Received: 17 November 2022

Revised: 20 June 2023

’iﬁ Check for updates

Accepted: 3 July 2023

DOI: 10.1002/cncr.34978

ORIGINAL ARTICLE

Cancer incidence in the US military: An updated analysis

Julie A. Bytnar DrPH2

Murtha Cancer Center Research Program,

Department of Surgery, Uniformed Services
University of the Health Sciences, Bethesda,
Maryland, USA

2Henry M. Jackson Foundation for the
Advancement of Military Medicine, Inc,
Bethesda, Maryland, USA

®Division of Cancer Epidemiology and
Genetics, National Cancer Institute, Rockville,
Maryland, USA

“Department of Surgery, Walter Reed National
Military Medical Center, Bethesda, Maryland,
USA

SDepartment of Preventive Medicine and
Biostatistics, Uniformed Services University of
the Health Sciences, Bethesda, Maryland, USA

Correspondence

Kangmin Zhu, Murtha Cancer Center
Research Program, 6720a Rockledge Dr,
Bethesda, MD 20817, USA.

Email: kangmin.zhu@usuhs.edu

INTRODUCTION

| Katherine A. McGlynn PhD, MPH3 @ |
Matthew D. Nealeigh DO* |

Craig D. Shriver MD** | Kangmin Zhu MD, PhD¥??

Abstract

Background: Military and general populations differ in factors related to cancer
occurrence and diagnosis. This study compared incidence of colorectal, lung, pros-
tate, testicular, breast, and cervical cancers between the US military and general US
populations.

Methods: Data from the US Department of Defense’s Automated Central Tumor
Registry (ACTUR) and the National Cancer Institute’s Surveillance, Epidemiology,
and End Results (SEER) program were analyzed. Persons in ACTUR were active-
duty members 20-59 years old during 1990-013. The same criteria applied to
persons in SEER. Age-adjusted incidence rates, incidence rate ratios, and 95%
confidence intervals were calculated by sex, race, age, and cancer stage. Temporal
trends were analyzed.

Results: ACTUR had higher rates of prostate and breast cancers, particularly in 40-
to 59-year-olds. Further analyses by tumor stage showed this was primarily
confined to localized stage. Incidence rates of colorectal, lung, testicular, and cer-
vical cancers were significantly lower in ACTUR than in SEER, primarily for regional
and distant tumors in men. Temporal incidence trends were generally similar overall
and by stage between the populations, although distant colorectal cancer incidence
tended to decrease starting in 2006 in ACTUR whereas it increased during the same
period in SEER.

Conclusion: Higher rates of breast and prostate cancers in servicemembers 40-59
years of age than in the general population may result from greater cancer
screening utilization or cumulative military exposures. Lower incidence of other

cancers in servicemembers may be associated with better health status.
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Active-duty military servicemembers differ from the general US
population in factors that may be related to cancer incidence. The
military has a younger age structure, is predominantly male, and is
generally healthier than the general US population.2? Service-
members experience unique occupational environments, possibly

varying from the general population in factors such as occupational
chemical exposures,>* unhealthy dietary intake, tobacco and alcohol
consumption,”® and protective factors such as physical activity and
healthy body weight.>® Servicemembers have no-cost universal
health care and may be more likely to receive cancer screening” 1°
and timely care. As a result, cancer incidence may vary between

the military and general populations.
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CANCER INCIDENCE IN THE US MILITARY

We previously compared the US active-duty to the general
population in the incidence rates of lung, colorectal, testicular,
prostate, cervical, and breast cancers.'* Servicemembers had lower
rates of colorectal, lung, and cervical cancers but higher rates of
breast and prostate cancers than the general US population. Since
that original study, there were several studies of specific cancers
comparing the two populations. One study found the incidence rate
of non-seminoma testicular cancer was lower in the military than the
general population but both had similar temporal trends.? Another
study found that whereas younger servicemen had lower incidence of
colorectal cancer, the differences disappeared between the military
and general population among individuals 40 years and older.*®

Our prior study®® was limited by relatively small case numbers
among servicemembers, thus, analyses stratified by age and tumor
stage could not be conducted. Examination by age and tumor stage, in
addition to sex and race, could provide clues as to the differences
between the populations. This study aimed to expand our original
analyses using updated data with a larger number of cancer cases
over a longer period. Specifically, we compared incidence rates of
lung, colorectal, testicular, prostate, cervical, and breast cancers be-
tween the US military and general populations stratified by race, sex,
age, and tumor stage. We also examined temporal trends in incidence

by sex, age, race, and tumor stage for selected cancers.

