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Background: Overdiagnosis of clinically insignificant prostate cancer is considered a major potential drawback of
prostate-specific antigen (PSA) screening. Quantitative estimates of the magnitude of this problem are, however, lacking. We estimated rates of prostate cancer overdiagnosis due
to PSA testing that are consistent with the observed incidence of prostate cancer in the United States from 1988
through 1998. Overdiagnosis was defined as the detection of
prostate cancer through PSA testing that otherwise would
not have been diagnosed within the patient’s lifetime. Methods: We developed a computer simulation model of PSA
testing and subsequent prostate cancer diagnosis and death
from prostate cancer among a hypothetical cohort of two
million men who were 60–84 years old in 1988. Given values
for the expected lead time—that is, the time by which the test
advanced diagnosis—and the expected incidence of prostate
cancer in the absence of PSA testing, the model projected the
increase in population incidence of prostate cancer associated with PSA testing. By comparing the model-projected
incidence with the observed incidence derived from the National Cancer Institute’s Surveillance, Epidemiology, and
End Results (SEER) registry data, we determined the lead
times and corresponding overdiagnosis rates that were consistent with the observed data. Results: SEER data on prostate cancer incidence from 1988 through 1998 were consistent with overdiagnosis rates of approximately 29% for
whites and 44% for blacks among men with prostate cancers
detected by PSA screening. Conclusions: Among men with
prostate cancer that would be detected only at autopsy, these
rates correspond to overdiagnosis rates of, at most, 15% in
whites and 37% in blacks. The observed trends in prostate
cancer incidence are consistent with considerable overdiagnosis among PSA-detected cases. However, the results suggest that the majority of screen-detected cancers diagnosed
between 1988 and 1998 would have presented clinically and
that only a minority of cases found at autopsy would have
been detected by PSA testing. [J Natl Cancer Inst 2002;94:
981–90]
Since the mid-1980s, dramatic swings have been observed in
prostate cancer incidence in the United States. Between 1986
and 1992, the overall age-adjusted incidence rate for prostate
cancer increased by over 100%, from 86 to 179 per 100 000 per
year (1). Although similar patterns of prostate cancer incidence
were observed for both white and black men, the incidence
among whites peaked in 1992 whereas that among blacks
peaked in 1993. Thereafter, incidence in both groups of men
Journal of the National Cancer Institute, Vol. 94, No. 13, July 3, 2002

declined steadily for several years; recent figures for 1996
through 1998 show prostate cancer incidence returning to pre1988 levels (2,3).
The incidence trends observed since the mid-1980s coincided
with the rapid dissemination of the prostate-specific antigen
(PSA) test in the population. The PSA test was first approved by
the Food and Drug Administration in 1986 as a way to monitor
prostate cancer progression; however, its use as a screening test
for prostate cancer increased dramatically beginning in 1988
(4,5), despite the lack of definitive information regarding its
efficacy.
The pattern of cancer incidence following the introduction of
a screening test depends on four factors (6,7): 1) the rate of
dissemination of the screening technology in the population; 2)
the lead time associated with the test (i.e., the time by which the
test advances the diagnosis of the disease); 3) the background
level of incidence, or the secular trend in incidence, that would
be expected in the absence of screening, which is important to
consider because other factors besides screening may also affect
incidence; and 4) the extent of overdiagnosis due to the test,
where overdiagnosis is defined as the detection, through screening, of disease that would never have been diagnosed in the
absence of such screening.
Information on some of these factors is available from a
number of sources. For instance, annual PSA testing rates may
be estimated from administrative data on claims for medical
procedures including screening tests (4,5) as well as from population surveys conducted in the past decade (8). Retrospective
studies of PSA testing (9–11) have suggested that a range of lead
times is associated with the test. Trends in practice patterns,
particularly changing approaches to the management of benign
prostatic hyperplasia (12–17), have provided some clues about
the direction of the secular trend in prostate cancer incidence.
However, the extent of prostate cancer overdiagnosis due to PSA
testing remains unknown. This information is of great importance because considerable morbidity can be associated with
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ing (19,20) will presumably, with sufficient follow-up, yield
estimates of the expected frequency of overdiagnosis. However,
these results are not expected for a number of years.
Given the lack of information from clinical trials about overdiagnosis, the potential use of alternative data sources for estimating the extent of prostate cancer overdiagnosis is of great
interest. In particular, population incidence may provide some
clues as to the expected rate of overdiagnosis in the population.
Therefore, we have asked the following question: Given the
dissemination of PSA testing throughout the U.S. population and
the expected lead time and the projected secular trend associated
with such testing, what extent of prostate cancer overdiagnosis
would yield the incidence patterns observed from 1988 through
1998? Throughout this study, we defined a prostate cancer case
as an individual diagnosed with the disease and the rate of overdiagnosis as the fraction of cases detected by PSA screening
that, in the absence of the test, would not have been diagnosed
within the individuals’ lifetimes.

