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Abstract
Objective—The objective of this article is to broadly review the scientific literature and
summarize the most up-to-date findings on ovarian cancer health disparities worldwide and in the
United States (U.S.).

Methods—The present literature on disparities in ovarian cancer was reviewed. Original research
and relevant review articles were included.

Results—Ovarian cancer health disparities exist worldwide and in the U.S. Ovarian cancer
disproportionately affect African American women at all stages of the disease, from presentation
through treatment, and ultimately increased mortality and decreased survival, compared to non-
Hispanic White women. Increased mortality is likely to be explained by unequal access to care
and non-standard treatment regimens frequently administered to African American women, but
may also be attributed to genetic susceptibility, acquired co-morbid conditions and increased
frequency of modifiable risk factors, albeit to substantially lesser extent. Unequal access to care is,
in turn, largely a consequence of lower socioeconomic status and lack of private health insurance
coverage among the African American population.

Conclusions—Our findings suggest the need for policy changes aimed at facilitating equal
access to quality medical care. At the same time, further research is necessary to fully resolve
racial disparities in ovarian cancer.
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Introduction
Ovarian cancer is the sixth most common cancer and the seventh cause of death from cancer
in women worldwide [1]. However, this malignancy takes even greater toll on females in the
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United States (U.S.), where it is the fifth leading cause of cancer-related deaths in women
(after lung, breast, colorectal, and pancreatic cancers) and is the most common type of
gynecological malignancy [1]. Although ovarian cancer accounts for only 3% of all cancers
in U.S. women, this malignancy is disproportionally deadly due to the absence of either
specific symptoms or effective screening and early detection strategies, leading to over 70%
of patients being diagnosed with stage III and IV tumors, which generally have a poor
prognosis even with aggressive and immediate treatment. Indeed, the average relative 5-year
survival rates for stage III and IV tumors are 35% and 20%, respectively [2].

In addition to being disproportionally deadly, ovarian cancer is a striking example of racial-
related health disparity. Worldwide, the highest incidences are observed in non-Hispanic
White, followed by Hispanic, Asian and African women; however, mortalities are higher in
Africa where access to accurate diagnostics and sophisticated treatments is limited. In the
U.S., ovarian cancer incidences follow the worldwide trend; however, mortality is increased
in American women of African descent despite presumable equal access to medical care. In
addition, African American women present with more advanced tumors [3–10], tend to have
a higher prevalence of unstaged or not classified tumors [4,11,12], are reportedly being
undertreated or untreated [13–16], and have shorter disease-free survival [2]. These factors
may predispose women of African descent that are diagnosed with ovarian cancer to higher
death rates (71%) compared to women of European (66%), Hispanic (59%) or Asian (50%)
descent [1]. Though the exact causes of racial disparities in ovarian cancer remain unclear,
they are likely to be multifaceted [9,17]. Numerous reports elucidate racial disparities across
the entire continuum of the disease; however, attempts to gather the separate, sporadic
information into a comprehensive, “big picture” perspective have been rare. The goal of this
manuscript is to review the scientific literature and summarize the most up-to-date findings
on ovarian cancer racial health disparities. This manuscript will thus facilitate an
understanding of the various ovarian cancer health disparities in the U.S. and worldwide,
supporting an effort to eradicate them.

Ovarian cancer incidence
A striking disparity in ovarian cancer incidence is observable worldwide. The highest
incidences are reported in Europe and North America (Canada and the United States). The
lowest incidences are noted in China and Africa. According to the GLOBOCAN 2008
database [18], the incidence rates range from over 11 cases per 100,000 in Europe to less
than 3 cases per 100,000 in Africa. The majority of South American, Asian, and Caribbean
countries are at the intermediate range of 4–8 cases per 100,000 (Fig. 1). Because ovarian
cancer is generally a disease of older women, reduced life expectancy observed in the
developing countries, may potentially lead to decreased ovarian cancer rates. However,
confounding factors such as access and quality of care and early detection significantly
complicate teasing out the direct effect of life expectancy on ovarian cancer. It appears, with
the information that is available, that other factors (unrelated to life expectancy) influence
worldwide disparities observed in ovarian cancer incidence and mortality.

Parkin et al. [19] presented a comprehensive review of ovarian cancer incidence in 23 world
regions during the period of 1983-1993. By comparing the data by Parkin et al. [19] with the
most recent Globocan data (Fig. 1), it could be concluded that, although individual world
regions might have slightly changed positions in relation to each other, global ovarian
cancer incidences and disparities around the world have not changed significantly in the last
30 years.