MATERIALS AND METHODS
Data sources and study populations

Data for the military were obtained from the Department of De-
fense’s (DoD) Automated Central Tumor Registry (ACTUR). ACTUR
was begun in 1986 to record cancers among DoD beneficiaries
diagnosed or treated within the Military Health System. Those
eligible for inclusion to the current analysis were Black and White
active-duty servicemembers 20-59 years old diagnosed with invasive
colorectal, lung, testicular, prostate, ovarian, or breast cancer during
the years 1990-2013. Adults 60 years and older were not included
because the number of persons within these age groups is not large
in the military. Multiple cancer records were consolidated forming
one record for each primary cancer using national and state registry
guidelines that are described elsewhere.'* The Defense Manpower
Data Center supplied active-duty annual population counts.

Data for the general population were obtained from the National
Cancer Institute’s Surveillance, Epidemiology and End Results (SEER)
database. The same criteria as those for ACTUR were applied. Data
from the SEER-9 registries that represent approximately 10% of the
U.S. population were used.* The annual population size for the
SEER-9 areas was also obtained through SEER.

Study variables

Cancers were defined based on ICD-O-3 topographic codes: colo-
rectal (C180, C182-189, C199, and C209), lung (C340-C349),

testicular (C620-C629), prostate (C619), cervical (C530-C539), and
breast cancers (C500-C509). SEER summary stage was used to
define tumor stages (local, regional, and distant). Local and regional
prostate cancer stages were combined based on SEER staging pro-
cedures.’® Additional demographic variables used in the analysis
included sex (male, female), race (White, Black), and age group (20-
39 and 40-59 years). Other racial groups were not included due to

limited numbers.

Statistical analysis

Age-adjusted incidence rates (per 100,000 person-years) and 95%
confidence intervals (Cls) were calculated. The active-duty popula-
tion from the whole period (1990-2013) was used as the standard
population to give more weight to the younger age groups over-
represented in the military. Age in years was used in age adjustment.
Incidence rate ratios (IRR) and 95% Cls were calculated to compare
incidence rates in the active-duty population to those in SEER. The
95% Cls for all rates were calculated using the Tiwari method.'®
Analyses were performed overall and by race, sex, and age category
for each cancer site. The analyses were further stratified by tumor
stage. To further assess the possible role of cancer screening and
additional age-related factors, we subdivided those 40-59 years old
into 40-49 and 50-59 years because the latter were generally more
likely to undergo cancer screening based on many national recom-
mendations. Some statistical analyses among women and Black
servicemembers were not able to be conducted due to small numbers
of individuals. Analyses by age, race, and stage were performed for
selected cancers that had more than 10 cases after stratification.

To analyze temporal trends, we calculated the average annual
percentage change (APC) in incidence within each population and
compared different time periods using log-linear Joinpoint Regres-
sion. Data for all cancer types except prostate cancer were modeled
under the assumption of constant variance. Data for prostate cancer
exhibited heteroscedasticity and were modeled using standard errors
and a weighted Bayesian information criterion. Trend analyses were
further examined by demographic and tumor variables for selected
cancers with more than 10 annual cases per time point after strati-
fication. Prostate cancer trends by stage were modeled for the period
1995-2013 because there was a lack of summary staging in SEER
before 1995. Analyses were conducted with a significance level set at
p < .05 using SAS version 9.4 (SAS Institute, Cary, North Carolina)
and Joinpoint Regression (version 4.9.0.0, NClI).

RESULTS

Table 1 shows sex-specific incidence rates and rate ratios for colo-
rectal, lung, prostate, testicular, breast, and cervical cancer by race in
ACTUR and SEER. Colorectal cancer incidence was significantly
lower in ACTUR among men (White: IRR, 0.79, 95% Cl, 0.73-0.85;
Black: IRR, 0.83, 95% Cl, 0.72-0.96), but not among women. Lung

cancer incidence was significantly lower in ACTUR among both men
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CANCER INCIDENCE IN THE US MILITARY

and women (White men: IRR, 0.56, 95% ClI, 0.50-0.62; Black men:
IRR, 0.32, 95% Cl, 0.25-0.40; White women: IRR, 0.72, 95% CI, 0.52-
0.97; Black women: IRR, 0.62, 95% Cl, 0.40-0.91).