METHODS
Overview of the Model
We developed a computer model of PSA testing and subsequent prostate cancer diagnosis and all-cause mortality in men
who were aged 60–84 years in 1988. The model was programmed in GAUSS (21); an in-depth description of the model
logistics was reported by Etzioni et al. (22). Briefly, the model
identified the cases of prostate cancer whose diagnosis was advanced by PSA screening; we focused on these cases because
they account for all of the observed effects of PSA screening on
disease incidence. For each case of prostate cancer that was
detected through PSA screening, the model independently generated dates of other-cause death and of clinical diagnosis of
prostate cancer, the latter of which was determined by adding the
lead time to the date of screen detection. The date of clinical
diagnosis is the date a case of prostate cancer would have been
diagnosed in the absence of PSA testing, provided the patient did
not die of other causes in the interim. The model estimated
overdiagnosis as the proportion of case patients whose cancer
was detected through PSA screening but who did not survive
long enough to have their prostate cancer clinically diagnosed.
The overdiagnosis frequency estimated by the model is critically dependent on the lead time. To identify mean lead times
that were consistent with the Surveillance, Epidemiology, and
End Results (SEER)1 incidence data, the model generated the
expected prostate cancer incidence for several different mean
lead times and then selected the one for which the expected
incidence best matched the observed (SEER) incidence.
The expected incidence of prostate cancer generated by the
model consists of the sum of two terms. The first term is the
secular trend, which is the incidence that would have been expected in the absence of any PSA testing. This term was provided as an input into the model. The second term is the amount
of incidence in excess of the secular trend that may be attributed
to PSA testing. This excess incidence was produced as an output
of the model as follows. Each individual whose prostate cancer
was detected by PSA screening was considered a “diagnosis
increment” in the year that a PSA test detected his cancer and a
“diagnosis decrement” in the year that he would have been clinically diagnosed with prostate cancer in the absence of any PSA
982 ARTICLES

testing. For any given year, the excess incidence of prostate
cancer was defined as the difference between the number of
diagnosis increments and the number of diagnosis decrements in
that year. Note that excess incidence is not synonymous with
overdiagnosis; even if there were no overdiagnosis, the introduction of a sensitive screening test in a population would generally cause an initial increase in incidence.
Study Population Used in the Model
The model used a hypothetical population that consisted of
two million men who were 60–84 years old in 1988, from which
the cohort of screen-detected cases of prostate cancer arose. The
age distribution of the study population in 1988 and the agespecific, all-cause mortality rates for that population were derived from census data (23,24). We used a sample size of two
million men to provide a high degree of precision while preserving reasonable model run times on a personal computer. We
chose 60 years as the lower limit of the age range of the study
population in 1988 for two reasons. First, because data on PSA
test utilization were available only for men aged 65 years and
older, we were not comfortable extrapolating those rates of use
to men who were younger than 60 years. Second, we used a
lower age limit of 60 years rather than 65 years because we
wanted to base our results on the cohort of men who were alive
for the time period encompassed by our study (i.e., those aged
70–84 years). Thus, we wanted to maximize the inclusive cohort
in terms of age.
Values Entered Into the Model
Testing rates. The model used PSA testing rates reported by
Etzioni et al. (5), who updated through 1998 rates from a previous analysis by Legler et al. (4), to determine the number of
individuals who were tested each year from 1988 through 1998.
Annual PSA testing rates among men aged 65 years and older
were obtained from a linkage between the SEER registry of the
National Cancer Institute (2) and Medicare claims files from the
Health Care Finance Authority (25). Claims data were available
for all SEER-registered cases diagnosed with prostate cancer as
well as for a random sample of men without prostate cancer who
resided in the same SEER areas between 1988 and 1998 inclusive. The SEER–Medicare linkage allowed us to exclude men
who had PSA tests after they were diagnosed with prostate cancer. Table 1 presents annual PSA test utilization rates by race,
age, and calendar year of the test. PSA testing rates among men
aged 60–84 years were assumed to be similar to those among
men aged 65–84 years. This assumption is supported by a recent
study that found no association between age and utilization of
prostate cancer screening among men over the age of 50 (26).
Rates of screen-detected prostate cancer. The model used
cancer detection rates derived from the SEER–Medicare linked
database (4,5) to identify the cases whose prostate cancer was
detected by screening (Table 1). The SEER–Medicare database
contained prostate cancer diagnosis information through 1996
and therefore provided cancer detection rates through this time;
we assumed that the cancer detection rates for 1997 and 1998
were the same as those for 1996.
The prostate cancer detection rate for a given year was defined as the number of men who were diagnosed with prostate
cancer within 3 months after having a PSA test conducted in that
year divided by the number of men who had at least one PSA test
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Table 1. Annual rates of PSA testing among men aged 65 and older by race and calendar year and cancer detection rates following a
PSA test by race, age group, and calendar year*
PSA testing rates†

