Chapter 2
Epidemiologic Relationship Between Obesity
and Ovarian Cancer

Carmen Jochem, Inga Schlecht, and Michael Leitzmann

Abstract Ovarian cancer is the seventh most common cancer in women world-
wide. Several systematic reviews and meta-analyses have shown a positive associa-
tion between obesity and ovarian cancer, and the American Institute for Cancer
Research and World Cancer Research Fund recently concluded that body fatness
(marked by body mass index) is a probable risk factor for ovarian cancer. The posi-
tive relation of body fatness to ovarian cancer appears to be more evident among
non-users of hormone therapy. Furthermore, compared to normal weight, obesity is
associated with poorer ovarian cancer survival. Possible biological mechanisms
linking obesity with ovarian cancer risk and progression include insulin resistance
and hyperinsulinaemia, increased levels of circulating growth factors, chronic
inflammation, and altered levels of sex hormones. Thus, obesity, as a modifiable risk
factor, should be targeted for preventing ovarian cancer and for improving ovarian
cancer survival.
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Introduction

The ovaries — as reproductive glands — are the sites of ovum production and they are
also the main source of the sex hormones oestrogen and progesterone in premeno-
pausal women. Ovarian cancer can originate from the three types of cells that make
up the ovaries: epithelial cells, which cover the outer surface of the ovary; hormone
producing stromal cells (structural tissue cells); and egg producing germ cells. Up
to 95% of ovarian tumors are epithelial cell tumors.
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Fig. 2.1 Estimated age-standardized incidence rates of ovarian cancer worldwide in 2012 (repro-
duced with permission from the International Agency for Research on Cancer [29])

Ovarian cancer is the seventh most common cancer in women worldwide [1]. In
2012, approximately 239,000 cases of ovarian cancer were recorded, accounting for
3.6% of all new cancer cases in women [1]. Almost half of all new ovarian cancer
cases were reported in Asia (N = 112,000).

The age-standardized incidence rate of ovarian cancer is 6.1 per 100,000.
Incidence rates are lower in less developed regions of the world (ASR 4.9 per
100,000) than more developed regions of the world (ASR 9.1 per 100,000) and they
range from 3.6 per 100,000 in Western Africa to >11 per 100,000 women in Central,
Eastern, and Northern Europe (Fig. 2.1) [1]. The estimated cumulative risk of devel-
oping ovarian cancer before the age of 75 years ranges from 0.5% in less developed
regions of the world to 1% in more developed regions, and it reaches 1.3% in Central
and Eastern Europe [1].

Ovarian cancer is the eighth most common cause of death from cancer in women,
with an estimated number of 152,000 deaths worldwide in 2012 (4.3% of deaths
from cancer in women) [1]. Similar to its incidence rates, estimated age-standardized
mortality rates (ASR) of ovarian cancer are lower in less developed regions of the
world (ASR 3.1 per 100,000) and higher in more developed regions (ASR 5.0 per
100,000), such as North America (ASR 5.0), Northern Europe (ASR 5.9), Central
and Eastern Europe (ASR 6.0), and Melanesia (ASR 6.5) [1].

According to the Global Burden of Disease Study, prevalent ovarian cancer cases
contributed to an estimated 135,000 years lived with disability (YLDs) in 2013 —a
figure that is comparable to the YLDs due to kidney cancer and malignant skin
melanoma [2]. Thus, ovarian cancer is a relevant public health issue and it is crucial
to gain a deeper understanding of its major risk factors — particularly those that are
preventable, such as obesity.
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Ovarian Cancer Characteristics and Risk Factors

Ovarian cancer frequently has no clinical symptoms in its early stages. Therefore,
the disease is generally advanced when it is diagnosed. The 5-year survival rate
ranges from approximately 30-50% [3].

