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ABSTRACT

Background The detection of prostate cancer by
screening for prostate-specific antigen (PSA) in se-
rum is improved when age-specific reference ranges
are used, but these ranges have been derived from
white populations. We determined the distribution
of PSA and age-specific reference ranges in black
men both with and without prostate cancer.

Methods From January 1991 through May 1995,
we measured serum PSA in 3475 men with no clini-
cal evidence of prostate cancer (1802 white and 1673
black) and 1783 men with prostate cancer (1372
white and 411 black). We studied the data as a func-
tion of age and race to determine the usefulness of
measuring PSA in diagnosing prostate cancer.

Results Serum PSA concentrations in black men
(geometric mean in controls, 1.48 ng per milliliter; in
patients, 7.46) were significantly higher than those in
white men (geometric mean in controls, 1.33 ng per
milliliter; in patients, 6.28). The values in the controls
correlated directly with age. The area under the re-
ceiver-operating-characteristic curve was 0.91 for
blacks and 0.94 for whites. If traditional age-specific
reference ranges were used in screening black men,
with the test specificity kept at 95 percent, 41 percent
of cases of prostate cancer would be missed. For the
test to have 95 percent sensitivity among black men,
the following normal reference ranges should be
used: for men in their 40s, 0 to 2.0 ng of PSA per mil-
liliter (test specificity, 93 percent); for men in their
50s, 0 to 4.0 ng per milliliter (specificity, 88 percent);
for men in their 60s, 0 to 4.5 ng per milliliter (speci-
ficity, 81 percent); and for men in their 70s, 0 to 5.5 ng
per milliliter (specificity, 78 percent).

Conclusions Serum PSA concentrations can be
used to discriminate between men with prostate
cancer and those without it among both blacks and
whites. Over 40 percent of cases of prostate cancer
in black men would not be detected by tests using
traditional age-specific reference ranges, which
maintain specificity at 95 percent. In this high-risk
population, the alternative approach — maintaining
sensitivity at 95 percent — may be used with accept-
able decrements in specificity. (N Engl J Med 1996;
335:304-10.)
©1996, Massachusetts Medical Society.
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ITH 317,000 new cases and 41,000
deaths predicted for 1996, prostate
cancer is now the most common can-
cer and the second leading cause of
death from cancer among men in the United States.!
In blacks the statistics are even more sobering, with
a higher incidence of disease, a higher likelihood of
diagnosis at a more advanced stage of disease, and a
lower rate of survival after adjustment for disease
stage than among whites.2 The American Cancer So-
ciety, the American Urological Association, and the
American College of Radiology have made the con-
troversial recommendation that all men over the age
of 50 have an annual blood test for prostate-specific
antigen (PSA) and a digital rectal examination to
screen for prostate cancer. In black men and men
with a family history of prostate cancer, it is recom-
mended that testing begin at the age of 40.34 Little
is known, however, about the use of PSA tests in the
screening of black men for prostate cancer.

PSA is a serine protease produced by the epithelial
cells of normal, hyperplastic, and cancerous prostatic
tissue.5 Because the enzyme is not specific for pros-
tate cancer, the PSA test has a high false positive rate
when used as a screening tool.¢ Only 26 percent of
men with serum PSA levels between 4.1 and 9.9 ng
per milliliter have prostate cancer on biopsy.”

In men without prostate cancer, PSA levels in-
crease with age, mainly because of increases in pros-
tate volume due to benign prostatic hyperplasia. This
fact led Oesterling et al. to develop age-specific ref-
erence ranges for white men from Olmsted County,
Minnesota.8 Other groups have reported normal ref-
erence ranges similar to theirs, all based on predom-
inantly white populations of men without prostate
cancer, and all designed so that the test would have
95 percent specificity.®!! Using these ranges can re-
duce the number of prostate biopsies by 22 percent
in men over the age of 70, while potentially increas-
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ing the sensitivity of the PSA test in younger men,
who are most likely to benefit from treatment.!2

Race may also be an important factor in setting a
reference range. A recent study found that a popu-
lation of healthy Japanese men had lower PSA values
than a group of white men of similar age.l? We
found that blacks with newly diagnosed prostate can-
cer have higher PSA levels than whites, even after ad-
justment for the stage, volume, and grade of the tu-
mor and the patient’s age.1* For the PSA test to have
a similar sensitivity in blacks the normal reference
range might be higher than for whites.

