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Background:Elevated serum prostate-specific antigen (PSA)
levels are predictive of a future diagnosis of prostate cancer.
To test the hypothesis that older men with low PSA levels
may require less intensive PSA testing because of a reduced
prostate cancer detection rate, we evaluated the association
between age, baseline PSA level, and prostate cancer detec-
tion. Methods: We conducted a prospective cohort study
among participants in a study of aging who had serial PSA
measurements taken from age 60 or 65 years until they ei-
ther were diagnosed with prostate cancer (cancer case sub-
jects) or reached the age of 75 years (subjects without pros-
tate cancer). The time of cancer detection among cancer case
subjects was defined as the measurement date on which a
PSA level above 4.0 ng/mL was detected (i.e., PSA conver-
sion). Cancer case subjects and subjects without prostate
cancer were analyzed according to baseline PSA level and
age.Results:All cancer case subjects in the 60-year-old co-
hort had baseline PSA levels above 0.5 ng/mL, and 14 of 15
cancer cases that would have been detected by a PSA con-
version among the 65-year-old cohort were associated with
baseline PSA levels of 1.1 ng/mL or more. If PSA testing
were discontinued in men aged 65 years with PSA levels of
0.5 ng/mL or less, 100% (95% confidence interval [CI] =
78%–100%) of the cancers would still be detected by age 75
years; if PSA testing were discontinued in men aged 65 years
who had PSA levels of 1.0 ng/mL or less, 94% (95% CI =
70%–100%) of the cancers would still be detected by age 75
years.Conclusions:These data suggest that a decrease in the
intensity of screening among older men with low PSA values
may not lead to an increase in undetected prostate cancer. [J
Natl Cancer Inst 1999;91:1733–7]

Although controversial and not proven to decrease prostate
cancer mortality, serum prostate-specific antigen (PSA) testing
is now widely used for the early detection of prostate cancer.

Recommendations have been made for yearly PSA testing of
men—beginning at age 50 years—who have more than a 10-
year life expectancy(1). However, the majority of PSA testing
that occurs in the population eventually proves to be unneces-
sary because most men who undergo repeated testing do not
develop cancer, and most men with PSA elevations do not have
cancer discovered at biopsy. Identification of those men who are
unlikely to benefit from further PSA testing could markedly
reduce health care costs and treatment-associated morbidity.

While no age has been established above which PSA testing
is not recommended, there is general agreement that men with a
less than 10-year life expectancy are unlikely to benefit from
early detection because of the long natural history of untreated
localized prostate cancer and competing causes of death(2).
Thus, even healthy men from age 70 to 75 years are reaching an
age where further PSA testing may not be beneficial in terms of
lives saved. PSA values—even below the “normal” level—do
predict a future diagnosis of prostate cancer, however(3). Rec-
ognizing the value of PSA measurements in the prediction of
prostate cancer, we hypothesized that it may be possible to iden-
tify older men with very low PSA levels for whom further PSA
testing could be reduced because of a low risk of a future pros-
tate cancer diagnosis. The relationship between PSA level, age,
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and the probability of a prostate cancer diagnosis was evaluated
to explore potential effects of the reduction of PSA testing in
men who are unlikely to benefit from intensive screening.

SUBJECTS AND METHODS

Study Populations

Baltimore Longitudinal Study of Aging (BLSA). The BLSA is an ongoing,
long-term, prospective study of aging conducted by the National Institute on
Aging (Bethesda, MD); this study has been described previously(4). Since the
inception of the BLSA in 1958, a total of 1570 men and 921 women have
participated in the study for varying lengths of time. Participants in the study
return for follow-up visits at approximately 2-year intervals. This study on aging
has institutional approval, and all human subjects give written informed consent
for the study prior to participation.

Serum PSA levels have been measured on a total of 963 men, either at the time
of routine subject visits (since 1991) or by use of a frozen serum bank for
retrospective samples (prior to 1991). All PSA measurements were performed by
use of a monoclonal immunoradiometric assay (Tandem-R; Hybritech, Inc., San
Diego, CA). The stability of PSA in these frozen serum samples stored at −70 °C
has been previously described(5). Four hundred eighty-two of 963 participants
had PSA follow-up until age 75 years or until the diagnosis of prostate cancer.
Two hundred twenty-seven of 482 men had a baseline PSA level less than 4.0
ng/mL within 5 years of age 60 years (60 ± 5 years) or of age 65 years. The age
60- and 65-year cohorts were not mutually exclusive.