Ovarian cancer is a heterogeneous disease with distinct histologic subtypes and
thus, it is characterized by differences in epidemiologic and genetic risk factors,
clinical presentation, response to treatment, and prognosis [4]. Five different tumor
types account for 98% of ovarian cancers: high-grade serous carcinoma (70%),
endometrioid carcinoma (10%), clear-cell carcinoma (19%), mucinous carcinoma
(5%), and low-grade serous carcinoma (3%) [4].

Although ovarian cancer risk factors differ between distinct tumor histologic
types, there are a number of established risk factors for total ovarian cancer, includ-
ing age, reproductive history, modifiable lifestyle factors, family history, and genetic
mutations.

Several factors concerning the reproductive history and life events during a
woman’s lifetime may influence the risk of developing ovarian cancer. Whereas oral
contraceptives seem to have a beneficial effect on the risk of developing ovarian
cancer [5], intrauterine device use may pose a potential risk factor for ovarian can-
cer [6]. Early menarche and late natural menopause, and consecutively a higher
number of menstrual cycles during a woman’s lifetime, increase the risk of ovarian
cancer. In line with this, late menarche, breast feeding (lactation), early menopause,
and number of pregnancies are beneficial factors that decrease the risk of develop-
ing ovarian cancer [5, 7]. It has been shown that the use of hormone therapy (HT)
increases the risk of ovarian cancer [8, 9].

Polycystic ovarian syndrome is a potential risk factor for developing ovarian
cancer [10]. However, the available evidence is not yet clear [11]. Furthermore,
endometriosis is a risk factor for certain but not all histologic types of ovarian can-
cer [12]. Findings from a meta-analysis show positive associations between self-
reported endometriosis and risks of clear-cell, low-grade serous, and endometrioid
invasive ovarian cancers [12].

Smoking — as a modifiable lifestyle factor — is a risk factor for mucinous ovarian
cancer, but not for other types of ovarian cancers [13]. Other lifestyle factors includ-
ing obesity have been evaluated and the American Institute for Cancer Research and
World Cancer Research Fund recently concluded that there is probable evidence for
a positive association between obesity and ovarian cancer [14]. By comparison, the
relations with other lifestyle factors, such as physical activity or dietary factors and
ovarian cancer remain unclear [14].

Hereditary ovarian cancer makes up about 5-10% of all cases of ovarian cancer.
The majority of hereditary ovarian cancers are based on mutations in the BRCA/
and BRCA2 genes [15]. In contrast to the lifetime risk of developing ovarian cancer
in the general population (approximately 1%), women with a BRCA I mutation have
a lifetime risk of approximately 40% [16]. Mean cumulative ovarian cancer risk for
BRCA2 mutation carriers is somewhat lower, at approximately 20% at age 70 [16].
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Another type of hereditary ovarian cancer is based on mutations in genes such as
MSH?2 or MLHI, which represent DNA mismatch repair genes that are linked to
hereditary non-polyposis colorectal cancer (HNPCC; also called Lynch syndrome),
an autosomal dominant disorder that predisposes to colorectal, endometrial, and
ovarian cancers, among others [15]. In women with Lynch syndrome, lifetime risk
of ovarian cancer is between 3 and 14% [17]. Overall, at least 16 genes have been
associated with ovarian cancer [15] — and it is likely that advances in genomic tech-
nologies will detect more genes associated with ovarian cancer in the future.

Association Between Obesity and Ovarian Cancer Incidence
and Mortality

Numerous observational studies have investigated the association between obesity
and the risk of ovarian cancer. However, results have not been entirely consistent.
The current section aims at providing an overview of the existing evidence by sum-
marizing the main findings from published meta-analyses, reviews, and observa-
tional studies.

Research on the relation between obesity and ovarian cancer risk has increased
substantially in the past decade. In 2007, the World Cancer Research Fund/American
Institute for Cancer Research stated that the evidence relating body fatness, abdomi-
nal fatness and weight change to ovarian cancer risk was inconclusive [18]. Since
then, several systematic reviews and meta-analyses have been conducted, reflecting
the increased number of available epidemiologic studies on adiposity and ovarian
cancer.

