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Abstract

Background: Increases in thyroid papillary carcinoma incidence rates have largely been attributed to
heightened medical surveillance and improved diagnostics. We examined papillary carcinoma incidence in an
equal-access health care system by demographics that are related to incidence.

Methods: Incidence rates during 1990-2004 among white and black individuals aged 20 to 49 years in the
military, and the general U.S. population were compared using data from the Department of Defense’s
Automated Central Tumor Registry and the National Cancer Institute’s Surveillance Epidemiology and End
Results (SEER-9) program.

Results: Incidence was significantly higher in the military than in the general population among white
women [incidence rate ratio (IRR) = 1.42; 95% confidence interval (CI), 1.25-1.61], black women (IRR = 2.31;
95% ClI, 1.70-2.99), and black men (IRR = 1.69, 95% CI, 1.10-2.50). Among whites, differences between the two
populations were confined to rates of localized tumors (women: IRR =1.73,95% CI, 1.47-2.00; men: IRR = 1.51,
95% CI,1.30-1.75), which may partially be due to variation in staging classification. Among white women, rates
were significantly higher in the military regardless of tumor size and rates rose significantly over time both for
tumors < 2 cm (military: IRR = 1.64, 95% CI, 1.18-2.28; general population: IRR = 1.55, 95% CI, 1.45-1.66)
and >2 cm (military: IRR = 1.74, 95% CI, 1.07-2.81; general population: IRR = 1.48, 95% CI, 1.27-1.72). Among
white men, rates increased significantly only in the general population. Incidence also varied by military
service branch.

Conclusions: Heightened medical surveillance does not appear to fully explain the differences between the
two populations or the temporal increases in either population.

Impact: These findings suggest the importance of future research into thyroid cancer etiology. Cancer
Epidemiol Biomarkers Prev; 20(11); 2369-76. ©2011 AACR.

Introduction

The American Cancer Society estimated that 48,020 new
cases of thyroid cancer would be diagnosed in the United
States during 2011 (1). About 75% of these cases were
expected to occur among females, making it the fifth most
common cancer among women (1). Thyroid cancer inci-
dence rates among whites is almost twice that among
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blacks (2) and is one of the most common cancers among
young adults (3).

The incidence rate of thyroid cancer has been rising in
the United States and other developed countries over the
past 3 decades (4-11). Greater temporal increases have
been observed among women than among men and
among whites than among blacks (11). The increases have
predominantly been among small (<2 cm) papillary car-
cinomas, leading many to believe that trends are largely
an artifact resulting from the use of better diagnostic tools
(6, 12). However, rates have also increased for larger
tumors, suggesting that there may also be a true increase
in thyroid cancer incidence due to changes in risk factors
(11, 13). The etiology of thyroid cancer is still poorly
understood; the only major, well-established risk factor
is radiation exposure.

Thyroid cancer among active duty military personnel is
an important issue, given that it occurs at a relatively
young age, especially among women. Studying incidence
rate patterns among military personnel, who may have
different exposures than the general population, may
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provide guidance in developing future etiologic studies.
In addition, because the Military Health System is an
equal access health care system serving an ethnically
diverse population, it provides a unique opportunity to
study diagnoses that are potentially related to health care
access and utilization. The current study compared
the incidence rate of papillary carcinoma, the histologic
type that represents the majority of thyroid cancers, and
the most rapid increases from 1990 to 2004 among active
duty military personnel using the Department of
Defense’s (DoD) Automated Central Tumor Registry
(ACTUR) and among the general U.S. population using
data from the National Cancer Institute’s Surveillance
Epidemiology and End Results (SEER) program.

Methods

Papillary carcinoma incidence data among active duty
personnel aged 20 to 49 years were obtained from the
ACTUR, which was established in 1986 and is the data
collection and clinical tracking system for all cancer cases
diagnosed or treated at military treatment facilities among
DoD beneficiaries (active duty, retirees, and dependents).
For the purposes of this study, data for active duty
patients diagnosed from 1990 to 2004 were included.
Although all data submitted to the ACTUR are reviewed
and verified for accurate diagnoses, data prior to 1990
were not included, to minimize the possibility of incom-
plete recording. Procedures, which have been previously
described (14), were developed using national and state
cancer registry guidelines (15, 16) to identify and consol-
idate duplicate records so that only one record existed for
each primary cancer. The annual population counts of
active duty personnel were obtained from the Defense
Manpower Data Center, which maintains demographic
and military data on personnel in all military services.
Dependents and retirees were excluded because the pop-
ulation at risk for these groups could not be determined.

