
Vol.:(0123456789)1 3

Cancer Causes & Control (2019) 30:627–635 
https://doi.org/10.1007/s10552-019-01163-5

ORIGINAL PAPER

Race and overall survival in men diagnosed with prostate cancer 
in the Department of Defense Military Health System, 1990–2010

Melannie Alexander1,2 · Kangmin Zhu2 · Jennifer Cullen3 · Celia Byrne1 · Derek Brown2 · Stephanie Shao2 · 
Jennifer Rusiecki1

Received: 22 February 2018 / Accepted: 20 March 2019 / Published online: 17 April 2019 
© This is a U.S. Government work and not under copyright protection in the US; foreign copyright protection may apply 2019

Abstract
Background In the U.S. general population, black men experience poorer survival after prostate cancer (CaP) diagnosis 
compared to white men, and findings may be impacted by unequal access to healthcare. The objective of the study is to 
investigate racial differences in overall survival (OS) among Department of Defense beneficiaries diagnosed with CaP.
Methods A retrospective cohort study was conducted utilizing the Automated Central Tumor Registry within the Military 
Healthcare System, a system designed to provide equal access. Men diagnosed with primary prostate adenocarcinomas 
between 1990 and 2010 [n = 18,484; 24% Non-Hispanic black (NHB), 76% Non-Hispanic white (NHW)] were followed 
through 2013 for vital status. Unadjusted Kaplan–Meier estimation curves and multivariable Cox proportional hazards (PH) 
regression models were used to examine racial differences in OS.
Results Age-specific Kaplan–Meier analyses showed equivalent OS for NHW and NHB men in all age groups, except for 
75+, where NHB had poorer OS (p = 0.0048). Multivariable Cox PH models revealed no significant differences in OS for race 
(HR 1.02; 95% CI 0.95–1.08), except in men aged ≥ 75 years, where NHB men had poorer OS (HR 1.27; 95% CI 1.08–1.49).
Conclusions Findings suggest that in a healthcare system designed for equal access, disparities in OS among men diagnosed 
with CaP may not exist.
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Introduction

In 2017, over 160,000 men will be diagnosed with prostate 
cancer (CaP) and more than 26,000 men will die as a result 
of this disease in the United States (U.S.), remaining the sec-
ond-leading cause of cancer death in U.S. men [1]. Striking 
differences in mortality rates between Non-Hispanic black 
(NHB) and Non-Hispanic white (NHW) men diagnosed 
with CaP have been observed in the U.S. population, with 

a rate among NHB men 2.4 times higher than NHW men 
[1, 2]. Racial differences are reported to be even stronger 
among younger men (aged 45–49 years), with fatal disease 
rates among NHB men 4.2 times higher than NHW men 
[3]. Additionally, NHB men typically have an earlier age at 
diagnosis of CaP [4].

Factors contributing to racial disparities in survival are 
not well understood; however, it has been suggested that 
socioeconomic and biological factors are at play [5, 6], with 
the former likely playing a role in timing of cancer diagnosis 
and access to effective treatments [7]. Socioeconomic factors 
are known to impact access and knowledge/attitudes/behav-
ior related to cancer care and disparities in timeliness and 
quality of treatment as well as guideline-concordant care. If 
access to care, particularly timely and quality treatment is 
a major factor for racial disparities, they would diminish or 
disappear in equal access healthcare systems [8].

Lack of health insurance and cognitive/behavioral/cul-
tural factors often act as barriers to healthcare access, which 
can lead to underutilization of cancer-screening services, 
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higher stage at diagnosis, and having suboptimal options 
for treatment [9–11]. NHBs are generally over-represented 
in lower socioeconomic status groups in the U.S., potentially 
accounting for the observed excess CaP mortality. Studies 
in equal access healthcare settings [Department of Defense 
(DoD), Veterans Health Administration (VA), and United 
Kingdom National Health Service (NHS)], which should in 
part address barriers to screening and treatment, have found 
comparable survival rates across race [12–15]. However, 
many of these studies involved small populations of NHBs 
[12–17], or occurred prior to widespread CaP screening [14, 
16, 17]. In 1995, a study using the U.S. Military Health 
System (MHS) Cancer Registry examined overall survival 
among men diagnosed with CaP between 1973 and 1994 
[16]. This previous study found no differences in overall 
survival; however, it included a small number of NHBs, 
96% of cases were diagnosed prior to widespread screening 
(1980–1990), and substantial changes in screening strategies 
and treatment options for CaP have occurred since 1995.

In the current study of DoD MHS beneficiaries with CaP, 
overall survival was examined for NHW and NHB men with 
CaP, to assess if racial disparities existed within a universal 
system designed for equal access to healthcare, [16, 18–22] 
during a period (1990–2010) encompassing widespread CaP 
screening.

