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Abstract

Background: Incidence and survival rates of nonserous epithelial ovarian cancer in racial/ethnic 

minorities remain relatively unknown in the United States. We examined the trends in incidence 

and survival rates for epithelial ovarian cancer by histologic subtypes and race/ethnicity.

Methods: Ovarian cancer incidence and mortality data from 2000 to 2013 were obtained from 

the Surveillance, Epidemiology, and End Results database. Age-adjusted incidence rate, incidence 

rate ratio, and annual percentage changes (APC) were calculated by histology and race/ethnicity 

subgroups and stratified by age at diagnosis. Five-year relative survival rates were calculated by 

stage and race/ethnicity.

Results: A small but significant decrease in incidence rates was seen in non-Hispanic white 

(NHW), non-Hispanic black (NHB), and Hispanic women (APC −1.58, −0.84, and −1.31, 

respectively), while incidence rates remained relatively stable in Asian women (APC – 0.37). With 

exception of significant increase in the incidence rate of clear cell carcinoma among Asian woman 

(APC 1.85), an overall trend toward decreasing incidence rates was seen across histologic 

subtypes and age-strata, although not all results were statistically significant. Compared with 

NHW women, NHB women experienced poorer 5-year survival at every stage across histologic 

subtypes, while Hispanic and Asian women had equivalent or better survival.
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Conclusions: Over the last decade, incidence rates of epithelial ovarian cancer in the United 

States have decreased or remained stable across race/ethnic and histologic subgroups, except for 

clear cell carcinoma. Survival remains poorest among NHB women.

Impact: Comparative histologic subtype distribution and incidence trends do not explain the 

ovarian cancer survival disparity disproportionately affecting NHB women

Introduction

With an estimated 22,000 new cases and 14,000 deaths in 2016, ovarian cancer accounts for 

3% of all new cancer cases and 5% of all cancer-related deaths among women in the United 

States (1). The overall ovarian cancer incidence in the United States has steadily declined 

since the mid-1970s (2, 3). The declining incidence of ovarian cancer has been attributed to 

increased exposure to oral contraceptives (3, 4), whose protective effect has been well-

established (5). Based on a survey of 2,000 North American women without ovarian cancer, 

Sopik and colleagues estimated that the proportion of 70-year-old women who ever used 

oral contraceptives increased from 20% to 85% between 1990 and 2015 (3). Rates of oral 

contraceptive use are lower among non-Hispanic black (NHB), Hispanic, and Asian women 

compared with non-Hispanic white (NHW) women (6, 7). The prevalence of other 

reproductive factors associated with ovarian cancer risk such as parity (8), breastfeeding (9), 

and tubal ligation (6) has also been reported to differ by race and ethnicity. Additionally, the 

association between ovarian cancer and known risk factors appears to differ by histologic 

subtypes (10–12).

Incidence of ovarian cancer varies by race and ethnicity with the highest rates reported 

among NHW women (13), while lower survival rates disproportionately affect NHB women 

compared with other race/ethnicity groups (14). The underlying etiology for these disparities 

is not well understood. The predominance of serous histology, in what is already a relatively 

rare disease, makes it challenging to study epidemiologic and survival patterns of nonserous 

histologic subtypes of ovarian cancer in racial and ethnic minorities. Consequently, reports 

on population-based incidence rates, temporal trends, and survival data specific to histologic 

subtypes and race/ethnic subgroups in the United States are sparse.

We utilized large U.S. population-based cancer registry data to examine the incidence and 

survival rates of epithelial ovarian cancer by histologic subtypes and race/ethnic groups. To 

reduce bias from changes in histologic subtype categorizations that occur over time, we 

examined epidemiologic trends using data only from the most recent decade.

Materials and Methods

Study population

Incidence and mortality data for ovarian cancer were obtained from the Surveillance, 

Epidemiology, and End Results (SEER) database (15). The SEER program contains data 

from 18 population-based registries, covering 28% of the U.S. population (16). We analyzed 

cases diagnosed between 2000 and 2013 to reflect the most current data and to include the 

Greater California registry, which has the largest Hispanic and Asian populations in the 

database (16). SEER collects data on patient demographics, tumor characteristics, first 

Park et al. Page 2

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2019 November 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



course of treatment, and actively follows cases for vital status. This study was exempt from 

institutional review board approval as all data are de-identified and coded for public use.