Cases were originally categorized using the Internatio-
nal Classification of Diseases for Oncology (ICD-O), ICD-
O-1 (17) for cases diagnosed during 1990-1991, ICD-O-2
(18) for cases diagnosed during 1992-2000, and ICD-O-3
(19) for cases diagnosed after 2000. Codes for all cases diag-
nosed before 2001 were converted to ICD-O-3 according
to SEER guidelines. Thyroid papillary carcinoma was de-
fined using the ICD-O topographic (C73) and morphologic
codes (8050, 8260, 8340-8344, 8350, 8450, 8452, and 8460;
ref. 20). Demographic and tumor characteristics were ob-
tained for each case. Stage at diagnosis was determined by
SEER Summary Stage (21). When there were multiple
records per tumor at the time of diagnosis and the tumor
stage codes differed, determination of stage was based on
surgery records if available. If no surgery records were
available, the most advanced stage noted was selected. The
same record was then used to determine tumor size based
on the combination of 2 variables: "Extent of Disease Col-
laborative Stage (EOD) 10 size" (diagnosis years: 1990-
2003) and "CS tumor size" (diagnosis year: 2004; ref. 21).

For comparison, papillary carcinoma incidence data
among individuals aged 20 to 49 years in the general U.
S. population were obtained from the SEER program,
which began consolidating data from selected U.S. can-
cer registries in 1973, using the same inclusion criteria as
described earlier for the ACTUR data. Papillary carci-
noma incidence and population counts from 1990 to
2004 were obtained from the original 9 SEER registries:
Atlanta, Connecticut, Detroit, Hawaii, lowa, New Mex-
ico, San Francisco-Oakland, Seattle-Puget Sound, and
Utah (22). These registries represent approximately 10%
of the U.S. population. Stage at diagnosis was deter-
mined according to "SEER Historic Stage A." The stage
classifications differed slightly in the ACTUR and SEER
populations: Tumors that had spread "into or through
thyroid capsule, but not beyond" were considered local-
ized by the SEER Summary Stage in ACTUR but region-
al by SEER Historic Stage A in SEER (23). Tumor
size was based on the same variables in SEER as in
ACTUR.

Analyses were restricted to whites and blacks because
the numbers were small for other racial/ethnic groups
in the military. Stratified analyses by age, tumor stage,
and size were conducted only among whites because of
limited sample sizes among blacks in the military.
Although single-year age was available in both popula-
tions, age was assessed using a binary variable, which
was dichotomized at 35 years (the midpoint of the
included age range), to ensure ample sample sizes. For
trend analysis, years of diagnosis were grouped into 2
categories: 1990-1997 and 1998-2004. There were very
few distant/unstaged (n = 19) papillary carcinomas
among whites in the military; therefore, trend analyses
by stage were conducted only for localized and regional
tumors. Adjusted rates, incidence rate ratios (IRR), and
their 95% confidence intervals (CI) were calculated by
the Tiwari method (24). To give more weight to the age
groups with a large number of active duty members and
thereby minimize variability, all rates were age adjusted
on the basis of the distribution of the combined active
duty military population from 1990 to 2004 using six
5-year age groups (20-49 years) and were expressed per
100,000 person-years. The significance level was spec-
ified as P < 0.05. All calculations were completed with
SAS statistical software, version 9.1 (SAS Institute Inc.;
ref. 24).

The study used deidentified data and was approved by
the Institutional Review Boards of U.S. Military Cancer
Institute, Armed Forces Institute of Pathology, and
National Cancer Institute, NIH.

Results

From 1990 to 2004, among whites and blacks, there
were 743 papillary carcinomas diagnosed in the military
(ACTUR data) and 11,930 diagnosed in the general
population (SEER data; Table 1). In both populations,
rates were higher among whites than among blacks and
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among women than among men. Papillary carcinoma
incidence rates in the military were significantly higher
than in the general population among women of
both races (white: IRR = 1.42, 95% CI, 1.25-1.61; black:
IRR = 2.31, 95% CI, 1.70-2.99) and among black men
(white: IRR = 1.69; 95% CI, 1.10-2.50) but not among
white men (white: IRR = 1.08; 95% CI, 0.96-1.21). Given
the small number of total papillary carcinomas among
blacks in the military (men, 44; women, 72), further
stratification was not possible. As a result, all subse-
quent analyses were limited to whites.

When stratified by sex and age, the incidence rate of
papillary carcinoma in the military compared with the
general population was significantly higher among wom-
en in both age groups and among older men. The inci-
dence rates of localized tumors were significantly higher
in the military than in the general population among
both sexes (women: IRR = 1.73, 95% CI, 1.47-2.00; men:
IRR = 1.51, 95% CI, 1.30-1.75). The incidence rate of
regional tumors was significantly lower in the military
than in the general population among men (IRR = 0.72;
95% CI, 0.58-0.89) but not among women. When stratified
by sex and size, which was available for 554 (91%) of the
cases in the military and 9,998 (93%) of the cases in the
general population, rates among women were significant-
ly higher in the military than in the general population
(<2 cm: IRR = 1.48, 95% CI, 1.25-1.74; >2 cm: IRR = 1.40,
95% CI, 1.08-1.76), but no significant difference was
observed among men. The female to male IRR was 4.65
(95% CI, 4.39-4.91) in the general population overall and
ranged from a low of 3.52 (95% CI, 3.21-3.86) for regional
stage disease to 6.16 (5.69-6.68) for localized disease.
Larger sex differences were observed in the military, with
an IRR of 5.82 (95% ClI, 4.93-6.75) overall and a range
from 4.44 (3.12-5.88) for >2-cm size tumors to 8.59 (95%
ClI, 6.44-10.75) for <2-cm size tumors.