In this study, we sought to determine the distribu-
tion of serum PSA levels in a large population of
blacks and whites both with and without prostate
cancer. All the men studied were in the U.S. military
system, where there is equal access to health care. All
the PSA tests were performed in the same laboratory
by the same method. We evaluated the sensitivity and
specificity of various reference ranges: the range cur-
rently used (0 to 4.0 ng per milliliter); age-specific
ranges based on the specificity of the test in whites8;
a similar set of ranges based on data from blacks; and
a set of age-specific ranges based on data from blacks
with prostate cancer in which sensitivity was kept at
95 percent to maximize the detection of cancer.

METHODS

Controls

From January 1991 through May 1995, 14,826 men 40 to 79
years of age had a total of 53,789 serum PSA tests performed at
Walter Reed Army Medical Center as part of their general health
examinations. All the PSA determinations were performed in a
central laboratory with the same assay (IMx, Abbott; normal
range, 0 to 4.0 ng of PSA per milliliter). The men included 2129
blacks, 312 Asians, 84 men of Hispanic origin, 12,193 whites,
and 108 men of unknown race or ethnic group. Data on the
men’s PSA values, ages, and race or ethnic group were maintained
in a central computer, and all the analyses were based on the re-
sults of the first test in each man. Patients with prostatitis were
excluded, but those with prostatism were not.

A computer-generated random sample of 2100 white men was
combined with the entire group of blacks to form the study sam-
ple of 4229 men. This cohort was cross-referenced with the data
bases of the hospital pathology department and tumor registry,
and 465 men with known prostate cancer were excluded from
the study. Among the remaining 3764 men, 576 who had ab-
normal digital rectal examinations (61 men; 37 whites and 24
blacks), PSA values higher than 4.0 ng per milliliter (538 men;
259 whites and 279 blacks), or both but no known prostate can-
cer were studied. In this subgroup a total of 684 prostate biop-
sies were performed; in 127 of these patients (48 whites and 79
blacks) the biopsy revealed prostate cancer. There were 162 ad-
ditional men who were not evaluated further and were excluded
from the analysis. The 287 remaining men with PSA values
above 4.0 ng per milliliter, an abnormal digital rectal examina-
tion, or both were assumed to be free of prostate cancer because
transrectal ultrasonography of the prostate, prostate biopsy, or
both were negative for cancer. The final study cohort included
3475 men (1802 whites and 1673 blacks) who had no evidence
of prostate cancer. Of these men, 8 blacks (0.5 percent) and 12
whites (0.7 percent) were receiving finasteride at the time of
their PSA determinations.

Patients

From January 1991 through August 1995, at the same medical
center, a total of 1783 men, 411 black and 1372 white, had PSA
tests performed during the six months before a subsequent diag-
nosis of prostate cancer by biopsy. The reason for the prostate bi-
opsy was known in 79 percent of the patients (345 blacks and
1057 whites). In 7 percent of blacks and 15 percent of whites,
the only abnormality was on the digital rectal examination,
whereas in 38 percent and 40 percent, respectively, the only ab-
normality was an clevated PSA level (more than 4.0 ng per milli-
liter); 55 percent and 45 percent, respectively, had both abnormal
digital examinations and elevated PSA levels. Less than 0.5 per-
cent of each racial group had symptoms of metastatic prostate
cancer as the only reason for biopsy. Twelve blacks (2.9 percent)
and 33 whites (2.4 percent) were receiving finasteride at the time
of their PSA determinations.

