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Explaining Racial Differences in Prostate Cancer Mortality
Glen B. Taksler, PhD1; Nancy L. Keating, MD, MPH2; and David M. Cutler, PhD3

BACKGROUND: In the United States, black males have an annual death rate from prostate cancer that is 2.4 times that of white
males. The reasons for this are poorly understood. METHODS: Using the Surveillance, Epidemiology, and End Results–Medicare database, 77,038 black and white males aged >65 years were identified with a first primary diagnosis of prostate cancer between 1995
and 2005, as well as 49,769 controls. The racial gap in mortality was decomposed to differential incidence and stage-specific prostate cancer mortality. The importance of various clinical and socioeconomic factors to each of these components was then examined.
RESULTS: The estimated mortality gap for prostate cancer–specific mortality was 1320 more cases per 100,000 males among black
than white men. This gap was due to higher prostate cancer incidence among black males (76%) and higher stage-specific mortality
once diagnosed (24%). Differences in prostate-specific antigen testing, comorbidities, and income explained 29% of the difference in
metastatic cancer incidence but none of the racial gap for local/regional incidence. Conditional on diagnosis, tumor characteristics
explained 50% of the racial gap, comorbidities an additional 4%, choice of treatment and physician 17%, and socioeconomic factors
15%. Overall, approximately 25% of the racial gap in mortality and 86% of the gap in mortality conditional on diagnosis could be
explained. CONCLUSIONS: More frequent prostate-specific antigen testing for black and low-income males could potentially reduce
the prostate cancer mortality gap through earlier diagnosis of tumors that otherwise may become metastatic. More aggressive treatC 2012 American
ment of prostate cancer, especially in poor communities, might also reduce the gap. Cancer 2012;118:4280-9. V

Cancer Society.
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Prostate cancer is the leading incident cancer in the United States and the second most fatal among men.1 Yet, mortality
varies significantly by race. In 2007, black males had an age-adjusted annual death rate from prostate cancer 2.4 times that
of whites (52.0 vs 21.6 per 100,000 males).1
The reasons for this mortality gap are poorly understood. Prostate-specific antigen (PSA) screening is more often
performed in whites than in blacks,2,3 so differential screening may contribute.4 Still, the value of screening is unclear, and
some studies suggest that PSA screening has no effect or a small effect on mortality.5-7 Black patients also receive less treatment after diagnosis.8-11 Although outcomes are similar with radical prostatectomy, radiation, and active surveillance for
most men with local/regional disease,12 younger men and those with more aggressive tumors may benefit from intervention.13 Differential treatment may thus contribute to mortality differences between races.14 Still, evidence on treatment
differences by race is indeterminate,9,15-19 and limited by a selective nature (eg, single institutions), relatively small sample
sizes, or location (populations with universal health care or nongeneralizable minority populations).
Debate also has centered on the impact of differential social and medical access factors in explaining racial differences
in outcomes. Some studies suggest that lower income,20 education,21,22 lack of health insurance,23 and comorbidities24,25
may lead to more advanced disease at diagnosis and higher mortality for minority groups, but this is not universally
found.26-28
We used population-based data from across the United States to better understand the mortality gap for black versus
white patients with prostate cancer, in 2 dimensions. First, we decomposed the racial gap in mortality into greater stagespecific incidence of disease among blacks and higher mortality, conditional on diagnosis. Second, we assessed how differential receipt of medical tests and treatments, access to different physicians, and differences in socioeconomic status
affected each component.
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MATERIALS AND METHODS
Data and Patients

We used the Surveillance, Epidemiology, and End Results
(SEER)-Medicare database, which links cancer registry
data with Medicare claims.29 We identified 77,038 males
aged >65 years with a first primary diagnosis of prostate
cancer between 1995 and 2005 and living in one of the
SEER-13 regions that covered approximately 14% of the
US population.30 All individuals were white or black, enrolled in parts A and B of fee-for-service Medicare from at
least 1 year before through 6 months after diagnosis, and
not diagnosed by autopsy or death certificate.
To estimate prostate cancer incidence, we also identified 49,769 men without prostate cancer using the 5%
Medicare file for non–prostate cancer patients living in
SEER areas.
Variables

