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BACKGROUND: Previous studies in the general population observed that compared with non-Hispanic White women, Pacific
Islander and Black women have higher age-adjusted mortality rates from epithelial ovarian cancer (EOC), while Asian American
patients have lower mortality. We investigated whether race and ethnicity is associated with differences in EOC survival in a United
States Military population where patients have equal access to healthcare.
METHODS: This retrospective study included women diagnosed with EOC between 2001 and 2018 among Department of Defense
beneficiaries. Hazard ratios (HRs) and 95% confidence intervals (CIs) were calculated using Cox proportional hazards regression
models adjusting for age and year of diagnosis, histology and stage.
RESULTS: In our study population of 1230 invasive EOC cases (558 non-Hispanic White, 74 non-Hispanic Black, 73 Asian, 30 Pacific
Islander and 36 Hispanic cases), 63% of the women died (all-cause death) after a mean= 4.8 years (SD= 4.1) of follow-up following
diagnosis. Compared with non-Hispanic White cases, Asian cases had better overall survival, HR= 0.76 (95% CI= 0.58–0.98),
whereas there were no differences in survival for other racial and ethnic groups.
CONCLUSIONS: These findings highlight the need to investigate how differences in access to healthcare may influence observed
racial and ethnic disparities for EOC.
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INTRODUCTION
Ovarian cancer is the second most prevalent gynaecologic cancer
and the most lethal gynaecologic malignancy among women.
Ovarian cancer survival rates are poor; only 50% of ovarian cancer
patients in the United States survived for 5 years following
diagnosis (2012–2018) [1], and only 31% of women diagnosed
with distant invasive epithelial ovarian cancer (EOC) survived for 5
years [2]. EOC accounts for 95% of all ovarian cancer diagnoses;
the main histologic subtypes include serous, endometrioid, clear
cell, and mucinous subtypes. Compared to non-Hispanic White
(hereafter referred to as White) women in the United States, Black
women have the lowest EOC 5-year relative survival rate [1]. There
are few data on EOC survival among other less common racial and
ethnic groupings, although there is evidence that Hispanic and
Asian women have a higher survival rate than White and Black
women [3, 4]. Although variations in ovarian cancer survival by
race are likely due to multiple factors, unequal access to
healthcare was believed to play a significant role [5].
It is uncertain whether having equal access to the healthcare

system, irrespective of race and ethnicity or socioeconomic
background, will remove the overall disparity in EOC survival.
The United States Department of Defense (DoD) Military Health

System provides all beneficiaries with equal access to care. In a
recent study utilising the DoD’s cancer registry system (Auto-
mated Central Tumor Registry or ACTUR database), Asian women
with ovarian cancer were more likely than White women to
receive care based on clinical practice guidelines [6]. There were
no other noticeable differences in minority women’s receipt of
recommended medicines compared to White women, however,
the overall survival patterns were not studied. Another study
conducted by Kaiser Permanente Northern California revealed that
Black patients with invasive EOC had the lowest survival rate
compared to White patients [7]. However, in the Kaiser health
system, a patient must pay for a variety of medical procedures up
front until the deductible is met, and even then, a substantial
copayment is required for some appointments [8]. In contrast,
these types of costs are completely covered under the Military
Health System.
To our knowledge, this study is the first and largest ovarian

cancer study to analyse overall survival data in EOC patients in an
equitable access health system, extending the analysis to include
other racial and ethnic groups (i.e., Pacific Islander) that have not
been assessed previously. Findings from this study will provide
new evidence to determine whether survival differences by race
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and ethnicity persist when EOC patients have equal access to
healthcare.