SEER data

Cases were identified using International Classification of Diseases for Oncology, Third 

Edition (17) codes. Tumor site and histology codes included in the analysis are as follows: 

primary site (C56.9, C57.0) classified as malignant tumors (behavior code,3); serous 

carcinoma (8050, 8120, 8122, 8130, 8140, 8201, 8260, 8440–8442, 8450, 8452, 8460–8463, 

9014); clear cell carcinoma (8005, 8310, 8313, 8443, 8444); endometrioid carcinoma (8290, 

8380–8383); carcinosarcoma (8575, 8950, 8951, 8980, 8981); mucinous carcinoma (8144, 

8384, 8470–8472, 8480–8482, 9015); mixed, other, undifferentiated, unspecified carcinoma 

(other/NOS; 8000–8004, 8010, 8020–8022, 8030–8033, 8046, 8052, 8070–8072, 8074, 

8084, 8230, 8255, 8261–8263, 8323, 8560, 8562, 8570, 8574, 8940, 9000). Nonepithelial 

histologic types such as germ cell tumors or sex cord-stromal tumors were excluded. A total 

of 3,024 cases diagnosed within 6 months of an endometrial cancer diagnosis were 

considered a synchronous diagnosis and were excluded.

Statistical analysis

Age-adjusted incidence rates (per 100,000) and corresponding 95% confidence intervals (CI) 

were calculated for NHW, NHB, Hispanic, and Asian women by histologic subtype. 

Because of insufficient sample size, American Indian/Native American women and women 

of unknown race were excluded from analysis. Rates were adjusted to the 2,000 U.S. 

Standard Population. Incidence rate ratio (iRR) and 95% CI by histologic subtype were 

calculated for NHB, Hispanic, and Asian women referent to NHW women. Annual 

percentage change (APC) of age-adjusted incidence rates between 2000 and 2013 was 

calculated by race/ethnicity, histologic subtype, and age groups (<50, 50–59, 60–69, and 

≥70). To test if the APC was not equal to 1, a weighted least squares regression was used 

with a two-sided P value. All CI estimates for rates were calculated using the method 

described by Tiwari and colleagues (18). Five-year relative survival rates were calculated for 

cases diagnosed between 2000 and 2009 by race/ethnicity, histologic subtype, and SEER 

summary stage. Relative survival is the observed survival adjusted for the expected survival 

in the general U.S. population based on the age, race, sex, and year of diagnosis of the cases. 

Observed survival and expected survival were calculated using the actuarial and the Ederer-

II methods (19), respectively, and a Z test was used to compare survival rates with NHW 

women. Statistically significant P values were considered <0.05, and analyses were 

performed using SEER-Stat software.

Results

A total of 76,241 cases of epithelial ovarian and fallopian tube cancer diagnosed between 

2000 and 2013 were identified from SEER registries. NHW women (n = 57,366) accounted 

for the majority (75%) of cases, followed by Hispanic (10%), NHB (8%), and Asian (7%) 

women (Table 1). Among NHW and NHB women, the distribution of ovarian cancer was 

similar across the age groups, while Hispanic and Asian women were comparatively 

younger at the time of diagnosis than NHW or NHB women. Serous histology was most 
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common regardless of race/ethnicity (61%). The histologic distribution was similar across 

race/ethnicity, but notably, clear cell tumor was markedly more prevalent among Asian 

women (12%) than among any other race/ethnicity where clear cell carcinoma accounted for 

less than 5% of epithelial ovarian cancer. Forty-five percent of all women had high-grade 

tumors, but tumor grade was unknown or missing in 34% of cases. Not surprisingly, 67% of 

women had distant metastatic disease at time of diagnosis. Similar distribution of SEER 

summary stage was observed across race/ethnicity, but the prevalence of localized disease 

was highest among Asian women.

Table 2 shows histology-specific age-adjusted incidence rates and iRR by race/ethnicity 

referent to NHW women. The incidence rate of epithelial ovarian cancer was highest among 

NHW women (13.12; 95% CI, 13.01–13.01) followed by Hispanic (10.35; 95% CI, 10.12–

10.59), NHB (9.30; 95% CI, 9.06–9.54), and Asian women (9.11; 95% CI, 8.86–9.36). The 

incidence rates were significantly higher in NHW women across nearly all histologic 

subtypes except for clear cell carcinoma. Asian women were1.65 times more likely to be 

diagnosed with clear cell carcinoma compared with NHW women (iRR 1.65; 95% CI, 1.50–

1.80; P < 0.001).