After the exclusion of individuals whose medical history could not be verified,
individuals with a history of prostate surgery, and individuals being treated with
finasteride (Proscar; Merck, Whitehouse Station, NJ), 47 men with prostate
cancer (mean age at diagnosis, 74.6 years; range, 63–90 years) and 154 men with
no evidence of prostate cancer (noncancers) (median age at most recent BLSA
visit, 77.1 years; range, 62–94 years) remained in the study group. The mean age
of all prostate cancer subjects in the BLSA population (75.0 years) was similar
to the mean age of the final study group. The race distribution of the prostate
cancer subjects in the study group (95.7% Caucasian and 4.3% African-
American) was similar to all BLSA subjects with prostate cancer (93.4% Cau-
casian, 5.9% African-American, and 0.7% Chinese). The clinical stage (tumor–
node–metastasis)(6) among the cancer cases was T1 in 10 subjects, T2 in nine,
T3 in three, M+ in three, and unknown in 22. The Gleason score (combined
Gleason grade)(7) was 6 or less for 22 of the cancer cases, 7 or more for 13

cases, and unknown for 12 cases. Presumably, these subjects would have been
diagnosed at earlier stages with PSA testing because PSA increases the lead time
for diagnosis by half a decade(3). Of these men, 40 cancer case subjects and 85
men without prostate cancer had PSA follow-up (median, five tests) from age 60
years until age 75 years or cancer diagnosis, and 36 cancer case subjects and 101
men without prostate cancer had PSA follow-up (median, four tests) from age 65
years until age 75 years or cancer diagnosis (Table 1). These subjects constituted
the final study group. Among the men diagnosed with prostate cancer after age
75 years, 10 participants died, but none were documented to have died of
prostate cancer. The median interval from the last cancer-free PSA to diagnosis
was 0.9 years (range, 0–12.4 years).

Medicare claims data.We evaluated Medicare claims data for PSA testing to
assess the potential cost savings of eliminating unnecessary testing. A 5% na-
tionally random sample of the aged Medicare population for 1995 and 1996 was
used to identify a cohort of patients who underwent PSA testing. All Medicare
beneficiaries aged 65 years and older living in any of the 50 states or in the
District of Columbia, and with both part A and part B coverage, were eligible for
analysis. Prior to selection of the random sample, men who had a pre-existing
condition of prostate or urethral cancer based on the presence of the International
Classification of Diseases, 9th Revision, clinical modifiers code(8) were ex-
cluded from the analysis to ensure that Medicare claims for PSA monitoring of
prostate cancer were not included. From this population, the Medicare program
creates a research dataset by randomly selecting 5% of the population based on
the final two digits of the person’s Social Security number; the final four digits
of the Social Security number are assigned randomly. Patients who were enrolled
in health maintenance organization plans were not included.

The entire database included 1.2 million individuals, 62% female and 84%
Caucasian. PSA testing was identified by the presence of the appropriate current
procedural terminology, 4th revision code, in the part B data.

Study Design

We examined the PSA outcomes of men in the BLSA cohort during follow-up
until age 75 years as a function of age (60 or 65 years) and baseline PSA level
(0–0.5, 0.6–1.0, 1.1–1.5, 1.6–2.0, 2.1–2.5, 2.6–3.0, and >3.0 ng/mL). The age of
75 years was chosen as a stop-point for this analysis because the early diagnosis
and treatment of prostate cancer in a population beyond age 75 years (men with
a <10-year life expectancy) are unlikely to extend life(2). The baseline PSA
level was defined as the PSA level measured closest to the age of 60 or 65 years
(seestudy populations).

Table 1.Observed distribution of prostate-specific antigen (PSA) levels at ages 60 and 65 years in prostate cancer case subjects and
subjects without prostate cancer*

Stratification by PSA and age

Prostate cancer case subjects
Subjects without

prostate cancer with

follow-up until age

75 y or deathProstate cancers diagnosed after age 75 y

PSA level, ng/mL,

at specific age

Total No.