Methods

Data sources and study population

The DoD’s Automated Central Tumor Registry (ACTUR) 
is a clinical tracking system established in 1986 for can-
cer patients who are diagnosed and/or receive cancer treat-
ment at military treatment facilities, including active duty 
members, retirees, and dependents. Certified tumor regis-
trars review various sources such as DoD electronic health 
records to update and annotate ACTUR data to ensure accu-
rate capture of dates of diagnoses, last patient contact, and 
death. ACTUR follows all patients for vital status following 
the Commission on Cancer’s Facility Oncology Registry 
Data Standards [23], using a variety of sources including, 
but not limited to: contact with patient or patient’s family, 
contact with managing physician(s), program inpatient or 
outpatient services, and verification via death certificates. 
(E. Butts, oral communication, June 2017) [24]. ACTUR 
also uses the National Death Index and the Defense Enroll-
ment Eligibility Reporting System (DEERS), which contains 
date of death of beneficiaries.

Eligible study subjects included NHB and NHW men 
who were diagnosed with invasive, histologically con-
firmed primary prostate adenocarcinoma between 1 Janu-
ary 1990 and 31 December 2010, with continued patient 

follow-up until the earliest of date of death or the end of 
the study period (31 December 2013). To minimize poten-
tially incomplete case ascertainment, since ACTUR was 
new in the late 1980s, we excluded men diagnosed prior to 
1990. Subjects were identified using the tumor site (C619) 
and morphology (8140/3) code of the International Classi-
fication of Diseases for Oncology, third edition (ICD-O-3) 
[25]. Adenocarcinomas comprised more than 95% of all 
CaP cases [26].

The Institutional Review Board of the Walter Reed 
National Military Medical Center approved this study.

Outcome and variables

Overall survival (OS) was the primary study endpoint. 
ACTUR provided vital status and date of death, if appli-
cable, as well as the following variables: age at CaP diag-
nosis (≤ 50 years of age, 51–64 years, 65–74 years, and 
≥ 75 years), race, ethnicity, marital status, active duty sta-
tus, military service branch, American Joint Committee 
on Cancer (AJCC) tumor stage (Stages I, II, III, IV, and 
unknown) [27], tumor grade (well differentiated, moder-
ately differentiated, poorly differentiated, undifferentiated, 
differentiation unknown), surgery, chemotherapy, hormone 
therapy, and radiation therapy.

Statistical analysis

Age-adjusted proportions of demographic, tumor, and 
treatment variables used the total study population as the 
standard and stratified by race. Survival time was com-
pared between NHB and NHW subjects. For deceased 
subjects, time between date of CaP diagnosis and date of 
death defined survival time. Subjects who did not die dur-
ing the study period were censored at the study end date 
(31 December 2013).

Kaplan–Meier estimation curves were constructed to 
compare OS by race, using log-rank test for homogene-
ity of effect. Multivariable Cox proportional hazards 
(PH) models assessed the association between race and 
OS after adjusting for demographics, tumor character-
istics, and treatment variables to produce hazards ratios 
(HRs) and corresponding 95% confidence intervals (95% 
CIs). Stratification by tumor stage (Stages I, II, III, IV, 
and unknown) and age groups (< 50 years of age, 50–64 
years, 65–74 years, and ≥ 75 years) determined whether 
racial differences in survival varied upon consideration of 
these variables. Statistical analyses were performed using 
SAS software version 9.3 (SAS Institute, Inc., Cary, NC). 
A two-sided p value ≤ 0.05 was considered statistically 
significant.
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Results

After excluding men of unknown race (n = 1,911), 
unknown ethnicity (white men: n = 5,159; black men: 
n = 1,053), and Hispanic ethnicity (white men: n = 1,086; 
black men: n = 34), a total of 4,419 (23.91%) NHB men, 
and 14,065 (76.09%) NHW men were diagnosed in the 
MHS with primary prostate adenocarcinomas between 
1990 and 2010. Table 1 presents crude and age-standard-
ized proportions of demographic, tumor, and treatment 
characteristics by race. Despite the difference in age at 
diagnosis distribution between NHW and NHB cases, 
age-adjusted proportions of other variables did not differ 
substantially from crude proportions. Among these men, 
1,297 (33.90%) NHBs and 5,609 (38.16%) NHWs died 
during the follow-up period. At the time of CaP diagnosis, 
a greater proportion of NHB men were married, had Stage 
I disease, and underwent surgery compared to NHW men. 
Also, NHB men were more likely to be affiliated with the 
Army, be non-active duty status (e.g., dependents or retir-
ees), have poorly differentiated/undifferentiated tumors, 
and undergo radiation therapy compared to NHW men.

