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Preface

Among the growing number of malignancies associated with obesity, endometrial
cancer risk and prognosis has long been identified with overweight and obesity, and
ovarian cancer has more recently been identified as having a positive association.
Endometrial cancer has, in fact, been recognized as having the greatest obesity-asso-
ciated increase in risk and the most alarming obesity-associated increase (sixfold) for
death among all cancers in women. Endometrial cancer is the fourth most common
cancer in women with an estimated 61,380 new cases and 10,920 deaths in 2017.
Ovarian cancer is less common, estimated at 22,440 cases in 2017, but higher in
mortality with 14,080 deaths expected in 2017. Almost all aspects of uterine and
ovarian cancers, across the spectrum from etiology, epidemiology, diagnosis, selec-
tion, and response to intervention, survivorship, and impact of lifestyle on survivor-
ship, as well as effects of ethnic background and age are affected by obesity as well
as by other components of energy balance, especially physical activity and exercise.

The overall goal of this volume is to examine the intersection of these factors,
their impact on disease progression, and the important influence of research on
modifying energy balance to better understand and improve disease prevention,
management, and prognosis. The volume is divided into three sections. The first
section on epidemiology reviews relation of obesity to endometrial cancer and to
ovarian cancer and provides insight into public understanding of the importance of
obesity as a risk factor for gynecologic malignancies. The second section describes
major aspects of biology and the linkages connecting obesity to gynecologic can-
cers including hormonal status, adipokines, adipose stromal cells, and in particular,
use of model systems to study the impact of energy balance on gynecologic malig-
nancies. Section three focuses on prevention strategies including hormonal and life-
style interventions to disrupt the linkage between obesity and gynecologic
malignancies. The volume concludes with chapters focused on management strate-
gies for obese patients with gynecologic malignancies and their precursors.

The contributors to this volume are drawn from the world’s leading physicians
and scientists seeking to better understand the relation between energy balance and
gynecologic malignancies and improve their outcomes. In Chap. 1, Melissa Merritt,
Imperial College London, UK, and Marc Gunter, International Agency for Research
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on Cancer, Lyon, France, review epidemiologic evidence for the association of obe-
sity with endometrial cancer and its modulation by factors affecting circulating
estrogens. In Chap. 2, Carmen Jochem, Inga Schlecht, and Michael Leitzmann,
University of Regensburg, Regensburg, Germany, review the epidemiologic evi-
dence relating obesity to ovarian cancer. Chapter 3, written by Shannon Armbruster
and Pamela Soliman, University of Texas MD Anderson Cancer Center, Houston,
TX, deals with the public awareness, or lack thereof, of the relation between obesity
and gynecologic malignancies. In Chap. 4, Louise Brinton and Britton Trabert,
National Cancer Institute, Bethesda, MD, explore the important contributions of
estrogen and progesterone as modulators of the impact of obesity on gynecologic
malignancies. Jaclyn Watkins, Harvard University, Brigham and Women’s Hospital,
Boston, MA, in Chap. 5, describes the relation of obesity to precursors of endome-
trial cancer and potential interventions. Starting the section on mechanisms linking
obesity to gynecologic cancer, Elizabeth Connor, Ofer Reizes, and Caner Saygin,
Lerner College of Medicine at Case Western Reserve University and Cleveland
Clinic, Cleveland, Ohio, in Chap. 6, describe the potential role of adipokines as
mediators of this relation. Chapter 7 by Ann H. Klopp, University of Texas MD
Anderson Cancer Center, describes the contribution of adipose-derived stromal
cells to gynecologic cancers. In Chap. 8, Rosemarie Schmandt and Katherine Naff,
University of Texas MD Anderson Cancer Center, discuss the use of rodent model
systems to study the effects of obesity, diet, and exercise for prevention of gyneco-
logic malignancies. The third section of this volume, focused on prevention strate-
gies, begins with Chap. 9 written by Faina Linkov, Sharon Goughnour, Shalkar
Adambekov, Robert Edwards, Nicole Donnellan, and Dana Bovbjerg, University of
Pittsburgh, Pittsburgh, PA, who survey lifestyle interventions to reduce the risk of
obesity-associated endometrial cancer. Chapter 10 by Sarah Kitson and Emma
Crosbie, University of Manchester and St. Mary’s Hospital, Manchester, UK,
focuses on a mechanistic approach to overcome insulin resistance and prevent endo-
metrial cancer using hormone and metabolic strategies.

The fourth section of this volume is composed of chapters focused on treatment
strategies to most effectively address the issues associated with energy balance and
to improve outcomes in patients with gynecologic malignancies. In Chap. 11, Joseph
Dottino, Karen Lu, and Melinda Yates, University of Texas MD Anderson Cancer
Center, Houston, TX, discuss strategies and unique considerations for management
of endometrial cancer precursors in obese women. Nora Nock, Case Western
Reserve University, Cleveland, OH, in Chap. 12, reviews impact of trials involving
exercise, diet, and behavioral counseling in women with gynecologic cancers. In
Chap. 13, Tianyi Huang and Shelley Tworoger, Harvard University, Boston, MA,
analyze the complex and controversial relation of physical activity with ovarian
cancer risk and survival. In Chap. 14, Amanika Kumar and William A. Cliby, Mayo
Clinic, Rochester, MN, discuss important aspects of understanding the nuances of
intraoperative and perioperative management of gynecologic malignancies in the
obese patient. Terri Woodard, University of Texas MD Anderson Cancer Center and
Baylor College of Medicine, Houston, TX, and Jessica Robin, Baylor College of
Medicine, Houston, TX, in Chap. 15, discuss unique challenges and strategies
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for preserving fertility while treating women with gynecologic malignancies.
In Chap. 16, Leslie Clark and Victoria Bae-Jump, University of North Carolina,
Chapel Hill, NC, review the biologic mechanisms and possible therapeutic use of
metformin as adjuvant therapy for ovarian and endometrial cancers.

Overall, this volume provides a comprehensive treatise on the latest studies con-
cerning the intersection of gynecologic malignancies with energy balance, which
together constitute a major challenge and opportunity for research scientists and
clinicians, especially those dealing with the expanding population of women con-
fronted by challenges in energy balance. This volume should be a valuable resource
to physicians, oncologists, gynecologists, nurses, nutritionists, dieticians, and exer-
cise therapists dealing with women with challenges and/or questions regarding the
linkage between energy balance and cancer. Moreover, because of the magnitude
and severity of these problems, this volume should serve as an important resource
for cancer researchers, especially for scientists studying lifestyle modification and
prevention strategies as well as more fundamental aspects of genetics, pharmacol-
ogy, and endocrinology.