of men

PSA conversion

before diagnosis

No PSA

conversion

PSA conversion

after diagnosis

Diagnosed at

age 75–79 y

Diagnosed at

age 80–84 y

Diagnosed at

age 85–89 y

Diagnosed at

ageù90 y Total

With PSA

conversion

Age 60 y n4 125 n4 19 n 4 5 n 4 5 n 4 4 n 4 5 n 4 1 n 4 1 n 4 85 n 4 9

0–0.5 37 0 0 0 3 0 0 0 34 0

0.6–1.0 45 4 2 1 1 3 1 1 32 2

1.1–1.5 14 4 2 1 0 1 0 0 6 1

1.6–2.0 11 3 1 1 0 0 0 0 6 1

2.1–2.5 5 2 0 1 0 0 0 0 2 1

2.6–3.0 5 1 0 0 0 0 0 0 4 3

>3.0 8 5 0 1 0 1 0 0 1 1

Age 65 y n4 137 n4 15 n 4 6 n 4 4 n 4 4 n 4 5 n 4 1 n 4 1 n 4 101 n4 7

0–0.5 32 0 1 0 1 1 0 0 29 0

0.6–1.0 40 1 2 0 2 2 0 1 32 0

1.1–1.5 25 2 0 0 0 1 1 0 21 1

1.6–2.0 13 3 1 1 0 1 0 0 7 1

2.1–2.5 10 3 1 1 1 0 0 0 4 1

2.6–3.0 7 2 0 1 0 0 0 0 4 2

>3.0 10 4 1 1 0 0 0 0 4 2

*Numbers represent number of men with specified PSA level.
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In this study, the date of prostate cancer detection was defined either as the
actual date of diagnosis of prostate cancer or as the date of a PSA conversion to
a level greater than or equal to 4.0 ng/mL in men who were later diagnosed with
prostate cancer, whichever occurred first. Although other PSA criteria could
have been used to define detection (rate of change in PSA, PSA cutoff of 2.5
ng/mL, etc.), a PSA level of 4.0 ng/mL is used more commonly to indicate a
higher risk of cancer, and no other criteria have been shown to have greater
validity (3).

Men who were diagnosed with prostate cancer before or after age 75 years and
who had had a PSA conversion to greater than or equal to 4.0 ng/mL before age
75 years were considered to have had the cancer detected at the time of PSA
conversion and to benefit from PSA testing because testing may have detected
the cancer at a time when cure was more likely. In contrast, unnecessary PSA
testing was presumed to have occurred in those men who were diagnosed with
prostate cancer when there was no PSA conversion to greater than or equal to 4.0
ng/mL before diagnosis, the conversion occurred after the diagnosis of cancer
(cases for which PSA would not have suggested the presence of cancer), or men
in whom no diagnosis of prostate cancer was made before age 75 years.

Statistical Analysis

The crude percentage of cancer case subjects and subjects without prostate
cancer with a PSA conversion to greater than 4.0 ng/mL was observed for men
with a PSA follow-up from age 60 to 75 years and from age 65 to 75 years.
Robust estimates of the percentages and 95% confidence intervals (CIs) were
obtained from 1000 bootstrap samples on the basis of the original cohort. The
medians of the 1000 bootstrap percentages and 1000 bootstrap exact binomial
95% CIs are less vulnerable to the potential influence of outliers in this small
sample.

We evaluated PSA testing in the Medicare database by calculating the number
of PSA tests per enrollee and the percentage of males who received a PSA test
by age.

RESULTS

Table 1 shows the observed outcomes of PSA testing in the
cohorts of men with PSA follow-up beginning at age 60 years
and age 65 years and stratified by initial PSA level. Among 125
men who had a PSA follow-up from age 60 years, 40 men were
eventually diagnosed with prostate cancer. Among these 40 can-
cer case subjects, 19 would have potentially benefited from PSA
testing over the next 15 years (to age 75 years) by a PSA con-
version and by early diagnosis of cancer. The remaining 21
cancer case subjects would have been unlikely to benefit from
PSA testing, either because there was no PSA conversion prior
to diagnosis (n4 5), since the conversion occurred after diag-
nosis (n4 5) or because the cancer was diagnosed after age 75
years (n4 11). All cancer case subjects diagnosed in the 15
years after age 60 years had baseline PSA levels of more than
0.5 ng/mL, and all subjects without prostate cancer with a PSA
conversion between 60 and 75 years of age had baseline PSA
levels of more than 0.5 ng/mL.

Among 137 men who had PSA follow-up from age 65 years,
36 men were eventually diagnosed with prostate cancer. Among
these 36 cancer case subjects, 15 would have potentially ben-
efited from PSA testing over the next 10 years (to age 75 years)
by a PSA conversion and an early diagnosis of cancer. The
remaining 21 cancer case subjects would have been unlikely to
benefit from PSA testing, either because there was no PSA con-
version prior to diagnosis (n4 6), since the conversion occurred
after diagnosis (n4 4), or because the cancer was diagnosed
after age 75 years (n4 11). All cancer case subjects who would
have potentially benefited from PSA testing diagnosed in the 10
years after age 65 years had baseline PSA levels of more than
0.5 ng/mL, and all subjects without prostate cancer who had a
PSA conversion between the ages of 65 and 75 years had base-
line PSA levels of more than 0.5 ng/mL.