Figure 1(panels a–d) presents results from unadjusted 
KM curves of age-specific OS. A difference in OS by race 
was only found among men ≥ 75 years of age (p < 0.01, 
Fig. 1d), with NHB men having poorer OS compared to 
NHW men. The survival difference observed in the ≤ 50 
age group (p = 0.32) was not statistically significant. When 
stratified by tumor stage, Fig. 2(panels a–d), unadjusted 
KM curves of OS show no differences in Stages I and 
IV (p = 0.25 and p = 0.59, respectively); however, within 
Stages II and III, NHB men had slightly better survival 
compared to NHW men (p < 0.01, p = 0.03, and p = 0.05, 
respectively).

Table 2 presents the results of multivariable Cox PH 
regression analysis. After adjustment for age, marital 
status, military sponsor branch, active duty status, tumor 
stage and grade, surgery, hormone therapy, chemother-
apy, and radiation therapy, there were no differences in 
OS rates by race (HR: 1.02, 95% CI: 0.95–1.08). Though 
race was not an independent predictor of OS, the following 
groups had poorer survival: being 55 years of age or older 
(55–59 years: HR 1.39, 95% CI 1.09–1.78; 60–64 years: 
HR 1.93, 95% CI 1.52–2.45; 65–69 years: HR 2.62, 95% 
CI 2.06–3.33; 70–74 years: HR 4.04, 95% CI 3.18–5.13; 
75–79 years: HR 5.53, 95% CI 4.33–7.06; ≥80 years: HR 
11.54, 95% CI 8.97–4.83; compared to those ≤ 50 years 
of age), not being married (other: HR 1.37, 95% CI 
1.26–1.48; single: HR 1.29, 95% CI 1.14–1.47; unknown: 
HR 1.11, 95% CI 1.02–1.20; compared to those who 
are married), Stage IV at diagnosis (HR 2.88, 95% CI 
2.64–3.15), having moderately differentiated (HR 1.10, 

95% CI 1.02–1.19), poorly differentiated/undifferentiated 
(HR 1.43, 95% CI 1.30–1.57), or unknown differentiation 
(HR 1.24, 95% CI 1.10–1.39) of tumors, undergoing hor-
mone therapy (HR 1.34, 95% CI 1.26–1.42), and undergo-
ing chemotherapy (HR 1.53, 95% CI 1.19–1.97). Those 
with better OS rates (i.e., reduced adjusted HRs) included 
those in Air Force (HR 0.89, 95% CI 0.84–0.94), Marines 
(HR 0.86, 95% CI 0.76–0.97), or Navy (HR 0.89, 95% CI 
0.84–0.95; versus those in Army), being an active duty 
military service member (HR 0.59, 95% CI 0.45–0.76), 
and undergoing surgery (HR 0.71, 95% CI 0.67–0.75).

Age-stratified analyses showed that, among those diag-
nosed at ≥ 75 years of age, NHB men had poorer OS rates 
compared to NHW men (HR 1.27; 95% CI 1.08–1.49, 
Table 3). Among those diagnosed at age ≤ 50, NHB men had 
a HR of 1.28, but the estimate was not statistically signifi-
cant. No statistically significant associations were observed 
in other age groups or in analyses stratified by tumor stage.

Discussion

In this large study of DoD MHS beneficiaries diagnosed with 
CaP during the PSA screening era, we found no statistically 
significant differences in OS between NHW and NHB men, 
with a single exception: among men diagnosed at age ≥ 75 
years, NHB had significantly poorer OS compared to NHW 
men. Although the HR for those aged ≤ 50 years at CaP was 
elevated, it was not statistically significant, despite the large 
sample size. This younger group may also include a larger 
proportion than in other age groups of men diagnosed while 
on active duty, some of whom may have left the military 
prior to retirement eligibility, thus not having MHS medical 
benefits after departing the military, which could adversely 
impact OS. However, the numbers in this age group, though 
smaller than in some of the other age groups, are still large, 
and the finding is not statistically significant, thus we cannot 
infer any difference between NHWs and NHBs.