Cleveland, OH, USA Nathan A. Berger
Houston, TX, USA Ann H. Klopp
Houston, TX, USA Karen H. Lu
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Chapter 1
Epidemiologic Evidence for the Obesity-
Endometrial Cancer Relationship

Melissa A. Merritt and Marc J. Gunter

Abstract There are convincing epidemiologic evidence that obesity increases
endometrial cancer risk and consistent positive associations between body mass
index (BMI) and other adiposity parameters and endometrial cancer risk have been
observed across different study populations. Indeed, the risk of endometrial cancer
is estimated to be 1.54-times higher per 5 kg/m? increment increase in BMI—an
association with BMI that is the strongest that has been observed for any type of
cancer. The higher risk of endometrial cancer among overweight and obese women
appears to be restricted to those who have not used postmenopausal hormone ther-
apy, suggesting that the modulation of estrogenic activity may be a possible mecha-
nism that underlies the obesity-endometrial cancer link. Further, circulating estrogen
levels are positively associated with endometrial cancer risk and partly explain the
obesity-endometrial cancer association in mediation models. Another key mecha-
nism that may link obesity with endometrial cancer risk includes hyperinsulinemia
as supported by both experimental and observational data. Inflammation and
increased exposure to inflammatory cytokines derived from adipose tissue represent
additional putative pathways that could contribute to the role of obesity in endome-
trial cancer development. This review summarizes results from epidemiologic stud-
ies on obesity (assessed as BMI, waist circumference and other measures) and
endometrial cancer development, highlights mechanisms that may link obesity to
endometrial carcinogenesis, and discusses areas of ongoing and future research that
could help to develop improved strategies for endometrial cancer prevention.

Keywords Endometrial cancer * Obesity ® Body mass index ¢ Waist circumference
e Estrogen * Insulin
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Introduction

Cancer of the uterine corpus is often referred to as endometrial cancer because
approximately 92% of these cancers originate in the endometrium (epithelial lining
of the uterus) [1]. Endometrial cancer is the fifth most common cancer in women
and the most recent worldwide estimates identified 319,605 new cases in 2012 [2].
In many parts of the world the incidence of endometrial cancer is rising; for exam-
ple, in the United Kingdom the age standardised incidence rates have increased by
25% (from 2002-2004 to 2011-2013) [3]. In the United States, endometrial cancer
incidence rates have been rising by 1.3 and 1.9% per year in women younger than
50 years of age and in women aged 50 years and older, respectively [1].

Endometrial cancer is more common in industrialized countries and the highest
incidence rates are observed in North America, Central and Eastern Europe as com-
pared with lower rates in Central and Western Africa [2]. These geographic differ-
ences may be explained in part by the distribution of two major endometrial cancer
risk factors, estrogen exposure and obesity. It is hypothesized that endometrial can-
cers develop under conditions of higher estrogen levels that are simultaneously
unopposed by progesterone [4]. A greater body mass index (BMI) has been linked
to higher estrogen levels in postmenopausal women where adipose tissue is the
main site of estrogen production from androgen precursors [5, 6]. In premenopausal
women a different mechanism may operate where obesity-related anovulation has
been linked to progesterone deficiency (reviewed by [7]). Notably, the higher risk
for developing endometrial cancer with increasing BMI is the strongest BMI risk
association observed for any cancer site [8] and it has been estimated that 41% of
endometrial cancers are attributable to overweight and obesity [9].

Endometrial cancer is a heterogeneous disease that is comprised of several histo-
logic subtypes including endometrioid (most common), serous, clear cell and muci-
nous tumors. The majority of endometrial cancers can be classified into two
clinicopathologic groups, endometrioid (type I) and non-endometrioid (type II)
tumors [10]. Most endometrial cancers (70-80%) are classified as type I tumors and
are typically endometrioid histology, are thought to develop by endocrine modula-
tion (exposure to estrogen unopposed by progesterone), harbor molecular altera-
tions in PTEN, KRAS and p-catenin and have relatively indolent tumor behavior
[11]. Type II tumors are usually serous or clear cell histologic subtype [12], the most
common molecular alteration is p53 mutation [11, 13] and these tumors tend to
demonstrate a more aggressive tumor behavior [14, 15]. A recent pooled analysis
using individual data from 10 cohort and 14 case-control studies from the
Epidemiology of Endometrial Cancer Consortium evaluated whether factors that
are associated with increased risk of endometrial cancer overall, including BMI,
history of diabetes, nulliparity, non-use of oral contraceptives and an early age at
menarche, were similarly associated with risk of developing type I versus type 11
tumors [16] (Table 1.1). They observed generally similar risk factors associations
across type I and type II tumors with the exception that BMI was more strongly
associated with increased risk of developing type I as compared with type II
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1 Epidemiologic Evidence for the Obesity-Endometrial Cancer Relationship 5

endometrial tumors. The stronger association of BMI with type I tumors was
subsequently confirmed in a large study of 2825 endometrial cancer cases from a
Gynecologic Oncology Group trial [18].

The objectives of this review are to summarize evidence from recent epidemio-
logic studies that have evaluated the association between obesity and endometrial
cancer risk, to explore possible biological mechanisms that explain the link between
obesity and endometrial carcinogenesis and to highlight areas for further research
that are needed to improve strategies for the prevention of endometrial cancer in
high risk women.

Body Mass Index in Relation to Endometrial Cancer Risk

The majority of studies that have focused on the association between obesity and
endometrial cancer risk have utilized BMI as a measure of overweight (BMI >25
and <30 kg/m?) and obesity (BMI >30 kg/m?) as it is relatively straightforward to
calculate requiring only estimates of weight and height. The body of work focusing
on the association between BMI and endometrial cancer risk in prospective cohort
studies was recently reported in a dose-response meta-analysis that summarized
data for a large number of endometrial cancer cases (n = 22,320) from 30 studies
[17] (Table 1.1). This study updated the earlier report published by the World Cancer
Research Fund/American Institute for Cancer Research that concluded that there
was convincing evidence to support the positive association between BMI and risk
of endometrial cancer development [19]. Specifically, Aune et al. [17] observed a
1.54 times higher risk (95% CI: 1.47—-1.61) to develop endometrial cancer with each
5 kg/m? increase in BMI. This meta-analysis included articles that were published
up to February 2015 and at the time of writing this review we identified no addi-
tional cohort studies that had published on the association between BMI and endo-
metrial cancer risk. The findings of Aune et al. [17] corroborated the results from
two earlier meta-analyses that reported a 1.60 times higher risk for endometrial
cancer with each five unit increase in BMI based on results from >19 prospective
studies [8, 20]. These meta-analyses focused on the association between BMI and
risk endometrial cancer overall. A recent pooled analysis further investigated the
BMI-endometrial cancer association by comparing risk estimates between women
diagnosed with type I and type II endometrial cancer (including n = 12,853 type I
and n = 854 type II cases) and they observed that the risk of developing a type I
tumor (per 2 kg/m? increase in BMI, odds ratio = 1.20 (95% CI: 1.19-1.21)) was
stronger than the risk to develop a type II tumor (odds ratio = 1.12 (95% CI: 1.09—
1.14)) (P-heterogeneity < 0.0001) [16].