Statistical Analysis

Because of the log-normal distribution of the PSA concentra-
tions, they were log-transformed in the analyses. The observed
5th, 25th, 50th (median), 75th, and 95th percentiles were calcu-
lated on the basis of the empirical distribution of the data in each
10-year age group. A multivariate regression model in which the
log-transformed PSA concentration was plotted against age and
race was used to determine whether the PSA concentrations dif-
fered significantly according to race when we controlled for age.
Receiver-operating-characteristic (ROC) curves in which the val-
ue for sensitivity was plotted against the false positive rate (1 mi-
nus the value for specificity) were generated for the white and
black cohorts, both overall and within each 10-year age group.
The area under the ROC curve was estimated according to the
method of Hanley and McNeil.!s Population-based ROC curves
for white men from Olmsted County, Minnesota, are included in
the figures for comparison. In all the analyses, P values of less
than 0.05 were considered to indicate statistical significance.

RESULTS

Table 1 shows the distribution of serum PSA lev-
els according to race, age, and status as a patient or
control for each 10-year age group. In both racial
groups the median serum PSA level among the con-
trols was 1.3 ng per milliliter. The mean values dif-
fered significantly, however, and the difference per-
sisted after adjustment for age (mean PSA level in
blacks, 2.6 ng per milliliter; in whites, 1.9 ng per
milliliter; P<<0.001). There was more variation with
increasing age among blacks than among whites, as
shown by the differences in the interquartile range
(the range between the 25th and 75th percentiles).
Over the entire range of ages, the serum PSA con-
centrations correlated directly with age among the
controls in each racial group (r =0.40 for blacks and
0.34 for whites; P<<0.001 for both). The distribu-
tion of serum PSA concentrations was shifted to a
higher level in the black men than in the whites; the
distribution in the whites was nearly identical to that
reported by Oesterling et al.8 (Fig. 1).

Table 2 shows the sensitivity and specificity of the
serum PSA test in diagnosing prostate cancer accord-
ing to race, age, and PSA level. When the 95th per-
centile in the black controls (Table 1) was used as a
cutoft (with specificity maintained at 95 percent), sen-
sitivity was markedly reduced to 67, 52, and 28 per-
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TABLE 1. DISTRIBUTION OF SERUM PSA LEVELS ACCORDING TO
RACE AND AGE GROUP AMONG THE CONTROLS
AND PATIENTS WITH PROSTATE CANCER STUDIED
AT WALTER REED ARMY MEDICAL CENTER, 1991-1995.

RACE AND No.
AGE (YR) STUDIED Serum PSA LeveL
5TH 25TH, 75TH 95TH
PERCENTILE MEDIAN  PERCENTILE PERCENTILE
ng/ml
Black controls
40-49 292 — 0.7 04,1.1 24
50-59 398 — 1.1 0.6,2.3 6.5
60-69 604 — 1.6 0.9, 3.5 11.3
70-79 379 — 2.2 1.1,49 12.5
Black patients
40-49 70 2.0 4.0 3.7,6.3 —
50-59 114 3.9 6.2 54,7.7 —
60-69 156 4.4 8.3 7.0,9.7 —
70-79 71 5.5 10.4 8.7,12.9 —
White controls
40-49 196 — 0.7 0.4,1.0 2.1
50-59 235 — 1.0 0.6, 1.6 3.6
60-69 515 — 1.4 0.8,2.5 4.3
70-79 856 — 1.8 0.9, 35 5.8
White patients
40-49 287 2.6 4.5 3.5,6.3 —
50-59 322 3.5 4.9 4.0,6.2 —
60-69 372 3.3 6.3 49,7.3 —
70-79 391 3.3 7.8 6.6,9.9 —
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cent for men in their 50s, 60s, and 70s, respectively
(data not shown). The traditional cutoft of 4.0 ng per
milliliter had a sensitivity of 48 percent for men in
their 40s and nearly 99 percent for men in their 70s.