Prostate cancer–specific mortality was assessed through
2005 using SEER date and cause of death, based on
National Death Index linkages. Patients not dying of
prostate cancer were censored on the date of death from
another cause or on December 31, 2005 (the last date for
which complete data were available). Median follow-up
was 3.89 years.
We defined date of diagnosis as the date of the first
Medicare claim with a prostate cancer diagnosis (International Classification of Diseases, Ninth Revision [ICD-9]
diagnosis 180.x) within 1 month of the SEER month of
diagnosis (75% of patients). For remaining subjects, we
used the 15th day of the SEER month. SEER provided
tumor extension (T1-T4), stage (local/regional or metastatic), and grade (well, moderately, or poorly differentiated, or undifferentiated).
Cancer registries reported race, birth month/year,
and marital status. ZIP code of residence was linked with
US Census data to obtain household median income,
categorized in approximate quartiles based on the black
population.
From Medicare data, we used diagnosis and procedure codes to document PSA testing, comorbidities in the
year before diagnosis (Charlson components),31 and treatments received from 30 days before to 6 months after diagnosis. Treatments included surgery/radical prostatectomy
(Current Procedural Terminology [CPT] 55810-55815,
55840-55845; ICD-9 procedure 60.5), radiation (CPT
77295, 77301, 77401-77418, 77750-77799, 0073T;
Healthcare Common Procedure Coding System [HCPCS]
G0103; ICD-9 procedure 92.24, 92.26, 92.27), androgen
ablation therapy (CPT 54520-54522, 54530, 54535,
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54690, 49510; HCPCS C9430, J3315, J9217-J9219,
J9202, J1950; ICD-9 procedure 62.3, 62.4, 62.41, 62.42),
or none of these treatments. Androgen ablation was considered adjuvant for patients with local/regional tumors who
also underwent radical prostatectomy or radiation, and primary otherwise. We tested for racial differences using Pearson chi-square or student t test, as appropriate.
We assigned a single physician for each subject using
the following hierarchy: physician performing radical prostatectomy (for patients having surgery), radiation oncologist (for patients having radiation), physician administering
androgen ablation therapy, or first urologist seen on or after
date of diagnosis. Regardless of treatment, we identified
patients as seeing an operating surgeon if they saw a urologist, general surgeon, or surgical oncologist who performed
at least 1 radical prostatectomy for a patient in the cohort
in the calendar year before diagnosis.
Analysis
Contribution of incidence and mortality
conditional on diagnosis to the racial gap in
mortality

Prostate cancer mortality for any racial group is the
product of incidence and mortality conditional on diagnosis, added across each stage.4,32,33 Using a first-order
Taylor Series expansion, the racial difference in stage-specific mortality may be approximated as a weighted average
of the differences in stage-specific incidence and mortality
conditional on diagnosis.34 The racial gap in incidence
affects mortality to the extent that people die of each stage
tumor, and the racial gap in mortality conditional on diagnosis affects mortality based on the share of people diagnosed at each stage.
Mathematically, we estimated the contribution of
the racial gap in incidence to the racial gap in mortality as
black minus white incidence, times mortality conditional
on diagnosis for all races. Similarly, the contribution of
the racial gap in mortality conditional on diagnosis to the
racial gap in mortality was black minus white mortality
conditional on diagnosis, times incidence for all races. We
then estimated a counterfactual mortality rate for blacks,
if all additional (gap) tumors among blacks were diagnosed at the earliest (local/regional) stage. This estimate
was stage-specific white incidence times stage-specific
black mortality conditional on diagnosis, plus the gap in
all-stage incidence times black mortality conditional on
diagnosis for local/regional tumors.
Factors contributing to the racial gap

We estimated the contribution of various factors to
differential incidence and differential stage-specific
4281
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survival by simulating the number of black deaths that
would be avoided if stage-specific incidence (or survival)
were the same for blacks as for whites, controlling for
those factors. Specific calculations follow.
Factors contributing to the racial gap in incidence

For each race, we computed incidence rates across
all calendar years for every age from 68 years (to allow 3
years of Medicare eligibility) to those aged 85 years,
stratified by number of PSA tests in the prior 3 years,
comorbidities, and income. To identify PSA screening
rather than diagnostic tests, we excluded PSA tests for
men with diagnosis codes for prostate hyperplasia, prostate nodules, prostatitis, or other prostate problems (ICD9 diagnosis 600.00–600.91, 601.0–602.9). We assessed
the number of PSA tests conducted at more than 1 year
before each age, because most tests at cancer diagnosis are
abnormal.
To estimate the proportion of the racial gap in incidence attributable to PSA testing, comorbidities, and
income, we used a series of equations. First, we calculated
a counterfactual incidence rate for blacks if they had the
same proportion of men in each PSA testing category
(tests in 0, 1, 2, or 3 of the prior 3 years) as whites. Patients
without prostate cancer were weighted 20 (100%  5%
random sample) and patients with prostate cancer were
weighted 1. The percent change in the racial gap
between the counterfactual rate and the actual rate among
blacks was computed, as an estimate of the marginal
impact of differences in PSA testing on the racial gap in
incidence.
Next, we repeated the analysis with a counterfactual
incidence rate stratified by PSA testing category and
comorbidity group (Charlson score of 0 or 1). When
compared with the PSA-only stratification, the result estimated the marginal impact of differences in comorbidities
on the racial gap in incidence.
We also considered a counterfactual incidence rate
stratified by PSA testing, comorbidity, and area median
income. When compared with the first 2 stratifications,
this result estimated the marginal impact of differences in
area income on the racial gap in incidence.
Factors contributing to the racial gap in mortality
conditional on diagnosis