A smaller number (n < 9) of studies have evaluated BMI in younger women (at
ages 18-25 years) and weight gain in relation to endometrial cancer risk (summa-
rized in [17]). The dose-response meta-analysis reported a 1.45 times higher risk
(95% CI: 1.28-1.64) of developing endometrial cancer for each 5 kg/m? increment
increase in BMI among young women [17] (Table 1.1). When examining weight
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gain from the time of early adulthood to the study baseline, they observed a 1.16
times higher risk (95% CI: 1.12-1.20) to develop endometrial cancer for each 5 kg
increase in weight. In the dose-response meta-analysis they observed high heteroge-
neity in most analyses of adiposity-related factors but they attributed this heteroge-
neity to differences in the strength of the association because almost all of the
studies reported positive associations between adiposity measures and endometrial
cancer risk.

Modification of the BMI-Endometrial Cancer Association
by Menopausal Hormone Therapy Use

Menopausal hormone therapy (MHT) use, and use of the estrogen only MHT for-
mulation in particular, is a key risk factor for endometrial cancer. Namely, use of
estrogen only MHT versus never use was associated with an approximate twofold
increased risk to develop postmenopausal endometrial cancer and a higher risk
(approximately ninefold) was observed for women who reported long-term
(=10 years) estrogen only MHT use [21]. The inclusion of progestogens in com-
bined estrogen plus progestogen MHT formulations may offset the proliferative
effects of estrogen on the endometrium but it is uncertain whether it may do so
completely [22, 23]. Interestingly, a recent report from the Women’s Health
Initiative randomized clinical trial observed that continuous combined estrogen
plus progestin use in postmenopausal women lowered the risk of endometrial can-
cer by 35% [24].

It has been suggested that because postmenopausal MHT users are exposed to
excess estrogen, this may obscure associations between endometrial cancer and
body fatness that could act by modulating estrogen levels [20]. Consistent with
this hypothesis, in the dose-response meta-analysis they observed that the increase
in endometrial cancer risk with a higher BMI was stronger among women with
naturally low estrogen levels (i.e., never-users of MHT) (summary relative risk
(RR) per 5 kg/m? increase in BMI = 1.65 (95% CI: 1.33-2.05)) as compared with
ever users of MHT (summary RR = 1.10 (95% CI: 1.06-1.14))
(P-heterogeneity = 0.005) [17]. In contrast, in the pooled analysis that examined
endometrial cancer risk associations separately for type I and type II endometrial
cancer, they observed similar associations for BMI when they restricted analyses
to the subgroup of postmenopausal women who had never used MHT [16]. The
dose-response meta-analysis also investigated whether the association with BMI
differed according to menopausal status and there was a statistically significant
1.41-fold (95% CI: 1.37-1.45) and 1.54-fold (95% CI: 1.42-1.67) higher risk to
develop endometrial cancer among both premenopausal and postmenopausal
women, respectively [17].
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Abdominal Obesity and Endometrial Cancer Risk

BMI is a measure of general obesity but it is limited in that it does not capture the
body fat distribution. Other measures of abdominal obesity (commonly measured as
waist circumference) may be better indicators of obesity-related metabolic stress
[25]. The relevance of comparing different anthropometric measurements is that if
some factors are more strongly related to endometrial cancer risk than others this
could provide important insights regarding possible mechanisms liking obesity with
endometrial cancer development. However, relatively few studies (n < 5 identified
in the dose-response meta-analysis) have investigated waist circumference and
waist-hip ratio in relation to endometrial cancer risk [17]. Based on the available
evidence, the findings are consistent with the conclusions based on BMI that there
was an increased risk of developing endometrial cancer for women with a higher
waist circumference (summary RR per 10 cm increment = 1.27 (95% CI: 1.17-
1.39)) and waist-hip ratio (summary RR per 0.1 unit = 1.21 (95% CI: 1.13-1.29)).
Aune et al. [17] concluded that all anthropometric measures were associated with
increased risk of endometrial cancer; however, more studies are needed to investi-
gate measures of abdominal obesity and in particular to try to clarify the possible
independent associations of BMI (general adiposity) and waist circumference
(abdominal obesity) with endometrial cancer risk.

Obesity-Related Pathologies and Endometrial Cancer

An additional link between obesity and endometrial cancer that has been explored
is the development of metabolic syndrome defined using varying definitions such as
BMI and/or waist circumference, hyperglycemia, higher blood pressure values and
high triglyceride levels. As expected, a meta-analysis of metabolic syndrome and
endometrial cancer risk including n = 6 studies (n = 2 prospective cohort studies)
reported a significant positive association between metabolic syndrome and endo-
metrial cancer (women with versus without metabolic syndrome, RR = 1.89 (95%
CI: 1.34-2.67)) with high heterogeneity observed across the studies [26]. Notably,
they observed that obesity/high waist circumference was more strongly related to
endometrial cancer risk than any other metabolic syndrome component.

Several meta-analyses have reported that diabetes is a risk factor for endometrial
cancer [27, 28] and risk estimates from the most recent report, based on n = 29 stud-
ies (including n = 17 prospective cohort studies), suggested that there was a 1.89-
fold (95% CI: 1.46-2.45) increased risk of developing endometrial cancer in women
with diabetes versus non-diabetics [29]. However, a recent investigation observed
that out of eight cohort studies that had evaluated diabetes in relation to endometrial
cancer incidence, only three studies had adjusted for BMI, hence it remains to be
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determined whether the diabetes-endometrial cancer association could be explained
by obesity [30]. In the Women’s Health Initiative study, Luo et al. [30] observed that
the higher risk for endometrial cancer in women who had diabetes became non-
significant after adjusting for BMI, hence concluding that the findings did not sup-
port an independent association between diabetes and risk of endometrial cancer.