Table 2 shows the outcome in terms of cancer detection and
reduction in unnecessary PSA testing if men with low PSA
levels were no longer tested. For example, if PSA testing were
discontinued at age 65 years in men with PSA levels of less than
1.0 ng/mL, 94% (95% CI4 70%–100%) of prostate cancers
would still be detected over the next 10 years and there would be
a more than 50% reduction in the number of men tested unnec-
essarily in this cohort of men.

Review of the Medicare claims data for 1995 and 1996 dem-
onstrates that, in both years, 29% of the Medicare population had
at least one PSA test, with an average of 1.3 tests per enrollee
tested. Fig. 1 shows the percentage of male Medicare enrollees
receiving a PSA test in 1996 by age. More than 20% of the
Medicare population is still being tested at age 85 years.

DISCUSSION

The benefit of PSA testing in terms of prostate cancer mor-
tality reduction has not been proven. However, PSA testing is
widespread as a method for the early detection of prostate can-
cer, the second most common cause of male cancer deaths in the
United States(9). Appropriate guidelines for PSA testing that
would reduce unnecessary testing and maintain the rate of de-
tection of prostate cancer have not been defined. Appropriate
guidelines determine the burden of screening in the population
in terms of unnecessary tests, false-positive tests, and the down-
stream effects of false-positive testing and are thus an important
aspect of a successful screening program.

It has been shown that serum PSA level is a predictor of a
future diagnosis of prostate cancer, even when levels are below
“normal” (3). With the use of a single serum sample collected 10
years before disease ascertainment, Gann et al.(3) demonstrated
a twofold increased risk of a prostate cancer diagnosis in men
with PSA levels of 1.01–1.50 ng/mL and a fivefold increased

Table 2.Observed and robust estimates (bootstrap median, bootstrap 95%
confidence intervals [CIs]) of the outcomes of prostate-specific antigen (PSA)

testing based on age and PSA level

PSA level, ng/mL,
by age cohort,
below which
PSA testing
is discontinued

% of prostate cancers
detected before age 75 y*

% reduction in No. of men
tested unnecessarily†

Observed
(%)

Bootstrap,
median

(95% CI)
Observed

(%)

Bootstrap,
median

(95% CI)

Age 60 y
ø0.5 19/19 (100) 100 (82–100) 37/106 (35) 35 (26–45)
ø1.0 15/19 (79) 80 (55–94) 78/106 (74) 74 (64–82)
ø1.5 11/19 (58) 58 (34–80) 88/106 (83) 83 (74–90)
ø2.0 8/19 (42) 41 (19–66) 96/106 (90) 90 (83–95)
ø2.5 6/19 (32) 31 (12–56) 99/106 (93) 93 (87–97)
ø3.0 5/19 (26) 25 (9–50) 103/106 (97) 97 (92–99)

Age 65 y
ø0.5 15/15 (100) 100 (78–100) 32/122 (26) 26 (18–35)
ø1.0 14/15 (93) 94 (70–100) 71/122 (58) 58 (49–67)
ø1.5 12/15 (80) 80 (52–96) 94/122 (77) 77 (68–84)
ø2.0 9/15 (60) 60 (32–84) 104/122 (85) 85 (77–91)
ø2.5 6/15 (40) 39 (16–67) 111/122 (91) 91 (84–95)
ø3.0 4/15 (27) 27 (8–55) 116/122 (95) 95 (90–98)

*Prostate cancers detected before age 75 years were cases in which a PSA
conversion to >4.0 ng/mL occurred before age 75 y.

†Men tested unnecessarily were those men who were diagnosed with prostate
cancer when there was no PSA conversion to >4.0 ng/mL before diagnosis, men
diagnosed with cancer after age 75 years if no PSA conversion occurred prior to
age 75 years, or men without a prostate cancer diagnosis by age 75 years.
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risk in men with PSA levels of 2.01–3.00 ng/mL compared with
men with PSA levels of 1.0 ng/mL or less. Thus, baseline PSA
levels reflect the future risk of a prostate cancer diagnosis. Given
the predictive value of PSA, it would seem reasonable to use
PSA measurements to identify older men at low risk for a future
prostate cancer diagnosis who may not benefit from intensive
screening.