Among patients with prostate cancer, we simulated
prostate cancer–specific mortality for blacks through
2005 if mortality within each stage was the same as that
for whites but incidence and stage of diagnosis remained
unchanged, using Cox proportional hazard models35 with
4282

2-tailed tests of statistical significance at the 5% level. The
dependent variable was death from prostate cancer.
Patients were followed from 31 days before diagnosis and
censored upon death from other causes or on December
31, 2005.
We first estimated models relating survival to race,
age, diagnosis year, and SEER registry. We then successively added independent variables in 4 categories: tumor
characteristics, comorbidities, treatments, and socioeconomic status. Using the change in the hazard rate on the
black race variable when successive variables were
included, we estimated the proportion of the racial gap
explained (eg, if the hazard rate declined from 1.72 to
1.36, the racial gap declined by 50%). We also assessed if
the racial disparity for prostate cancer exceeded that for
other causes of death by estimating the hazard ratio for
black race on death from other causes.
Age mattered inversely with time since diagnosis;
however, alternative specifications of the model that
allowed for an interaction between age and time since diagnosis yielded similar results.
When estimating the effect of treatments, we were
concerned about unobserved confounding, such as if
patients in better health were more likely to undergo treatment.36 Thus, we conducted an instrumental variable
analysis.37-39 The instrument, whether a patient saw an
operating surgeon, was strongly associated with undergoing radical prostatectomy, but should be associated
with mortality only through its association with radical
prostatectomy. We used a logistic model to assess the association between seeing an operating surgeon and receipt
of surgery, and used the fitted result in our proportional
hazard model. Analyses were conducted using Stata statistical software (Stata, College Station, Texas).
RESULTS
Table 1 shows summary statistics for the cohort. Black
patients were younger than white patients, less often married, had more comorbidities, and less often underwent
treatment.
Prostate cancer incidence for blacks aged 68 was
significantly above that for whites (20,745 per 100,000
versus 14,776 per 100,000) (Table 2). The risk is higher
for all stages. Black patients also had higher prostate cancer mortality conditional on diagnosis than white patients
(Table 2). However, this finding was true for local/regional and unstaged cancers; mortality did not differ significantly by race for metastatic cancers. The incidence
rate for blacks is sufficiently higher than for whites, so that
even if all additional (gap) tumors were diagnosed at a
Cancer
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Table 1. Summary Statistics for Prostate Cancer Patients, 1995-2005

Age at diagnosis, y

White

Black

P

(N 5 70,139)

(N 5 6,899)

(v2 or t)

74.5

73.6

<.001

71.8
6.1
0.3
3.3
9.4
9.1

53.1
17.2
1.0
7.9
11.7
9.1

<.001

1.8
3.2
19.5
71.3
4.3

23.3
18.6
25.7
29.4
3.1

<.001

14.1
25.6
29.2
31.2
4.2

26.2
28.9
30.9
14.1
3.0

<.001
<.001
<.001
<.001
<.001

82.9
17.1

73.7
26.3

<.001

42.2

43.3

.08

30.1
29.7
26.3
14.0

31.8
32.5
23.8
11.9

<.001

36.3
52.4
2.2
4.1
5.0
91.1
4.2
4.7

37.0
48.9
2.0
5.9
6.3
88.0
6.1
5.9

<.001

5.9
60.5
27.6
0.4
5.7

4.1
58.2
29.5
0.2
8.0

<.001

26.0
16.9
8.9
29.5
22.0
19.7
22.4

22.2
12.3
6.6
30.9
23.4
16.5
26.6

<.001
<.001
<.001
.01
.01
<.001
<.001

Percent
Marital status
Married
Never married
Separated
Divorced
Widowed
Unknown

ZIP code median income (Census 2000)
<$25,000
$25,000-$29,999
$30,000-$39,999
‡$40,000
Unknown

ZIP code education (age ‡25 y) (Census 2000)
Non–high school graduate
High school only
Some college
‡4 Years of college
Unknown

Charlson score
0
‡1

Screening
PSA in 12 mo to 91 d before diagnosis

Number of PSA tests in 3 y to 91 d before diagnosis (age ‡68 y)
(Maximum 1 per y)
0
1
2
31

Tumor characteristics
T1
T2
T3
T4
Unknown size
Local/regional
Metastatic
Unstaged
Differentiation
Well
Moderate
Poor
Undifferentiated
Unknown

<.001

Treatment
Saw an operating surgeon
Radical prostatectomy
Brachytherapy
Radiation-nonbrachytherapy
Androgen ablation, primary
Androgen ablation, adjuvant
No primary treatment
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Table 2. Prostate Cancer Incidence and Mortality Conditional on Diagnosis, 1995-2005