MATERIALS AND METHODS
Study population
The current study population uses data extracted from the United States
DoD ACTUR database which includes information on DoD beneficiaries,
including active-duty military personnel, retirees and their dependents,
who are diagnosed with cancer and receive cancer treatment at military
facilities [9]. Military treatment facilities are mandated to report cancer
cases to the ACTUR [10]. Local tumour registrars abstract and enter data for
newly diagnosed cancer patients in consultation with gynaecologic
oncologists. Ovarian cancer was defined as International Classification of
Diseases for Oncology 2nd or 3rd revision codes C56, C57 and C48.1–C48.2
for ovarian, fallopian tube and primary peritoneal sites, respectively. This
study included ovarian cancer cases that were diagnosed between 2001
and 2018. Data were obtained from the ACTUR database on tumour
histology, stage [local, regional, distant or unknown by combining
Surveillance, Epidemiology and End Results (SEER) summary stage
variables], grade [well (G1), moderate (G2), poor (G3), undifferentiated
(G4) or unknown], information on only the first course of treatment
[surgery (yes/no); receipt of adjuvant chemotherapy (yes/no)] and vital
status. Racial and ethnic groups were recorded in the registry database
using: (1) information that was documented in the beneficiary medical
record [which includes health data from the DoD, Department of Veterans
Affairs and private sector partners) and outside/community records or
documents]; (2) observations made by the treating/managing physicians;
or (3) information obtained directly from the patient’s response to the
Oncology/Registry Patient Questionnaire (when applicable). Individuals
who reported more than one race and ethnicity (Asian, Black, Hispanic,
White) were classified as more than one race and ethnicity; an exception
was for Pacific Islander participants who were always classified in the
Pacific Islander group (even if they reported more than one race and
ethnicity).
We identified N= 1658 ovarian cancer cases and the following

exclusions were applied: not invasive (N= 104); non-epithelial cases
(N= 238, detailed in Supplementary Table 1); not in the five major racial
and ethnic groups (Asian, Black, Hispanic, White, Pacific Islander) that were
the focus of this study (N= 80); unknown vital status (N= 3); and date of
diagnosis was the same as date of death (N= 3). This left N= 1230 cases
for this study. The outcome of interest was all-cause mortality. Information
on cause of death was not available for the majority of the patients. This
study was approved by the Tripler Army Medical Center committee as
Exempt Human Subjects research.

Statistical analysis
HRs and 95% CIs were calculated using Cox proportional hazards
regression models. Person-time was calculated as the number of days
between a patient’s date of diagnosis until the date of last contact or
censoring, whichever occurred first. Multivariable models were adjusted for
covariates selected a priori because of their known influence on risk of EOC
death; histology [serous (reference), endometrioid, clear cell, mucinous, not
otherwise specified (other)] and stage [local (reference), regional, distant,
missing]. We also adjusted for year of diagnosis (continuous) to account for
possible changes in treatment over time. Age at diagnosis (continuous)
was included as a strata term in all models. We tested whether additional
adjustment for any of the following variables (grade; first-line treatment
with surgery and/or chemotherapy; and residual disease) changed the risk
estimates by 10% or more and the results were very similar therefore these
variables were not adjusted for in the final models. The proportional
hazards assumption was tested using the method described by Grambsch
and Therneau, 1994 [11]; no violation of proportional hazards was
observed. For the descriptive analyses of the population characteristics,
age-standardised (indirectly standardised means and percentages) were
calculated using 10-year age groups (age at diagnosis: <40 years, 40–49,
50–59, 60–69, 70+).
We explored whether there were differences in survival by racial and

ethnic group in subgroups by age at diagnosis (< 65 years, 65+ years)
because older patients may be less likely to receive standard treatments
and/or to develop toxicity [12]. We also carried out sensitivity analyses
after restricting analyses to more homogeneous case subgroups: patients
with high grade (grade 2 and higher) serous disease, those with regional/

distant disease and patients who received a uniform first-line treatment
(both surgery and chemotherapy). All statistical tests were two-sided and
P values < 0.05 were considered statistically significant. Statistical
analyses were performed using the survival package [13] in R version
4.1.0 [14].

