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BACKGROUND. Prostate cancer mortality rates in the United States declined sharply

after 1991 in white men and declined after 1992 in black men. The current study

was conducted to investigate possible mechanisms for the declining prostate

cancer mortality rates in the United States.

METHODS. The authors examined and compared patterns of prostate cancer inci-

dence, survival rates, and mortality rates among black men and white men in the

United States using the 1969 –1999 U.S. prostate cancer mortality rates and the

1975–1999 prostate cancer incidence, survival, and incidence-based mortality rates

from the Surveillance, Epidemiology, and End Results (SEER) Program for the U.S.

population. The SEER data represent approximately 10% of the U.S. population.

RESULTS. Prostate cancer incidence and mortality rates showed transient increases

after 1986, when the U.S. Food and Drug Administration approved the use of

prostate specific antigen (PSA) testing. The age-adjusted prostate cancer mortality

rates for men age 50 – 84 years, however, have dropped below the rate in 1986 since

1995 for white men and since 1997 for black men. In fact, for white men ages 50 –79

years, the 1998 and 1999 rates were the lowest observed since 1950. Incidence-

based mortality rates by disease stage revealed that the recent declines were due to

declines in distant disease mortality. Moreover, the decrease in distant disease

mortality was due to a decline in distant disease incidence, and not to improved

survival of patients with distant disease.

CONCLUSIONS. Similar incidence, survival, and mortality rate patterns are seen in

black men and white men in the United States, although with differences in the

timing and magnitude of recent rate decreases. Increased detection of prostate

cancer before it becomes metastatic, possibly reflecting increased use of PSA

testing after 1986, may explain much of the recent mortality decrease in both white

men and black men. Cancer 2003;97:1507–16.
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During the past 20 years, there have been dynamic changes in
prostate cancer incidence rates, due in large part to changing

medical practices. The first of these changes occurred with the in-
creased use of transurethral resection of the prostate (TURPS) in the
early 1970s to the middle 1980s.1 Subsequently, the prostate specific
antigen (PSA) test gained U.S. Food and Drug Administration (FDA)
approval in 1986 for use in monitoring prostate cancer recurrence and
in 1994 for aiding in the detection of prostate cancer. The diagnostic
use of PSA after 1986 led to similar prostate cancer incidence rate
increases in white men and black men: Incidence rates rose 108%
from 1986 to a peak in 1992 for white males and rose 104% from 1986
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to a peak in 1993 for black males.2–5 Declines in distant
disease incidence rates began in 1991 and occurred
while localized and regional disease incidence rates
were still increasing.2,3,6 –11 Declines in prostate cancer
mortality after 1991 have been noted.10,12,13

Some have indicated that these patterns provide
evidence of beneficial effects of PSA testing.10,14 They
note that the patterns of stage specific incidence rates
and mortality rates are consistent with stage migration
from distant disease to earlier stages of disease due to
PSA screening. That is, the data are consistent with the
hypothesis that PSA use led to the increased detection
of tumors in the localized or regional stage and that
some of these PSA-detected tumors would have been
diagnosed clinically a few years later in the distant
stage if they had not been detected earlier by PSA
screening. This stage migration or stage shift is evi-
denced by the initial increase in localized/regional
disease incidence and subsequent decline in distant
disease incidence rates.10,14

Prostate cancer mortality rates among white men
through 1995 showed declining trends after 1991.13

However, it was suggested that the mortality decrease
may have been due to errors in death certification
associated with the initial large increase and subse-
quent sharp decrease in prostate cancer incidence
rates (i.e., if a certain percentage of deaths in men
diagnosed with prostate cancer but dying of another
cause incorrectly are assigned prostate cancer as the
cause of death, then prostate cancer mortality rates
will tend to rise and fall with prostate cancer incidence
rates).13,15 The eventual declines in prostate cancer
mortality rates below their 1986 prescreening level for
white men, however, cannot be explained by death
certification errors because prostate cancer incidence
rates at the time of the mortality decrease in the 1990s
were still well above the level of incidence rates in
1986, prior to the increased use of PSA testing.16 To
further our understanding of the nature of the recent
decrease in prostate cancer mortality, we examined
the latest prostate cancer incidence, survival, and
mortality rates for black men and compared their tem-
poral patterns with the patterns observed in white
men.