The trade-offs in sensitivity and specificity in the
study populations are shown in the ROC curves in
Figure 2. The area under the curve shows the prob-
ability that the PSA level will be higher in a random-
ly selected patient in this population than in a ran-
domly selected control. The more the area under the
curve approaches 1.0 (i.e., the more the ROC curve
approaches the upper left-hand corner), the greater
the predictive power of the screening test. Overall,
serum PSA levels are valuable in discriminating be-
tween the absence and presence of prostate cancer;
the areas under the ROC curves for blacks are 0.98
for men in their 40s, 0.94 for men in their 50s, 0.91
for men in their 60s, and 0.92 for men in their 70s.
Among whites, the corresponding areas under the
ROC curves are 0.99, 0.98, 0.97, and 0.96 — very
similar to the areas under the population-based
ROC curves for the men from Olmsted County (un-
published data).

DISCUSSION

We found that serum PSA levels in black men
without prostate cancer increase with age, as they do
in whites. The black men we studied had higher PSA

T T T
Blacks Whites Whites

T T T
Blacks Whites Whites

T T T T T T
Blacks Whites Whites Blacks Whites Whites

Walter  Olmsted Walter  Olmsted Walter  Olmsted Walter Olmsted
Reed Reed Reed Reed
40-49 yr 50-59 yr 60-69 yr 70-79 yr

Figure 1. Serum Concentrations of Prostate-Specific Antigen as a Function of Age and Race in Men with No Clinical

Evidence of Prostate Cancer.

Values shown were obtained in blacks and whites at Walter Reed Army Medical Center and in whites from Olmsted
County, Minnesota, studied at the Mayo Clinic.8 In each box plot, the lower and upper ends of the “whiskers” represent
the 5th and 95th percentiles, respectively; the lower and upper ends of the boxes, the 25th and 75th percentiles; and

the line inside the box, the median.
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TABLE 2. SENSITIVITY AND SPECIFICITY OF THE SERUM PSA TEST ACCORDING TO RACE, AGE GROUP,

AND SERUM PSA LEVEL IN THE ENTIRE STUDY POPULATION.

PSA LEVEL
(ng/ml) AGE
40-49 YR 50-59 YR 60-69 YR 70-79 YR
Sensitivity  Specificity Sensitivity Specificity Sensitivity Specificity Sensitivity  Specificity
percent
Blacks
1.0 100.0 74.3 100.0 45.7 100.0 32.6 100.0 20.6
2.0 94.3 93.2 100.0 72.6 100.0 58.6 100.0 48.3
3.0 81.4 96.6 98.2 81.9 98.7 71.5 100.0 60.4
4.0 48.6 98.6 94.7 88.4 98.1 79.0 98.6 73.1
5.0 40.0 98.6 80.7 92.0 93.6 82.5 95.8 75.5
6.0 26.2 98.6 54.4 94.7 92.9 86.6 94 .4 79.4
7.0 17.1 99.3 35.1 96.2 69.9 894 90.1 83.4
8.0 8.7 99.3 219 97.2 57.5 91.4 90.1 88.1
9.0 7.1 99.3 13.2 97.5 34.0 92.7 67.6 90.2
10.0 3.7 99.3 8.8 97.7 19.9 93.7 53.5 92.6
11.0 2.9 99.3 6.1 98.2 16.0 94.5 46.5 93.7
12.0 0.0 99.7 2.5 98.5 9.6 95.5 29.6 94.7
13.0 0.0 99.7 0.9 98.7 7.7 96.0 225 95.5
14.0 0.0 99.7 0.9 99.0 7.1 96.6 16.9 96.6
15.0 0.0 99.8 0.9 99.1 4.7 97.2 10.6 97 4
Whites
1.0 99.3 76.0 99.7 52.8 99.7 36.1 99.2 31.3
2.0 98.4 94.6 99.4 83.4 98.4 66.0 98.0 55.4
3.0 84.7 100.0 97.8 93.2 96.5 81.2 97 4 70.0
4.0 62.0 100.0 74.8 97 .4 91.1 93.0 92.1 81.2
5.0 38.7 100.0 46.6 98.7 71.0 97.1 90.0 90.8
6.0 254 100.0 26.1 99.1 52.2 98.8 88.7 96.3
7.0 20.7 100.0 11.8 99.1 28.0 100.0 65.2 98.8
8.0 16.4 100.0 9.3 100.0 11.3 100.0 46.5 99.8
9.0 12.5 100.0 7.8 100.0 6.7 100.0 31.2 99.9
10.0 10.8 100.0 7.5 100.0 3.1 100.0 228 100.0
11.0 9.3 100.0 5.3 100.0 2.5 100.0 15.9 100.0
12.0 8.4 100.0 4.3 100.0 1.3 100.0 11.5 100.0
13.0 7.3 100.0 4.0 100.0 1.1 100.0 7.7 100.0
14.0 6.3 100.0 3.1 100.0 0.8 100.0 7.2 100.0
15.0 5.2 100.0 2.5 100.0 0.5 100.0 6.6 100.0