The Continuous Update Project “Ovarian Cancer 2014 Report” published by the
World Cancer Research Fund and the American Institute for Cancer Research con-
cluded that greater body fatness (marked by body mass index (BMI)) is a probable
cause of ovarian cancer [14]. The systematic literature review underlying that report
compared the highest versus lowest BMI levels and it included 26 prospective stud-
ies on ovarian cancer incidence and mortality [14]. The dose-response meta-analysis
of that report included a total of 15,899 cases from 25 prospective studies (22 risk
estimates) and it showed a statistically significant increased ovarian cancer risk of
6% per 5 BMI units (relative risk (RR) = 1.06; 95% confidence interval (CI): 1.02—
1.11) (Fig. 2.2). However, there was evidence of substantial heterogeneity between
studies (I*> = 55%). Results from additional analyses identified several possible
sources of heterogeneity, such as tumor type, use of HT, and menopausal status.
With respect to tumor type, the positive association between BMI and risk for ovar-
ian cancer was slightly more pronounced for borderline serous, invasive endometri-
oid, and invasive mucinous tumors, with pooled RRs per 5 BMI units of 1.24 (95%
CI: 1.18-1.30), 1.17 (95% CI: 1.11-1.23), and 1.19 (95% CI: 1.06-1.32), respec-
tively [14]. By comparison, there was no association with serous invasive cancer
(pooled OR per 5 BMI units: 0.98; 95% CI: 0.94-1.02).
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Fig. 2.2 Dose-response meta-analysis of BMI and ovarian cancer (conducted by and reproduced
with permission from the World Cancer Research Fund/American Institute for Cancer Research

[14])

In addition to BMI, the Continuous Update Project summarized the findings on
weight, waist circumference, and waist-to-hip ratio in relation to ovarian cancer
risk. With respect to weight, a dose-response meta-analysis of three cohort studies
revealed a summary RR of 1.05 (95% CI: 1.02-1.07) per 5 kg increase in weight. A
dose-response meta-analysis of four studies on the association between waist cir-
cumference and ovarian cancer risk showed a statistically non-significant positive
association, with a RR of 1.03 (95% CI: 0.97-1.10 per 10 cm). Furthermore, four
studies were included in a dose-response meta-analysis for waist-to-hip ratio and
ovarian cancer and no association was observed (RR =0.99; 95% CI: 0.92—1.06 per
10 cm).

The Continuous Update Project concluded that there was evidence of positive
association between obesity (as assessed by BMI) and ovarian cancer risk, with the
exception of serous invasive cancer. By comparison, the evidence for abdominal
fatness (as assessed by waist circumference and waist-to-hip ratio) was judged lim-
ited and inconclusive [14].

A recently published meta-analysis included 13 case-control and 13 cohort stud-
ies with a total of 12,963 ovarian cancer cases and 2,164,977 participants [19]. As
compared with normal weight (BMI = 18.5-24.9 kg/m?), that meta-analysis showed
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a pooled RR for overweight (BMI = 25.0-29.9 kg/m?) of 1.07 (95% CI: 1.02—-1.12)
and a pooled RR for obesity (BMI > 30 kg/m?) of 1.28 (95% CI: 1.16-1.41) [19].
The positive association held true for both Caucasian and Asian studies. However,
subgroup analyses showed that overweight and obesity were associated with an
increased risk of ovarian cancer in premenopausal women only (RR for over-
weight = 1.31; 95% CI: 1.04-1.65; RR for obesity = 1.50; 95% CI: 1.12-2.00), but
showed no relation in postmenopausal women [19].