Temporal trends in papillary carcinoma incidence
rates by sexin ACTUR and SEER are presented in Table 2.
Among women, the incidence rate of papillary carcinoma
remained higher in the military throughout the study
period, and rates rose in both populations (military: IRR
=1.48,95% CI, 1.14-1.90; general population: IRR = 1.40,
95% CI, 1.33-1.48). Significant increases among women
were observed for both age groups, stages of disease, and
tumor sizes in the general population and in the military
population except among those aged 20 to 34 years in the
military. The papillary carcinoma incidence rate among
men increased significantly only in the general population
from 1990-1997 to 1998-2004.

Papillary carcinoma incidence rates varied by military
service branch (Table 3). Among men, the incidence (per
100,000) ranged from 1.62 in the Marines to 3.34 in the Air
Force. Among women, the rate was highest in the Army
(18.97), followed by the Air Force (17.71), and, finally, the
Navy (11.32). There were insufficient numbers of women
with papillary carcinoma in the Marines, Coast Guard,
and the "Other" service branch to calculate stable rate
estimates.

Discussion

In comparison with the general population, the age-
adjusted incidence rate of papillary carcinoma among
those aged 20 to 49 years was significantly higher in the
military between 1990 and 2004 among black men and
women of both races. Among whites, age-adjusted inci-
dence rates in the military were significantly higher than
in the general population among older men and women,
regardless of age. Significantly higher rates of localized
tumors were observed in the military for both sexes. When
stratified by size, among women rates in the military were
significantly higher regardless of size, but no significant
differences were observed among men. Significant tem-
poral increases in rates were observed among women in
both populations and men in the general population
despite stratification by age, tumor stage, and tumor size.
Papillary carcinoma incidence rates might also vary by
branch of military service.