MATERIALS AND METHODS
Data Sources and Descriptions
Incidence and survival rates were obtained from pop-
ulation-based data collected by the Surveillance, Epi-
demiology, and End Results (SEER) Program of the
National Cancer Institute. Data were used on white
men and black men with prostate cancer who were
diagnosed from 1975 to 1999 among residents of nine
geographic areas: Connecticut, Hawaii, Iowa, New

Mexico, Utah, Atlanta, Detroit, Seattle-Puget Sound,
and San Francisco-Oakland. The annual incidence
rates were age-adjusted to the 2000 U.S. population by
direct standardization.17 One-year, 3-year, and 5-year
prostate cancer specific survival rates by stage at di-
agnosis were examined for the diagnostic years 1975–
1999. Incidence and survival were calculated using the
2002 SEER*Stat CD-ROM program.17

The categories for tumor extent (disease stage) at
the time of diagnosis used in this report were local-
ized/regional disease, distant disease, and unstaged
disease. The overall incidence rates were for the total
invasive tumors, including unstaged tumors but ex-
cluding in situ lesions. Localized disease refers to an
invasive neoplasm confined entirely to the prostate.
Regional disease refers to a neoplasm that has ex-
tended beyond the limits of the prostate directly into
surrounding organs, tissues, or regional lymph nodes.
Distant disease refers to a neoplasm that has spread to
remote sites of the body. Unstaged disease indicates
tumors for which insufficient information was avail-
able to permit accurate assignment of a stage. Since
1995, SEER reports have combined localized and re-
gional disease in calculating incidence rates for pros-
tate cancer.17 Thus, localized and regional disease
were combined for every year since 1975 in analyses of
prostate cancer incidence.13

Normally, mortality data are restricted to the in-
formation on death certificates, such as race, gender,
and age at death. However, in population-based SEER
cancer registries, the incidence data on individuals are
linked to their mortality outcomes. Therefore, it is
possible to examine mortality rates by variables deter-
mined at diagnosis, such as stage at diagnosis. This
special mortality measure is termed incidence-based
mortality (IBM).18,19 In this report, we examine SEER-
area IBM rates by stage at diagnosis to determine
which stages are responsible for recent declines in
mortality rates. To prevent double counting of pros-
tate deaths in the IBM measures, only sole primary or
first primary diagnosed prostate cancer were used in
the calculation of the IBM rates.

The prostate cancer mortality rates are calculated
from data collected by the National Center for Health
Statistics, which receives death certificates from the
states and compiles mortality data by race, gender,
age, year, and cause of death.20 For the current study,
only white men and black men in the United States
who reportedly had an underlying cause of death of
prostate cancer were included. The mortality rates
were age-adjusted to the 2000 U.S. population by di-
rect standardization. The age groups used for the in-
cidence and mortality data include ages � 50 years,
50 – 84 years, 50 –59 years, 60 – 69 years, 70 –79 years,
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80 – 84 years, and � 85 years. For white men and black
men, mortality rates are reported from 1969 through
1999.

Statistical Analysis
To allow simultaneous adjustment for age at death,
calendar year of death, and year of birth, age-period-
cohort models were fit to the prostate cancer mortality
rates using 1-year age and calendar-period intervals.21

These analyses were based on 34 1-year age intervals,
ranging from age 50 years through age 83 years, and 30
1-year calendar-period intervals, ranging from 1969
through 1998. This resulted in 63 2-year birth-cohort
intervals, ranging from 1885–1886 through 1947–1948.
The significance of changes in the slope of the calen-
dar-period risk curve or the birth-cohort risk curve
were evaluated using linear contrasts.