Rates Per 100,000 Males

Estimated Racial Gap
in Mortality Per
100,000 Males

All

White

Black

Gap

P (v2)

Number of Lives

Share

15,310
14,288
426
603

14,776
13,831
371
573

20,745
19,097
810
838

5970
5266
439
265

<.001

1006
589
346
70

76%
45%
26%
5%

14,170
11,020
79,900
25,200

17,740
13,020
72,110
35,320

3570
2000
7790
10,120

.003

314
286
33
61

24%
22%
3%
5%

1965a
1965

3367a
3048

71%
55%

1320

100%

Incidence, age 68 y
All
Local/regional
Metastatic
Unstaged

Mortality conditional on diagnosis, age 66 y
All
Local/regional
Metastatic
Unstaged

14,490
11,193
78,927
26,319

Total
Total
Total if all additional (gap) tumors among
blacks were diagnosed as
local/regional
a

Less than the actual rate, because of limited follow-up.

local/regional stage, the mortality rate for blacks would
exceed that for whites by 55% (Table 2).
The right columns of Table 2 show factors contributing to differential mortality by race. We estimated 1320
excess deaths for black versus white men per 100,000,
similar to the annual mortality difference in vital statistics
data.40 A total of 76% of this difference is related to
greater incidence among blacks: 45% for local/regional,
26% for metastatic, and 5% for unstaged tumors. The
higher mortality rate for blacks conditional on diagnosis
accounts for the remaining 24% of the mortality difference. Almost all of this difference is greater mortality from
local/regional disease for blacks.

tile had a 24% to 40% higher metastatic incidence rate
than those in wealthier quartiles.
Overall, 8 of the 26 percentage point (29%) adverse
distribution of metastatic diagnoses in blacks would be
eliminated if blacks had the same screening rates, comorbidities, and income distribution as whites (Table 4).
Greater use of PSA testing in whites explains 2 points,
fewer comorbidities explains 2 points (when PSA screening is held constant), and higher income explains 4 points
(when PSA screening and comorbidities are held
constant).

Local/regional tumors

Factors Associated With Differential Incidence
Metastatic and unstaged tumors

More frequent PSA testing was associated with
lower incidence of metastatic cancers (Fig. 1). At 1 PSA
test in the prior 3 years, the racial disparity in incidence of
metastatic cancer at diagnosis was large (1202 black men
vs 538 white men per 100,000 men with no PSA tests and
669 black men vs 289 white men per 100,000 men with 1
PSA test, both P < .001) (Table 3). However, with 2 PSA
tests in the prior 3 years, the incidence of metastatic disease in blacks was nearly identical to that in whites (226 vs
223 per 100,000 men, P ¼ .93) (Table 3). Racial differences were robust to reclassifying unstaged tumors as
metastatic.
Income also had a negative relationship to metastatic
incidence (Fig. 1). Black men in the poorest income quar4284

More frequent PSA testing was associated with
higher incidence of local/regional disease (data not
shown). This result would suggest greater incidence of disease among whites, because whites were screened more
than blacks. Accordingly, PSA testing had a slight negative
contribution to the racial gap (Table 4) for local/regional
tumors. Comorbidities were minimally related (adjusting
for number of PSA tests), and ZIP code income was negatively associated (adjusting for number of PSA tests and
comorbidities).

Overall effect of incidence on racial mortality gap

Our models explained 29% of the racial gap in incidence for metastatic tumors, but only 8% for unstaged
tumors and none for local/regional tumors (Table 4).
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Figure 1. Cumulative risk of developing metastatic prostate cancer, per 100,000 males, is shown for (A) black males, by number
of prostate-specific antigen (PSA) tests in the prior 3 years, (B) white males, by number of PSA tests in the prior 3 years, (C)
black males, by ZIP code median income (Census 2000), and (D) white males, by ZIP code median income (Census 2000). The
number of PSA tests was capped at 1 per year. Dotted line after age 84 indicates transition to age 85 (rather than just age 85).