Prior studies in the U.S. general population found that 
NHB men often experience higher rates of mortality com-
pared to their NHW counterparts, and reasons for this dis-
parity are likely due to a combination of socioeconomic 
and biological factors [5, 6], but remain poorly understood. 
Access to healthcare has been frequently cited as a driv-
ing factor for racial disparities in CaP survival in the U.S. 
general population, as less access to care leads to lower uti-
lization of preventive screenings, and thus a greater propor-
tion of higher stage at diagnosis, suboptimal response to 
treatment [9–11], and a concomitant increase in mortality 
rates [8]. Therefore, if racial differences in CaP outcomes 
persist in equal access healthcare settings, then it is critical 
to consider behavioral, occupational, and biological drivers 
of racial differences.
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Table 1  Selected demographics 
for patients diagnosed with 
prostate cancer in the DoD 
Tumor Registry (ACTUR), 
1990–2010

a Age adjusted to the combined population of Non-Hispanic Whites and Non-Hispanic Blacks

Variable Non-Hispanic White
n = 14,065

Non-Hispanic Black
n = 4,419

n % (Crude) % (Age-
adjusteda)

n % (Crude) % (Age-
adjust-
eda)

Age
 ≤ 50 years 817 5.81 8.08 677 15.32 8.08
 51 to 64 years 6,477 46.05 47.20 2,248 50.87 47.20
 65 to 74 years 4,913 34.93 33.09 1,203 27.22 33.09
 ≥ 75 years 1,858 13.21 11.63 291 6.59 11.63

Marital status
 Married 11,540 82.05 82.19 3,351 75.83 74.60
 Single 444 3.16 3.21 222 5.02 4.95
 Other 1,134 8.06 7.86 492 11.13 11.99
 Unknown 947 6.73 6.65 354 8.01 8.47

Military sponsor branch
 Army 4,323 30.74 30.79 2,185 49.45 49.84
 Navy 3,367 23.94 23.88 544 12.31 12.27
 Marines 654 4.65 4.67 170 3.85 3.64
 Air force 4,714 33.52 33.49 1,256 28.42 28.26
 Other 1,002 7.12 7.13 264 5.97 6.00
 Unknown 5 0.04 0.04 0 0.00 0.00

Active duty status
 Yes 798 5.67 6.92 357 8.08 4.93
 No 13,267 94.33 93.08 4,062 91.92 95.07

Tumor stage
 Stage I 150 1.07 1.05 18 0.41 0.43
 Stage II 10,222 72.68 73.02 3,349 75.79 74.96
 Stage III 1,220 8.67 8.75 369 8.35 7.98
 Stage IV 658 4.68 4.57 207 4.68 5.15
 Unknown 1,815 12.90 12.61 476 10.77 11.48

Tumor grade
 Well differentiated 1,540 10.95 10.98 429 9.71 9.49
 Moderately differentiated 7,196 51.16 51.67 2,170 49.11 47.99
 Poorly differentiated/undifferentiated 2,754 19.58 19.41 1,073 24.28 24.84
 Unknown 2,575 18.31 17.94 747 16.90 17.69

Surgery
 Yes 6,631 47.15 48.73 2,024 45.80 40.91
 No 7,434 52.85 51.27 2,395 54.20 59.09

Hormone therapy
 Yes 2,465 17.53 16.99 801 18.13 20.05
 No 11,600 82.47 83.01 3,618 81.87 79.95

Chemotherapy
 Yes 87 0.62 0.61 29 0.66 0.60
 No 13,978 99.38 99.39 4,390 99.34 99.40

Radiation therapy
 Yes 3,847 27.35 26.73 1,408 31.86 34.24
 No 10,218 72.65 73.27 3,011 68.14 65.76

Vital status
 Alive 8,456 60.12 61.84 3,122 70.65 66.10
 Dead 5,609 39.88 38.16 1,297 29.35 33.90
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An earlier study within the DoD found that race was not 
a predictor in OS, a finding supported in the present study 
[16]. However, that study had a small number of black men 
diagnosed with CaP (n = 121), which may have limited their 
ability to draw any definitive conclusions. Of note, 96% of 
cases in that study were diagnosed between 1980 and 1990, 
prior to widespread PSA screening. Recent studies have 
examined the association between race and CaP survival 
in equal access settings and, similar to the present study, 
found no racial differences [12–15, 28]. The present study 
confirmed that surgical treatment for CaP is often inde-
pendently associated with lower risk of mortality [29, 30]. 
Though NHB men were less likely to receive surgical treat-
ment compared to NHW men in military and non-military 
populations in prior studies [12, 31, 32], results from the 
present study did not find evidence of racial differences in 

survival, after adjustment for important factors, including 
surgery. Interestingly, in the present study, chemotherapy 
and hormone therapy were associated with poorer all-cause 
survival; however, higher rates of these treatments were 
found among those diagnosed at later stages compared to 
earlier stages (data not shown), which was also associated 
with poorer all-cause survival. Because stage at diagnosis 
often predicts survival, we stratified models by stage and 
found no evidence of racial differences in survival in mul-
tivariate analyses, demonstrating that in the time of PSA 
screening and advanced treatments, having equal access to 
care mitigated disparities in CaP survival.