A standard age-period-cohort analysis is per-
formed using Poisson regression with a logarithmic
link and linear predictor, �i � �j � �k, for the rate
corresponding to age group i, calendar period j, and
birth cohort k.21 To evaluate the change in slope of the
calendar-period risk curve in 1991, the following dif-
ference between two linear contrasts was used:21

3�1997 � 2�1996 � �1995 � �1993 � 2�1992 � 3�1991

� (3�1991 � 2�1990 � �1989 � �1987 � 2�1986 � 3�1985).
The first contrast characterizes the slope of the

calendar-period risk curve between 1991 and 1997,
and the second contrast characterizes the slope of the
calendar-period risk curve between 1985 and 1991. A
significant negative value for this parameter indicates
that there was a decrease in the slope of the calendar-
period risk curve in 1991. Standard errors of the pa-
rameter were adjusted for possible over-dispersion
when the deviance for the age-period-cohort fit ex-
ceeded the number of residual degrees of freedom.22 A
more complete description of parameters to identify
changes in the slope of calendar-period or birth-co-
hort risk curves has been reported.23

The introduction of a beneficial medical interven-
tion usually results in a decrease in the calendar-
period risk curve in age-period-cohort analyses of
mortality rates, because the impact of improved early
detection or improvements in treatment tends to re-
duce mortality in patients of all ages starting in ap-
proximately the same calendar year. Changes in expo-
sure to risk factors usually cause changes in the birth-
cohort pattern of risk in an age-period-cohort
analysis. Thus, the prostate cancer age-period-cohort
analysis can examine whether changes in risk factors
are contributing to the declining mortality rates in the
1990s (by looking for decreases in the birth-cohort risk
curve that would lead to decreasing rates after 1990). If
the decrease in mortality in the 1990s is exclusively a

calendar-period phenomenon, however, then the
most likely explanation for the decrease is improve-
ment in the early detection and/or treatment of pa-
tients with prostate cancer.

RESULTS
For white males, age-adjusted U.S. prostate cancer
mortality rates for men ages 50 – 84 years, 50 –59 years,
60 – 69 years, 70 –79 years, 80 – 84 years, and � 85 years
are shown from 1969 through 1999 in Figure 1. The
age-adjusted prostate cancer mortality rates for men
age 50 – 84 years peaked in 1991 and declined 27%
from 1991 through 1999. For men ages 50 –59 years,
60 – 69 years, and 70 –79 years, the 1998 and 1999 rates
were at their lowest level since 1950. For all men age
� 85 years, the mortality rates after 1995 were lower
compared with the rates in 1986, when the FDA first
approved the use of PSA. Data on black males are
reported in Figure 2, and are discussed below.

To further examine the recent decline in prostate
cancer mortality rates, an age-period-cohort analysis
was performed (see Figure 3). For white males, there
was a significant decrease in the slope of the calendar-
period effects curve in 1991 (P � 0.0001). The only
major change in the birth-cohort effects curve that
would have an impact on recent prostate cancer
trends for men age � 80 years was an increase in the
slope occurring in the 1930s (P � 0.02). Thus, the
recent decrease in prostate cancer mortality rates ap-
pears to be exclusively a calendar-period phenome-
non, suggesting that the decrease reflects a change in
medical practice rather than a change in prostate can-
cer risk factors.

For black men, age-adjusted prostate cancer rates
by age are shown in Figure 2 from 1969 through 1999.
The age-adjusted prostate cancer mortality rates for
black men age 50 – 84 years leveled off around 1990
and then declined 17% from 1994 to 1999. For black
men ages 50 –59 years, 60 – 69 years, and 70 –79 years,
mortality rates have dropped below their levels in
1986. The rates were lower than any time since 1969
after 1997 for black men age 60 – 69 years and in 1999
for black men age 50 –59 years (rates for black men are
not available prior to 1969).