Cancer detection rates‡

Whites

Blacks

Calendar
year

Whites

Blacks

65–84 y

65–84 y

65–69 y

70–74 y

75–79 y

80–84 y

艌85

65–74 y

75–84 y

艌85 y

1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998

1.20
4.00
8.20
19.41
30.42
35.94
38.03
39.03
39.80
38.90
39.18

0.88
2.92
5.99
14.40
21.83
26.40
28.48
30.10
31.01
31.88
32.81

3.74
7.02
4.21
4.12
3.48
2.62
2.07
1.86
1.86
1.86
1.86

7.69
7.64
6.17
4.85
4.10
2.77
2.24
1.90
2.04
2.04
2.04

8.00
6.20
7.10
5.30
4.26
2.84
2.04
1.85
1.89
1.89
1.89

10.53
9.93
7.31
4.97
4.34
2.85
2.02
1.78
1.70
1.70
1.70

3.70
11.11
8.54
5.12
4.03
3.00
2.01
1.62
1.85
1.85
1.85

20.00
12.06
4.12
6.83
6.58
5.37
4.50
3.63
3.48
3.48
3.48

28.57
18.45
8.33
7.19
6.85
5.91
4.27
3.02
3.62
3.62
3.62

28.57
18.45
10.00
7.45
6.96
6.29
3.59
2.40
2.65
2.65
2.65

*PSA ⳱ prostate-specific antigen.
†Annual PSA testing rates are given by the percentage of men who were alive, who did not have a prostate cancer diagnosis at the start of the given year, and
who had received at least one PSA test in that year.
‡The cancer detection rate is the percentage of men tested at least once in the given year who were diagnosed with prostate cancer within 90 days of a test
conducted in that year. Cancer detection rates for black men are given by 10-year rather than 5-year age groups and were smoothed across calendar years because
of small sample sizes and high variability across years in this group.

in that year. Because PSA test results were not available, all men
who were diagnosed with prostate cancer within 3 months after
having a PSA test were included in estimates of the cancer
detection rate. We refer to these cases of prostate cancer as
PSA-associated cases and describe below how the cancer detection rates were adjusted to exclude cases whose PSA tests were
used to confirm their disease status in the presence of symptoms
and who, therefore, were not bona fide screen-detected case
patients. We assumed that the cancer detection rates for men
aged 60–64 were similar to those for men aged 65–69.
Because the administrative claims data did not distinguish
between screening tests and confirmatory diagnostic tests, we
introduced a parameter, p, that denotes the proportion of PSAassociated cases whose prostate cancer was detected by screening rather than by clinical examination. For a given value for p,
we derived adjusted cancer detection rates that excluded patients
whose prostate cancer was clinically detected but who had had
a PSA test to confirm their diagnosis (22).
Obtaining an unbiased estimate of p is generally not possible
without performing a full medical record review and, even with
such a review, is extremely challenging. Therefore, we performed a sensitivity analysis to determine how the model results
would vary across a range of values for p. We chose values for
p that increased over time to reflect the increased use of the PSA
test for screening. Those values reflected high, moderate, and
low frequencies of early prostate cancer detection as follows:
For a high frequency of detection, p was 0.7 in 1988 and increased to 0.9 in 1998; for an intermediate frequency of detection, p was 0.5 in 1988 and increased to 0.8 in 1998; and for a
low frequency of detection, p was 0.3 in 1988 and increased to
0.7 in 1998. Fig. 1 shows the incidence of screen-detected prostate cancer implied by each of these values, as computed by the
product of the annual PSA testing and cancer detection rates and
adjusted according to the different values for p. Fig. 1 also shows
the total PSA-associated incidence, which corresponded to a
value of 1 for p and was estimated by the product of the annual
PSA testing and cancer detection rates.