Factors Associated With Differential Mortality
Conditional on Diagnosis

In a series of models, we explained 21 of the 24 percentage
points (86%) for higher mortality conditional on stage of
diagnosis for blacks (Table 4). In a model including only
age at diagnosis, year of diagnosis, and SEER registry,
black patients were 72% more likely than white patients
to die of prostate cancer (adjusted hazard ratio [aHR] ¼
1.72, 95% confidence interval [CI] ¼ 1.56-1.90) (Table
5). The racial disparity exceeded that for non–prostate
cancer causes of death (aHR ¼ 1.72 vs 1.38, P ¼ .005).
We next included tumor characteristics: stage, size, grade,
and receipt of a PSA test between 12 months and 91 days
before diagnosis (as a proxy for early diagnosis). MetaCancer
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static tumors tripled the hazard rate of death (aHR ¼
2.87, 95% CI ¼ 2.33-3.55), whereas having a PSA test
reduced it by 23% (aHR ¼ 0.77, 95% CI ¼ 0.72-0.82).
Results were similar among patients diagnosed in 2004
and 2005, for whom PSA values were available. Overall,
tumor characteristics explained 50% of the gap in mortality conditional on diagnosis, and comorbidities explained
an additional 4% (Table 5; adjusted gap ¼ 54%, 95% CI
¼ 45%-69%).
We next considered treatment differences. Using
our instrument of whether a patient saw an operating surgeon, patients undergoing radical prostatectomy had a
22% lower hazard of death (aHR ¼ 0.79, 95% CI ¼
0.69-0.90). This compared with a less realistic 60% lower
4285
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Table 3. Racial Gap in Metastatic Prostate Cancer Incidence by PSA Testing History, 1995-2005

Rates Per 100,000 Men, Age ‡68
White

Black

Number of PSA Tests
in Prior 3 Yearsa

% of Men

Incidence (95% CI)
of Metastatic Cancer

% of Men

Incidence (95% CI)
of Metastatic Cancer

0

48

52

1

20

2

17

3

15

538
(529-548)
289
(278-300)
223
(213-233)
150
(141-159)

1202
(1147-1257)
669
(604-737)
226
(182-271)
211
(165-262)

20
16
12

CI indicates confidence interval; PSA, prostate-specific antigen.
a
Maximum of 1 PSA test per year.

Table 4. Factors Contributing to Racial Gap in Prostate Cancer Mortality

Factor

Higher incidence rate
Number of PSA tests in prior 3 y
Comorbidities
Income
Amount explained

Higher mortality conditional on diagnosis
Medical factors
Tumor characteristics
Tumor Size
Differentiation
Othera
Comorbidities
Type of treatment
Choice of physician

Socioeconomic factors
Income
Marital status

Amount explained

Total contribution to racial gap

Contribution to Total (%)

Total (%)

Local/Regional

Metastatic

Unstaged

45

26

5

76

0
0
4
4 (–10%)

2
2
4
8 (29%)

0
0
0
0 (8%)

2
2
0
4 (5%)

22
14
6
1
4
0
2
3
4
4
4
1
19 (85%)

3
3
1
0
1
0
0
2
0
0
0
0
3 (100%)b

5
5
1
0
1
0
0
0
3
0
0
0
5 (100%)b

24
16
7
2
4
1
2
1
6
4
4
1
21 (86%)

66

24

10

100

4
19
15 (23%)

8
3
5 (21%)

0
5
5 (50%)

4
21
25 (25%)

Amount explained by:
Higher Incidence
Higher Mortality Conditional on Diagnosis

Total amount explained
a
b

Dummy variable for a PSA test between 12 mo and 91 d prior to diagnosis, to proxy for less advanced tumors (through earlier detection).
Not meaningful, because of a small contribution to the total.

hazard rate (aHR ¼ 0.40, 95% CI ¼ 0.34-0.47) calculated without an instrumental variables technique.
Patients undergoing nonbrachytherapy radiation (aHR ¼
0.84, 95% CI ¼ 0.77-0.92) and brachytherapy (aHR ¼
0.58, 95% CI ¼ 0.48-0.70) also were less likely to die of
prostate cancer than patients without primary treatment.
Patients who underwent primary androgen ablation had a
55% higher death rate (aHR ¼ 1.55, 95% CI ¼ 1.421.69), which may reflect poorer health. Adjuvant andro4286

gen ablation therapy was not significant. Net, primary
treatment explained an additional 4% of the mortality difference between blacks and whites (Table 5; adjusted gap
¼ 58%).
Controlling for physician who provided the primary
therapy explained an additional 13% of the racial difference in mortality (Table 5; adjusted gap ¼ 71%). This
effect only existed among patients in the poorest income
quartile; there was a negative contribution in each higher
Cancer
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Table 5. Prostate Cancer Mortality Conditional on Diagnosisa

Cox Proportional Hazard
Rate Model

(1)

(2)

(3)

(4)

(5)

(6)

Controls Addedb

Race and age

Tumor
characteristics

Comorbidities

Treatmentc

Physicianc

Income and
marital statusc

1.72
<0.001
(1.56-1.90)
0%

1.36
<0.001
(1.22-1.51)
50%
(41%-64%)

1.33
<0.001
(1.19-1.47)
54%
(45%-69%)

1.30
<0.001
(1.17-1.44)
58%
(49%-75%)

1.21
0.009
(1.05-1.39)
71%
(57%-91%)

1.10
0.22
(0.94-1.28)
86%
(69%-110%)

Race
Black
P
(95% CI)
Proportion of racial gap explained
(95% CI)

For patients diagnosed 1995-2005.
a
Dependent variable: Died from prostate cancer, 1995-2005.
b
Once added, controls are always used in subsequent columns.
c
Surgery instrumented with an indicator of whether a patient saw an operating surgeon.