RESULTS
After a mean follow-up of 4.8 (SD= 4.1) years, 63% of the
N= 1230 invasive EOC cases were fatal (death from all causes)
(Table 1). In a comparison of the age-standardised characteristics
of EOC patients by racial and ethnic subgroups, we observed that
a higher proportion of Asian cases had EOC from a fallopian tube
site (13.7% versus ≤5.8% fallopian tube site in other groups) and a
high proportion of Hispanic cases had a primary peritoneal
tumour site (18.2% versus ≤7.4% in other groups). There were
differences in the distribution of histological subtypes across
racial and ethnic groups. Specifically, the proportion of serous
tumours was highest in White, Black and Hispanic cases (≥ 56.0%)
followed by Asian (49.7%) and Pacific Islander (42.1%) cases. The
proportion of endometrioid tumours was highest in Pacific
Islander cases (14.9%) compared with ≤10.1% in other groups.
Asian cases had the highest proportion of clear cell EOC (10.5%)
compared with ≤7.1% in other groups. A high proportion of
Pacific Islander patients (69.1%) were diagnosed with distant-
stage disease, followed by 58.6% of Asian patients and ≤55.8%
among other groups. However, a higher proportion of Pacific
Islander patients had low-grade/Grade 1 disease (19.0%) com-
pared with other groups (≤ 12.9% Grade 1). In relation to the
treatment received, a high proportion of Asian patients received
both surgery and chemotherapy (79.0%) compared with ≤71.9%
in other groups. A high proportion of Hispanic women had
suboptimal residual disease following surgery (48.4%), followed
by 38.0–38.7% of Asian and Black patients and ≤34.8% of Pacific
Islander and White patients; however, a large proportion of
patients (40.4% of all EOC cases) were missing information on
residual disease.
Among all EOC cases, we observed that compared with White

cases, Asian cases had improved survival, HR= 0.76 (95%
CI= 0.58–0.98) while there was no difference in survival for other
racial and ethnic groups: Black, HR= 1.08 (95% CI= 0.83–1.40);
Pacific Islander, HR= 1.19 (95% CI= 0.80–1.76); and Hispanic
cases, HR= 0.81 (95% CI= 0.56–1.17) (Table 2). In further
sensitivity analyses restricting to patients who received a uniform
treatment (chemotherapy and surgery), there was a similar
improved survival for Asian patients HR= 0.70 (95%
CI= 0.52–0.95) as compared with White patients. When restricting
to cases with regional/distant disease, the improved survival
observed among Asian cases was attenuated [Asian compared
with White cases, HR= 0.77 (95% CI= 0.58–1.01)]. In sensitivity
analysis of the most common histologic subtype of EOC (serous
high grade), there were no differences in survival across racial and
ethnic groups.
We conducted exploratory analyses considering age at diag-

nosis to account for possible differences in treatment response
and observed no heterogeneity in associations between different
racial and ethnic groups with mortality risk across the two age
groups (split at age 65 years) (P-heterogeneity=0.33) (Table 3).
Notably, the improved survival for Asian patients was only
apparent among cases who were aged <65 years at diagnosis
[Asian compared with White cases, <65 years at diagnosis,
HR= 0.67 (95% CI= 0.49–0.92); 65+ years, HR= 0.98 (95%
CI= 0.60–1.58)]. There was also a suggestion that Black patients
who were diagnosed at age 65+ years may have a higher
mortality risk [Black compared with White cases, <65 years at
diagnosis, HR= 0.89 (95% CI= 0.63–1.25); 65+ years, HR= 1.45
(95% CI= 0.93–2.25)].
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DISCUSSION
Numerous studies utilising population-based databases have
uncovered racial, ethnic, and socioeconomic inequities in ovarian
cancer care and treatment access [7, 15–17]. Our goal in the
current study was to assess risk of EOC mortality using data from
patients treated in the Military Health System where access to
healthcare is universal. We observed that there were no
differences in EOC survival between White patients and Black
patients. Notably, Asian patients had a lower mortality risk
compared with White patients.
Our observation of no difference in survival between White

patients and Black patients in a Military Health System contrasts
with a previous report using SEER data from 1995 to 2015 which
showed that Black EOC patients were at higher risk of all-cause
mortality (HR 1.28, 95% CI 1.23–1.33) than White patients in
models that were adjusted for age at diagnosis, stage, grade,
subtype, surgical intervention, chemotherapy, radiation, laterality,

insurance status and SEER registry region [18]. In the most recent
US cancer statistics report using SEER data, the 5-year relative
survival rate for Black women with EOC was the lowest (41%)
compared to White women (49%) [1]. Albain et al. [19] similarly
observed a 10-year survival rate of 13% for Black women versus
17% for all other patients with advanced stage (Stage III or IV)
ovarian cancer using data from randomised clinical trials patients
of the Southwest Oncology Group. In contrast to the observed
disparities in survival reported for Black women with EOC using
general population data, our findings using data from the Military
Health System support the idea that survival disparities could be
largely influenced by access to healthcare.
We observed that Asian patients had a lower mortality risk

compared with White patients. This result was consistent with the
Fuh et al. [3] study using SEER data, where it showed that the
5-year disease-specific survival of Asian patients with EOC was
higher compared to White patients (59.1% vs. 47.3%, respectively,