Lead time. Each screen-detected case of prostate cancer
identified by the model had, by definition, a lead time greater
than zero. The lead time was added to the date of screen detection to obtain the date at which a prostate cancer diagnosis would
have occurred in the absence of PSA testing. We considered
three values for mean lead time—3 years, 5 years, and 7 years—
in accordance with prior estimates of this quantity (9–11). The
corresponding lead time distributions were gamma distributions
with shape and scale parameters given by (3,1), (5,1), and (5,5/7)
(22).
Secular trend. The secular trend in cancer incidence is directly dependent on health-related behaviors and clinical practice patterns in the population. In the decade preceding the advent of PSA testing, the principal determinant of secular trend in
prostate cancer was the frequency of transurethral resection of
the prostate (TURP) for benign prostatic hyperplasia (27,28).
Fig. 2 shows that from 1973 through 1986, the overall incidence
of prostate cancer almost exactly paralleled the incidence of
TURP-detected prostate cancer.
Since the late 1980s, several reports have indicated that the
frequency of TURP for the treatment of benign prostatic hyperplasia has declined dramatically (12,16,29). These reports, together with surveys of the diagnosis and management of prostate
cancer and benign prostatic hyperplasia (13–14) from the mid1990s, indicate that the declines in referrals for TURP for benign
prostatic hyperplasia occurred, in large part, because the surgical
procedure was replaced by medical management of the condition through either androgen or alpha-adrenergic blockade (15).
Fig. 2 shows that the decline in the frequency of TURP among
men aged 65 years and older translated directly into a decline in
TURP-detected prostate cancer incidence from 1988 through
1993 (27). The results of Wasson et al. (17) showed that declines
in referrals for TURP among men in this same age group extended through 1997.
Given these observations, an intuitively reasonable projection
of secular trend is one that would parallel the TURP-detected
prostate cancer incidence from 1988 through 1998, as shown in
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Fig. 1. Incidence of prostate cancer derived from SEER
data per 100 000 for men who were alive for the study
period and aged 65 and older in 1988 (2), with overall
incidence detected by prostate-specific antigen (PSA)
testing (p = 1) and approximations of screen-detected
incidence for three assumptions about p, the proportion
of screen-detected cases among all PSA-detected cases.
High p = 0.7 in 1988, increasing to 0.9 in 1998; intermediate p = 0.5 in 1988, increasing to 0.8 in 1998; and
low p = 0.3 in 1988, increasing to 0.7 in 1998.

Fig. 2. Incidence of prostate cancer derived from SEER
data. SEER incidence per 100 000 for men who were
alive for the study period and aged 65 and older with
incidence of prostate cancer detected by transurethral
resection of the prostate (TURP) through 1993 from
Merrill et al. (24). The projected declining secular trend
is represented by the dotted line.
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Fig. 2. However, this projection would assume that the declining
incidence of TURP was independent of the increasing utilization
of PSA testing, which may not have been the case (16,30). In
particular, patients who would have been surgically treated for
their benign prostatic hyperplasia in the past are now frequently
undergoing PSA screening as part of the diagnostic process (30).
In cases such as these, PSA testing may have superceded TURP
as the mode of prostate cancer detection. To accommodate this
lack of independence between the declining incidence of TURP
and the increasing utilization of PSA testing, we present baseline
results under a secular trend that balances these two trends and
is constant after 1988. The message behind this constant secular
trend is that, even in the absence of PSA testing, the increase in
prostate cancer incidence observed prior to 1988 would probably
not have been sustained, but it also would not have declined
nearly as precipitously as suggested by the declines in TURPdetected prostate cancer incidence. In the sensitivity analysis, we
also considered the declining secular trend as well as an increasing secular trend that continued the trend in SEER incidence that
was observed prior to 1988. Fig. 3 illustrates the three secular
trends we used in the model.