The comparison of sex-specific cancers among men found that
prostate cancer incidence was significantly higher in ACTUR among
both White and Black men (White: IRR, 2.32, 95% Cl, 2.19-2.46;
Black: IRR, 2.29, 95% Cl, 2.08-2.51). In contrast, testicular cancer
incidence in ACTUR was significantly lower among White men but
not among Black men (IRR, 0.92, 95% Cl, 0.88-0.96). Among women,
there were no differences in breast cancer incidence, but there were
in cervical cancer incidence. Both White (IRR, 0.82, 95% ClI, 0.69-
0.97) and Black women (IRR, 0.40, 95% Cl, 0.28-0.55) in ACTUR had
significantly lower rates of cervical cancer than did women in SEER.

Table 2 shows cancer incidence rates by race and age. Rates of
colorectal and lung cancers were generally lower in ACTUR than
SEER among men in both age groups. Among women, the rate of
colorectal cancer was lower in ACTUR than SEER in the younger
group but not in the older group, whereas the rates of lung cancer
tended to be lower in both age groups. Significantly higher incidence
rates of prostate and breast cancers in ACTUR were only observed
among 40- to 59-year-olds (White: IRR, 2.37, 95% Cl, 2.23-2.51;
Black: IRR, 2.39, 95% Cl, 2.16-2.62 for prostate cancer; White: IRR,
1.15, 95% Cl, 1.04-1.26; Black: IRR, 1.17, 95% Cl, 1.01-1.34 for
breast cancer).

Table 3 shows cancer incidence rates by race, age, and tumor
stage. Lower rates of colorectal and lung cancers in ACTUR than
SEER among White and Black men 40-59 years old tended to be
more pronounced for distant stage tumors. For example, among
White men with distant staged lung cancer, the IRR was 0.40 and its
95% Cl was 0.32-0.49 compared to the corresponding numbers of
0.77 and 0.59-0.97 for regionally stage lung cancer. Analysis further
dividing the 40- to 59-year-olds age group into 40-49 and 50-59
revealed similar patterns to those observed in the overall 40- to
59-year olds age group for localized colorectal and lung cancers (data
not shown). For colorectal cancer, the rates of localized cancer were
insignificantly higher in ACTUR than SEER (White: IRR, 1.08, 95% ClI,
0.92-1.25; Black: IRR, 1.25, 95% Cl, 0.88-1.70). Further dividing the
40- to 59-year olds group into 40-49 and 50-59 shows a signifi-
cantly higher rate in ACTUR than SEER (IRR, 1.44, 95% CI, 1.08-
1.83) among White men 50-59 years old (data not shown). The IRR
for prostate tumors among 40- to 59-year-olds was significantly
higher for local/regional stage tumors (the number was too small for
analysis for distant stage tumors). Rates were similarly higher in
ACTUR when the ages were stratified into 40-49 and 50-59 years
(data not shown).

Among women, higher rates of breast cancer in ACTUR among
40-59-year-olds were confined to localized stage tumors (White IRR,
1.18, 95% Cl, 1.03-1.33; Black IRR, 1.23, 95% Cl, 1.00-1.49) (Table 3).
Further analysis dividing ages 40-59 years into 40-49 and 50-
59 years found that the differences were more evident for the older
group for local stage tumors among White women (IRR, 1.42, 95% Cl,
1.01-1.87) and regional stage tumors among Black women (IRR, 2.68,
95% Cl, 1.24-4.36) (data not shown).

Figure 1 shows temporal trends in the incidence of colorectal,
prostate, and breast cancers among individuals 20- to 59-years-old.
Colorectal cancer rates increased among White men from 1990 to
2008 in ACTUR (APC = 2.56, p = .013) and from 1990 to 2013 in
SEER (APC = 1.76, p < .0001). The rates among Black men were not
calculated due to small numbers. Prostate cancer rates among White
men increased in ACTUR until 2004 (APC = 11.21, p < .001) then
significantly declined (APC = -9.45, p < .001) whereas in SEER rates
increased until 1999 (APC = 10.31, p < .001), plateaued until 2009
(APC = 2.23, p < .01), then declined (APC = -10.17, p = .001).
Prostate cancer rates among Black men were statistically parallel
between ACTUR and SEER, whereas the rates were higher in ACTUR
than SEER throughout the study period. Incidence increased through
2000 (combined APC = 17.52, p = .006) then plateaued. Breast
cancer incidence rates were relatively stable among both Black and
White women although rates tended to be higher in ACTUR than
SEER.