Table 1. Age-standardised characteristics of epithelial ovarian cancer cases (N= 1230) by racial and ethnic groups in the ACTUR database.

Racial and ethnic groupsa

Total
(n= 1230)

White
(n= 853)

Black
(n= 120)

Asian
(n= 134)

Pacific Islander
(n= 58)

Hispanic
(n= 65)

Fatal (all causes), % 62.7 64.6 61.1 56.4 56.1 61.0

Age at diagnosis (years)b 57.5 (14.4) 58.3 (14.7) 58.0 (14.2) 55.3 (12.8) 55.2 (12.5) 52.8 (14.2)

Duration of follow-up (years)b 4.8 (4.1) 4.7 (4.1) 4.6 (3.7) 5.5 (4.5) 3.6 (3.7) 5.6 (4.2)

Tumour site: ovary, % 86.6 87.0 89.4 84.5 91.1 78.4

Tumour site: fallopian tube, % 6.5 5.7 5.1 13.7 5.8 3.4

Tumour site: primary peritoneal, % 6.9 7.4 5.5 1.8 3.1 18.2

Serous, % 55.4 56.0 60.1 49.7 42.1 56.5

Endometrioid, % 8.0 8.0 6.0 10.1 14.9 4.7

Clear cell, % 7.1 7.1 5.3 10.5 5.8 5.9

Mucinous, % 7.2 7.3 5.4 7.2 6.5 7.4

NOS histology, % 15.9 15.9 14.7 18.3 21.7 13.1

Other histology, % 6.3 5.7 8.4 4.2 8.9 12.5

Local stage, %c 19.5 19.8 21.0 14.1 18.7 19.9

Regional stage, %c 26.4 27.0 26.0 27.3 12.2 24.3

Distant stage, %c 54.1 53.2 52.9 58.6 69.1 55.8

Grade 1, %d 12.8 12.9 10.9 12.4 19.0 11.8

Grade 2, %d 15.0 14.8 21.6 9.2 15.9 13.7

Grade 3, %d 60.8 61.9 56.6 60.9 44.4 64.7

Grade 4, %d 11.5 10.4 10.9 17.5 20.8 9.8

First course of treatment

No surgery or chemotherapy,
%c

3.9 3.7 3.9 4.1 5.9 4.2

Surgery and chemotherapy, %c 70.8 69.5 70.5 79.0 69.3 71.9

Chemotherapy only, %c 7.0 6.6 8.5 6.6 15.2 7.0

Surgery only, %c 18.3 20.2 17.0 10.3 9.6 16.9

Surgical outcome

Optimal residual disease, %e 65.2 66.1 61.3 62.0 72.4 51.6

Suboptimal residual disease,
%e

34.8 33.9 38.7 38.0 27.6 48.4

Values are means (SD) for continuous variables or percentages for categorical variables and are standardised to the age distribution of the study population.
aAsian includes Chinese, Japanese, Filipino, Korean and Vietnamese cases. Pacific Islander includes Hawaiian, Micronesian, Guamanian and Samoan cases.
bValue is not age-standardised.
cData on stage and first course of treatment were missing for 4.4% and 2.9% of cases, respectively.
dGrade was missing for 32.0% overall (missing for 30.5% of non-Hispanic White, 30.1% of Black, 33.8% of Asian, 51.3% of Pacific Islander and 39.4% of Hispanic
cases).
eResidual disease was missing for 40.4% overall (missing for 41.3% of non-Hispanic White, 42.5% of Black, 39.9% of Asian, 38.3% of Pacific Islander and 32.7% of
Hispanic cases).
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P= 0.001). In a meta-analysis of EOC patients who enrolled in 10
Gynaecologic Oncology Group clinical trials there was a similar
improvement in disease-specific survival in Asian patients
(N= 273) compared with White patients (N= 7641) (Asian
compared with White patients, HR 0.84, 95% CI 0.72–0.99) after
accounting for age, body mass index, better performance status,
stage, histology, grade and residual disease [20]. This study did not
include other racial and ethnic groups.
The current report showed differences in the distribution of