RESULTS
Baseline Conditions
Fig. 4 presents plots of prostate cancer incidence for the
modeled population under baseline conditions, that is, for a
population with a moderate use of prostate cancer screening
(intermediate p) and a constant secular trend. The plots pertain to
men aged 70–84 years because the men in this age group were
alive for the entire study period (1). Under baseline conditions,
model-projected prostate cancer incidence rates corresponding
to mean lead times of 5 years and 7 years were most consistent
with the observed prostate cancer incidence rates from SEER
data for white and black men, respectively (Fig. 4). The prostate
cancer overdiagnosis rates associated with these mean lead times
were 28.8% for white men and 43.8% for black men (Table 2).
Sensitivity Analysis
Our sensitivity analysis examined several secular trends in
incidence as well as different settings for the relative frequency
of screen-detected versus clinically-detected cases associated

Fig. 3. Increasing, constant, and decreasing secular
trends together with SEER incidence for white and
black men aged 70–84 years. The declining secular
trend decreases by 31.84 cases per 100 000 per year for
both whites and blacks; the increasing secular trends
increase by 20.07 cases per 100 000 per year for whites
and by 24.81 cases per 100 000 per year for blacks.
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Fig. 4. Observed and model-projected prostate cancer
incidence for men aged 70–84 under baseline conditions
(constant secular trend and intermediate p). In each plot,
the bold curve is the observed incidence from SEER
data (2). The remaining three curves represent the
model-projected incidence; each corresponds to a specific mean lead time (MLT).

*p represents the proportion of prostate-specific antigen (PSA) test-associated
diagnoses that were screen-detected.
†The overdiagnosis rates represent the proportion of screen-detected case
patients whose death by causes other than prostate cancer would have preceded
their date of clinical diagnosis and pertain to the modeled population, namely
men aged 60–84 in 1988, with prostate cancer detected through PSA screening
between 1988 and 1998 inclusive.

with PSA testing (p). Including the baseline analysis, we performed 27 different model runs for each racial group (i.e., one
for each combination of secular trend, relative frequency of
screen-detection [p], and mean lead time).
For a specific value of the mean lead time, we found that the
estimated overdiagnosis rates were unchanged across the range
of values for p. This finding is intuitively reasonable, given that
overdiagnosis was expressed as a proportion of the screendetected cancers. Simply changing the proportion of screendetected cancers did not affect how frequently screen-detected
cases were overdiagnosed. The relative frequency of screen detection did, however, affect how well the model-projected incidence of prostate cancer matched the observed (SEER) incidence. Under a constant secular trend, for example, the model
results for low p did not match the observed data well. For high
p, results for whites were similar to the baseline results, but a
mean lead time of 5 years became the best-fitting projection for
blacks, with a corresponding overdiagnosis frequency of 32.2%
(Table 2).
The assumed choice of secular trend strongly influenced
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Table 2. Projected rates of overdiagnosis corresponding to each of three mean
lead times and values for p considered in the model
Overdiagnosis rates, %†
Mean lead
time, y
3
3
3
5
5
5
7
7
7

p*

Whites

Blacks

Low
Intermediate
High
Low
Intermediate
High
Low
Intermediate
High

17.96
17.65
17.38
29.33
28.77
28.59
40.06
39.45
39.24

20.12
20.29
20.09
32.36
32.61
32.31
43.48
43.83
43.66

which combination of lead times and overdiagnosis rates was
most consistent with the observed incidence of prostate cancer
obtained from SEER data. Under a declining secular trend, a
mean lead time of 7 years for both whites and blacks was most
consistent with the observed incidence of prostate cancer (Fig.
5). Under an increasing secular trend, a mean lead time of approximately 3 years for whites and 5 years for blacks yielded
model-projected prostate cancer incidence rates that were very
close to the observed incidence rates (data not shown). The
corresponding overdiagnosis rates in this latter case were 17.7%
for whites and 20.3% for blacks (Table 2).