values, however, and their PSA levels were more
widely distributed, particularly among older men. As
a result, the 95th percentiles for black men were sig-
nificantly higher than those for whites. Therefore, if
the usual 95th percentiles were used in a black pop-
ulation, more than 40 percent of cases of prostate
cancer would go unidentified. This poor sensitivity
is especially disturbing because black men are at
higher risk for prostate cancer than white men.2.16
The reason for the higher PSA values in black men
is unknown. In our prior investigation of PSA levels
in men with newly diagnosed prostate cancer, black
patients with prostate cancer had higher PSA values
even when we adjusted for age, tumor grade, and
the clinical stage of disease. Tumor volume, which
was greater in black men, accounted for some, but
not all, of the racial difference in PSA levels.1# In the
population without clinical evidence of prostate can-
cer described here, we also found racial differences
in PSA levels. Even though we excluded patients

with known prostate cancer and those with elevated
levels of PSA (>4.0 ng per milliliter) who did not
undergo transrectal ultrasonography or prostate bi-
opsy, it is possible that an excess of high-grade pros-
tatic intraepithelial neoplasia among the black men
may have contributed to the difference in serum
PSA levels. A study of black and white men at
autopsy showed a significantly higher prevalence of
high-grade prostatic intraepithelial neoplasia, but not
frank carcinoma, among the black men 30 to 59
years of age.1718 Nevertheless, the effect of high-
grade prostatic intraepithelial neoplasia alone on se-
rum PSA values is unknown. Higher levels of testos-
terone in young black men as compared with a
similar group of whites!® suggest that higher levels
of stimulation by androgens may also account for ra-
cial differences in PSA levels.

A number of issues deserve comment. First, we
included as case patients all the men with prostate
cancer who had elevated levels of PSA before biopsy,
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Figure 2. Receiver-Operating-Characteristic Curves of Sensitivity Plotted against 100 minus Specificity for Men 40 to 79 Years of Age.

The curve for men in their 40s is shown in Panel A, for men in their 50s in Panel B, for men in their 60s in Panel C, and for men
in their 70s in Panel D. Dashed lines denote whites studied at Walter Reed Army Medical Center, dotted lines blacks studied at

Walter Reed, and solid lines the white men from Olmsted County, Minnesota, studied at the Mayo Clinic.8 No data for Minnesota
men appear in Panel A because men in their 40s were not studied by Oesterling et al.
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TABLE 3. AGE-SPECIFIC REFERENCE RANGES
FOR THE PSA TEST, BASED ON THE
5TH PERCENTILE OF THE DISTRIBUTION
OF PSA LEVELS IN THE PATIENTS,
ACCORDING TO RACE.