To our knowledge, this is the largest DoD-wide study 
conducted to date, with a substantial number of NHB men 
diagnosed with CaP, enabling comparisons of OS between 
NHB and NHW in multiple subgroups, including among 

Fig. 1  Unadjusted Kaplan–Meier (KM) survival curves of overall 
survival (OS) among Non-Hispanic black (NHB) and Non-Hispanic 
white (NHW) prostate cancer patients diagnosed between 1990 and 
2010 in the Automated Cancer Tumor Registry (ACTUR), stratified 
by age. a KM survival curves for NHB and NHW prostate cancer 
patients diagnosed at ≤ 50  years of age. b KM survival curves for 

NHB and NHW prostate cancer patients diagnosed at 51 to 64 years 
of age. c KM survival curves for NHB and NHW prostate cancer 
patients diagnosed at 65 to 74 years of age. d KM survival curves for 
NHB and NHW prostate cancer patients diagnosed at ≥ 75 years of 
age
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men ≤ 50 years of age at diagnosis. To date, differences in 
OS had not been examined in an equal access setting in 
men diagnosed with CaP under the age of 50. In a prior 
study in the U.S. general population that examined CaP 
outcomes in men of similar age, an increased risk for fatal 
CaP was observed for black men aged 45 to 49 years com-
pared to white men of the same age group [3]. Lack of 
consistency in findings between this other study in the gen-
eral population and ours could be attributed to healthcare 
access. Considering the paucity in literature of survival 
in men diagnosed with CaP under the age of 50, future 
studies will need to be carried out to consider the roles of 
genetics and access to care in this age group.

In the present study, NHB men who were ≥ 75 years of 
age had poorer survival compared to NHW men. Since OS 
was the study outcome of interest, deaths from other comor-
bidities to CaP may have partially accounted for study results 
in elderly men. Prior studies on men diagnosed with CaP 
in other equal access settings have reported higher rates of 
comorbidities among NHB men compared to NHW men [14, 
28]. Life expectancy for NHB is lower than for NHW popu-
lations in the U.S [33]. Thus it can be expected that rates of 
conditions comorbid to CaP for NHB would be higher than 
for NHW.

A major strength of this study is that it was based on 
a large, DOD-wide cancer registry with demographic, 

Fig. 2  Unadjusted Kaplan–Meier (KM) survival curves of OS among Non-Hispanic black (NHB) and Non-Hispanic white (NHW) prostate can-
cer patients diagnosed between 1990 and 2010 in the Automated Cancer Tumor Registry (ACTUR), stratified by tumor stage
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Table 2  Overall survival (OS)a 
cox regression model for 
patients diagnosed with prostate 
cancer in the DoD Tumor 
Registry (ACTUR), 1990–2010

Estimates are mutually adjusted for all other variables
a A HR > 1.0 indicates poorer survival
b No deaths occurred among those with an unknown military sponsor branch; therefore, hazard ratios are 
not presented

Variable n (%) Adjusted hazard 
ratio

95% CI p value

Race ethnicity
 Non-Hispanic White 14,065 (76.09) Ref – –
 Non-Hispanic Black 4419 (23.91) 1.02 0.95–1.08 0.63

Age
 ≤ 50 1219 (6.59) Ref – –
 51–54 1632 (8.83) 1.10 0.85–1.43 0.47
 55–59 2841 (15.37) 1.39 1.09–1.78 < 0.01
 60–64 4527 (24.49) 1.93 1.52–2.45 < 0.01
 65–69 3376 (18.26) 2.62 2.06–3.33 < 0.01
 70–74 2740 (14.82) 4.04 3.18–5.13 < 0.01
 75–79 1432 (7.75) 5.53 4.33–7.06 < 0.01
 ≥ 80 717 (3.88) 11.54 8.97–14.83 < 0.01

Marital status
 Married 14,891 (80.56) Ref – –
 Other 1626 (8.8) 1.37 1.26–1.48 < 0.01
 Single 666 (3.6) 1.29 1.14–1.47 < 0.01
 Unknown 1301 (7.04) 1.11 1.02–1.20 0.02

Military Sponsor  Branchb

 Army 6508 (35.21) Ref – –
 Air force 5970 (32.3) 0.89 0.84–0.94 < 0.01
 Marines 824 (4.46) 0.86 0.76–0.97 0.01
 Navy 3911 (21.16) 0.89 0.84–0.95 < 0.01
 Other 1266 (6.85) 1.09 0.97–1.21 0.13

Active duty status
 No 17,329 (93.75) Ref – –
 Yes 1155 (6.25) 0.59 0.45–0.76 < 0.01