A recent study used an alternative approach to assess whether hyperinsulinemia
and type 2 diabetes were causally associated with endometrial cancer by using sin-
gle nucleotide polymorphisms that were associated with type 2 diabetes, fasting
glucose, fasting insulin, early insulin secretion (postchallenge insulin) and BMI as
instrumental variables in Mendelian randomization analyses [31]. They observed
that genetically predicted higher levels of fasting insulin, independent of BMI, were
associated with a 2.3-fold higher risk (OR for each standard deviation increase = 2.34
(95% CI: 1.06-5.14)) of endometrial cancer. Similarly, there was an association
between genetically predicted higher postchallenge insulin levels with a higher risk
of endometrial cancer (OR for each standard deviation increase = 1.40 (95% CI:
1.12-1.76)). As expected, women with a genetically predicted higher BMI had an
elevated endometrial cancer risk (OR for each genetically predicted standard devia-
tion increase in BMI = 3.86 (95% CI: = 2.24-6.64)). In contrast, this study did not
find evidence for an association between genetic risk of type 2 diabetes or fasting
glucose with endometrial cancer risk.

Mechanisms Linking Obesity to Endometrial Carcinogenesis

Serologic Factors that may underlie the Obesity-Endometrial
Cancer Association

Several serologic factors that are altered in obese individuals have also been shown
to be associated with risk of developing endometrial cancer, including higher circu-
lating levels of estrogen, insulin, leptin and inflammatory cytokines, and lower adi-
ponectin levels [7] (Fig. 1.1). Obesity is associated with elevated endogenous
estrogen levels in postmenopausal women, likely due to the enhanced peripheral
conversion of androstenedione by adipocytes in obese individuals [5, 6, 32]. As
outlined above it is thought that endometrial cancers develop under conditions of
excess estrogen unopposed by progesterone [4]. Consistent with this hypothesis are
observations that circulating estrogen levels are a significant positive risk factor for
endometrial cancer (reviewed by [7]). In the largest study to date using data from
the European Prospective Investigation into Cancer and Nutrition (EPIC), the ORs
for endometrial cancer risk in postmenopausal women when comparing the highest
versus lowest tertile were 2.66 (95% CI: 1.50-4.72, P-trend = 0.002) for estrone,
2.07 (95% CI: 1.20-3.60, P-trend = 0.001) for estradiol and 1.66 (95% CI 0.98-
2.82, P-trend = 0.001) for free estradiol [33]. Conversely, in the same report there
was a significant inverse association between sex hormone-binding globulin
(SHBG) levels (OR for the highest versus lowest tertile = 0.57 (95% CI: 0.34-0.95,
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Fig. 1.1 Mechanisms linking obesity with endometrial cancer risk. CRP C-reactive protein, /L-6
interleukin-6, SHBG sex hormone-binding globulin, TNF-alpha tumor necrosis factor-alpha

P-trend = 0.004)) and endometrial cancer risk which was anticipated as SHBG may
decrease exposure to bioavailable estradiol levels. Although these data implicate
estrogen in obesity-mediated endometrial carcinogenesis, the obesity-endometrial
cancer relationship appears to be only partly explained by high estrogen levels as
supported by the persistence of BMI as an important risk factor after adjusting for
circulating estrogen levels [7, 34].

A related mechanism that may explain the association between obesity and endo-
metrial cancer is hyperinsulinemia [35] (Fig. 1.2). Obesity is associated with high
levels of insulin, which is a growth factor for a wide range of tissues, including
endometrium. Insulin also suppresses levels of sex hormone binding globulin
(SHBG), leading to higher levels of bioactive estrogen, and insulin increases estro-
gen receptor expression and binding capacity, raising the possibility that insulin and
estrogen could act additively or even synergistically in endometrial carcinogenesis.
Insulin and Insulin-like growth factor (IGF)-I share 40% amino acid sequence
homology and can act as ligands for each other’s receptors, albeit with low affinity.
Binding of insulin or IGF-I to its own receptor can promote cell proliferation by
activation of the same two downstream pathways: the Mitogen-Activated Protein
Kinase and the phosphatidylinositol 3-kinase (PI3K) pathways. The IGFs differ
from most other peptide hormones, such as insulin and growth hormone, in that they
are maintained at continuously high levels throughout much of the body. Most
IGF-I in circulation is produced by the liver and circulates bound to IGF-binding
proteins (IGFBP) and approximately 75% of IGF-I is bound to IGFBP3.
Approximately 1% of IGF-I circulates free (unbound) and the free fraction may be
the most biologically active [36].
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We previously investigated the association between circulating levels of estra-
diol, insulin, IGF-I and related serologic factors with endometrial cancer risk using
biospecimens from postmenopausal women enrolled in the Women’s Health
Initiative [37]. We observed that baseline fasting insulin levels were positively asso-
ciated with risk of the endometrioid histologic subtype endometrial cancer (hazard
ratio (HR) for the highest versus lowest quartile = 2.33 (95% CI: 1.13—-4.82)) among
women not using MHT and after adjusting for estradiol levels, BMI and other risk
factors [37]. In contrast, we observed that levels of free IGF-I (unbound to IGFBP)
were inversely associated with endometrioid endometrial cancer risk (HR for the
highest versus lowest quartile = 0.53 (95% CI: 0.31-0.90)) after adjusting for age,
MHT use and estradiol [37]. The latter finding suggests a possible anti-tumorigenic
role for IGF-I in endometrial cancer and similar observations have been reported in
previous cross-sectional studies [37]. Most other prospective investigations reported
similar positive associations between hyperinsulinaemia and endometrial cancer
risk although these studies generally observed an attenuation of risk following
adjustment for estradiol [38, 39]. In contrast to the insulin and free IGF-I results,
other circulating insulin/IGF axis factors were not associated with endometrial can-
cer risk (total IGF-I, IGFBP3, IGF-I/IGFBP3 ratio investigated by Gunter et al.
[37]1; IGFBP1 and IGFBP2 measured by Custetal. [38]; total IGF-1,IGBBP1,IGFBP2
and IGFBP3 investigated by Lukanova et al. [39]). These studies were limited by
the number of endometrial cancer cases (the largest study evaluated n = 286 cases
[38]), therefore it would be of interest to carry out a large pooled analysis of circu-
lating insulin/IGF factors in relation to endometrial cancer risk. Consistent with
these individual investigations, a meta-analysis of 25 studies (mostly retrospective
case-control studies and including only two prospective cohort studies) reported a
positive association between insulin resistance (measured as higher levels of
insulin/C-peptide or homeostatic model assessment - insulin resistance values) and
endometrial cancer risk [40].
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Another mechanism that may link obesity to endometrial cancer development is
the altered levels of hormones and cytokines (known as adipokines) that are pro-
duced in adipose tissue such as higher circulating levels of leptin and pro-
inflammatory cytokines and lower levels of adiponectin (reviewed by [41]). There is
evidence suggesting that dysregulated circulating adipokine levels are related to
endometrial cancer risk and a recent meta-analysis reported a positive association
with higher leptin levels (top versus lowest tertile, summary OR = 3.32 (95% CI:
1.98-5.56), n = 3 prospective studies) and an inverse association with adiponectin
levels (top versus lowest tertile, summary OR = 0.65 (95% CI: 0.42-0.99), n = 5
prospective studies) [42]. Another recent meta-analysis using data from 12 cohort
and case-control studies combined (a separate estimate for prospective cohort stud-
ies only was not provided) reported a 60% lower endometrial cancer risk (95% CI:
0.33-0.66) for subjects with the highest versus lowest adiponectin levels [43]. The
positive association between circulating leptin levels and endometrial cancer risk is
consistent with results from in vitro studies which showed that leptin promoted
endometrial cancer cell growth and/or invasiveness [44, 45]. In contrast, adiponec-
tin may have anti-inflammatory and insulin-sensitizing effects [46] which is
consistent with the observation that lower levels of serologic adiponectin are associ-
ated with a higher risk of developing endometrial cancer.