AGE (YR) WHITES BLAcks
ng of PSA/ml

40-49 0.0-2.5 0.0-2.0

50-59 0.0-3.5 0.0-4.0

60-69 0.0-3.5 0.0-4.5

70-79 0.0-3.5 0.0-5.5

instead of selecting only those in whom such levels
were indications for biopsy. This decision did not
materially affect the results, since only 7 percent of
blacks with prostate cancer had an abnormal digital
rectal examination as the only indicator for prostate
biopsy. Furthermore, less than 0.5 percent of each
racial group underwent biopsy solely because of
symptoms. In our control group, we assumed that
two separate biopsies could rule out more than 95
percent of cases of prostate cancer?® and that a PSA
concentration below 4.0 ng per milliliter combined
with a normal digital rectal examination indicated a
minimal likelihood of prostate cancer, obviating the
need for further evaluation. The latter assumption
may have increased the “normal” reference ranges
for PSA in men under the age of 50, whereas the
former assumption could have increased the values
in the older control group. Resolving these uncer-
tainties would require prostate biopsies of all the
study patients, coupled with long-term follow-up to
rule out the future development of prostate cancer.
Our study had no known selection bias, because in
the military all eligible patients have access to care
without regard to health insurance. PSA levels in our
white population (tested with the IMx assay) were
similar to those in the Olmsted County population
(tested with the Tandem-R assay [ Hybritech]),® sug-
gesting that serum PSA levels were not influenced by
the choice of assay technique.

With areas under the ROC curve of 0.91 for black
men and 0.94 for white men — as compared with
0.70 for Papanicolaou smears for cervical cancer,?!
for example — the PSA assay is clearly valuable as a
screening test. A caveat in this type of analysis, how-
ever, is that sensitivity and specificity may not be
weighted equally when the test is applied clinically.
In a given patient it is important to take into account
associated risk factors and coexisting conditions
and the patient’s determination and desire to under-
go further evaluation. The cutoft levels used with
younger men and men at increased risk for prostate

cancer should emphasize sensitivity, whereas the lev-
els used in men more than 70 years old, men with a
limited life expectancy, or both should emphasize
specificity. Because these judgments vary from per-
son to person, applying reference ranges blindly in
clinical practice is inappropriate. With this in mind,
we propose that ranges be used only as guides, with
the decision to evaluate a patient’s condition further
being based on his desires and medical history.

On the basis of our data, reference ranges for
black men that give sensitivity priority over specific-
ity by maintaining a sensitivity of 95 percent are as
follows: 0 to 2.0 ng of PSA per milliliter for men in
their 40s, 0 to 4.0 ng per milliliter for men in their
50s, 0 to 4.5 ng per milliliter for men in their 60s,
and 0 to 5.5 ng per milliliter for men in their 70s
(Table 3). These reference ranges give superior sen-
sitivity with an acceptable trade-oft in specificity as
compared with the standard range (0.0 to 4.0 ng of
PSA per milliliter), with age-specific reference ranges
based on values obtained in whites,® and with the
95th percentiles of the distribution of PSA levels in
black men without prostate cancer. Sensitivity is im-
proved the most among men in their 40s (from
49 percent for the standard range and 87 percent
for the age-specific reference ranges previously re-
porteds). Using a similar approach in white men
would produce reference ranges of 0 to 2.5 ng per
milliliter for men in their 40s and 0 to 3.5 ng per
milliliter for men in their 50s, 60s, and 70s (Table 3).

In conclusion, serum PSA concentrations in black
men both with and without clinical evidence of
prostate cancer are significantly higher than those in
similar white men. The age-specific reference ranges
derived from the 95th percentiles of the distribution
of PSA levels in a large black population without
prostate cancer are much higher than those derived
from similar whites and are of limited clinical value.
Nonetheless, serum PSA screening is a powerful tool
for the detection of prostate cancer in both blacks
and whites, and when properly applied on an indi-
vidual basis, the use of age-specific reference ranges
can improve the clinical value of such screening. Our
age-specific reference ranges (Table 3) indicate val-
ues for clinicians that maximize the detection of
cancer in each 10-year period between the ages of
40 and 79 years.
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