Although the magnitude of the association was less
extreme, our finding of higher papillary carcinoma inci-
dence rates among U.S. military personnel is in agreement
with an Italian study, which observed a 1- to 2-fold higher
than expected standardized incidence ratio for thyroid
cancer among Army servicemen who were deployed to
Bosnia or Kosovo (25). However, the reasons for the higher
incidence rate in the U.S. military than in the general
population or the variation in rates by service branch are
not clear. The etiology of papillary carcinoma is poorly
understood. Ionizing radiation exposure is the major
known risk factor (17). Although military personnel may
have increased exposure to radiation, particularly from
depleted uranium that is used in munitions and tank
armor, an expert working group concluded that the excess
cancer risk of such exposureis likely minimal (26). Military
personnel may also have increased exposures to environ-
mental chemicals, such as polychlorinated biphenyls
(PCB), which have been positively correlated with thy-
roid-stimulating hormone levels (27), which, in turn, are
positively associated with increased cell proliferation (28)
and thus an increased opportunity for mutations promot-
ing the development of cancer. Although PCBs have been
found on older commissioned Navy vessels (29), differ-
ential exposure to PCBs between the military and general
population does not appear to fully explain our findings
because rates were lower in the Navy than in the other
service branches. Exposure to polybrominated diphenyl
ethers (PBDE), which are chemically similar to PCBs (30)
and can also affect thyroid function (31), may also be
related to the higher incidence rate in the military, partic-
ularly among Air Force personnel. PBDE levels have been
shown to be elevated in airplane cabins and in postflight
blood concentrations from passengers (32). However, in
subsequent studies PBDE blood concentrations were not
found to be related to time spent in an airplane among
passengers (33) or commercial aviation workers (34). Oth-
er environmental or occupational exposures may differ
both between the general population and the military and
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Table 2. Incidence rates of papillary thyroid cancer among whites of age 20 to 49 in the U.S. active duty
military and U.S. general populations by year of diagnosis, sex, and other select characteristics, 1990-2004
1990-1997 1998-2004
Characteristic Population Count Rate® (95% Cl) Count Rate® (95% ClI) IRR® (95% ClI)
Women
All Military (ACTUR) 124 13.31 (11.06-15.89) 137 19.64 (16.45-23.27) 1.48 (1.14-1.90)
General population (SEER-9) 3,904 9.62 (9.25-9.99) 5,098 13.51(13.05-13.98) 1.40 (1.33-1.48)
Age
20-34 Military (ACTUR) 95 9.68 (7.83-11.84) 78 10.68 (8.42-13.38)  1.10 (0.80. 1.51)
General population (SEER-9) 1,695 6.68 (6.35-7.04) 1,869 8.92 (8.50-9.36) 1.33 (1.24-1.43)
35-49 Military (ACTUR) 29 3.62 (2.42-5.22) 59 8.96 (6.80-11.57)  2.47 (1.55-4.01)
General population (SEER-9) 2,209 2.93 (2.80-3.07) 3,229 4.59 (4.41-4.78) 1.57 (1.47-1.67)
Stage®
Localized  Military (ACTUR) 94 10.14 (8.19-12.44) 97 14.16 (11.46-17.30)  1.40 (1.03-1.88)
General population (SEER-9) 2,421 5.56 (5.29-5.84) 3,426 8.59 (8.24-8.96) 1.54 (1.45-1.65)
Regional Military (ACTUR) 25 2.64 (1.71-3.91) 40 5.48 (3.90-7.51) 2.08 (1.21-3.59)
General population (SEER-9) 1,259 3.45 (3.22-3.68) 1,551 4.55 (4.27-4.84) 1.32 (1.20-1.45)
Sized, cm
<2 Military (ACTUR) 72 7.77 (6.07-9.80) 88 12.77 (10.22-15.77)  1.64 (1.18-2.28)
General population (SEER-9) 2,349 5.43 (5.17-5.71) 3,347 8.44 (8.08-8.80) 1.55 (1.45-1.66)
>2 Military (ACTUR) 34 3.61 (2.50-5.08) 45 6.28 (4.56-8.43) 1.74 (1.07-2.81)
General population (SEER-9) 1,051 2.92 (2.72-3.14) 1,341 3.98 (3.72-4.25) 1.48 (1.27-1.72)
Men
All Military (ACTUR) 209 2.52 (2.19-2.89) 157 2.76 (2.34-3.22) 1.09 (0.88-1.35)
General population (SEER-9) 992 2.08 (1.92-2.25) 1,277 2.83 (2.64-3.03) 1.36 (1.22-1.51)
Age
20-34 Military (ACTUR) 103 1.23 (1.00-1.49) 75 1.42 (1.12-1.78) 1.16 (0.84-1.57)
General population (SEER-9) 348 1.29 (1.15-1.44) 385 1.67 (1.50-1.86) 1.30 (1.11-1.52)
35-49 Military (ACTUR) 106 1.30 (1.06-1.57) 82 1.34 (1.07-1.66) 1.03 (0.76-1.39)
General population (SEER-9) 644 0.79 (0.72-0.87) 892 1.16 (1.07-1.25) 1.46 (1.29-1.65)
Stage®
Localized Military (ACTUR) 131 1.58 (1.32-1.88) 108 1.88 (1.54-2.27) 1.19 (0.91-1.55)
General population (SEER-9) 475 0.91 (0.81-1.02) 669 1.38 (1.25-1.52) 1.52 (1.31-1.76)
Regional Military (ACTUR) 68 0.82 (0.64-1.04) 45 0.80 (0.58-1.07) 0.98 (0.65-1.44)
General population (SEER-9) 440 0.99 (0.88-1.11) 535 1.28 (1.14-1.42) 1.29 (1.10-1.51)
Size?, cm
<2 Military (ACTUR) 90 1.08 (0.87-1.33) 75 1.30 (1.02-1.63) 1.19 (0.86-1.64)
General population (SEER-9) 487 0.94 (0.84-1.05) 643 1.39 (1.25-1.53) 1.48 (1.27-1.72)
>2 Military (ACTUR) 81 0.98 (0.78-1.22) 69 1.23 (0.95-1.55) 1.25 (0.89-1.75)
General population (SEER-9) 321 0.74 (0.64-0.84) 484 1.12 (0.99-1.25) 1.51 (1.26-1.80)
2Age-adjusted (active duty military 1990-2004 and six 5-year age groups) rates per 100,000 person-years.
PIRR comparing rates in 1998-2004 to the rates in 1990-1997.
°Military: SEER Summary Stage; General population: SEER Historic Stage A; distant and unknown stages were not included (military,
19; general population, 495).
dUnknown size not included (military, 73; general population, 1,248).

within the military by service branch. Unfortunately,
occupational information was not available in the registry
records and thus could not be investigated. Within the
military, variations in occupation seem unlikely to fully
explain the observed differences by sex and race. Previous
studies have indicated that career field does not differ by
sex or race/ethnicity among enlisted corps (35), which
represents the majority of active duty personnel.