Both the worldwide and U.S. trends reveal the highest incidence in the non-Hispanic White
women, followed by Hispanic, African and Asian women (Fig. 2A, open symbols).
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However, absolute incidence rates are proportionally higher in the U.S. for every racial
group (Fig. 2A, open symbols), compared with the worldwide rates. Although no
comprehensive explanation to this phenomenon exists at this time, it is plausible to suggest
that environmental factors that influence an average U.S. female (lower childbearing, diets
higher in saturated fats and caloric load and decreased physical activity), as well as
increased life expectancy combined with improved detection strategies, might be at least
partially responsible for the observed increase in ovarian cancer incidence. Additional
research is required to fully elucidate the grounds for increased susceptibility of U.S.
females to ovarian cancer.

Ovarian cancer mortality
Worldwide ovarian cancer absolute mortality is by large proportional to its incidence;
however, developed countries tend to demonstrate improved mortality/incidence (M/I) ratios
due to advancements in detection and treatment (Fig. 2B). In general, African countries have
intermediate to low absolute mortality rates, but high M/I ratios; this might be explained by
late diagnosis and an unavailability of adequate treatment that includes sophisticated
surgeries and chemotherapy regimens. The M/I ratios in the majority of Asian and South
American countries are comparable to those observed in Europe and the U.S. (0.5–0.6).

In the U.S., African American women have the highest M/I ratio (0.71), followed by non-
Hispanic White (0.66), Hispanic (0.55), and Asian (0.5) women (Fig. 2A, closed symbols).
Notably, African American women tend to demonstrate higher stage-by-stage and age-
normalized mortality rates, compared to women of any other racial and ethnic groups
[2,4,5]. This disparity may be attributed to certain factors that disproportionally affect
American women of African descent, including inherited (genetic) factors, as well as socio-
cultural determinants, lifestyle, and other modifiable risk factors. Alternatively, the risk
factors for ovarian cancer may be the same across all racial and ethnic groups, and the
differences in the attributable risk create the disparities. These issues will be discussed in the
further sections of this review.

Screening, risk factors and early detection
Ovarian cancer is highly treatable when detected early (stage I) while the tumor is confined
to the ovary (ovaries), with a relative 5-year survival rate exceeding 90% [20]. However,
early diagnosis and screening are difficult due to lack of disease-specific symptoms (hence,
ovarian cancer is sometimes referred as a “silent killer”), and because no screening method
has been proven effective in improving survival [21,22]. Despite the universal lack of
reliable screening methods, developed countries tend to be at an advantage due to better
overall medical care and wide access to modern imaging techniques. However, it is not
uncommon for the developing countries to fail to diagnose ovarian cancer until it has
metastased, or misdiagnose it for a different type of cancer or even a different disease [23].
Of note, delayed diagnosis as well as misdiagnosis of ovarian cancer are also happening in
the U.S. [24], albeit with lesser frequency.

A recent study suggests that in the U.S. lower rates of private health insurance coverage
adversely affect a woman's chances of being diagnosed with early stage ovarian cancer [8].
In this study, African American women were less likely to be diagnosed with an early stage
disease com pared to White women (OR=0.78) due to decreased rates of private health
insurance coverage. In addition, privately insured women were more likely (OR=1.6) to
present with a stage I disease, compared to uninsured or Medicaid insured women.
Moorman et al. [9] reported that a history of endometriosis, later age at menarche and a
history of breastfeeding did not seem to be risk-informative (regarding ovarian cancer) in
African Americans. The authors especially reinforced the existence of marked differences in
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the prevalence of certain risk factors in women of European and African descent. For
instance, African Americans were significantly more likely to have had tubal ligation, be
obese, and less likely have used hormonal contraceptives. In addition, the protective effect
of later age at menarche and history of breastfeeding was not evident in African Americans.
Concurrently, the lower incidence of ovarian cancer in African American women may be
partially explained by the higher rates of hysterectomy in that particular racial group
compared to Caucasian women (OR=3.52) [25]. Evidence is suggestive that hysterectomy
may be protective of ovarian cancer [26,27].