Tumor stage
 Stage II 13,571 (73.42) Ref – –
 Stage I 168 (0.91) 1.10 0.88–1.37 0.40
 Stage III 1589 (8.6) 1.02 0.93–1.11 0.69
 Stage IV 865 (4.68) 2.88 2.64–3.15 < 0.0001
 Unknown 2291 (12.39) 1.05 0.94–1.17 0.37

Tumor grade
 Well differentiated 1969 (10.65) Ref – –
 Moderately differentiated 9366 (50.67) 1.10 1.02–1.19 0.02
 Poorly differentiated/undifferentiated 3827 (20.7) 1.43 1.30–1.57 < 0.01
 Unknown 3322 (17.97) 1.24 1.10–1.39 < 0.01

Surgery
 No 9829 (53.18) Ref – –
 Yes 8655 (46.82) 0.71 0.67–0.75 < 0.01

Hormone therapy
 No 15,218 (82.33) Ref – –
 Yes 3266 (17.67) 1.34 1.26–1.42 < 0.01

Chemotherapy
 No 18,368 (99.37) Ref – –
 Yes 116 (0.63) 1.53 1.19–1.97 < 0.01

Radiation therapy
 No 13,229 (71.57) Ref – –
 Yes 5255 (28.43) 0.98 0.93–1.04 0.50
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clinical, and treatment information, making it possible to 
conduct multivariable analysis, allowing for ascertainment 
of the independent role of race on OS among men diagnosed 
with CaP. Some limitations, however, should be discussed. 
Although to our knowledge this is the largest study of a 
military population within a healthcare system designed for 
equal access, sample size was limited for certain subgroup 
analyses (i.e., stage I). It is also important to consider that 
although the MHS is designed for equal access healthcare, it 
is difficult to ensure that this is guaranteed for all members, 
but within this system, comparability in healthcare delivery 
can be expected to be greater. Additionally, information on 
other factors, (i.e., comorbid medical conditions, diet, smok-
ing status) was not available or incomplete and thus could 
not be evaluated. The possibility of differential follow-up by 
race for men in this study cannot be excluded, particularly 
those who were diagnosed while on active duty and then 
left the military with no military medical benefits (i.e., did 
not retire). However, the number of men in this study who 
were diagnosed while on active duty comprised only about 
6% of the study population, and the percent of those who 
did not retire with medical benefits is likely smaller. Finally, 
overall survival, rather than disease-specific survival, was 
the outcome of the study, and causes of death not related to 
CaP diagnosis could potentially account for the results of 
this study. The ACTUR dataset currently does not obtain 
data on specific cause of death. However, studying OS as 
the outcome may avoid potential biases and inaccuracies 

inherent in identifying cause-specific mortality using death 
certificates. Also, the differential in age at CaP diagnosis 
between NHB and NHW men in the U.S. (reflected in our 
study) gave us further reason to evaluate OS rather than 
cause-specific mortality.

It has been proposed that biological differences (e.g., 
genetics and tumor microenvironment) potentially explain 
racial disparities for CaP susceptibility and progression 
[34–37]. Though biological differences have been detected 
by race, these differences cannot fully account for the 
observed differences in all-cause survival [7]. As demon-
strated in this study, extrinsic factors such as access to care 
or best course of treatment in CaP play a critical role in 
closing the racial gap that has been observed in the U.S. 
general population.

In conclusion, no statistically significant difference by 
race in all-cause survival among men with CaP was observed 
in the MHS, a system designed for equal access to care, with 
the exception of findings for oldest age group (75 years of 
age or older) which is likely associated with a higher rate 
of comorbidities. Results from the present study suggested 
that unequal access to care may be playing a major role in 
the racial disparities in survival among men diagnosed with 
CaP in the U.S. general population. Early CaP detection and 
comparable access to treatment within equal access health-
care settings could potentially reduce the observed racial 
gap in CaP-specific and/or all-cause mortality in the general 
population.

Table 3  Adjusted hazards 
ratios (HRs) for OS among men 
diagnosed with prostate cancer 
in the DoD Tumor Registry 
(ACTUR), 1990–2010, stratified 
by age and stage

a Model adjusted for marital status, military sponsor branch, active duty status, tumor stage and grade, sur-
gery, hormone therapy, chemotherapy, and radiation therapy, with the exception of age
b Model adjusted for age, marital status, military sponsor branch, active duty status, tumor grade, surgery, 
hormone therapy, chemotherapy, and radiation therapy, with the exception of tumor stage

Variable Level of variable Race/ethnicity n (%) Adjusted 
hazards 
ratio

95% CI p value

Age group ≤ 50  yearsa Non-Hispanic White 817 (54.69) Ref – –
Non-Hispanic Black 677 (45.31) 1.28 0.85–1.92 0.23