DISCUSSION
There is no doubt that PSA testing is the driving force behind
the fluctuations in prostate cancer incidence that have been observed in the past decade. In this study, we used data from a
representative survey of cancer incidence in the United States to
identify the rates of prostate cancer overdiagnosis due to PSA
testing that could be inferred from incidence patterns in the
decade following its introduction. Under baseline conditions that
reflected reasonable assumptions about the rates of screendetected versus clinically-detected prostate cancer and secular

trends in prostate cancer incidence, the estimated rates of overdiagnosis for men who were 60–84 years old in 1988—
approximately 29% for whites and 44% for blacks—were consistent with the observed data in spite of sharp declines in
prostate cancer incidence after 1992 to almost pre-1988 levels.
The fact that the best-fitting lead time (and corresponding
overdiagnosis rate) for blacks (7 years) was greater than that for
whites (5 years) may seem to contradict prior evidence suggesting that prostate cancer tends to be a more aggressive disease in
black men than in white men (1,31). However, most of the
evidence about relative disease aggressiveness pertains to patients whose prostate cancers were diagnosed clinically, in the
absence of PSA testing. By contrast, the lead times identified by
our model are among screen-detected cases, only a portion of
which would have been diagnosed clinically in the absence of
PSA testing. However, even if these clinically detected cases are
more aggressive in blacks than in whites, the same is not necessarily true of the screen-detected cases. For instance, because
of the phenomenon of length bias, whereby cases with longer
disease natural histories tend to be the ones detected by screening, the most aggressive cases may not even be present in the
screen-detected cohort. Note that, even under similar mean lead

Fig. 5. Observed and model-projected prostate cancer
incidence for men aged 70–84 under a declining secular
trend. In each plot, the bold curve is the observed,
delay-adjusted incidence from SEER data (2). The remaining three curves represent the model-projected incidence; each corresponds to a specific mean lead time
(MLT).
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times for blacks and whites, the model projected higher overdiagnosis rates for blacks than for whites, probably because compared with whites, blacks have higher all-cause mortality rates
and a distribution of age at PSA testing that is skewed toward
higher ages (5).
It is important to distinguish between our use of the term
overdiagnosis and other stated interpretations of this term. We
have defined the overdiagnosis rate as the fraction of men whose
prostate cancers were detected by PSA testing and who otherwise would not have been clinically diagnosed with prostate
cancer in their lifetimes. The rationale for using this definition
was to recognize the morbidity that results from a prostate cancer diagnosis, so that any diagnosis that would not have occurred
in the absence of PSA testing would be considered a liability of
PSA screening. As a comparison, McGregor and colleagues (32)
defined overdiagnosis as the fraction of men whose prostate
cancers were detected by screening who did not have their lives
extended by screening. Their overdiagnosis rate includes some
cases detected by PSA testing that would have been diagnosed
clinically and, consequently, it may be substantially higher than
our overdiagnosis estimate. The definition of overdiagnosis used
by McGregor et al. (32) is relevant if the lifetime morbidity
following an early diagnosis of prostate cancer is measurably
greater than the lifetime morbidity following a later diagnosis.
Morbidity following diagnosis is a potential issue in prostate
cancer control, given the frequent occurrence of irreversible
complications that can measurably affect quality of life following treatment for the disease (18).
Although our projected overdiagnosis rates for prostate cancer are nontrivial, they are far lower than the estimates that arise
when comparing prostate cancer incidence in a cohort undergoing screening with that in an unscreened control group, as reported by Zappa et al. (33). We contend that such studies cannot
provide a clinically meaningful estimate of the rate of overdiagnosis, because large increases in incidence are to be expected
when a fairly sensitive screen, such as PSA testing, is introduced
and because the relative increase in incidence cannot be interpreted without having an estimate of the lead time.
Our projected overdiagnosis rates are consistent with the
views of Gann (7), who commented that the decline in incidence
rates following the peak seen in the early 1990s “fits with the
view that PSA does not reach so deeply into the preclinical pool
so as to detect the huge reservoir of trivial, indolent tumors that
can be seen on autopsy.” Using the model-projected overdiagnosis rates presented herein, as well as results from Etzioni et al.
(34), we can now quantify just how far PSA testing reaches into
this reservoir.
Etzioni et al. (34) have estimated, based on historical autopsy
data (35), that the lifetime probability (up to age 90) of autopsydetectable prostate cancer is approximately 36% for white men
and 28% for black men. However, just prior to the advent of
PSA testing, the lifetime probability of a clinical prostate cancer
diagnosis was only approximately 9% for both whites and blacks
(36). This probability implies that Gann’s “huge reservoir”
amounts to a lifetime probability of latent and undiagnosed disease in the pre-PSA testing era of 27% in whites and 19% in
blacks. Now, in the era of PSA testing, suppose that screening
detects all (100%) future clinical cases. If we apply our estimates
of the frequencies of overdiagnosis among screen-detected cases
for whites (29%) and blacks (44%), we calculate that over their
lifetimes, approximately 4% (29% × 9%/[100% – 29%]) of