The age at presentation/diagnosis for African American compared to Caucasian women have
been reported inconsistently, with some studies reporting African American women to be
slightly younger [2,5,6,10,28,29], and others — slightly older [4,11]. The basis for an in
consistency in age is unclear. However, younger age may indicate biologically aggressive
and/or genetic (as opposed to sporadic) disease, while older age is associated with poorer
survival due to age-related co-morbid conditions. The latter is especially important since
African American women, compared to their Caucasian counterparts, tend to report higher
co-morbidity indices [12,14], and because co-morbid conditions were shown to adversely
affect survival of cancer patients [30,31].

Other frequently mentioned disparities between Caucasian and African American women
include a higher fraction of later stage or distant disease at presentation [3–10], unstaged or
not classified tumors [4,6,11,12], as well as the lower frequency of well-differentiated
disease [9] and a higher degree and frequency of lymph node involvement [10,14]. This
evidence suggests that African American women have an increased likelihood to present
with a later stage or aggressive cancer, for which the current treatment merely aims to
palliate the symptoms.

Although no significant differences in ovarian cancer histology or tumor type were found
between African American and Caucasian patients [5], a small study by Boyce et al. [32]
found that non-Caucasian ethnicity (in this study, African and Mexican American) was
associated with increased incidence of granulosa cell tumors (GCT) (OR=8.49). Due to a
small sample size in the current study, additional research is needed to further confirm this
finding and evaluate its relevance to ovarian cancer racial disparity.

Apart from biological differences, numerous socio-economic disparities were noted between
Caucasian and African American ovarian cancer patients. African American women tend to
belong to lower socio economic status (SES) groups [3,12,14], carry lower levels of
educational attainment [14,16], have an increased risk of being uninsured or reliant on
public health insurance [34], reside in an economically disadvantaged area [14,16], and be
unmarried [6,10,12,14,16]. All aforementioned factors are associated with poorer survival
mainly due to restricted, limited or delayed access to quality medical care [34], and thus
inevitably influence racial disparity.

Taken together, these data suggest that African American women affected by ovarian
cancer, tend to already be at a disadvantage at disease diagnosis. However, non-standard
treatment regimens, frequently ad ministered to African American women, may further
influence survival in that particular racial group. These treatment disparities are reviewed in
the next section.

Genetics
It has been established that approximately 10% of all ovarian cancers are directly attributed
to specific genetic alterations [35]. However, it was suggested that the genetic component
contributing to the development of ovarian cancer is even more prominent, and extensive
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studies aimed to map ovarian cancer genome are ongoing [36–43]. It is known that specific
deleterious mutations in the BRCA1 and BRCA2 genes, which account for about 5–13% of
all ovarian cancers, impose the lifetime risk as high as 20–65% on their carriers (compared
to 1.4–2.5% risk for a woman from general population with no affected relatives) [44]. This
mutation follows autosomal dominant pattern of inheritance and is called hereditary breast
and ovarian cancer syndrome (HBOC) [28]. In addition, women with hereditary
nonpolyposis colorectal cancer (Lynch syndrome, mutations in the mismatch-repair (MMR)
genes) have about 10–12% lifetime risk of developing ovarian cancer [45]. MSH2, MLH1
and MSH6 are the most studied MMR genes and account for approximately 1–2% of all
epithelial ovarian cancer cases [46]. Of note, the genetic variance in MMR genes and the
risk of ovarian cancer have only been studied in predominantly Caucasian (NHW)
populations. Whether the genetic variance in MMR genes contributes to the racial disparity
in ovarian cancer, remains to be elucidated.

Women that are deemed to be “high-risk” (that is, having a family history of ovarian cancer,
or being from a family affected with one of the mentioned above syndromes, or diagnosed
with an early onset colorectal, breast, uterine or endometrial cancer) are advised to undergo
genetic testing to rule out their personal carrier status. If necessary, regular screenings and
risk-reductive measures are administered [47].

In the US, high-risk African American women are generally less likely to undergo genetic
counseling and testing (OR=0.28; 95% CI: 0.09–0.89) compared to White women [48]. In
addition, a substantially greater fraction of Caucasian women report having heard about
genetic testing, compared to African American women (48% versus 31%, respectively) [49].
Olaya et al. [50] determined that only a personal history of breast cancer and higher level of
education were statistically significant predictors of BRCA test use; however, African
Americans tend to have lower levels of educational attainment which may undermine their
likelihood of being tested. All authors came to a uniform conclusion that awareness of
genetic testing for cancer susceptibility is considerably lower among minority U.S.
populations, and the benefit of predictive genetic testing will not be fully realized until every
racial and ethnic group takes equal and full advantage of it.