Additional suspected risk factors for thyroid cancer
include increased body mass index (BMI) and height
(36, 37), use of fertility drugs (38), changes in reproductive
patterns (39, 40), immigration from high incidence coun-
tries (41), and insulin resistance syndrome (42). Given that
military personnel tend to be healthier than the general
population because they have to pass entrance and rou-
tine physical fitness tests (43, 44), many of these factors
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Table 3. Incidence rates of papillary thyroid cancer among whites of age 20 to 49 years in the U.S. active
duty military population by sex and service branch, ACTUR 1990-2004

Women Men
Count Rate® (95% ClI) IRR (95% CI) Count Rate?® (95% ClI) IRR (95% CI)

Army 77 18.97 (14.92-23.78) 1.00 (reference) 102 2.55 (2.08-3.10) 1.00 (Reference)
Navy 52 11.32 (8.44-14.88) 0.60 (0.41-0.86) 89 2.27 (1.82-2.80) 0.89 (0.66-1.20)
Air force 114 17.71 (14.60-21.29) 0.93 (0.69-1.27) 143 3.34 (2.81-3.95) 1.31 (1.01-1.71)
Marines 7 b e 19 1.62 (0.95-2.57) 0.64 (0.35-1.06)
Coast guard 8 b b 12 2.69 (1.38-4.75) 1.06 (0.48-1.94)
Other 3 b e 1 e b

PRates were not calculated when counts were <10.

@Age-adjusted (active duty military 1990-2004 and six 5-year age groups) rates per 100,000 person-years.

seem unlikely as explanations for our findings. Like other
cancer registries, risk factor data were not available in this
database; results from this descriptive study provide clues
for future research on possible factors that may be related
to the observed differences. Increased health care access
and medical surveillance in the military may partially
explain the higher incidence rates in the military, partic-
ularly because the higher rates in the military were
observed for localized tumors only. However, caution
should be taken when interpreting these findings because
differential classification of tumors that had spread "into
or through thyroid capsule, but not beyond" may be at
least partially responsible for the observed differences.
Although incidence rates tended to remain higher in the
military when stratified by tumor size, the differences
were significant only among women and were not con-
fined to small tumors (<2 cm); therefore, variations in
medical surveillance cannot fully explain the differences
between the 2 populations. Although we are unaware of
any official recommendation or policy differences that are
followed in the general population and the military or
within the military by service branch, it is possible that
screening practices for thyroid diseases do differ, which
may partially account for the observed variations.
Heightened medical surveillance also does not appear
to fully explain the temporal increases in either popula-
tion because increases were observed regardless of stage
or size among both sexes in the general population and
among women in the military. One would expect more
rapid increases in small early-stage tumors than large late-
stage tumors if the increase was due to improved disease
detection; subsequently, rates for larger more advanced
tumors should decline. We did not observe declines in the
incidence rates of larger more advanced tumors. Instead,
we found that the incidence rates of tumors of all stages
and sizes increased over time. It is not clear why no
significant temporal increases were observed among men
in the military, even though the use of medical diagnostic
tools such as computed tomographic scans increased
during the study period (45, 46). Data on patient presen-

tation or how the cancer was diagnosed (i.e., physical
examination orimaging) were notavailable for the current
study; future studies that assess these variables could help
clarify how variations in medical surveillance contributed
to findings of this study.

The relatively stable temporal incidence rate among
white servicemen is likely the reason why the overall
1990-2004 incidence rate was not significantly different
among white men in the military and the general popu-
lation. During the first study period (1990-1997), the
incidence rate was higher among white men in the mil-
itary (2.52 per 100,000) than among those in the general
population (2.08 per 100,000). Interestingly, the temporal
increase in incidence rates among white women in the
military and white men and women in the general pop-
ulation were similar (IRR range: 1.36-1.48). These findings
provide evidence that exposures, risk factors, or even
surveillance might have differed among white service-
men. Unfortunately, data were not available to help dis-
cern what factors could account for the different temporal
pattern among white servicemen.

The reason for the disparities in papillary carcinoma
incidence rates by sex is likely multifactorial. In addition to
possible inherent sex differences, women may have more
frequentand more thorough thyroid examinations because
women have a higher tendency to use health care services
and to be diagnosed with benign thyroid diseases (47, 48).
Although we are unaware of any official policy that recom-
mends increased screening for thyroid diseases, including
cancer, among servicewomen, in practice this may occur. If
a larger variation in screening practice between the sexes
exists in the military, then this may partially explain the
larger sex differences in incidence rates that were observed
in the military compared with the general population. It is
also possible that procedures and/or reporting may differ
by service branch, which is related to sex and according to
our findings possibly papillary carcinoma incidence. Fur-
thermore, it cannot be excluded that sex differences in
thyroid cancer risk factors may be larger in the military
than in the general population.
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This study had notable strengths in that it examined
thyroid cancer, specifically papillary carcinoma, inci-
dence rates across all military branches. However, there
is the possibility of underreporting in the ACTUR.
Although DoD policies require all cancers to be reported
to the ACTUR, some small military treatment facilities
might not have reported patients with cancer. The extent
of underreporting in the military is unknown. Despite the
possible underreporting in the military, the higher inci-
dence rates in the military suggest that underreporting
cannot explain the observed differences between the 2
populations. Itis also possible that reporting may differ by
service branch, which may partially explain the variation
by service branch. As a result of including only active duty
personnel, itis unclear whether the incidence rate patterns
observed in this study can be generalized to individuals
who were no longer active duty at the time of diagnosis.
Some sample sizes in the military were also small, which
limited our ability to calculate stable rates for all strata.
Another possible study limitation is that the data consol-
idation procedures might differ between the ACTUR
and SEER; no shared standards for case consolidation
currently exist. However, our data consolidation proce-
dures were developed on the basis of guidelines from the
North America Association of Central Cancer Registries,
SEER (15, 16), and state cancer registries; therefore, data
consolidation differences may not be substantial enough
to account for the observed variations.

