

1375 (91.7)

3 (0.2)

15 (1.0)

22 (1.5)

1458 (97.2)

2 (0.1)

Screen Detected
at Yr 1–Yr 5
(N = 1500)

79 (2.3)

289 (8.4)

815 (23.6)

2047 (59.3)

222 (6.4)

10 (0.3)

242 (7.0)

3200 (92.7)

15 (0.4)

73 (2.1)

49 (1.4)

3297 (95.5)

18 (0.5)

All Subjects
(N = 3452)

61 (2.1)

341 (11.5)

779 (26.2)

1656 (55.7)

137 (4.6)

14 (0.5)

158 (5.3)

2802 (94.2)

34 (1.1)

79 (2.7)

56 (1.9)

2790 (93.8)

15 (0.5)

All Subjects
(N = 2974)

Control Group

* Subjects with available data for tumor staging but not for nodal status or the presence or absence of metastasis were classified as having stage II disease. Percentages may not total
100 because of rounding.
† The Gleason score ranges from 2 to 10, with higher scores indicating more aggressive disease.

11 (1.3)

500 (57.1)
252 (28.8)

78 (50.6)
39 (25.3)

5–6

7

1.7 (1.9)

3 (0.3)

48 (5.5)

824 (94.2)

11 (7.1)

1 (0.6)

9 (5.8)

144 (93.5)

5 (0.6)

20 (2.3)

2–4

Gleason score on biopsy†

Other

Acinar

Any

Adenocarcinoma

Histopathological type

0

10 (6.5)

IV

Unknown

5 (3.2)

7 (0.8)

838 (95.8)

138 (89.6)

II

III

After Screening
(N = 875)

5 (0.6)

Never Screened
(N = 154)

Screening Group
According to Method of Detection

1 (0.6)

I

Clinical stage

Variable

Table 2. Tumor Stage, Histopathological Type, and Gleason Score for All Prostate Cancers at 10 Years, According to Method of Detection and Time of Diagnosis.*
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2.4

1.11
(0.83–1.50)

2.1

1.16
(0.83–1.62)

2.0

1.05
(0.73–1.51)
* Rate ratios are the rates of death in the screening group divided by those in the control group.
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Screening-Related risks

1.03
(0.64–1.65)

1.6
1.2
1.2

0.89
1.13
(0.45–1.74) (0.64–1.98)
1.00
(0.45–2.22)

1.1
0.5

3.00
1.50
(0.31–28.82) (0.42–5.31)

0.3
Death rate

Rate ratio (95% CI)

4

75,231
37,838

1
Cumulative deaths — no.

Cumulative person-yr — no.

0.8
Death rate

Control group

of

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).

1.13
(0.75–1.70)

82

338,083

65

314,463
285,777

56
44
23

184,154

18

148,444

12

112,123

34

253,317

2.0
1.6
1.4
1.1
0.8

1.1

219,135

2.7
2.4
2.1

92

340,230

76

316,244

59

287,196
254,295

50
35
26

184,490

16

148,635

12

219,752
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112,234
75,292

6
3
Cumulative deaths — no.

Screening group

37,864

8
7
6
5

Years after Randomization

4
3
2
1
Variable

Table 3. Death Rates from Prostate Cancer per 10,000 Person-Years at 10 Years. *
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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. Treatmentrelated 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 prostatecancer 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.
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 mornejm.org
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Table 4. Causes of Death at 10-Year Follow-up.*
Cause

Screening Group

Control Group
no. (%)

Any†

3953 (100.0)

4058 (100.0)

Cancer†

916 (23.2)

918 (22.6)

Ischemic heart disease

857 (21.7)

843 (20.8)

Stroke

107 (2.7)

109 (2.7)

Other circulatory disease

684 (17.3)

723 (17.8)

Respiratory disease

415 (10.5)

416 (10.3)

Digestive disease

141 (3.6)

133 (3.3)

Infectious disease

74 (1.9)

85 (2.1)

Endocrine or metabolic disease or immune disorder

155 (3.9)

188 (4.6)

Nervous system disease

128 (3.2)

113 (2.8)

Accident

238 (6.0)

235 (5.8)

Other

238 (6.0)

295 (7.3)

* Causes of death were determined by death certificate.
† Causes of death from any cause and cancer do not include prostate, lung, and colorectal cancer.

tality 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.9 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 di-

n engl j med 360;13

lute 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 1998.11 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
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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.19,20 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.
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.21 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 (Fig. 1A). At
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7 years, 73% of prostate cancers had been screendetected 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, especial
ly against screening all men over the age of 75
years.6
Risks incurred by screening, diagnosis,23,24
and resulting treatment 25-31 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.
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