Schildkraut et al. [51] have reported that short CAG repeat length in the androgen receptor
(AR) gene increases ovarian cancer risk 2-fold in African American, but not Caucasian,
women. The authors have concluded that observed difference may be due to the rarity of
short CAG alleles in Caucasian population or could reflect racial differences in disease
etiology. In their other study, Schildkraut et al. [38] have observed a modest increase in
ovarian cancer risk in Caucasian, but not African American, women that carried a single
nucleotide polymorphism (SNP) rs2287498, that is located in exon 2 of the neighboring
TP53 gene WDR79. Although the African American sample size was small, these findings
suggest racial differences in ovarian cancer etiology and reinforce the need for involvement
of women representing diverse racial and ethnic backgrounds into ovarian cancer genetic
research.

It is also possible that African American and Caucasian women harbor different profiles of
deleterious genetic mutations. For in stance, African Americans present with predominantly
BRCA2 mutations (80%) as compared to Caucasians (BRCA1 mutations=69%) [52]. In
addition, more African American (46%) than Caucasian (12%) women had variants of
uncertain significance. It was reported [28] that women of African ancestry had a
significantly higher prevalence of deleterious BRCA1/2 mutations compared to women of
Western European ancestry (15.6% versus 12.1%, respectively). In addition, African
American women were younger than Caucasian women (45.9 versus 50 years). Whether
these genetic variations affect racial disparity in ovarian cancer remains to be elucidated.
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Treatment
In the developed countries (within the scope of this review includes U.S. and Europe, i.e.
mostly Caucasian women), surgery is the gold standard of any stage ovarian cancer
treatment. In later stages when the tumor has spread outside of the ovary (ovaries),
chemotherapy has shown to improve survival [53]. Lymphadenectomy and lymph node
sampling improve survival in patients at any stage [54,55]. Despite the continuous
improvements in the sophisticated treatment modalities, survival is poor in developed
countries. The situation is even worse in developing countries, where all ovarian cancer
patients may get the same type of standard treatment, or no specific treatment at all [56].

At present, the U.S. seems to be the only country that reports ovarian cancer treatment
disparities. Among these, the risk of receiving delayed treatment [13,14], non-standard
treatment regimens [14,57] or no treatment at all [6,15] was greatest in African American
patients. Administration of non-standard treatment regimens includes treatment of early
stage African American patients with surgery alone, while Caucasian patients were treated
with a combination of surgery plus chemotherapy [14]. Among the later stage ovarian
cancer patients, African American women were more often administered chemotherapy
without surgery, while Caucasian patients received both treatments. The authors also noted
that while Caucasian women were equally likely to receive guide line therapy regardless of
insurance status, the absence of private insurance was a strong predictor of a non-standard
treatment in African American women.

Similarly, African American women were less likely to be treated with a combination of
surgery and chemotherapy for any stage of disease, compared to Caucasian women (33% vs
44% for early; and 61% vs 70% for late stage cancer) [3]. In addition, Caucasian women
were more likely to be treated with adjuvant chemotherapy (OR=1.33) compared to African
American women. Merrill et al. [11] noted that African American women were less likely to
receive any surgery at all (OR=0.42 compared to the Caucasian group), even after adjusting
for age, marital status, and tumor stage and tumor grade at diagnosis. Williams et al. [6]
reached a similar conclusion after adjusting for all possible confounding factors, finding that
African Americans diagnosed with regional or distant-stage disease were more likely to
receive no treatment (OR=1.22) and less likely to receive surgery and/or a combination of
surgery and chemotherapy (OR=0.79), compared to Caucasian women. Barnholtz-Sloan et
al. [58] noted that African American women are less likely than Caucasian women to
receive surgery (76% versus 83% in 1997, respectively). In a separate study, Barnholtz-
Sloan et al. [10] also observed African American women were approximately 40% less
likely to receive surgery as part of their treatment compared to Caucasian women, despite
overall more aggressive disease at presentation. Goff et al. [59] reported in their
comprehensive study of surgical treatment predictors that African American race was
significantly associated with decreased likelihood of surgical treatment, compared to
Caucasian race (OR=0.66). Wright et al. [13] emphasized the finding that African American
ethnicity alone was associated with a more than double likelihood of delayed chemotherapy
after surgery, compared to Caucasian ethnicity.