In agreement with previous findings in other popula-
tions, the incidence rate of papillary carcinoma signifi-
cantly increased among white servicewomen in the U.S.
military between 1990 and 2004. Heightened medical
surveillance does not appear to fully explain the differ-
ences between the 2 populations or the temporal patterns
in either population; rates were not consistently higher in
the military and the temporal increases among service-
women and among both sexes in the general population

References

1. American Cancer Society. Cancer facts and figures 2011. Atlanta, GA:
American Cancer Society; 2011.

2. Altekruse SF, Kosary CL, Krapcho M, Neyman N, Aminou R, Waldron
W, et al. SEER Cancer Statistics Review, 1975-2007. Bethesda, MD:
National Cancer Institute [cited 2010 Nov 15]. Available from: http://
seer.cancer.gov/csr/1975_2007/.

3. Hall P, Adami HO. Thyroid cancer. In: Adami HO, Hunter D, Tricho-
poulos D, editors. Textbook of cancer epidemiology. New York: Oxford
University Press; 2002. p. 504-19.

4. BurgessJR, Tucker P. Incidence trends for papillary thyroid carcinoma
and their correlation with thyroid surgery and thyroid fine-needle
aspirate cytology. Thyroid 2006;16:47-53.

5. Colonna M, Guizard AV, Schvartz C, Velten M, Raverdy N, Molinie F,
et al. A time trend analysis of papillary and follicular cancers as a
function of tumour size: a study of data from six cancer registries in
France (1983-2000). Eur J Cancer 2007;43:891-900.

6. Davies L, Welch HG. Increasing incidence of thyroid cancer in the
United States, 1973-2002. JAMA 2006;295:2164-7.

7. Leenhardt L, Grosclaude P, Cherie-Challine L. Increased incidence of
thyroid carcinoma in France: a true epidemic or thyroid nodule man-

were observed regardless of tumor stage or size. Further
insight into the etiology of thyroid papillary carcinoma
may be gained by conducting more in-depth studies
among military personnel, particularly servicewomen,
who had higher incidence rates than women in the general
population.

Disclosure of Potential Conflicts of Interest

We certify that all individuals who qualify as authors have been listed;
each has participated in the conception and design of this work, the
analysis of data, the writing of the document, and the approval of the
submission of this version; that the document represents valid work; that if
we used information derived from another source, we obtained all nec-
essary approvals to use it and made appropriate acknowledgments in the
document; and that each takes public responsibility for it. Nothing in the
presentation implies any Federal/DoD/DoN endorsement. The views
expressed in the article are those of the authors and do not necessarily
reflect the official policy or position of the Department of the Navy, Army,
Department of Defense, nor the U.S. Government. Authors acknowledge
that research protocol NNMC.2006.001C "Cancer Frequencies: Analysis of
the DoD Automated Central Tumor Registry Data" received applicable
NNMC Institutional Review Board review and approval.

Acknowledgments

The authors thank Annette Anderson of the Armed Forces Institute of
Pathology for her help in obtaining the ACTUR data; Dr. Hongyu Wu of
USMCI for her help in computer programming; Dr. Larry Maxwell,
William Mahr, and Anne Dimke of USMCI for their support and help;
Dr. Sally Bushhouse of Minnesota Cancer Surveillance System for pro-
viding the useful MN-PATRL document; Dr. Joseph F. Fraumeni Jr. and
Dr. Robert N. Hoover of DCEG for their encouragement and support for
the USMCI-DCEG collaboration.

Grant Support

This research was supported by the United States Military Cancer
Institute (USMCI) via the Uniformed Services University of the Health
Sciences under the auspices of the Henry M. Jackson Foundation for the
Advancement of Military Medicine and by the Division of Cancer Epide-
miology and Genetics (DCEG), National Cancer Institute.

Received June 28, 2011; revised August 29, 2011; accepted September 3,
2011; published OnlineFirst September 13, 2011.

agement effects? Report from the French Thyroid Cancer Committee.
Thyroid 2004;14:1056-60.

8. Liu S, Semenciw R, Ugnat AM, Mao Y. Increasing thyroid cancer
incidence in Canada, 1970-1996: time trends and age-period-cohort
effects. Br J Cancer 2001;85:1335-9.

9. Lubina A, Cohen O, Barchana M, Liphshiz |, Vered |, Sadetzki S, et al.
Time trends of incidence rates of thyroid cancer in Israel: what might
explain the sharp increase. Thyroid 2006;16:1033-40.