quartile. Measures of physician skill, such as number of
prostate cancer patients seen in the prior 12 months, were
not significant.
We next added socioeconomic variables, which
explained an additional 15% of mortality differences conditional on diagnosis (86% in total). The wealthiest quartile of patients was less likely to die relative to the poorest
quartile (aHR ¼ 0.83, 95% CI ¼ 0.68-1.00). Divorced
and widowed patients had a 15% to 30% higher hazard of
death.
Alternative Specification

It may be that poorer socioeconomic conditions earlier in
life cause blacks to be in weaker health later in life. In this
case, our models should order socioeconomic factors
before medical characteristics. In this ordering, we attributed 39% of the racial gap in survival conditional on diagnosis to socioeconomic factors and 47% to clinical
factors. Individual-level socioeconomic data would be important to explore this in more detail.
Summary

Overall, we explained 25% of the racial gap in mortality
(Table 4). A small proportion (4%) was related to higher
incidence for blacks than whites, and more (21%) to
higher mortality conditional on diagnosis. Our models
explained 86% of this gap in mortality conditional on
diagnosis.
DISCUSSION
Prostate cancer is the leading cause of racial differences in
mortality among males.41 Prior reports have suggested
these differences may be due to less frequent PSA screening,2-4 less aggressive treatment,8-11 less advanced treatment facilities,15 and lower socioeconomic status20-27 for
black versus white men. But the combined evaluation of
Cancer
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these different theories has not been known. Our findings
suggest that approximately 76% of the mortality gap is
due to higher incidence of disease in blacks—45% from
local/regional, 26% from metastatic, and 5% from
unstaged tumors—a portion of which was explained by
differences in PSA testing and socioeconomic status. The
remaining 24% of the mortality gap is due to higher mortality conditional on diagnosis.
The biggest contributors to mortality among diagnosed cases are tumor characteristics, treatments, and
socioeconomic status. Because physicians cannot change
socioeconomic status and tumor characteristics, from a
clinical perspective, identifying effective prevention and
screening strategies for black patients has the most potential for eliminating the racial gap. Although randomized
trials have demonstrated no benefit or a modest benefit of
PSA screening on reducing prostate cancer–specific mortality,5-7 these studies included primarily white men of
European descent. If prostate cancer is more aggressive in
black than white men, black men may derive more benefit
than white men from PSA screening.
Among men in our study, even occasional PSA
screening (1 test in 3 years) lowered metastatic incidence
substantially. The decrease was particularly large for black
men, suggesting that more frequent PSA testing for black
males may be desirable. This result must be tempered by
knowledge that PSA testing may serve as a proxy for individual socioeconomic status.42 In addition, more PSA
screening will result in more local/regional diagnoses,
leading to possible overtreatment. The risk of a local/regional diagnosis rose 2% for white males with 1 PSA test
every 3 years and 6% for black males with 2 PSA tests every 3 years, versus those who had no PSA tests.
Our findings also identified area-level socioeconomic status as an important driver of disparities in
4287
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prostate cancer mortality. Controlling for differential PSA
screening, men living in areas with a median income
<$25,000 had higher metastatic incidence than those in
the second-poorest quartile by 38% for whites and 27%
for blacks. Increased screening among lower income
groups would benefit both races and also reduce the racial
gap, because there are more lower-income blacks. By contrast, screening, comorbidities, and income explained
none of the racial gap in local/regional diagnoses. Indeed,
richer, healthier communities with more PSA testing have
higher local/regional incidence rates. The large, remaining
gap in prostate cancer incidence may be related to biological or genetic differences or other lifestyle or exposure
differences.
Most prostate cancers are diagnosed at an early stage,
where 5-year relative survival rates for both races approach
100%.1 Consequently, explaining 86% of differential
mortality conditional on diagnosis explained just 21% of
the total mortality gap. Thus, attempting to reduce racial
differences in treatments would likely trim just 4% of the
gap in survival, or 1% of the total disparity. Choice of
physician is a bigger contributor to mortality differences,
but this seems to matter exclusively at the bottom of the
income distribution. If all patients were from the lowest
income quartile, then choice of physician would contribute 9% to mortality differences, yet at higher quartiles,
choice of physician has negative explanatory power. This
may reflect less access to high-quality providers or more
aggressive tumors among poor patients, due to a lowerquality diet and lifestyle.
Limitations

Our sample consists of men diagnosed at age >65 years
enrolled in fee-for-service Medicare; whether our findings
are generalizable to other populations requires further
study. Second, we had no information on obesity, lifestyle
factors, or family history of prostate cancer. We could not
measure tumor aggressiveness well, so even with the same
PSA testing intervals, black men could be diagnosed at a
later stage or be more likely to die with the same stage if
they had more aggressive tumors. Third, socioeconomic
data were available at the area level rather than individual
level. Fourth, studies disagree on how accurately death
certificate data reflect cause of death.43,44 Finally, our
model assumes independence between death from prostate cancer and causes other than prostate cancer, a condition that may be violated through comorbidity.45,46
Conclusion