histological subtypes across racial and ethnic groups. Specifically,
Asian cases had the highest proportion of clear cell EOC (10.5%)
compared with ≤7.1% in other groups. This finding is consistent with
a report from Park et al. who observed that a higher proportion of
Asian EOC patients were diagnosed with clear cell tumours (11.7%)
than other racial and ethnic groups (clear cell tumours ranging from

2.4% to 4.5%), with Black women the least likely to be diagnosed
with clear cell EOC (2.4%) [4]. We found that the proportion of serous
tumours was highest among White, Black and Hispanic patients
(≥ 56%), followed by Asian (49.7%) and Pacific Islander (42.1%)
patients. A prior study also found serous cases to be the least
frequently diagnosed among Asian women, while White and Black
women had equivalent proportions of serous EOC diagnoses [4].
Considering that treatment techniques are not uniformly effective
across EOC histotypes [21–23], variations in histologic subtype
distribution by race may contribute to racial and ethnic survival
differences. We accounted for differences in histologic subtype
proportion by adjusting for histology in the multivariable models.
The standard recommended treatment for ovarian cancer by

the National Comprehensive Cancer Network (NCCN) is cytor-
eductive surgery along with platinum- and taxane-based

Table 3. Association between racial and ethnic groups and survival among all epithelial ovarian cancer cases splitting age at diagnosis groups at 65
years.

Age < 65 years Age 65+ years

Racial and ethnic
groups

Total Fatal cases (%) HR (95% CI)a Total Fatal cases (%) HR (95% CI)a P-heterogeneity

White 576 331 (57.5%) 1.00 (Ref) 277 227 (81.9%) 1.00 (Ref) 0.33

Black 82 44 (53.7%) 0.89 (0.63–1.25) 38 30 (78.9%) 1.45 (0.93–2.25)

Asian 104 51 (49.0%) 0.67 (0.49–0.92) 30 22 (73.3%) 0.98 (0.60–1.58)

Pacific Islander 45 19 (42.2%) 1.11 (0.67–1.81) 13 11 (84.6%) 1.14 (0.58–2.25)

Hispanic 55 27 (49.1%) 0.79 (0.52–1.20) 10 9 (90.0%) 0.94 (0.45–1.99)

CI confidence interval, HR hazard ratio.
aAdjusted for histology [serous (reference), endometrioid, clear cell, mucinous, not otherwise specified [NOS], other], stage [local (reference), regional, distant,
missing] and year of diagnosis (continuous); age at diagnosis (continuous) was modelled as a strata term.
Bold values indicate that the association is statistically significant.

Table 2. Association between racial and ethnic groups and survival among epithelial ovarian cancer overall and for selected case groups.

Epithelial ovarian cancer groups Racial and ethnic groups Total Fatal cases (%) HR (95% CI)

Total epithelial ovarian cancer White 853 558 (65.4%) 1.00 (Ref )

N= 1230 Black 120 74 (61.7%) 1.08 (0.83–1.40)

Asian 134 73 (54.5%) 0.76 (0.58–0.98)

Pacific Islander 58 30 (51.7%) 1.19 (0.80–1.76)

Hispanic 65 36 (55.4%) 0.81 (0.56–1.17)

Serous high grade (G2-4) White 324 237 (73.1%) 1.00 (Ref )

N= 461 Black 52 39 (75.0%) 0.84 (0.56–1.26)

Asian 48 33 (68.8%) 0.81 (0.53–1.23)

Pacific Islander 17 13 (76.5%) 1.53 (0.81–2.89)

Hispanic 20 10 (50.0%) 0.82 (0.40–1.68)

Regional/distant disease White 659 486 (73.7%) 1.00 (Ref )

N= 947 Black 90 64 (71.1%) 1.06 (0.79–1.42)