Obesity is associated with changes in the physiological function of adipose tis-
sue which may lead to chronic inflammation. Higher circulating levels of inflamma-
tory markers have been reported in obese individuals including C-reactive protein
(CRP) and proinflammatory cytokines such as tumor necrosis factor-alpha (TNF-a)
and interleukin-6 (IL-6) which are secreted by dysfunctional adipose tissue
(reviewed by [41]). In the largest prospective cohort study to date that evaluated
inflammatory factors in n = 305 endometrial cancer cases from the EPIC study,
there was an increased risk of endometrial cancer with higher levels of CRP (top
versus bottom quartile, OR = 1.58 (95% CI: 1.03-2.41), P-trend = 0.02), IL-6 (top
versus bottom quartile, OR = 1.66 (95% CI: 1.08-2.54), P-trend = 0.008) and the
postulated chronic inflammatory factor, interleukin-1 receptor antagonist (top ver-
sus bottom quartile, OR = 1.82 (95% CI: 1.22-2.73), P-trend = 0.004) [47]. Notably,
after adjustment for BMI the risk estimates were strongly reduced and became non-
significant, therefore, the authors concluded that chronic inflammation could medi-
ate the association between obesity and endometrial cancer. In a separate
publication also using data from the EPIC study, a higher risk of endometrial cancer
was observed with higher levels of TNF-a (OR = 1.73 (95% CI: 1.09-2.73),
P-trend = 0.01) and there was a non-significant elevated risk with higher levels of
TNF-a soluble receptors 1 and 2 (sSTNFR1 and sTNFR2, OR = 1.68 (95% CI: 0.99—
2.86), P-trend = 0.07 and OR = 1.53 (95%CI: 0.92-2.55), P-trend = 0.03, respec-
tively) when accounting for BMI, parity, age at menopause and previous MHT use
[48]. Wang et al. [49] also evaluated inflammatory markers in relation to endome-
trial cancer risk among postmenopausal women who were not using MHT in the
Women’s Health Initiative and they observed that CRP, but not IL-6 or TNF-a, was
positively associated with endometrial cancer risk (quartile 4 versus quartile 1 of
CRP, hazard ratio (HR) = 2.29 (95% CI: 1.13-4.65), P-trend = 0.01) after adjusting
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for age and BMI. However, with further adjustment for estradiol and insulin the
association was attenuated and no longer significant therefore the authors concluded
that the association between inflammation (indicated by high levels of CRP) and
endometrial cancer risk may be partly explained by hyperinsulinemia and higher
levels of estradiol. To our knowledge, inflammatory markers have only been evalu-
ated in these two prospective studies in relation to endometrial cancer risk therefore
additional studies are needed particularly to clarify the relationship between circu-
lating IL-6 and TNF-a levels. Based on this limited evidence, there is modest sup-
port for the suggestion that inflammation (as indicated by higher CRP levels) is
related to endometrial cancer risk, but rather than acting alone it appears that inflam-
mation, together with other obesity-related factors including hyperinsulinemia and
high estradiol levels, may contribute to endometrial cancer development.

Mechanistic Insights from Studies of Endometrial Tissues That
May Explain the Obesity-Endometrial Cancer Association

It is of interest to identify molecular changes in the target tissue (endometrium) for
endometrial cancer that may underlie the obesity-endometrial cancer risk associa-
tion. Towards this goal we recently published a study that examined the impact of
endometrial cancer risk factors, such as obesity (defined by BMI) and self-reported
diabetes, in relation to the tissue expression of selected factors from the insulin/IGF
and sex hormone axes in normal endometrial tissues from 107 women without can-
cer [50]. Specifically, we examined IGF ligands (IGF1, IGF2), IGFBP1 and
IGFBP3, the tissue expression and activation of the insulin/IGF receptors (IR,
IGFI1R, phosphorylated (activated) IGF-I/insulin receptor (pIGF1R/pIR)), as well
as the status of the hormone receptors (estrogen receptor, progesterone receptor)
and expression of phosphatase and tensin homolog (PTEN). We evaluated these
pathways because they would complement existing studies of circulating biomark-
ers and because of their important role in endometrial physiology [51, 52]. A key
finding from this study was our observation of a higher frequency of positive immu-
nohistochemical staining for pIGF1R/pIR in the endometrial tissues of postmeno-
pausal diabetic versus non-diabetic women [50]. Interestingly, an earlier study
reported up-regulation of pIGF1R/pIR in complex atypical endometrial hyperpla-
sia, a putative precursor lesion for endometrial cancer, as well as in grade 1 endo-
metrial cancers as compared with normal endometrium [53]. It will be of interest to
examine the pIGF1R/pIR pathway in relation to obesity-mediated endometrial can-
cer development.

We did not observe differences in the insulin/IGF and sex hormone axes compo-
nents according to BMI but we were unable to compare obese versus lean women
due to the limited sample size and instead compared subgroups that were classified
by splitting BMI levels at the median [50]. In our earlier study of PTEN loss using
samples from the same normal endometrium study population there was no apparent



1 Epidemiologic Evidence for the Obesity-Endometrial Cancer Relationship 13

difference in PTEN immunostaining patterns according to BMI or diabetes status
[54]. Currently very few studies have investigated the relationship between risk fac-
tors and molecular profiling of normal endometrium, therefore further studies are
needed to identify obesity-related molecular factors that may contribute to early
events in the multistage process of endometrial carcinogenesis.