The greater prostate cancer mortality among older,
insured black men is partly explained by less frequent PSA
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screening, more advanced tumors, and lower socioeconomic circumstances, although even when these factors
are accounted for, there is a large difference between
blacks and whites. More frequent PSA screening for
blacks may decrease the mortality gap, albeit modestly so.
Additional research is necessary to understand the potential benefits of PSA screening in black men, including
whether the risk of overdiagnosis is less in black men versus white men, given differences in tumor biology.
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5. Schröder FH, Hugosson J, Roobol M, et al; ERSPC Investigators.
Screening and prostate-cancer mortality in a randomized European
study. N Engl J Med. 2009;360:1320-1328.
6. Andriole GL, Crawford ED, Grubb RL 3rd,et al; PLCO Project
Team. Mortality results from a randomized prostate-cancer screening trial. N Engl J Med. 2009;360:1310-1319.
7. Barry MJ. Screening for prostate cancer–The controversy that
refuses to die. N Engl J Med. 2009;360:1351-1354.
8. Schwartz K, Powell IJ, Underwood W 3rd, George J, Yee C, Banerjee
M. Interplay of race, socioeconomic status, and treatment on survival
of patients with prostate cancer. Urology. 2009;74:1296-1302.
9. Shavers VL, Brown M, Klabunde CN, et al. Race/ethnicity and the
intensity of medical monitoring under ‘watchful waiting’ for prostate cancer. Med Care. 2004;42:239-250.
10. Spencer BA, Fung CH, Wang M, Rubenstein LV, Litwin MS. Geographic variation across veterans affairs medical centers in the treatment of early stage prostate cancer. J Urol. 2004;172:2362-2365.
11. Gross CP, Smith BD, Wolf E, Andersen M. Racial disparities in
cancer therapy: did the gap narrow between 1992 and 2002? Cancer. 2008;112:900-908.
12. Wilt TJ, MacDonald R, Rutks I, Shamliyan TA, Taylor BC, Kane
RL. Systematic review: Comparative effectiveness and harms of
treatments for clinically localized prostate cancer. Ann Intern Med.
2008;148:435-448.
13. Bill-Axelson A, Holmberg L, Filén F, et al; Scandinavian Prostate
Cancer Group Study Number,4. Radical prostatectomy versus
watchful waiting in localized prostate cancer: the Scandinavian prostate cancer group-4 randomized trial. J Natl Cancer Inst. 2008;100:
1144-1154.
14. Peters N, Armstrong K. Racial differences in prostate cancer treatment outcomes: a systematic review. Cancer Nurs. 2005;28:108118.

Cancer

September 1, 2012

Prostate Cancer Mortality Differences/Taksler et al

15. Onega T, Duell EJ, Shi X, Demidenko E, Goodman DC. Race versus place of service in mortality among medicare beneficiaries with
cancer. Cancer. 2010;116:2698-2706.
16. Godley PA, Schenck AP, Amamoo MA, et al. Racial differences in
mortality among medicare recipients after treatment for localized
prostate cancer. J Natl Cancer Inst. 2003;95:1702-1710.
17. Bianco FJ Jr, Wood DP Jr, Grignon DJ, Sakr WA, Pontes JE,
Powell IJ. Prostate cancer stage shift has eliminated the gap in disease-free survival in black and white American men after radical
prostatectomy. J Urol. 2002;168:479-482.
18. White A, Coker AL, Du XL, Eggleston KS, Williams M. Racial/
ethnic disparities in survival among men diagnosed with prostate
cancer in Texas. Cancer. 2011;117:1080-1088.
19. Moses KA, Paciorek AT, Penson DF, Carroll PR, Master VA.
Impact of ethnicity on primary treatment choice and mortality in
men with prostate cancer: data from CaPSURE. J Clin Oncol.
2010;28:1069-1074.
20. Tewari AK, Gold HT, Demers RY, et al. Effect of socioeconomic
factors on long-term mortality in men with clinically localized prostate cancer. Urology. 2009;73:624-630.
21. Kinsey T, Jemal A, Liff J, Ward E, Thun M. Secular trends in mortality from common cancers in the United States by educational
attainment, 1993–2001. J Natl Cancer Inst. 2008;100:1003-1012.
22. Albano JD, Ward E, Jemal A, et al. Cancer mortality in the United
States by education level and race. J Natl Cancer Inst. 2007;99:
1384-1394.
23. Fedewa SA, Etzioni R, Flanders WD, Jemal A, Ward EM. Association of insurance and race/ethnicity with disease severity among
men diagnosed with prostate cancer, National Cancer Database
2004–2006. Cancer Epidemiol Biomarkers Prev. 2010;19:2437-2444.
24. Calle EE, Rodriguez C, Walker-Thurmond K, Thun MJ. Overweight, obesity, and mortality from cancer in a prospectively studied
cohort of U.S. adults. N Engl J Med. 2003;348:1625-1638.
25. Rodriguez C, Freedland SJ, Deka A, et al. Body mass index, weight
change, and risk of prostate cancer in the Cancer Prevention Study II
Nutrition Cohort. Cancer Epidemiol Biomarkers Prev. 2007;16:63-69.
26. Mordukhovich I, Reiter PL, Backes DM, et al. A review of African
American-white differences in risk factors for cancer: prostate cancer. Cancer Causes Control. 2011;22:341-357.
27. Wells TS, Bukowinski AT, Smith TC. Racial differences in prostate
cancer risk remain among US servicemen with equal access to care.
Prostate. 2010;70:727-734.
28. Putt M, Long JA, Montagnet C, et al. Racial differences in the
impact of comorbidities on survival among elderly men with prostate cancer. Med Care Res Rev. 2009;66:409-435.
29. Potosky AL, Riley GF, Lubitz JD, Mentnech RM, Kessler LG.
Potential for cancer related health services research using a linked
Medicare-tumor registry database. Med Care. 1993;31:732-748.
30. Warren JL, Klabunde CN, Schrag D, Bach PB, Riley GF. Overview
of the SEER-Medicare data: content, research applications, and gen-