Figure 1 illustrates the APC in age-adjusted incidence rates from 2000 to 2013 by histologic 

subtypes and race/ethnicity sub-groups. The overall incidence rate has decreased across race/

ethnicity although the result was not significant for Asian women. The largest decreases in 

incidence rates were seen among NHW (APC–1.58; 95% CI, −1.80 to −1.35) and Hispanic 

(APC–1.31; 95% CI, −2.18 to −0.43) women. Decreases in incidence rates were also seen 

across most histologic subtypes including serous, endometrioid, and mucinous carcinoma. 

The largest decreases were seen for endometrioid and mucinous carcinoma, especially 

among NHW and NHB women, as well as among Hispanic women for mucinous carcinoma. 

Notably, increases in incidence rates were seen for clear cell carcinoma, especially among 

Asian women (APC 1.85; 95% CI, 0.39 – 3.33). Incidence rates of carcinosarcoma 

fluctuated across the study period due to small sample size and limited observation of 

meaningful trends. Over-all, ovarian cancer incidence rates have decreased across all age 

groups, although most decreases were not statistically significant. Among women under 70 

years old, the only significant decreases were seen among NHW women (Fig. 2). Among 

women 70 years or older, statistically significant decreases were seen among NHW, 

Hispanic, and Asian women. Largest decreases for age groups 0 to 49, 50 to 59, and 60 to 69 

were seen among NHW women.

NHB women had poorer 5-year survival at every stage compared with NHW women (Fig. 

3A). The relative survival difference between NHB and NHW women was greatest for 

distant disease (18% vs. 27%, P < 0.001). The relative poor survival among NHB women 

persisted across both serous and nonserous (clear cell, endometrioid, mucinous) carcinoma 

(Fig. 3B and C). Hispanic and Asian women had similar or improved survival compare with 

NHW women.
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Discussion

Our analysis of over 75,000 cases of epithelial ovarian cancer diagnosed between 2000 to 

2013 revealed that incidence rates have decreased over the last decade among NHW, NHB, 

and Hispanic women, while remaining relatively stable among Asian women. Previous 

SEER registry reports analyzing trends over the 3 decades preceding our study period have 

reported similar trends of decreasing incidence rates of epithelial ovarian cancer in the 

United States (2, 3). However, race/ethnicity-specific estimates, if reported, were limited to 

NHW and NHB women (13) due to relative small numbers of Hispanic and Asian women in 

the SEER database prior to 2000. Expansion of the SEER database to include the Greater 

California registry in 2000 significantly increased the total number of cancer cases, and the 

number of cases representing Hispanic and Asian groups. This presented an opportunity to 

examine the recent trends in histology-specific incidence rates among these other race and 

ethnic minority populations.

Overall changes in incidence rates of epithelial ovarian cancer were modest across race/

ethnic groups; however, histology-specific incidence trends over time differed considerably. 

Among NHW women, we observed declines in incidence rates of both serous and nonserous 

carcinoma while incidence rates only declined for nonserous subtypes among NHB women. 

Among Hispanic women, sharpest decline was seen for mucinous carcinoma and to a lesser 

degree for serous carcinoma with no change in incidence of endometrioid carcinoma. 

Although the overall incidence rate did not change over the study period among Asian 

women, a significant decrease in incidence rate of mucinous carcinoma was observed with a 

concurrent increase in incidence rate of clear cell carcinoma.

Declining incidence of epithelial ovarian cancer over the past decades has been attributed to 

the protective effect of increased rates of oral contraceptives exposure between 1960 and 

1990 (3, 4). However, etiology of racial/ethnic differences in incidence patterns of histologic 

subtypes are not well understood. The reported rate of oral contraceptive use among NHB is 

lower than among NHW counterparts (6, 7) while other protective factors such as parity, 

hysterectomy, and tubal ligation are reported at higher rates (7, 8, 20). These differences in 

incidence of reproductive risk factors between NHW and NHB women may partially explain 

the differences in histology-specific incidence trends. Oral contraceptive use has been 

reported to reduce the risk of all major epithelial ovarian cancer subtypes with exception of 

mucinous carcinoma (21). In contrast, tubal ligation and to a lesser degree hysterectomy 

appears to have the greatest impact on risk reduction of nonserous carcinoma (12, 22, 23).

Curiously, Hispanic women, who report similar patterns of reproductive risk factors as NHB 

women, did not mirror the incidence trends seen among NHB women in our study. In an 

analysis of 28,000 epithelial ovarian cancer cases from the California Cancer Registry, 

Morris and colleagues reported no change in age-adjusted incidence among Hispanic women 

between 1990 and 2003 while incidence declined significantly among NHB women (24). 