Figure 2 shows temporal trends in localized colorectal, prostate,
and breast cancer rates among individuals 40-59 years old. Colo-
rectal cancer rates increased among White men in both ACTUR and
SEER but the APC was significant only in SEER (APC = 1.24,
p < .0001). Prostate cancer trends were similar to those for all men
with higher rates in ACTUR over time. Prostate cancer rates in
ACTUR increased significantly until 2005 for White men and until
2001 for Black men, then decreased. In SEER, prostate cancer rates
increased until 2009 for White men and until 2001 for Black men,
then declined. Among White men, further examination of trends for
those 40-49 years old and 50-59 years old separately showed similar
patterns to the overall trends (data not shown). For breast cancer,
there were no significant differences in trends, although rates tended
to be higher for ACTUR in most time periods. This same pattern was
seen when the rates were stratified into those among 40- to 49-year-
olds and 50- to 59-year-olds.

Temporal trends of lung and testicular cancers among White
men and cervical cancer among White women were also examined
(data not shown). Rates of lung and cervical cancers were lower for
ACTUR than SEER in all time periods. Trends were similar between
the populations with declining rates for lung and cervical cancers and
increasing rates for testicular cancer (data not shown). For lung and
testicular cancers, trends were similar in populations for all tumor

stages.

DISCUSSION

This study generated several new findings. First, incidence rates of
colorectal, lung, and testicular cancers were lower in the military than
the general population in men, and the differences tended to be
smaller among 40- to 59-year-olds than 20- to 39-year-olds and
larger for regional and/or distant tumors. Second, higher rates of
prostate and breast cancers in the military occurred in 40- to 59-
year-olds. These differences were particularly observed for local-

ized tumors.
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FIGURE 1 Trends in age-adjusted incidence rates? of colorectal,® prostate, and breast cancer among individuals 20- to 59-year-olds in the
US active-duty (ACTUR) and the general US (SEER) populations, 1990-2013. (A) Colorectal cancer incidence trends among White men.

(B) Prostate cancer incidence trends among White men. (C) Prostate cancer incidence trends among Black men. (D) Breast cancer incidence
trends among White women. (E) Breast cancer incidence trends among Black women. ?All incidence rates were adjusted to the active-duty
military population. PTrends for colorectal cancer in Black men were not calculated due to small annual sample sizes. “Indicates the annual
percentage change is significantly different than zero. 9The two trends are statistically equivalent. ®The two trends are statistically parallel.

Lower rates of colorectal, lung, cervical cancers, and other

malignancies in US servicemembers have been previously
reported.**"1317-1% These lower rates may result from the healthier
status of military personnel. Individuals not meeting specific strict
medical standards are not eligible to join the military, and service-
members must maintain weight and physical fitness standards
throughout their service with annual medical assessments. Free,
universal health care access may make it more likely for service-
members to have cancer precursors detected and treated. Lower lung
and cervical cancer rates in servicemembers (that were more promi-
nent among Black than White persons) may also be related to the
presence of free medical care, differentially reducing barriers to care
more for Black than White persons. However, we found differences

between the populations tended to be smaller or not present among

40- to 59-year-olds, which might result from cumulative military ex-
posures to risk factors such as ionizing radiation, polychlorinated bi-

3,4,20-25 as

phenyls, burn pits, dust storms, metals, other chemicals,
well as alcohol and tobacco use.>® Effects of these cumulative expo-
sures might be somewhat offset by healthier status in adulthood and
protective factors associated with military service.