whites and 7% (44% × 9%/[100% – 44%]) of blacks will be
screen-detected and overdiagnosed. Thus, at most, 15% (4%/
27%) and 37% (7%/19%) of latent tumors present at death in
whites and blacks, respectively, will be detected by PSA screening. These figures are upper boundaries because they assume
that all future clinical diagnoses would be detected early by PSA
screening. In the calendar period considered in our study, the
proportion of autopsy-only tumors that were detected by PSA
screening is likely to be far lower than the 15% and 37% estimates because not all men underwent testing and, among those
who did, most were not being tested regularly (5).
There are several advantages to using SEER–Medicare data
as a resource for statistics regarding the use of PSA testing. First,
these data represent a broad segment of the U.S. population,
namely the areas covered by the SEER registry. The second is
the fact that medical claims are generally not subject to the types
of biases that can arise when one relies on survey data concerning screening behavior (37). Although procedure codes for PSA
screening were added to the Medicare data only in the latter part
of the calendar period studied, codes for PSA diagnostic testing
were available for the duration of that period, and we assume
that the vast majority of PSA screens, in addition to those tests
conducted for diagnostic confirmation of disease status, were
captured by these codes.
The administrative claims data used herein also have several
limitations. First, the data are restricted to older men. However,
it is difficult to find reliable population-based data that provide
similarly complete information on testing histories, particularly
for younger men, over the time period of interest. Because the
likelihood of overdiagnosis is dependent on age, it is important
to note that our results pertain to the age group studied here and
not to younger men. A second limitation is the lack of information on the reasons for PSA testing, which makes it impossible
to distinguish between screen-detected and clinically detected
cases of prostate cancer. This problem, which exists in practically all retrospective analyses of PSA testing utilization (38),
severely complicates attempts to draw inferences about the effects of PSA screening on outcomes of interest. Despite the lack
of published information on the relative frequency of PSA
screening tests versus PSA diagnostic tests, it seems reasonable
to assume that the relative frequency of screening tests has increased over time and that our analyses incorporating the parameter p reflect this assumption. In addition to the linear trends
in p reported in the results, we also considered exponential increases in p over time and obtained similar results.
The computer model presented here does not represent a formal statistical approach to the problem of estimating lead time
and overdiagnosis from cancer screening data. Such an approach
has been developed in the context of cancer screening trials,
where screening and incidence data are available at the level of
the individual (39). Indeed, from a statistical point of view, the
approach presented here is exploratory in the sense that it considers a small subset of possible lead-time distributions; the
subset is based on published evidence concerning mean lead
times. A more formal analysis would develop a likelihood function for the observed data and identify the best-fitting lead-time
distribution through a formal optimization algorithm. It is not
clear that the population data used here are amenable to such an
approach, but this topic deserves further study.
This study provides the first quantitative analysis of the evidence concerning prostate cancer overdiagnosis due to PSA
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screening from population data on prostate cancer incidence. We
have shown that those data are consistent with a sizeable probability of overdiagnosis among screen-detected cases of prostate
cancer. However, we found that the majority of cases of prostate
cancer detected by screening in the population would still have
presented clinically within the lifetime of the patient. This finding is consistent with results from clinical studies (40,41) of the
histopathologic characteristics of PSA-detected prostate tumors,
which show that these tumors appear to be clinically significant,
and has important policy implications for PSA screening. However, this finding does not provide any information about the
potential impact of PSA screening on survival or about the potential cost-benefit tradeoffs associated with the test. Although
an investigation of these issues is beyond the scope of the present article, they have been explored elsewhere using similar
computer modeling approaches (42–45). Ongoing randomized
trials will provide important evidence concerning the effects of
PSA screening on survival, but computer models can provide
useful insights while we await these results.
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NOTES
1
Editor’s note: SEER is a set of geographically defined, population-based
central cancer registries in the United States, operated by local nonprofit organizations under contract to the National Cancer Institute (NCI). Registry data are
submitted electronically without personal identifiers to the NCI on a biannual
basis, and the NCI makes the data available to the public for scientific research.