Decline in incidence rate observed in our study among Hispanic women in more recent 

periods may reflect alterations in reproductive patterns over time that more closely mirrors 

patterns seen among NHW women, especially among Hispanic women born in the United 

States or foreign-born women with longer duration of residence in the United States(7). The 
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decreasing incidence rate of ovarian cancer may also be attributable to the large decrease in 

incidence rate of mucinous carcinoma. Improving accuracy of classifying metastatic 

mucinous carcinoma of nonmullerian origin (25) has led to a steady decline in incidence rate 

of ovarian mucinous carcinoma across all race/ethnicity groups.

In the report by Morris and colleagues, no change in the incidence rate of ovarian cancer was 

observed among Asian women (24). The incidence rate remained unchanged in our 

examination of the contiguous time period as the increase in incidence of clear cell 

carcinoma was countered by decrease in incidence of mucinous carcinoma. No other 

published report has examined the incidence trends of epithelial ovarian cancer in the United 

States among Asian women over the recent decade. In a recent report, Kim and colleagues 

examined the incidence of epithelial ovarian cancer according to histologic subtypes in 

Korea between 1999 and 2012 using national cancer registry data and found increased age-

adjusted incidence rate of not only clear cell carcinoma (APC 8.13), but also serous (APC 

4.34) and endometrioid carcinoma (APC 1.48; ref. 26). Despite this observed increase, the 

incidence rate estimates among Asian women in the current study were twice the reported 

estimates from Korea. Recent reports from Taiwan, China, and Singapore also found similar 

increases in incidence of epithelial ovarian cancer (27–29).

Decreasing parity, low rate of oral contraceptive use, and westernization of dietary and 

behavioral risk factors among women in Asia have been suggested as explanations for the 

increasing trend in epithelial ovarian cancer across multiple subtypes (26, 28). However, 

reasons for the disproportionate increase in the incidence of clear cell carcinoma in East 

Asia as well as among Asian women in the United States are poorly understood. Clear cell 

carcinoma is a rare subtype accounting for approximately 5% of epithelial ovarian cancer in 

the United States (13, 30). However, clear cell carcinoma makes up 10% to 20% of epithelial 

ovarian cancer in Asian countries with highest rates reported in Japan (26, 27, 29, 31).

Endometriosis is a well-established risk factor associated with nonserous epithelial ovarian 

cancer, in particular clear cell and endometrioid carcinoma (32). Available literature does not 

suggest higher prevalence of endometriosis among Asian women compared with other race/

ethnicity (20). Additionally, lack of concurrent increase in endometrioid carcinoma among 

Asian women in our study argues against attributing the rise in clear cell carcinoma to 

endometriosis. However, higher prevalence of endometriosis at the time of surgery has been 

reported in Japanese women with ovarian clear cell carcinoma compared with reports from 

Europe and North America, suggesting a possible underlying genetic susceptibility for 

carcinogenesis mediated by endometriosis (31, 33). A recent pooled genetic analysis of over 

46,000 ovarian cancer patients from 41 studies in Europe, North America, and Australia 

demonstrated alterations in 4 regions containing endometriosis-associated single-nucleotide 

polymorphisms that were linked to increased risk of clear cell carcinoma (34). Comparative 

analysis of the frequency and patterns of genetic alterations associated with endometriosis 

and clear cell carcinoma by race/ethnicity, in addition to fine mapping and functional 

analyses of shared regions could shed light on the shared etiologic pathways and genetic 

susceptibility for ovarian clear cell carcinoma among Asian women.
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Ovarian cancer survival in the United States has improved across all stages over the past 4 

decades, but NHB women continue to experience higher mortality compared with NHW 

women (14). In the current study, lowest survival rates were observed for NHB compared 

with other race/ethnic groups across all histology subtypes. This survival disparity persisted 

at every disease stage and was most pronounced for distant disease. NHB women in the 

United States have lower socioeconomic status, higher rate of comorbidities, and are less 

likely to receive guideline-recommended therapy from a high-volume surgeon specializing 

in gynecologic oncology for treatment of early or advanced stage ovarian cancer compared 

with their NHW counterparts as summarized by Collins and colleagues (35). Clinical trials 

and retrospective studies have observed similar outcomes between NHB and NHW women 

who have received similar treatments (36, 37). Low household income, having Medicaid or 

being uninsured, suboptimal care settings (nonspecialist or non–high-volume surgeon, non–

high-volume center), older age, and greater comorbidities have been reported as predictors 

for non-guideline–recommended treatment (38–40). Further research on the role of 

physician bias and patient’s psychosocial factors (health belief, trust in physician and health 

care system, perceived barriers, etc.) associated with race/ethnicity in shared decision 

making and treatment tolerance or adherence may help improve targeted interventions to 

reduce the racial disparity in treatment of ovarian cancer.