Conclusions and Future Directions

In this review we summarized several meta-analyses and a pooled analysis that have
evaluated the association between obesity (assessed as BMI and other anthropomet-
ric measures) and endometrial cancer risk. Based on a recent dose-response meta-
analysis that summarized data for the BMI-endometrial cancer risk association from
30 prospective cohort studies, there was a 1.54-fold higher risk of endometrial can-
cer for each 5 kg/m? incremental increase in BMI [17].

There is now convincing evidence that body fatness increases endometrial cancer
risk [19] based mostly on the consistent positive associations with BMI that have
been observed across different study populations. Given this well established
obesity-endometrial cancer relationship, it is of great importance to identify poten-
tial mechanisms through which obesity may promote endometrial carcinogenesis.
Several epidemiologic studies have investigated whether higher estrogen levels in
obese postmenopausal women may explain the link between higher BMI and endo-
metrial cancer risk. These studies concluded that the obesity-endometrial cancer
relationship appears to be only partially explained by high estrogen levels based on
observations that the association between BMI and endometrial cancer persisted
after adjusting for circulating estrogen levels. Another serologic factor that may
explain the obesity-endometrial cancer risk association is insulin based on evidence
that insulin levels are positively associated with endometrial cancer risk in women
with naturally low estrogen levels (non-users of MHT) [37] and a recent Mendelian
Randomization study which observed that genetically predicted higher levels of
fasting insulin, independent of BMI, were associated with a higher risk of endome-
trial cancer [31]. In our recent study of normal endometrium we observed a higher
frequency of positive pIGF1R/pIR endometrial tissue immunohistochemical stain-
ing in diabetic versus non-diabetic postmenopausal women and we suggested that
this could reflect the high levels of insulin in circulation among diabetic women
[50]. Further studies are needed to investigate how hyperinsulinemia may lead to
endometrial cancer development, and in particular it may be of interest to evaluate
insulin-resistant women who have not yet developed diabetes and to account for the
possible effects of diabetes treatment on the endometrium.

A current challenge in studying the link between obesity and endometrial can-
cer development is that only a small proportion of women who are obese or who
exhibit high estrogen levels or hyperinsulinemia actually go on to develop endo-
metrial cancer. Furthermore, there are women without these risk factors who
develop endometrial cancer. Thus, the predictive values for estrogen and insulin
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levels with respect to endometrial cancer are fairly low, even among obese women.
It is likely that additional, currently unknown markers of endometrial cancer risk
exist. Newer approaches to evaluating metabolic status, for example metabolo-
mics, may offer powerful new insights into endometrial cancer development. A
cross-sectional investigation of metabolite profiles in a population-based endome-
trial cancer case-control study (Polish Women’s Health Study) reported that women
with endometrial cancer had lower levels of C5-acylcarnitines, octenoylcarnitine
and linoleic acid [55]. It is likely that future studies will apply metabolomics profil-
ing to prospectively-collected biospecimens to identify biochemical intermediates
that may help to explain the link between endometrial cancer and its risk factors,
including BMI.

Mechanistic studies of normal endometrial tissues are complimentary to studies
of serologic factors and could further contribute towards a comprehensive under-
standing of pathways that may be implicated in endometrial carcinogenesis. Aside
from a few investigations [50, 54], very few studies that have examined tissue-level
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changes in response to risk factor exposures therefore this is an area that could be
expanded upon in future research. For example, a key molecular pathway that is
altered in endometrial cancer is the PI3K pathway and specifically more frequent
mutations have been observed in the PI3K pathway than any other cancer that has
been studied to date [56]. There is a large body of work focusing on the PI3K path-
way in relation to endometrial cancer tumor aggressiveness [57, 58] and on target-
ing this pathway for the treatment of recurrent endometrial cancer using mammalian
target of rapamycin (mTOR) and related inhibitors [59, 60] yet there is very limited
knowledge regarding the role of the PI3K pathway in the early development of
endometrial cancer. The PI3K pathway may have particular relevance to the obesity-
endometrial cancer association because several factors that are altered in obese
women, including higher circulating levels of estrogen, insulin, leptin, and inflam-
matory cytokines and lower adiponectin levels [7], are known to influence the PI3K
pathway ([61, 62]; Figure 1; [45, 63-65]) (Fig. 1.3). In summary, the obesity-
endometrial cancer relationship is an established association that requires further
study to identify and evaluate molecular mechanisms that may explain this relation-
ship. Such studies could assist in the development of improved strategies for endo-
metrial cancer prevention that will become increasingly important given the current
obesity epidemic and rising incidence of endometrial cancer.
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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.

Keywords Ovarian cancer age standardized incidence rate ® Ovarian cancer risk
factor ¢ Obesity ¢ Ovarian cancer mortality ® Insulin resistance

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.



2 Epidemiologic Relationship Between Obesity and Ovarian Cancer 23

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.



2 Epidemiologic Relationship Between Obesity and Ovarian Cancer 29

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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Chapter 3
Public Knowledge of Obesity and Gynecologic
Cancer Risk

Shannon Armbruster and Pamela T. Soliman

Abstract In the United States, obesity continues to be a significant health issue,
with strong evidence supporting the association between excess body weight and
several health conditions, including gynecologic cancer. As obesity is a modifiable
condition, it is important to determine the public perception of the gynecologic
cancer risks associated obesity. Studies conducted in various populations of women
consistently show a gap in knowledge, thus providing a rationale for increasing the
education of women on these important health issues. The data support including
information on the concepts of body mass index (BMI) and obesity, as well as the
increased risk of gynecologic cancers related to excess adiposity.