To our knowledge, we have demonstrated for the first time in
a longitudinal study of repeated PSA levels over 10–15 years the
relationship between baseline PSA level and a future prostate
cancer diagnosis. These data suggest that, by age 65 years, men
with very low PSA levels (ø0.5 orø1.0 ng/mL) are not likely
to be diagnosed with prostate cancer over the next decade and
that prostate cancer detection would be affected little—if at all—
if these men had less intensive PSA testing (Table 2). Since an
early diagnosis of prostate cancer is not likely to extend life
when made after age 75 years, the target population for PSA
testing is below age 75 years. An estimated 26%–58% reduction
in the number of men tested unnecessarily would occur (on the
basis of this nonscreened population) if PSA testing were dis-
continued in men at age 65 years with very low PSA levels.

The use of low PSA levels to identify older men for less
intensive screening would reduce the number of men undergoing
PSA testing unnecessarily and would likely not affect cancer
detection appreciably. However, the number of false-positive
PSA tests in those men without cancer would also be unlikely to
be affected, since men with low baseline PSA levels rarely have
PSA conversions (>4.0 ng/mL) that would prompt further evalu-
ation before age 75 years (Table 1). Thus, any cost savings of
less intensive screening in an older population with low PSA
levels would accrue from the avoidance of serial PSA tests over
a decade or more and not from the avoidance of downstream
costs of false-positive PSA tests.

To put the potential cost savings of less intensive PSA testing
into perspective, we evaluated Medicare claims data. Our Med-
icare claims analysis suggests that the cost savings of less in-
tensive screening in selected older men could be large because
the percentage of men undergoing PSA testing is 29% in the
Medicare population and is above 20%, even at age 85 years
(Fig. 1). With an estimated 14.3 million male Medicare enrollees

in 1996(10), four million men (14.3 × .29) may have undergone
PSA testing in the Medicare population in 1996. On the basis of
our estimate of a 26%–58% reduction in the number of men
undergoing PSA testing, if testing were discontinued in men
with very low PSA levels (ø0.5 or ø1.0 ng/mL), as many as
1–2 million men could forego further testing or be tested less
frequently (e.g., every 5 years). Given the average of 1.3 tests
per enrollee for these 1–2 million men and a Medicare reim-
bursement rate of $26 per test, less intensive screening could
result in a $32 500 000–$65 000 000 cost savings per year.

Several limitations of this study deserve discussion. First, the
use of frozen sera to determine serum PSA levels could have
affected the results. However, the stability of total PSA in frozen
sera at −70 °C is well recognized(11). In addition, we have
not been able to demonstrate a statistically significant rela-
tionship between PSA level and sample storage time in the
BLSA population(5). Therefore, we believe that measurements
from the frozen samples represent accurate measurements of
serial serum PSA levels in the subjects tested. Second, we as-
sumed that prostate cancer in case subjects without a PSA con-
version above 4.0 ng/mL would have remained undetected and
that PSA testing was not beneficial in these men. This assump-
tion could have overestimated the number of men who under-
went PSA testing unnecessarily, since a diagnosis may have
been made by other PSA criteria (PSA density, PSA velocity,
and free PSA). Third, we also assumed that the discovery of
prostate cancer at the time of a PSA conversion to 4.0 ng/mL
would be beneficial because virtually all of these men have
curable disease(12).This assumption forms the basis of current
enthusiasm for PSA testing. However, lack of benefit, either
because of detection of advanced (noncurable) disease or be-
cause of detection of disease not destined to progress, is possible
for some of these men with cancer detected at PSA levels of 4.0
ng/mL. Thus, this assumption could have resulted in an under-
estimate of unnecessary testing in this study. Fourth, the distri-
bution of PSA levels and cancers within our cohort may not
reflect those of a screened population because of the eligibility
requirements of our study. Since our study design excluded men
who had had prior treatment for prostate disease, the proportion
of men with lower PSA levels was somewhat greater than that in
screened populations. This overrepresentation of lower PSA val-
ues at baseline could have lowered the number of subjects with
PSA conversions, leading to an overestimation of the number of
subjects tested without benefit. However, this possibility does
not change the findings in our dataset, suggesting that less fre-
quent screening may be rational for older men with low PSA
values. Fifth, the small number of prostate cancers in our study
resulted in wide CIs for outcome estimates by use of the boot-
strap method. Therefore, it is not possible to identify a PSA cut
point below which PSA testing should be discontinued. How-
ever, given our findings and the risk estimates of Gann et al.(3),
it would appear that men older than age 65 years with very low
PSA levels seldom benefit from further PSA testing. Finally, our
calculated potential savings to the Medicare system may, in fact,
underestimate “true” savings, since claims data may underesti-
mate rates of PSA testing. At the current time, routine PSA
screening of asymptomatic men is not reimbursed by Medicare,
but it will be reimbursed beginning in the year 2000 as part of
the Balanced Budget Act of 1997. This could increase the per-
centage of Medicare patients undergoing routine testing begin-
ning in the year 2000. Therefore, the establishment of rational