Cancer

September 1, 2012

31.
32.

33.
34.
35.
36.
37.
38.
39.
40.

41.

42.
43.
44.

45.
46.

eralizability to the United States elderly population. Med Care.
2002;40(8 suppl):IV-3-18.
Klabunde CN, Potosky AL, Legler JM, Warren JL. Development of
a comorbidity index using physician claims data. J Clin Epidemiol.
2000;53:1258-1267.
Berry DA, Cronin KA, Plevritis SK, et al; Cancer Intervention and
Surveillance Modeling Network (CISNET) Collaborators. Effect of
screening and adjuvant therapy on mortality from breast cancer. N
Engl J Med. 2005;353:1784-1792.
Wong MD, Ettner SL, Boscardin WJ, Shapiro MF. The contribution
of cancer incidence, stage at diagnosis and survival to racial differences
in years of life expectancy. J Gen Intern Med. 2009;24:475-481.
Strang G. Calculus. 2nd edition. Wellesley, MA: Wellesley-Cambridge Press; 2010.
Cox DR. Regression models and life-tables. J R Stat Soc Ser B.
1972;34:187-220.
Giordano SH, Kuo YF, Duan Z, Hortobagyi GN, Freeman J,
Goodwin JS. Limits of observational data in determining outcomes
from cancer therapy. Cancer. 2008;112:2456-2466.
Reiersøl O. Confluence analysis by means of instrumental sets of
variables. Arkiv för Matematik Astronomi och Fysik. 1945;32:1-119.
Wald A. The fitting of straight lines if both variables are subject to
error. Ann Math Stat. 1940;11:284-300.
McClellan M, McNeil BJ, Newhouse JP. Does more intensive treatment of acute myocardial infarction in the elderly reduce mortality?
Analysis using instrumental variables. JAMA. 1994;272:859-866.
National Cancer Institute, Statistical Research and Applications
Branch. DevCan: Probability of Developing or Dying of Cancer
Software, Version 6.5.0. 2005. Available at: http://surveillance.cancer.gov/devcan
Centers for Disease Control and Prevention, National Center for
Health Statistics. Compressed Mortality File 1999–2007. CDC
WONDER On-line Database, compiled from Compressed Mortality File 1999–2007 Series 20 No. 2M, 2010. Available at: http://
wonder.cdc.gov/cmf-icd10.html
Swan J, Breen N, Graubard BI, et al. Data and trends in cancer
screening in the United States: results from the 2005 National
Health Interview Survey. Cancer. 2010;116:4872-4881.
Penson DF, Albertsen PC, Nelson PS, Barry M, Stanford JL. Determining cause of death in prostate cancer: are death certificates valid?
J Natl Cancer Inst. 2001;93:1822-1823.
Feuer EJ, Merrill RM, Hankey BF. Cancer surveillance series: interpreting trends in prostate cancer–part II: Cause of death misclassification and the recent rise and fall in prostate cancer mortality.
J Natl Cancer Inst. 1999;91:1025-1032.
Moeschberger ML, Klein JP. Statistical methods for dependent
competing risks. Lifetime Data Anal. 1995;1:195-204.
Prentice RL, Kalbfleisch JD, Peterson AV Jr, Flournoy N, Farewell
VT, Breslow NE. The analysis of failure times in the presence of
competing risks. Biometrics. 1978;34:541-554.

4289