Higher rates of prostate and breast cancers in the military among
40- to 59-year-olds occurred particularly for localized tumors; the
differences tended to be larger for breast cancer when further
confining the analysis to 50- to 59-year-olds. These findings might
result from greater utilization of cancer screening and high accessi-
bility to care in the military. Although no joint screening guidelines
exist between military branches, most recommend screening for

breast and prostate cancers beginning at age 40 for average-risk
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FIGURE 2 Trends in age-adjusted incidence rates? of local staged colorectal (1990-2013),° prostate (1995-2013), and breast cancers
(1990-2013) among individuals 40-59 years old in the US active-duty (ACTUR) and the general US (SEER) populations. (A) Colorectal cancer
incidence trends among White men. (B) Prostate cancer incidence trends among White men. (C) Prostate cancer incidence trends among Black
men. (D) Breast cancer incidence trends among White women. (E) Breast cancer incidence trends among Black women. ?All incidence rates
were adjusted to the active-duty military population. ®Trends for colorectal cancer in Black men were not calculated due to small annual
sample sizes. “Indicates the annual percentage change is significantly different than zero. “The two trends are statistically equivalent. *The two

trends are statistically parallel.

26728 and persons ages 50+ might be more likely to be

individuals,
screened than persons in the general population. It has been reported
that the military has equivalent or higher rates of cancer screening
than the civilian population.” ° Thus, cancer screening may partially
account for the higher rates of localized breast and prostate cancers
among 40- to 59-year-olds and for higher rates of localized colorectal
cancers among 50- to 59-year-olds in the military. Additionally,
servicemembers may receive greater medical surveillance due to free
care, which could lead to higher incidence of localized tumors. Higher
cumulative exposure to risk factors may also contribute to higher
incidence of prostate and breast cancers among active-duty 40- to
59-year-olds than their civilian counterparts.?”*° Servicewomen may

have occupational exposure to chemicals associated with breast

cancer incidence.2! Servicewomen are also more likely to have used
hormonal contraceptives and less likely to have breast-fed,®'~3% both
of which are risk factors of breast cancer.

Prostate and breast cancer trends were both driven by local
staged tumors among White persons 40-59 years old. Incidence
rates among the military were higher in all time periods for local
staged prostate cancer and most periods for local staged breast
cancer. Because this is the age recommended for cancer screening,
incidence trends might reflect the effects of screening. Trends were
more pronounced for breast cancer among 50- to 59-year-olds, the
ages at which individuals were more likely to have received recom-
mended mammograms. Decreased incidence of localized prostate
cancer before 2013 in both populations generally coincided with
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national trends, which suggested the effects of prostate cancer
screening recommendation changes.®>* For colorectal cancer, the
subgroups analysis for localized cancer among White men 40-
59 years old showed similar trends as those in the group of 20- to 59-
year-olds with all tumor stages for both populations, probably as a
result of including younger individuals (40-49 years old), an age
range not routinely recommended for colorectal screening during the
time frame of this study.®>3¢ Lung cancer trends were similar be-
tween populations; however, rates were much lower in the military at
all time points for distant stage tumors. This may be related to higher
accessibility to medical care and therefore earlier diagnosis in the
military.

This study had several strengths. Compared with the previous
study, a larger population allowed analyses by age and cancer stage
in addition to race and sex. We also used a robust Joinpoint
Regression model to estimate and compare temporal trends.
Nonetheless, our study had limitations. First, we were unable to
exclude potential cancer under-reporting within ACTUR from small
military treatment facilities with limited manpower, or cancers
diagnosed and treated outside the military health system. However,
higher incidence rates of some cancers in ACTUR than SEER in this

1119.37 suggest the effects of underreporting might

study and others
be limited. Second, it is possible that case consolation processes
might vary between ACTUR and SEER, which could contribute to
differences. Third, low numbers of cancers among women and Black
persons precluded some subgroup analyses. Fourth, we were unable
to distinguish Hispanic and non-Hispanics persons in the analysis as
ethnicity information is less complete in ACTUR. Thus, we cannot
exclude an effect of ethnicity on the results. Fifth, in general,
cancer registry data do not contain data on etiologic factors and
therefore we were unable to examine differences in risk factors.
Finally, we could not exclude that some servicemembers were
included in both ACTUR and SEER data, but this is unlikely given
there are no data-sharing agreements between the military and
SEER and servicemembers form a small percent of the overall
population.

Our current results provide updated evidence for differences in
cancer incidence between the military and general populations and
may reflect the potential effects of free medical care, cancer
screening, healthiness, and/or cumulative environmental exposures.
Further research is warranted to investigate factors associated with
differences in cancer incidence between the military and general

populations.
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