The Collaborative Group on Epidemiological Studies of Ovarian Cancer con-
ducted an individual participant meta-analysis on the association between body size
(height and BMI) and risk of ovarian cancer [13]. The investigators included 47
studies and a total of 25,157 ovarian cancer cases and found a statistically signifi-
cant positive association between BMI and ovarian cancer risk that did not substan-
tially vary by age, year of birth, ethnicity, education, age at menarche, parity, family
history of ovarian or breast cancer, use of oral contraceptives, menopausal status,
hysterectomy, smoking, or alcohol consumption. However, there was significant
heterogeneity between ever-users and never-users of HT. Specifically, a 5 kg/m?
increase in BMI was associated with a RR of 1.10 (95% CI: 1.07-1.13) in HT never-
users, whereas it was related to a RR of 0.95 (95% CI: 0.92-0.99) in HT ever-users
[13]. Data showing that the association between BMI and ovarian cancer incidence
is modified by HT had first been reported by Leitzmann and colleagues [20]. They
found that among never users of HT, the risk of ovarian cancer for obese versus
normal weight women was 1.83 (95% CI: 1.18-2.84), whereas no association
between BMI and ovarian cancer was noted among ever HT users (RR = 0.96; 95%
CI: 0.65-1.43; P for interaction = 0.02).

Dixon and colleagues pooled data from 39 studies of the International Ovarian
Cancer Association Consortium in a Mendelian randomization study, including a
total of 14,047 ovarian cancer cases, to investigate the association between BMI and
subtypes of ovarian cancer [21]. Mendelian randomization uses genetic markers
(instrumental variables) as proxies for risk factors. In that study, a weighted genetic
risk score for BMI was constructed by summing alleles associated with higher BMI
across a predefined number of single nucleotide polymorphisms that had previously
been associated with BMI. The researchers found that genetically predicted increas-
ing BMI (per 5 kg/m?) was associated with an increased risk of non-high grade
serous ovarian cancer (pooled OR = 1.29; 95% CI: 1.03—1.61) but was unrelated to
the more common high grade serous ovarian cancer (pooled OR = 1.06; 95% CI:
0.88-1.27).

Compared to BMI as a metric of adiposity, adult weight gain better reflects the
dynamic pattern of weight trajectories throughout adult life. Whereas BMI captures
both fat mass and lean body mass, adult weight gain primarily captures increasing
fat mass. Keum and colleagues conducted a dose-response meta-analysis of pro-
spective observational studies to investigate the association between adult weight
gain and adiposity-related cancers [22]. The dose-response meta-analysis was based
on two eligible prospective studies among postmenopausal women. Findings
showed that each 5 kg increase in adult weight gain was associated with a 13%
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increase in risk of developing ovarian cancer (RR = 1.13; 95% CI: 1.03-1.23) in
postmenopausal women with no/low HT use [22].

Summarizing the results from meta-analyses and reviews, it can be concluded
that there is a positive relationship between BMI and risk of developing ovarian
cancer. An increase of 5 BMI units is associated with a 6% increased risk of ovarian
cancer. However, the strength of the association varies according to menopausal
status, HT use, and tumor histologic type.

Association Between Obesity and Ovarian Cancer Survival

Obesity may not only be associated with an increased risk of developing ovarian
cancer, but may also produce poor survival among women with ovarian cancer. As
individual studies on the association between obesity and ovarian cancer survival
have yielded conflicting results, the following section summarizes the main findings
from published meta-analyses.

Bae et al. conducted a meta-analysis on obesity five years before diagnosis, obe-
sity at young age, and obesity at diagnosis in relation to ovarian cancer survival
[23]. The pooled results from three cohort studies that investigated the relationship
between obesity in adolescence and ovarian cancer survival yielded a summary haz-
ard ratio (HR) of 1.67 (95% CI: 1.29-2.16). Three cohort studies on obesity 5 years
before ovarian cancer diagnosis and ovarian cancer survival showed a weaker rela-
tion (HR = 1.35; 95% CI: 1.03-1.76), as did studies examining the association
between obesity at diagnosis and ovarian cancer survival (HR = 1.11; 95% CI:
0.97-1.27).