The slope of the calendar-period effects curve from
the age-period-cohort analysis of prostate cancer mor-
tality rates among black men (Fig. 3) decreased signifi-
cantly in 1991 (P � 0.0001). The birth-cohort effects
curve for black men is more dynamic than the birth-
cohort effects curve for white men (Fig. 3), but the major
decrease in slope around the turn of the century (P
� 0.0001) occurred too early to explain the decrease in
mortality rates in men age 60–79 years in the 1990s (Fig.
2). Thus, similar to white men, the recent decrease in
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prostate cancer mortality rates is predominantly a cal-
endar-period phenomenon among black men, suggest-
ing that changes medical practice, and not risk factors,
account for the decline.

For both black men and white men, examination
of IBM rates by stage at diagnosis (Fig. 4A,B) indicates
that the mortality declines that began in the early
1990s are due largely to declining death rates for men
with distant disease. Mortality rates in men with lo-

calized or regional disease did not begin to decrease
until 1997 for white men and have decreased only
slightly in recent years for black men. Thus, the sub-
stantial decreases in prostate cancer mortality begin-
ning in the early 1990s for both white men and black
men cannot be explained by trends in mortality from
localized or regional disease.

The declines in distant disease IBM rates may be
explained by increasing distant disease survival rates

FIGURE 1. Age-adjusted prostate can-

cer mortality rates among white men in

the United States between 1969–1999

by age category. The horizontal dotted

line indicates the rate in 1986, the year

the U.S. Food and Drug Administration

first approved prostate specific antigen

testing.
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and/or declining distant disease incidence rates. For
both white men and black men, total and localized/
regional disease survival rates have been increasing
since the middle 1980s (Table 1). However, distant dis-
ease survival rates have changed little for white men or
black men, and have been comparable (Table 1). Distant
disease is much more lethal compared with localized or
regional disease. From 1992 through 1997, the 1-year
and 3-year survival rates for men with distant disease
were 81% and 49%, respectively, for white men and 81%

and 48%, respectively, for black men. In contrast to these
low 1-year and 3-year survival rates for distant disease,
the 5-year survival rates for men with localized-regional
disease were 96% for white men and 93% for black men.
Thus, any intervention leading to increased detection of
prostate cancer before it becomes metastatic may have a
dramatic and relatively rapid impact on prostate cancer
mortality rates.

Panels C and D in Figure 4 show that distant
disease incidence rates declined rapidly for both white

FIGURE 2. Age-adjusted prostate can-

cer mortality rates among black men in

the United States between 1969–1999

by age category. The horizontal dotted

line indicates the rate in 1986, the year

the U.S. Food and Drug Administration

first approved prostate specific antigen

testing.
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men and black men after 1991. This decrease began 5
years after the rapid increase in localized and regional
disease incidence rates began and before localized-
regional disease incidence rates began to decrease
(localized-regional disease rates peaked in 1992 for
white men and in 1993 for black men). This pattern is
consistent with a stage shift due to increased early
detection (prior to 1991) in the localized-regional
stage of tumors that would have been diagnosed (in
the absence of early detection) after 1991 in the distant
stage. The pattern is remarkably similar in black men
and white men.

Although the declines in distant disease incidence
rates from 1986 through 1999 are rather consistent
across age groups, the changes in mortality rates are
heterogeneous (Table 2). Smaller decreases or even
increases in prostate cancer mortality rates were ob-

served in men age � 80 years despite the fact that
marked decreases in distant disease incidence rates
and in IBM rates for distant disease were observed in
these elderly men. In addition, the declines in mortal-
ity rates for black men are smaller compared with the
declines for white men, even when the decreases in
distant disease incidence rates are comparable. IBM
rates for localized or regional disease increased in the
1990s for the oldest men, which diluted the impact of
the decreasing rates of distant disease on mortality.
Length of survival after a diagnosis with malignant
disease depends on the quality of treatment received
as well as the disease stage at the time of diagnosis.
SEER records include the most aggressive surgical
treatment received within 4 months of diagnosis.
There is a marked decrease with age in the percentage
of patients with prostate cancer who undergo radical