10. Smailyte G, Miseikyte-Kaubriene E, Kurtinaitis J. Increasing thyroid
cancer incidence in Lithuania in 1978-2003. BMC Cancer 2006;
6:284.

11. Enewold L, ZhuK, Ron E, Marrogi AJ, Stojadinovic A, Peoples GE, et al.
Rising thyroid cancer incidence in the United States by demographic
and tumor characteristics, 1980-2005. Cancer Epidemiol Biomarkers
Prev 2009;18:784-91.

12. Kent WD, Hall SF, Isotalo PA, Houlden RL, George RL, Groome PA.
Increased incidence of differentiated thyroid carcinoma and detection
of subclinical disease. CMAJ 2007;177:1357-61.

13. How J, Tabah R. Explaining the increasing incidence of differentiated
thyroid cancer. CMAJ 2007;177:1383-4.

www.aacrjournals.org

Cancer Epidemiol Biomarkers Prev; 20(11) November 2011

Downloaded from cebp.aacrjournals.org on July 18, 2012
Copyright © 2011 American Association for Cancer Research

2375


http://cebp.aacrjournals.org/
http://www.aacr.org/

2376

Published OnlineFirst September 13, 2011; DOI:10.1158/1055-9965.EPI-11-0596

Enewold et al.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

Zhu K, Devesa SS, Wu H, Zahm SH, Jatoi |, Anderson WF, et al. Cancer
incidence in the U.S. military population: comparison with rates from the
SEER program. Cancer Epidemiol Biomarkers Prev 2009;18:1740-5.
Johnson CH, Peace S, Adamo P, Fritz A, Percy-Laurry A, Edwards BK.
The 2007 multiple primary and histology coding rules. Bethesda, MD:
Surveillance, Epidemiology and End Results Program, National Can-
cer Institute; 2007.

The North American Association of Central Cancer Registries. Report
of the Automated Tumor Linkage Work Group of the ROC, October
2005 [cited 2008 Sep 15]. Available from: http://www.naaccr.org/
Standards and Registry Operations/ATLGDocs.aspx.

Ron E, Schneider AB. Thyroid cancer. In: Schottenfeld D, Fraumeni JF
Jr, editors. Cancer epidemiology and prevention. 3rd ed. New York:
Oxford University Press; 2006. p. 975-94.

Percy C, Van Holten V, Muir C. International classification of diseases
foroncology. 2nd ed. Geneva, Switzerland: World Health Organization;
1990.

Fritz A, Percy C, Jack A, Shanmugaratnam K, Sobin L, Parkin DM, et al.
International classification of diseases for oncology. 3rd ed. Geneva,
Switzerland: World Health Organization; 2000.

Curado MP, Edwards B, Shin HR, Storm H, Ferlay J, Heanue M, et al.
Cancer incidence in five continents. Vol. IX. IARC Scientific Publica-
tions No.: 160. Lyon, France: IARC Press; 2007 [cited 2010 Nov 15].
Available from: http://www-dep.iarc.fr/.

SEER research data record description cases diagnosed in 1973-
2007*. SEER research data file documentation [cited 2010 Apr]. Avail-
able from: seer.cancer.gov/manuals/TextData.FileDescription.pdf.
Surveillance Epidemiology and End Results (SEER) Program (www.
seer.cancer.gov). SEER*Stat Database: Incidence - SEER 9 Regs
Limited-Use, Nov 2007 Sub (1973-2005) <Katrina/Rita Population
Adjustment> - Linked To County Attributes - Total U.S., 1969-2005
Counties, National Cancer Institute, DCCPS, Surveillance Research
Program, Cancer Statistics Branch, released April 2008, based on the
November 2007 submission.

Young JL Jr, Roffers SD, Ries LAG, Fritz AG, Hurlbut AA, editors. SEER
summary staging manual - 2000: codes and coding instructions. NIH
Publication No.: 01-4969. Bethesda, MD: National Cancer Institute;
2001.

Tiwari RC, Clegg LX, Zou Z. Efficient interval estimation for age-
adjusted cancer rates. Stat Methods Med Res 2006;15:547-69.
Peragallo MS, Urbano F, Lista F, Sarnicola G, Vecchione A. Evaluation
of cancer surveillance completeness among the Italian army person-
nel, by capture-recapture methodology. Cancer Epidemiol 2011;35:
132-8.

The Royal Society. The health hazards of depleted uranium munitions.
Part I. London, UK: The Royal Society; 2001 [cited 2010 Nov 22].
Available from: http://royalsociety.org/The-health-hazards-of-deplet-
ed-uranium-munitions-Part-1-Full-Report/.

Boas M, Feldt-Rasmussen U, Skakkebaek NE, Main KM. Environmental
chemicals and thyroid function. Eur J Endocrinol 2006;154:599-611.
Roger PP, Dumont JE. Thyrotropin is a potent growth factor for normal
human thyroid cells in primary culture. Biochem Biophys Res Commun
1987;149:707-11.