Keywords Obesity endometrial cancer awareness * Patient awareness ¢ Physician
awareness

Obesity and Health

Across the United States, increases in body weight have resulted in a true epi-
demic, with 70.7% of adults being classified as overweight or obese [1, 2]. The
increase in prevalence of obesity most frequently impacts women and minority
groups [3, 4]. From 1984 to 2014, the number of obese females increased by
21.6% [4]. Black women, compared to White and Hispanic women, and those
with less than 12 years of education are the most likely to become obese or
severely obese [2]. Obesity is a well-established risk factor for hypertension,
hyperinsulinemia, type 2 diabetes mellitus, hyperlipidemia, cardiovascular dis-
ease, sleep apnea, and osteoarthritis [5]. Furthermore, excess adiposity has been
shown to increase the incidence of certain cancers. According to the National
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Cancer Institute, eight obesity-related cancers have been identified, including
esophageal, pancreatic, colon/rectum, post-menopausal breast, renal, thyroid,
gallbladder, and endometrial cancer [6]. Earlier chapters reported the strong evi-
dence supporting the relationship between obesity and endometrial cancer as
well as the inconsistent data for the relationship between obesity and ovarian
cancer. Investigation into the impact of obesity on cervical adenocarcinoma sug-
gests a possible, but not certain link [7]. For endometrial cancer survivors,
increased body weight not only increases the likelihood of developing the dis-
ease, but also increases mortality rates (RR 6.25, 95% CI 3.75-10.42) [8]. When
considering endometrial cancer survivors, African American women with endo-
metrial cancer have a significantly higher mortality rate when compared to
Caucasian women [9]. Given that obesity is a modifiable disease, determining
public knowledge of the relationship between obesity and gynecologic cancer is
important and can serve to identify groups who should be targeted by educational
programs and interventions.

Methodology

Several studies have investigated public knowledge of the correlation between
increased body weight and endometrial cancer. Most of these studies used written
questionnaires to obtain quantitative data, while the use of focus groups to obtain
qualitative data occurred less frequently. The majority of researchers developed
their own questionnaires based on literature reporting the risk factors relating to
obesity [10—15]. A limited number of studies used select questions from the vali-
dated questionnaire Behavioral Risk Factor Surveillance System provided by the
Center for Disease Control and Prevention [16] as well as from the Harvard Forms
on Health survey [17-20]. Research investigating public perception of the correla-
tion between obesity and ovarian or cervical cancer is lacking and thus will not be
discussed in this chapter.

Obesity and Endometrial Cancer Awareness

The majority of women, in all but one study, were unaware of the link between
obesity and endometrial cancer, with anywhere from 18 to 66% of women cor-
rectly identifying the correlation [10-14, 18-20]. These results were determined
from individuals with different demographic, anthropometric, and medical his-
tories and thus information obtained should be considered in the context in
which the data was collected. A brief description of the referenced studies can be
found in Table 3.1. As most women are not aware of the association between
obesity and endometrial cancer, an opportunity exists to provide education for
all groups of women.
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Table 3.1 Referenced studies relating to obesity and endometrial cancer.

33

Location of

patient Weight status based
Location; Sample | recruitment; on BMI (% of n) or
Reference size; Gender Gender Race/ethnicity | mean
Ackermann Dusseldorf, Gynecologic Not included Not included
etal. [10] Germany; n = 2108 outpatient
clinics; Female
George et al. New South Wales, | Gynecologic Not included Not included
[11] Australia; n = 329 | outpatient
clinics; Female
Cardozo et al. | Chicago, IL; Community fair; | African Mean =31.2 + 6.7 kg/
[12] n =207 Female American 99.0 | m?
Hispanic 0.5
Asian 0.5
Caucasian/
Other 0
Cardozo et al. | Chicago, IL; Infertility Caucasian 54.7 | Underweight: 2.7°
[13] n =150 patients at African Normal weight: 54.0
academic American 26.7 | Overweight: 19.3
medical center; | Hispanic 6.7 Obese Class I: 10.7
Female Asian 8.7 Obese Class II: 7.3
Other 3.3 Obese Class III: 6.0
Henretta et al. | Charlottesville, Bariatric surgery| African- Obese: 14.0°
[14] VA;n=93 clinic American 17.2 | Morbidly Obese: 51.6
appointment; Caucasian 77.4 | Super Obese: 33.3
Female Other/
multiracial 2.2
No response 3.2
Cooper et al. Miami, FL; Participant Caucasian 40.2 | Not included
[15] New York City, databases from | African

NY; Los Angelis,

focus group

American 32.6

CA; Chicago, IL | facilities; Hispanic 18.9
n=132 Female Asian 8.3
Beavis et al. Los Angelis, CA; | Gynecology, Hispanic 66.9 |Mean =31.4 + 7.8 kg/
[18] n=163 infertility, and | Caucasian 17.2 | m?
gynecologic African
oncology clinics; American 6.1
Female Asian 4.9
Native

American 0.6
No response 4.3

Soliman et al.

[19]

Houston, Texas;
n=1545

Local events,
health care
waiting rooms,
online;

Female

Caucasian
(50%)

African
American
(27%)

Hispanic (15%)
Asian (6%)
Other (1%)
Unknown (1%)

Normal: 28.2¢
Overweight: 23.6
Obese: 44.6
Missing: 3.5

(continued)
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Table 3.1 (continued)

Location of
patient Weight status based
Location; Sample | recruitment; on BMI (% of n) or
Reference size; Gender Gender Race/ethnicity | mean
Clark et al. [20] | Chapel Hill, NC | Chart review of | Caucasian 84 | Mean = 29.8 kg/m?
n=108 gynecologic African
oncology American 12
patients; Hispanic 1
Female Asian 1
Other 1
Post et al. [23] | West Virginia and | Health care Not included Underweight: 2.0¢
New Jersey; waiting rooms; Normal: 27.9
n=>515 Male (44%) and Overweight: 31.3
Female (56%) Obese: 38.7

IBMI Categories: Underweight (BMI <18.5 kg/m?), Normal range (BMI 18.5-24.9 kg/m?),
Overweight (BMI 25.0-29.9 kg/m?), Obese class I (BMI 30.0-34.9 kg/m?), Obese class IT (BMI
35.0-39.9 kg/m?), Obese class III (BMI >40.0 kg/m?).

"BMI Categories: Obese (BMI 30-39.9 kg/m?), Morbidly Obese (BMI 40-49.9 kg/m?), Super
Obese (BMI >50 mg/kg?).

‘BMI Categories: Underweight (BMI <18.5 kg/m?), Normal (BMI 18.5-24.9 kg/m?), Overweight
(BMI 25.0-29.9 kg/m?), Obese (BMI > 30.0 kg/m?).