A meta-analysis by Protani and colleagues included 14 cohort studies and
showed that ovarian cancer survival was poorer in obese women compared to non-
obese women (HR = 1.17; 95% CI: 1.03—1.34) [24]. The pooled risk estimates did
not vary between studies that measured pre-diagnosis BMI (HR = 1.13; 95% CI:
0.95-1.35), BMI at the time of diagnosis (HR = 1.13; 95% CI: 0.81-1.57), or BMI
at the time of chemotherapy (HR = 1.13; 95% CI: 0.92—1.39), although all risk esti-
mates were statistically non-significant.

Nagle and colleagues used data from 21 case-control studies, including 12,390
women with ovarian cancer from the Ovarian Cancer Association Consortium to
investigate the association between pre-diagnosis BMI and progression-free sur-
vival, ovarian cancer-specific survival, and overall survival [25]. Multivariate analy-
ses showed that overweight and obese women experienced worse survival than
women with normal weight, although associations were not statistically significant.
Furthermore, each 5-unit increase in BMI was related to a borderline significant 3%
increased risk of death (95% CI: 1.00-1.07). Results stratified by tumor histologic
type revealed a borderline significant positive association for survival among women
with high-grade serous cancer, with a pooled HR of 1.04 (95% CI: 1.00-1.09) for
each 5-unit increase in BMI. Positive but statistically non-significant associations
were noted for survival among women with low-grade serous and endometrioid
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cancers. No associations were noted for mucinous and clear cell tumors [25].
Compared to women with normal weight, obese women showed poorer progression-
free and overall survival, with HRs of 1.10 (95% CI: 0.99—-1.23) and 1.12 (95% CI:
1.01-1.26), respectively.

Taken together, the evidence regarding the relationship between obesity and
ovarian cancer survival is less clear than that between obesity and ovarian cancer
incidence, but results from epidemiologic studies suggest that obesity is associated
with poor ovarian cancer survival.

In addition to ovarian cancer survival, several studies investigated the relation
between adiposity and surgical morbidity and clinical outcomes in ovarian cancer
patients. A meta-analysis of five studies showed that compared to non-obese ovarian
cancer patients, obese patients had an increased incidence of wound complications
(odds ratio (OR) = 4.81; 95% CI: 2.40-9.62) [26]. However, there were no signifi-
cant associations between BMI and febrile complications, ileus, or venous thrombo-
embolism. In addition, there were no significant relations between BMI and
intra-operative outcomes, such as cytoreduction status, estimated blood loss, or
operation time. While obese patients showed a statistically significantly longer hos-
pital stay than non-obese patients, there were no differences between obese and
non-obese patients regarding 30-day mortality or transfusion rates [26].

Potential Biological Mechanisms

Obesity has been associated with increased risk and poor survival regarding cancers
at multiple body sites, including several gynecological malignancies [27]. Possible
mechanisms linking obesity with ovarian cancer risk and progression include insu-
lin resistance and hyperinsulinaemia, increased levels of circulating growth factors,
chronic inflammation, and altered levels of sex hormones [28].

Circulating levels of insulin and leptin are elevated in obese people and may
promote the growth of cancer cells. In addition, obesity-related insulin resistance
leads to compensatory increased insulin production and thus to hyperinsulinemia,
which, in turn, may increase the risk of cancer. Furthermore, sex hormones, includ-
ing estrogens, androgens, and progesterone, are likely to play a mechanistic role in
ovarian cancer development. Additionally, obesity is related to a chronic state of
low-grade inflammation. Compared to people with normal weight, levels of pro-
inflammatory factors, such as tumor necrosis factors (TNF-) alpha, interleukin 6,
and C-reactive protein are increased in obese people. Chronic inflammation can
promote cancer development.

Chapter 6 of this book provides detailed information on the underlying biologic
mechanisms linking obesity with ovarian cancer.
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Conclusions

As outlined in this chapter, BMI is associated with an increased risk of developing
ovarian cancer. The positive relation of body fatness to ovarian cancer is more evi-
dent among HT non-users than HT users. Furthermore, obesity appears to be associ-
ated with poor survival among ovarian cancer patients. Additional studies are
needed to strengthen the evidence and to further investigate the underlying biologi-
cal mechanisms.
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