51 to 64  yearsa Non-Hispanic White 6477 (74.23) Ref – –
Non-Hispanic Black 2248 (25.77) 0.98 0.88–1.08 0.64

65 to 74  yearsa Non-Hispanic White 4913 (80.33) Ref – –
Non-Hispanic Black 1203 (19.67) 1 0.91–1.10 0.98

≥ 75  yearsa Non-Hispanic White 1858 (86.46) Ref – –
Non-Hispanic Black 291 (13.54) 1.27 1.08–1.49 < 0.01

Tumor stage Stage  Ib Non-Hispanic White 150 (89.29) Ref – –
Non-Hispanic Black 18 (10.71) 2.06 0.92–4.61 0.08

Stage  IIb Non-Hispanic White 10,222 (75.32) Ref – –
Non-Hispanic Black 3349 (24.68) 1.02 0.94–1.11 0.58

Stage  IIIb Non-Hispanic White 1220 (76.78) Ref – –
Non-Hispanic Black 369 (23.22) 0.89 0.72–1.11 0.31

Stage  IVb Non-Hispanic White 658 (76.07) Ref – –
Non-Hispanic Black 207 (23.93) 1.04 0.86–1.26 0.7



635Cancer Causes & Control (2019) 30:627–635 

1 3

Acknowledgments This project was supported by John P. Murtha 
Cancer Center, Walter Reed National Military Medical Center via 
the Uniformed Services University of the Health Sciences under the 
auspices of the Henry M. Jackson Foundation for the Advancement 
of Military Medicine. The authors thank the Joint Pathology Center 
(formerly Armed Forces Institute of Pathology) for providing the data. 
The authors would like to thank Ms. Elizabeth Butts for her input about 
the ACTUR and its compliance with the Commission on Cancer.

Disclaimer The content of this publication is the sole responsibility 
of the authors and does not necessarily reflect the views or policies of 
the Uniformed Services University of the Health Sciences (USUHS), 
the Department of Defense (DoD), or the Departments of the Army, 
Navy, or Air Force.

References

 1. Siegel RL, Miller KD, Jemal A (2016) Cancer statistics. CA Can-
cer J Clin 66(1):7–30

 2. DeSantis C, Naishadham D, Jemal A (2013) Cancer statistics for 
African Americans. CA Cancer J Clin 63(3):151–166

 3. Kelly SP et al (2017) Trends in the incidence of fatal prostate 
cancer in the United States by race. Eur Urol 71(2):195–201

 4. Robbins HA et al (2015) Age at cancer diagnosis for blacks com-
pared with whites in the United States. J Natl Cancer Inst. 107(3)

 5. Freedland SJ, Isaacs WB (2005) Explaining racial differences in 
prostate cancer in the United States: sociology or biology? Pros-
tate 62(3):243–252

 6. Zeigler-Johnson CM et al (2008) Genetic susceptibility to prostate 
cancer in men of African descent: implications for global dispari-
ties in incidence and outcomes. Can J Urol 15(1):3872–3882

 7. Taksler GB, Keating NL, Cutler DM (2012) Explaining racial dif-
ferences in prostate cancer mortality. Cancer 118(17):4280–4289

 8. Barocas DA et al (2013) Association between race and follow-up 
diagnostic care after a positive prostate cancer screening test in 
the prostate, lung, colorectal, and ovarian cancer screening trial. 
Cancer 119(12):2223–2229

 9. Berglund A et al (2012) Differences according to socioeconomic 
status in the management and mortality in men with high risk 
prostate cancer. Eur J Cancer 48(1):75–84

 10. Friedman DB et al (2009) African American men’s understanding 
and perceptions about prostate cancer: why multiple dimensions 
of health literacy are important in cancer communication. J Com-
mun Health 34(5):449–460

 11. Mahal BA et al (2014) Getting back to equal: The influence of 
insurance status on racial disparities in the treatment of Afri-
can American men with high-risk prostate cancer. Urol Oncol 
32(8):1285–1291

 12. Cullen J et  al (2011) Racial/Ethnic patterns in prostate can-
cer outcomes in an active surveillance cohort. Prostate Cancer 
2011:234519

 13. Graham-Steed T et al (2013) ‘Race’ and prostate cancer mortality 
in equal-access healthcare systems. Am J Med 126(12):1084–1088

 14. Freeman VL et al (2003) Determinants of mortality following a 
diagnosis of prostate cancer in Veterans Affairs and private sector 
health care systems. Am J Public Health 93(10):1706–1712

 15. Schreiber D et al (2014) Impact of race in a predominantly Afri-
can-American population of patients with low/intermediate risk 
prostate cancer undergoing radical prostatectomy within an equal 
access care institution. Int Urol Nephrol 46(10):1941–1946