Still KR, Arfsten DP, Jederberg WW, Kane LV, Larcom BJ. Estimation of
the health risks associated with polychlorinated biphenyl (PCB) con-
centrations found onboard older U.S. Navy vessels. Appl Occup
Environ Hyg 2003;18:737-58.

Birnbaum LS, Staskal DF. Brominated flame retardants: cause for
concern? Environ Health Perspect 2004;112:9-17.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

a1,

42.

46.

47.

Herbstman JB, Sjodin A, Apelberg BJ, Witter FR, Halden RU, Patterson
DG, et al. Birth delivery mode modifies the associations between
prenatal polychlorinated biphenyl (PCB) and polybrominated diphenyl
ether (PBDE) and neonatal thyroid hormone levels. Environ Health
Perspect 2008;116:1376-82.

Christiansson A, Hovander L, Athanassiadis |, Jakobsson K, Bergman
A. Polybrominated diphenyl ethers in aircraft cabins-a source of
human exposure? Chemosphere 2008;73:1654-60.

Schecter A, Colacino J, Haffner D, Patel K, Opel M, Papke O. Discus-
sion of "Polybrominated diphenyl ethers in aircraft cabins-a source of
human exposure?" by Anna Christiansson et al. Chemosphere
2010;78:206-8.

Schecter A, Smith S, Haffner D, Colacino J, Malik N, Patel K, et al. Does
flying present a threat of polybrominated diphenyl ether exposure? J
Occup Environ Med 2010;52:1230-5.

Military Leadership Diversity Commission. From representation to
inclusion; diversity leadership for the 21-st century military, final report
2011 [updated 2011; cited 2011 Aug 22]. Available from: http://mlidc.
whs.mil/index.php/final-report.

Engeland A, Tretli S, Akslen LA, Bjorge T. Body size and thyroid cancer
in two million Norwegian men and women. Br J Cancer 2006;95:
366-70.

Guignard R, Truong T, Rougier Y, Baron-Dubourdieu D, Guenel P.
Alcohol drinking, tobacco smoking, and anthropometric characteris-
tics as risk factors for thyroid cancer: a countrywide case-control study
in New Caledonia. Am J Epidemiol 2007;166:1140-9.

Hannibal CG, Jensen A, Sharif H, Kjaer SK. Risk of thyroid cancer after
exposure to fertility drugs: results from a large Danish cohort study.
Hum Reprod 2008;23:451-6.

Brindel P, Doyon F, Rachedi F, Boissin JL, Sebbag J, Shan L, et al.
Menstrual and reproductive factors in the risk of differentiated thyroid
carcinoma in native women in French Polynesia: a population-based
case-control study. Am J Epidemiol 2008;167:219-29.

Negri E, Dal Maso L, Ron E, La Vecchia C, Mark SD, Preston-Martin S,
et al. A pooled analysis of case-control studies of thyroid cancer. Il.
Menstrual and reproductive factors. Cancer Causes Control 1999;10:
143-55.

Nasseri K. Thyroid cancer in the Middle Eastern population of Cali-
fornia. Cancer Causes Control 2008;19:1183-91.

Rezzonico J, Rezzonico M, Pusiol E, Pitoia F, Niepomniszcze H.
Introducing the thyroid gland as another victim of the insulin resistance
syndrome. Thyroid 2008;18:461-4.

. Thompson IM, Optenberg S, Byers R, Dove M. Increased incidence of

testicular cancer in active duty members of the Department of Defense.
Urology 1999;53:806-7.

. Yamane GK. Cancer incidence in the U.S. Air Force: 1989-2002. Aviat

Space Environ Med 2006;77:789-94.

. Amis ES Jr, Butler PF, Applegate KE, Birnbaum SB, Brateman LF,

Hevezi JM, et al. American College of Radiology white paper on
radiation dose in medicine. J Am Coll Radiol 2007;4:272-84.

Mettler FA Jr, Thomadsen BR, Bhargavan M, Gilley DB, Gray JE, Lipoti
JA, et al. Medical radiation exposure in the U.S. in 2006: preliminary
results. Health Phys 2008;95:502-7.

Bertakis KD, Azari R, Helms LJ, Callahan EJ, Robbins JA. Gender
differences in the utilization of health care services. J Fam Pract 2000;
49:147-52.

. Wang C, Carpo LM. The epidemiology of thyroid disease and the

implications for screening. Endocrinol Metab Clin North Am 1997;26:
189-218.

Cancer Epidemiol Biomarkers Prev; 20(11) November 2011

Cancer Epidemiology, Biomarkers & Prevention

Downloaded from cebp.aacrjournals.org on July 18, 2012
Copyright © 2011 American Association for Cancer Research


http://cebp.aacrjournals.org/
http://www.aacr.org/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings true
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 0
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 900
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on '[High Quality Print]'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides true
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        18
        18
        18
        18
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 18
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [792.000 1224.000]
>> setpagedevice