Asian 111 69 (62.2%) 0.77 (0.58–1.01)

Pacific Islander 41 21 (51.2%) 0.90 (0.56–1.45)

Hispanic 46 27 (58.7%) 0.73 (0.47–1.11)

Cases received chemotherapy and surgery White 571 380 (66.5%) 1.00 (Ref )

N= 845 Black 82 52 (63.4%) 1.02 (0.74–1.41)

Asian 105 54 (51.4%) 0.70 (0.52–0.95)

Pacific Islander 40 19 (47.5%) 1.01 (0.61–1.67)

Hispanic 47 25 (53.2%) 0.81 (0.52–1.26)

CI confidence interval, G2-4 tumour grades 2–4, HR hazard ratio.
Multivariable models were adjusted for histology [serous (reference), endometrioid, clear cell, mucinous, not otherwise specified [NOS], other], stage [local
(reference), regional, distant, missing] and year of diagnosis (continuous); age at diagnosis (continuous) was modelled as a strata term.
Bold values indicate that the association is statistically significant.
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chemotherapy [24]. Eaglehouse et al. showed that Asian women
were > 2 times as likely to seek NCCN guideline-based care than
White women in a recent study employing ACTUR data as well as
the Military Health System Data Repository administrative claims
data [6]. In our study, we found that 79.0% of Asian patients
underwent both surgery and chemotherapy, compared to 71.9%
of patients in other racial and ethnic groups. Importantly the
improvement in survival among Asian individuals was still
apparent when we restricted the analyses to cases who received
uniform treatment (chemotherapy and surgery). This result
suggests that factors other than receipt of treatment may explain
the improved survival in Asian EOC patients. It was suggested that
women with BRCA germline mutations have higher response rates
to both platinum- and nonplatinum-based regimens than
mutation-negative patients [25], and certain Asian groups were
found to have a higher predisposition to BRCA mutations such as
the Chinese women from Hong Kong and Korea [26, 27]. BRCA
mutation status was not available in the current study. It will be of
interest to consider BRCA mutation status (germline and tumour
somatic mutations) in future studies focusing on racial and ethnic
differences in EOC survival.
Our study had several strengths, including the ability to

evaluate EOC overall survival in a DoD Military Health System
with equal access to free medical care. Another strength was that
we included Pacific Islander and Hispanic EOC patients who have
not been included in earlier studies focusing on EOC survival.
There are also some limitations of this study including the lack of
information on treatment data beyond the first primary treatment.
We also lacked information on the cause of death however we
anticipate that our results for all-cause mortality will be mostly
congruent with findings for EOC-specific death, given that EOC is a
highly aggressive disease, and consequently the majority of
deaths in this patient cohort will be attributable to EOC or its
sequelae. It is possible that some women who are diagnosed in
the military, and tracked by the ACTUR registry, received some of
their care outside the military health system, including some
academic facilities. This could explain why data on the first course
of treatment (< 5%) were missing. In the ACTUR database, there
were three methods of race and ethnicity reporting; two of the
methods were based on self-report from the patient while the
third method involved physician reports. Physician-reported race
and ethnicity is less reliable than self-reports from the patients
themselves. This could lead to misclassification of race and
ethnicity and may attenuate risk estimates towards the null value.
Our study included TRICARE recipients inside the Military Health
System, which may not be representative of the racial and ethnic
composition of the overall United States population. Although our
study was large, the number of patients did not allow further
subgroup stratification (e.g., consideration of Chinese, Korean,
Filipino subgroups). SEER statistics indicate that Asian subgroups
have varying 5-year ovarian cancer survival rates, ranging from
62.1% for Vietnamese to 48.2% for Asian Indian/Pakistani [3].
In summary, uneven access to care is hypothesised to play a

significant role in the observed racial and ethnic disparities in EOC
survival rates. Thus our goal was to determine if race and ethnicity are
associated with variations in EOC survival in a military population with
equal access to healthcare. With the exception of a slight survival
advantage for Asian patients, we observed no racial or ethnic
differences in EOC survival for Black, Pacific Islander and Hispanic
patients as comparedwithWhite patients. These results underscore the
need to investigate how differences in access to healthcare may
influence observed racial and ethnic disparities for EOC.
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