Fig. 1. Percentage of male Medicare enrollees receiving a prostate-specific an-
tigen test in 1996 by age in years (based on Medicare part B claims data).
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approaches to routine PSA testing may lead to substantial cost
savings.

In summary, we have shown that by age 65 years, men with
very low PSA levels are at a low risk of a prostate cancer
diagnosis over the next decade. These data suggest that, for men
with lower PSA levels, less intensive screening could maintain
the detection of the majority of prostate cancers up until age 75
years and markedly reduce the number of men undergoing un-
necessary PSA testing. Less intensive screening among lower
risk men at an older age could result in large cost savings.
Prospective studies of larger cohorts will be required to clearly
define the PSA level below which testing intensity can be re-
laxed to result in the cost-effective detection of important pros-
tate cancers.

REFERENCES

(1) von Eschenbach A, Ho R, Murphy GP, Cunningham M, Lins N. American
Cancer Society guidelines for the early detection of prostate cancer: update,
June 10, 1997. Cancer 1997;80:1805–7.

(2) Albertsen PC, Hanley JA, Gleason DF, Barry MJ. Competing risk analysis
of men aged 55 to 74 years at diagnosis managed conservatively for clini-
cally localized prostate cancer. JAMA 1998;280:975–80.

(3) Gann PH, Hennekens CH, Stampfer MJ. A prospective evaluation of
plasma prostate-specific antigen for detection of prostatic cancer. JAMA
1995;273:289–94.

(4) Shock NW, Greulich RC, Andres R, Arenberg D, Costa PT Jr, Lakatta EG,
et al. Normal human aging: the Baltimore Longitudinal Study of Aging.
Washington (DC): U.S. Govt Print Off; November 1984 Report No.: NIH
Publ No. (NIH)84-2450.

(5) Carter HB, Pearson JD, Metter EJ, Brant LJ, Chan DW, Andres R, et al.

Longitudinal evaluation of prostate specific antigen levels in men with and
without prostate disease. JAMA 1992;267:2215–20.

(6) Schroder FH, Hermanek P, Denis L, Fair WR, Gospodarowicz MK,
Pavone-Macaluso M. The TNM classification of prostate cancer. Prostate
Suppl 1992;4:129–38.

(7) Gleason DF. Classification of prostatic carcinomas. Cancer Chemother Rep
1966;50:125–8.

(8) International Classification of Disease, 9th revision—clinical modification
(ICD.9.CM). 4th ed. New York (NY): McGraw-Hill; 1995.

(9) Cancer rates and risks. 4th ed. In: Hanna A, editor. Bethesda (MD): Na-
tional Institutes of Health, National Cancer Institute; 1996.

(10) 1996 HCFA statistics. Health Care Financing Administration, Bureau
of Data Management and Strategy; HCFA Publ No. 03394, September
1996.

(11) Jacobsen SJ, Klee GG, Lilja H, Wright GL Jr, Oesterling JE. Stability of
serum prostate-specific antigen determination across laboratory, assay, and
storage time. Urology 1995;45:447–53.

(12) Pound CR, Partin AW, Epstein JI, Walsh PC. Prostate-specific antigen after
anatomic radical retropubic prostatectomy. Patterns of recurrence and can-
cer control. Urol Clin North Am 1997;24:395–406.

NOTES

Editor’s note:J. D. Pearson is an employee of Merck, Inc. and holds stock in
the company as part of his retirement plan.

Supported by Public Health Service grant CA58236 from the National Cancer
Institute, National Institutes of Health, Department of Health and Human Ser-
vices.

We thank Christopher Morrell, Ph.D., for his help with the bootstrap analyses
and Eric Slade, Ph.D., for his help with the Medicare claims data.

Manuscript received March 22, 1999; revised July 21, 1999; accepted August
13, 1999.

Journal of the National Cancer Institute, Vol. 91, No. 20, October 20, 1999 ARTICLES 1737