Hispanic women have been reported to face similar socioeconomic, health, and treatment 

challenges as NHB women (41, 42), but had similar or better survival compared with NHW 

women, suggesting a possible role of racial differences in somatic mutations on survival. 

Whether the frequency and prognostic value of genetic and epigenetic alterations in ovarian 

cancer tumor types differ by race/ethnicity remains to be elucidated and may help predict 

racial differences in tumor biology, drug response, and novel drug targets. For example, The 

Cancer Genome Atlas (TCGA) analysis has revealed that approximately 50% of serous 

ovarian cancer carry mutations in various genes leading to defects in the homologous 

recombination repair, which may be exploited for targeted therapy such as poly(ADP-ribose) 

Polymerase inhibitors (43, 44). However, race/ethnic minority women are under-represented 

in the TCGA analysis and patterns of genetic alteration remain to be validated in non-white 

patients.

We present an analysis of histology-specific incidence trends and survival of epithelial 

ovarian cancer by major race and ethnicity groups from a large population-based dataset. 

However, this study has limitations to be considered when interpreting the findings. The 

SEER program does not perform a central pathologic review and, therefore, 

misclassification may influence the histology-specific incidence rates. Misclassifications 

may occur not only due to inter-observer variability, but also due to changes in histologic 

classifications and advances in molecular techniques allowing for more accurate diagnosis 

over time. In a SEER analysis, Mink and colleagues observed an increase in age-adjusted 

incidence rates of serous carcinoma between 1978 and 1998, while the overall incidence rate 

of epithelial ovarian cancer remained stable and the rate of unknown histology declined (13). 

This likely reflects increasing diagnostic accuracy evidenced by concurrent and proportional 

decline in the number of unknown cases. Limiting our analysis to the most recent decade 

reduces spurious observation of histology-specific incidence trends over time resulting from 

shifts in histologic classifications since 1970s, but our data may not be directly comparable 
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with incidence rates or trends observed in previous decades. Our analysis also did not adjust 

for the age-adjusted prevalence of bilateral oophorectomy, which has steadily declined 

between 1975 and 2005 in an analysis of National Hospital Discharge Survey database by 

Sopik and colleagues (3). Therefore, our data underestimate the true incidence rate among 

at-risk women with intact ovaries, and the degree of this underestimation may vary over 

time. Additionally, despite the large sample size in our study, interpretation of incidence 

trends and survival of certain rare histologic subtypes such as carcinosarcoma was limited. 

Lastly, examination of potential causes of survival disparity is limited in this report as SEER 

does not collect information on many potential prognostic indicators such as detailed 

individual socioeconomic variables, comorbidities, and receipt of chemotherapy.

The incidence rates of epithelial ovarian cancer for major race and ethnic subgroups in the 

United States declined or remained stable over the past decade across histologic subtypes 

and age groups, with the exception of clear cell carcinoma. The incidence of clear cell 

carcinoma has continued to rise among Asian women from 2000 to 2013, mirroring trends 

reported from Asia, but the underlying etiology remains unclear. Continued investigations of 

incidence patterns by histologic subtypes will be valuable in understanding the racial 

influences in carcinogenesis and risk modification of epithelial ovarian cancer. Furthermore, 

our report highlights the survival disparity primarily affecting NHB women for every 

histology and at every stage. In addition to highlighting the existing white–black disparity in 

outcome, understanding the relative differences in genetic and clinical determinants between 

NHB and Hispanic women who often face similar socioeconomic and health challenges may 

shed light on opportunities to reduce the burden of poor cancer outcome among NHB 

women.
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Figure 1. 
APC of age-adjusted incidence rates of ovarian and fallopian tube cancer by histology 

subtype and race, SEER, 2000 to 2013. *, Statistically significant APC (P < 0.05). aInclude 

mixed, other, undifferentiated, unspecified carcinoma. Abbreviation: NOS, not otherwise 

specified.
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Figure 2. 
APC of age-adjusted incidence rates of ovarian and fallopian tube cancer by age-group and 

race, SEER, 2000 to 2013. *, Statistically significant APC (P < 0.05).
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Figure 3. 
Five-year survival by histology subtype, race, and stage for ovarian and fallopian tube cancer 

diagnosed from 2000 to 2009, SEER. A, All types. B, Serous. C, Clear cell, endometrioid, 

and mucinous. *, Statistically significant difference (P < 0.05) in relative survival compared 

with NHW women.
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