It was also reported that African American, compared to Caucasian, women with ovarian
cancer were less likely to undergo lymphadenectomy (23% vs 27%, respectively). In
addition, when lymphadenectomy was performed, less positive lymph nodes were identified
in African American, compared to Caucasian, women (5 versus 7, respectively). In a
separate publication, Chan et al. [60] reported a similar finding when only 32.7% of African
American patients had a lymphadenectomy, compared to 42.7% of Caucasian patients.
Lymphadenectomy is shown to correlate with better survival, especially for late stage
patients. In addition to treatment disparity per se, Aranda et al. [61] reported that African
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American women with ovarian cancer have substantially lower odds of being treated by a
high-volume provider, compared to Caucasian women (OR=0.7). The authors attributed this
effect to decreased prevalence of private insurance coverage among African American
women, and suggested that selective referral to high-volume providers should be considered
to improve treatment outcomes and reduce the disparity. Bristow et al. [62] reported that
compared to Caucasian women, African Americans had a lower likelihood of hysterectomy
(OR=0.53, 95%CI=0.42–0.66), colon resection (OR=0.65, 95%CI=0.48–0.87),
lymphadenectomy (OR=0.67, 95%CI=0.50–0.91), and surgery by a high-volume surgeon
(OR=0.55, 95%CI=0.44–0.69).

This section can conclude that significant racial disparities exist in the administration of
ovarian cancer treatment in the US. Unfortunately, there is no data available on this topic
from the rest of the world. It is noteworthy that an increasing diversity of the US population
provides both the need and the means to collect and analyze such data. However, other
countries that experience growing population diversity (notably, Europe) may also be able to
contribute. It is the authors' strong belief that in-depth global research will help identify the
causes and thus alleviate the treatment disparities in ovarian cancer — racial or otherwise.

Survival
It was reported [2,63] that survival of African American women was lower in all age groups,
especially ages 50–69 (38.6% versus 50.6% 5-year relative survival, respectively),
compared to Caucasian women. McGuire et al. [4] reported that death rates were
significantly elevated among African Americans compared to Caucasians (OR=1.14),
especially in the 50–69 age group. Chan et al. [5] reported that African American race
(OR=1.095–1.27) was an independent prognostic factor for worse disease-specific survival,
even after adjusting for age, stage, grade, and histology. Albain et al. [64] reported that
African American patients with ovarian cancer had significantly worse overall survival and
persistently demonstrated increased mortality rates (OR=1.21– 2.24) after adjusting for all
possible covariates, despite the uniform and standardized treatment assignment. Morgan et
al. [33] concluded that overall survival was worse for African American patients; however,
normalizing for stage and insurance status eliminated the disparity in survival. Kim et al.
[16] concluded that even after adjusting for all possible covariates, African American
women had a two-fold increased risk of dying from ovarian cancer (OR=2.2). Howe et al.
[65] concluded that survival among Caucasian women with ovarian cancer in the U.S. is
better than survival among African American women (50.1% vs. 47.5). Barnholtz-Sloan et
al. [58] concluded that African American women continued to have the worst prognosis with
a 5-year relative survival at all times, as did older and unmarried women of any race.
Interestingly, of the women who did have surgery, African Americans still had a slightly
decreased survival compared with Caucasian women and women of any other racial and
ethnic group. Barnholtz-Sloan et al. [10] also noted that the crude median survival for
African American women was nearly 1 year less than for Caucasian women (22 months
versus 32 months, respectively), but also that African American women were at a 30%
increased risk of death from any cause when adjusting for all other prognostic variables.
Terplan et al. [66] have reported that African American women had increased overall
mortality after adjustment for major confounders (OR 1.31; CI: 1.26–1.37), compared to
their White counterparts.

However, there are also encouraging reports of equivalent survival between African
American and Caucasian patients when both groups undergo uniform treatment regimens.
Winter III et al. [67] noted the median survival for African Americans with advanced
ovarian cancer was poorer than that for Caucasian women (22 versus 32 months,
respectively), yet the difference disappeared after adjustment for disparities in treatment. A
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similar conclusion was drawn by Temkin et al. [68] and Terplan et al. [69] who noted no
differences in median overall survival between African American and Caucasian women
(37.2 versus 34.1 months, respectively) in a single, large, equal-access institution. Farley et
al. [70,71] reported similar results with late stage epithelial ovarian cancer patients that were
assigned to receive a standard treatment by paclitaxel and cisplatin chemotherapy. The
median disease-free survival was 16.2 and 16.1 months for African American and Caucasian
women, respectively. O'Malley et al. [72] found no association of race with survival or
receipt of different treatment regimens. In the cited study, only age and co-morbid
conditions were significant predictors of survival. Bristow et al. [73] concluded that upon
administration of the uniform treatment regimens (including surgery and chemotherapy)
there was no difference in survival between women of African and European descent (47
compared to 50 months, respectively; p=0.56). Finally, Du et al. [12] reported neither all-
cause, nor cancer-specific mortality differed between races after controlling for patient
characteristics and ensuring equal treatment.