 16. Optenberg SA et al (1995) Race, treatment, and long-term survival 
from prostate cancer in an equal-access medical care delivery sys-
tem. JAMA 274(20):1599–1605

 17. Brawn PN et al (1993) Stage at presentation and survival of white 
and black patients with prostate carcinoma. Cancer 71(8):5

 18. Defense Health Agency (2018) https ://www.healt h.mil.About 
-MHS. Accessed 1 Oct 2018]

 19. Enewold L et al (2012) Racial variation in tumor stage at diagnosis 
among Department of Defense beneficiaries. Cancer 118(5):1397–
1403. https ://doi.org/10.1002/cncr.26208 

 20. Lin J et al (2015) Survival among Black and White patients with 
renal cell carcinoma in an equal-access health care system. Cancer 
Causes Control 26(7):1019–1026. https ://doi.org/10.1007/s1055 
2-015-0594-4

 21. Schinkel JK et al., Overall and recurrence-free survival among 
black and white bladder cancer patients in an equal-access 
health system. Cancer Epidemiol, 2016. 42:154–158. https ://doi.
org/10.1016/j.canep .2016.04.012

 22. Zheng L et al (2012) Lung cancer survival among black and white 
patients in an equal access health system. Cancer Epidemiol Bio-
mark Prev 21(10):1841–1847. https ://doi.org/10.1158/1055-9965.
EPI-12-0560

 23. Commission on Cancer, Facility Oncology Registry Data Stand-
ards (2015) American College of Surgeons

 24. Commission on Cancer, Cancer Program Standards 2012: Ensur-
ing Patient-Centered Care, in Data Quality (2012) American Col-
lege of Surgeons

 25. Fritz A et al. (2000) International classification of diseases for 
oncology. World Health Organization, Geneva

 26. Humphrey PA (2012) Histological variants of prostatic carcinoma 
and their significance. Histopathology 60(1):59–74

 27. American Joint Committee on Cancer (2002) AJCC cancer staging 
manual, 6th edn. Springer, New York

 28. Daskivich TJ et al (2015) Racial parity in tumor burden, treat-
ment choice and survival outcomes in men with prostate can-
cer in the VA healthcare system. Prostate Cancer Prostatic Dis 
18(2):104–109

 29. Bill-Axelson A et al (2011) Radical prostatectomy versus watchful 
waiting in early prostate cancer. N Engl J Med 364(18):1708–1717

 30. Kibel AS et  al (2012) Survival among men with clinically 
localized prostate cancer treated with radical prostatectomy 
or radiation therapy in the prostate specific antigen era. J Urol 
187(4):1259–1265

 31. Moses KA et al (2010) Impact of ethnicity on primary treatment 
choice and mortality in men with prostate cancer: data from CaP-
SURE. J Clin Oncol 28(6):1069–1074

 32. Moses KA et al (2016) Racial/ethnic differences in the relative 
risk of receipt of specific treatment among men with prostate can-
cer. Urol Oncol 34(9):415 e7–415 e12

 33. Arias E (2014) United States life tables, 2009, in national vital 
statistics reports. National Center for Health Statistics, Hyattsville, 
MD, p 63

 34. Powell IJ et al (2013) Genes associated with prostate cancer are 
differentially expressed in African American and European Amer-
ican men. Cancer Epidemiol Biomark Prev 22(5):891–897

 35. Wallace TA et al (2008) Tumor immunobiological differences in 
prostate cancer between African-American and European-Amer-
ican men. Cancer Res 68(3):927–936

 36. Farrell J et al (2013) Genetic and molecular differences in prostate 
carcinogenesis between African American and Caucasian Ameri-
can men. Int J Mol Sci 14(8):15510–15531

 37. Rosen P et al (2012) Differences in frequency of ERG oncopro-
tein expression between index tumors of Caucasian and African 
American patients with prostate cancer. Urology 80(4):749–753

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://www.health.mil.About-MHS
https://www.health.mil.About-MHS
https://doi.org/10.1002/cncr.26208
https://doi.org/10.1007/s10552-015-0594-4
https://doi.org/10.1007/s10552-015-0594-4
https://doi.org/10.1016/j.canep.2016.04.012
https://doi.org/10.1016/j.canep.2016.04.012
https://doi.org/10.1158/1055-9965.EPI-12-0560
https://doi.org/10.1158/1055-9965.EPI-12-0560

	Race and overall survival in men diagnosed with prostate cancer in the Department of Defense Military Health System, 1990–2010
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Data sources and study population
	Outcome and variables
	Statistical analysis

	Results
	Discussion
	Acknowledgments 
	References