FIGURE 3. The calendar-period ef-

fects (A,B) and the birth-cohort effects

(C,D) from the age-period-cohort analy-

sis of the prostate cancer mortality data

for white men and black men, respec-

tively. The maximum likelihood esti-

mates were obtained using the con-

straint that the most recent birth-cohort

effect is 0 (this final constrained value is

not plotted).21
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prostatectomy, and prostatectomy rates are consis-
tently lower in black men compared with white men.
The percentage of patients with localized or regional
disease who underwent radical prostatectomy in the
years 1991–1997 dropped consistently with age, from
64% in white men and 48% in black men age 50 –59
years to 0.7% in white men and 0.4% in black men age
� 80 years. Conversely, the percentage of patients for
whom there was either no surgical procedure or for
whom the most aggressive procedure was a biopsy or
TURP increased from 30% in white men and 45% in
black men age 50 –59 years to 93% in both white men
and black men age � 80 years.

DISCUSSION

The prostate cancer mortality rates for both white
men and black men showed marked declines in the
1990s. The decreasing prostate cancer mortality rates
are due primarily to declining distant disease mortal-
ity rates, which coincide with declining distant disease
incidence rates for both black men and white men.
The mortality rate decrease began while prostate can-
cer incidence rates still were increasing and before the
mortality rates for localized and regional disease be-
gan to fall. Examination of prostate cancer rates from
1990 through 1999 in Asian Americans and Pacific

FIGURE 4. Prostate cancer incidence-

based mortality (IBM) rates by race and

stage at diagnosis for men age � 50

years at the time of death by stage at

diagnosis for white males (A) and by

stage at diagnosis for black males (B)

(diamonds, total IBM; squares, localized/

regional disease IBM; circles, distant

disease IBM). Age-adjusted incidence

rates for prostate cancer diagnosed in

the distant stage in men age � 50 years

for white males (C) and for black males

(D).
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Islanders and in Hispanics also showed declines in
distant disease incidence rates and significant de-
clines in prostate cancer mortality (data not shown).
These observations are consistent with the hypothesis
that the decreasing prostate cancer mortality in the
United States is caused by a stage shift resulting from
earlier detection of cancer by PSA testing. That is,
tumors that, without intervention, would be diag-
nosed in the lethal, distant stage are being detected
early by PSA testing, so that men are diagnosed in the
localized or regional stage; the resulting marked im-
provement in prognosis leads to decreasing mortality
rates.10,14

There have been recent advances in prostate can-
cer treatment for patients with locally advanced dis-
ease that may be making additional contributions to
declines in U.S. prostate cancer mortality rates. Begin-
ning in 1997, a number of studies have shown that
patients with locally advanced disease live longer if
they receive hormone therapy earlier in the course of
their disease.24 –30 In the SEER Program, locally ad-
vanced tumors are coded as regional disease. Thus,
the improved treatments for patients with locally ad-
vanced disease cannot explain the observed decrease
in mortality rates for men with distant disease. The
IBM mortality rates in Figure 4A indicate that local-

TABLE 1
Prostate Cancer Specific Survival Rates by Race and Stage at Diagnosis

Stage at diagnosis

White men Black men

Years of
diagnosisa

survivalb
All
stages

Local/
regional Distant Unstaged

All
stages

Local/
regional Distant Unstaged

1992–1997
1 yr 98 100 81 97 98 99 81 97
3 yr 94 98 49 92 92 97 48 90
5 yrc 91 96 35 87 87 93 34 84

1981–1985
1 yr 96 98 84 96 94 98 83 97
3 yr 85 93 50 84 78 91 47 83
5 yr 76 87 33 75 68 83 30 65

a Years of diagnosis of prostate cancer.
b Probability of not dying from prostate cancer 1 year, 3 years, or 5 years after a diagnosis of prostate cancer.
c Five-year cause specific survival rates are for patients who were diagnosed between 1992–1995.