Conclusions and future directions
Ovarian cancer health disparities exist worldwide and in the U.S. Ovarian cancer worldwide
mortalities are generally proportional to incidences observed in a given population;
however, in the U.S., women of African descent experience the highest mortality of all
racial and ethnic groups, despite one of the lowest ovarian cancer incidences. Ovarian cancer
disparities disproportionately affect African American women at all stages of the disease,
from presentation through treatment, and ultimately increased mortality and decreased
survival, compared to non-Hispanic White women (Table 1). Increased mortality is likely to
be explained by unequal access to care and non-standard treatment regimens frequently
administered to African American women, but may also be attributed to genetic
susceptibility, acquired co-morbid conditions and increased frequency of modifiable risk
factors, albeit to substantially lesser extent. Unequal access to care is, in turn, largely a
consequence of lower SES and lack of private health insurance coverage among the African
American population. This conclusion suggests the need for policy changes aimed at
facilitating equal access to quality medical care. At this same time, further research is
necessary to resolve racial disparities in ovarian cancer.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Highlights

• Ovarian cancer incidences are highest in Europe and North America, and lowest
in Africa and Asia.

• Mortality to incidence ratios are highest in Africa and in the U.S. women of
African descent.

• Further research is necessary to fully elucidate and resolve racial disparities in
ovarian cancer.
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Fig. 1.
Incidence of ovarian cancer by world region. GLOBOCAN 2008 data. Complete list of
countries included in the world regions, is shown in Appendix A. NZ: New Zealand; S.E.
Asia: South-Eastern Asia; S.C. Asia: South-Central Asia.
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Fig. 2.
A. Ovarian cancer incidence (open symbols) and mortality (closed symbols) rates worldwide
(stars) and in the U.S. (circles). B. Mortality/incidence (M/I) ratios. Average worldwide
rates were calculated using the GLOBOCAN 2008 database [18]: NHW (Non-Hispanic
White) women — Northern, Central, Eastern and Western Europe;H (Hispanic) women —
Central and South Americas and Mexico; A (African) women — North and Middle Africa;
An (Asian) women — South-East, South-Central and East Asia.
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Table 1

Disparities affecting African American women, diagnosed with ovarian cancer (compared to Caucasian
women).

Stage of the disease Disparities References

Risk factors and early
detection

1. Lower SES, rates of private health insurance and educational levels; higher
likelihood of being unmarried.

[8]

2. More likely to have had tuballigation and hysterectomy, be obese and less
likely to ever have used oral contraceptives.

[9,25]

3. Protective effect of later age at menarche and history of ever breastfeeding
is not evident.

[9]

4. Different profiles and/or frequencies of deleterious BRCA1/2 mutations. [28,52]

5. Decreased use of genetic counseling by high-risk women. [48–50]

Presentation 1. Age disparity (either slightly younger or slightly older). [2,5,10,28,29] or [4,11]

2. Higher comorbidity indices. [12,14]

3. Increased proportions of later staged, unstaged or not classified tumors,
lower frequency of well-differentiated disease and higher degree and
frequency of lymph node involvement.

[3–10,4,11,12,9,10,14,32]

4. Increased incidence of granulosa cell tumors. [3,12,14,14,16,33,14,16,10,12,14,16]

5. Socio-cultural: lower SES and levels of educational attainment, increased
risk of being uninsured or having only public insurance, reside in an
economically disadvantaged area, and be unmarried.

Treatment 1. Delayed treatment. [13,14]

2. Increased risk of receiving non-standard treatment: reduced odds of
receiving surgery in general and/or surgery+chemotherapy.

[3,6,10,11,13,14,57–59,62]

3. Less likely to undergo lymphadenectomy; if they do, usually less positive
lymph nodes identified.

[5,60,62]

4. Increased risk of receiving no treatment (OR=1.17 or 1.22) [6,15]

5. Less likely to receive care by the high-volume provider [61,62]

Survival Elevated mortality and worse survival [2,4,5,10,16,33,68,64–66]

No disparity with the receipt of equal guideline therapy [12,67–73]
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