TABLE 2
Age-Adjusted Incidence Rates of Prostate Cancer with Distant Metastases at the Time of Diagnosis
and Prostate Cancer Mortality Rates by Race

Distant disease incidence rates Prostate cancer mortality rates

Age (yrs)a 1986 1999 Percent change 1986 1999 Percent change

White men
50–59 9.5 4.7 �50.5 7.3 5.4 �26.0
60–69 47.9 21.5 �55.1 51.3 37.0 �27.9
70–79 140.6 41.2 �70.7 188.9 146.4 �22.5
80–84 238.9 64.0 �73.2 404.9 356.7 �11.9
�85 229.1 76.6 �66.6 612.4 661.3 �8.0

Black men
50–59 28.5 18.8 �34.0 19.4 17.7 �8.8
60–69 117.6 50.1 �57.4 132.9 115.1 �13.4
70–79 274.1 89.4 �67.4 438.7 393.6 �10.3
80–84 260.4 147.2 �43.5 791.7 818.8 �3.4
�85 264.3 129.3 �51.5 986.4 1254.5 �27.2

aAge at diagnosis for incidence rates and age at death for mortality rates.
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ized/regional disease mortality rates did not begin to
decline until 1997. Improved treatment of patients
with locally advanced disease may well be contribut-
ing to these additional recent declines in prostate can-
cer mortality rates.

At the international level, recent trends in prostate
cancer rates have shown inconsistent patterns across
countries. Not all countries have trends similar to
those in the United States.31,32 Canada, which has
shared similar patterns for breast cancer with the
United States,33 has had increases in incidence and
subsequent declines in mortality similar to those seen
in the United States.34 In the United Kingdom, there
have been recent declines in prostate cancer mortality
rates, but there has been no prostate cancer screening
program and no large increase in prostate cancer in-
cidence.35–37 Trends in survival rates in the United
Kingdom do not indicate that prostate cancer treat-
ments are affecting the declines.38 Western Australia
has a prostate cancer screening program but has not
seen declines in prostate cancer mortality rates.39

Conversely, Tyrol, Austria, where screening has been
given, shows mortality rate declines similar to those in
the United States as well as evidence that a stage shift
has led to decreasing mortality.40 In any country, com-
prehensive analyses of incidence and survival rates by
stage at diagnosis and of mortality rates by age are
required to make inferences about the possible causes
for the declines or lack of declines in that country.
Application of such analyses to U.S. data shows a
consistent pattern for both black men and white men.

Evaluation of U.S. trends in distant disease inci-
dence rates and prostate cancer mortality rates by age
and race (Table 2) suggests that comparisons of pros-
tatectomy rates also should be included in investiga-
tion of international trends. Comparisons of U.S. pros-
tatectomy rates by age and race indicate that the
impact of decreases in distant disease rates on overall
prostate cancer mortality rates can be obscured in the
absence of aggressive surgical treatment of patients
with prostate cancer that has not metastasized. Thus,
countries with less aggressive surgical treatment of
patients with localized prostate cancer compared with
the United States will observe a smaller decrease in
overall prostate cancer mortality rates, even if the level
of PSA screening is equal to that in the United States.

Although descriptive studies cannot provide abso-
lute evidence of cause and effect, the analyses pre-
sented in this article show that the observed patterns
of prostate cancer rates are consistent with a benefi-
cial effect of PSA testing on prostate cancer mortality.
The recent decrease in prostate cancer mortality rates
has come at the cost of a very large increase in the
number of men treated for prostate cancer since

1986.37 With prostate cancer mortality rates in both
white men and black men currently at their lowest
levels in several decades for many age groups, a com-
plete delineation of the benefits and limitations of PSA
testing and subsequent treatments is needed to allow
informed decisions about PSA use.41 This issue is par-
ticularly important for black men in the United States
who still have some of the highest prostate cancer
rates in world.
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