Awareness of Risk Factors for Endometrial Cancer

Women’s knowledge of risk factors for endometrial cancer is inconsistent and often
incomplete. Cooper et al. utilized focus groups to elicit patient-reported risk factors
for gynecologic cancer. During these sessions, women were unable to identify any
risk factors specifically related to endometrial cancer [15]. Studies utilizing ques-
tionnaires that inquired about a listed risk factor have yielded better, but not over-
whelming results. Two studies were conducted in outpatient gynecologic clinics and
reported that the minority of women were aware of the correlation of obesity to
endometrial cancer [10, 11]. The first study, from Germany, reported that women
most commonly (93%) associated genetic factors with endometrial cancer, while
significantly fewer (36%) related “obesity, diabetes, and hypertension” to endome-
trial cancer [10]. Similarly, women from an Australian study most frequently cited
genetic factors, followed by history of breast cancer, and less frequently “obesity,
high, blood pressure, and diabetes” as factors associated with endometrial cancer
[11]. The results of these studies show that although most women accurately iden-
tify the link between genetics and personal history of breast cancer to endometrial
cancer, they are far less aware of relationship to obesity, which is the most common
risk factor.
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Awareness of Obesity and Related Comorbidities

Several studies have compared the percentages of women acknowledging the
relationship between obesity and other obesity-related health conditions to those rec-
ognizing the risk of endometrial cancer related to excess adiposity. These studies help
to determine if the problem is a general lack of knowledge surrounding obesity or a
concentrated knowledge deficit of the association of obesity with endometrial cancer.

The knowledge of the relationship of obesity to comorbid conditions, excluding
cancer, has been compared to awareness of the obesity-related endometrial cancer
risk. A survey conducted in gynecologic, infertility, and gynecologic oncology clin-
ics by Beavis et al. revealed that hypertension and heart disease were correlated with
obesity by 67% of women, in comparison to endometrial cancer that was related to
obesity by only 37.4% of respondents [18]. Similarly, diabetes, hypertension, and
cardiovascular disease were all correlated with obesity by the majority of respond-
ers (79%, 74%, and 73%, respectively) in a study of urban African American women
[12]. These findings are in sharp contrast to the 18.1% of responders who identified
that increased body weight was related to endometrial cancer risk [12]. Overall,
women relate medical comorbidities to obesity more frequently than they do to
endometrial cancer, indicating a knowledge deficit related to the awareness of the
elevated endometrial cancer risk due to obesity.

Analogous to the awareness of obesity-related comorbidities compared to endome-
trial cancer risk, women also more frequently acknowledge the correlation of obesity
to breast or colon cancer than the relationship of obesity to endometrial cancer. Soliman
et al. queried 1545 women, most of whom where were Caucasian (50%, n = 772), fol-
lowed by African American (25%, n = 411), and Hispanic (15%, n = 232). Overall,
only 42% of women (n = 625) knew that obesity was a risk factor for endometrial
cancer, in contrast to over 50% of respondents who identified the association of obesity
to colon and breast cancer [19]. Cardozo et al. reported similar findings from a study
of infertility patients, showing women were more likely to identify obesity-related
breast cancer risk (38.7%) compared to endometrial cancer risk (20.7%) [13].

The highest recognition of risk for endometrial cancer was seen in a study of
obese women who were presenting for bariatric surgery. Sixty-six percent of women
correctly identified obesity as a risk factor for endometrial cancer, however 45% of
these obese women who retained their uterus reported that it was not likely/possible
for them to develop uterine cancer [14]. Along similar lines, only 50% of women
responded that obesity “increased /increased a lot” their risk of endometrial cancer
[14]. This percentage is similar to those perceiving an “increase/increase of a lot” of
the risk of breast and colon cancer due to obesity (48% and 47% respectively) [14].
This study supports the idea that simply acknowledging a correlation does not
equate to perceiving a personal risk. Therefore, an approach that makes the data
personal could be beneficial when educating overweight or obese women. Taken
together, these studies demonstrate a wide-reaching knowledge gap relating to
endometrial cancer that in many cases is greater than that of other obesity-related
cancers and requires attention.
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Health History and Sociodemographic Variables affecting
Obesity and Cancer Awareness

Lack of knowledge of the relationship of obesity to breast and colon cancers has
been reported based on certain demographic characteristics, including age, income,
educational level, and race [19, 21, 22]. Investigation into potentially relevant vari-
ables relating to endometrial cancer knowledge has been undertaken to see if there
is a subpopulation of women who has the greatest knowledge deficit.

Race, Age, Education Level, and Socioeconomic Status

The data supporting differences in knowledge of obesity and endometrial cancer
based on race and educational attainment are inconsistent. Soliman et al. reported
that African American women were more likely to be unaware of the correlation,
while Asian women more frequently acknowledged the relationship [19]. Other
studies report no difference in knowledge based on race [13, 18]. Similar to race,
studies correlating educational attainment to knowledge level are inconsistent.
Cardozo et al. reported that having less than a 4 year college education was associ-
ated with lack of knowledge [12]. However, the majority of studies report that edu-
cation level, age, household income, or insurance level have no bearing on the
knowledge of association between obesity and endometrial cancer [10, 11, 13, 18,
19]. These data support wide-reaching educational programs that are not confined
to certain socio-demographic populations.

Obesity stratification

Several studies have investigated the knowledge of the association of obesity to
endometrial cancer based on the BMI of the respondent, to determine if one BMI
category is more educated than the others. These studies have yielded mixed results.
Cardozo et al. reported an association of body weight to lack of knowledge, finding
obese women more frequently unaware of the relationship [12]. However, two other
studies report that there was no association of knowledge of endometrial cancer risk
associated with obesity when comparing weight groups [18, 19]. Taken together,
these data provide evidence to provide education to all women, especially those that
are overweight and obese because they are at higher risk for comorbidities.

Cancer survivors
Survivors of obesity-related cancers should have a high understanding of the rela-

tionship of their adiposity to their disease. Unfortunately, the literature does not
support this concept. A study of 108 endometrial cancer survivors reported that only
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46% of respondents were aware of the connection between obesity and endometrial
cancer [20]. A second study of endometrial cancer survivors demonstrated that their
recognition of obesity as a risk factor for endometrial cancer was higher after diag-
nosis of endometrial hyperplasia or cancer (54%) compared to women without a
cancer diagnosis (32%) [18]. It is encouraging that approximately half of survivors
are aware of the etiology of their disease, however there is room for improvement.
Education should include the survivor population who is at risk for recurrence, a
second obesity related cancer, or other comorbidities. Additionally, information
must be extended beyond the survivor population to provide incentive for women to
maintain a healthy weight or lose excess body mass to avoid obesity-relate health
conditions such as endometrial cancer.

Obesity Awareness

In order to enhance knowledge of the relationship between obesity and endometrial
cancer, education must reach all women, especially those that are overweight and
obese. For this education to resonate with women, they need to have a basic under-
standing of obesity and accurately perceive their weight class. Thus, several
researchers have sought to describe women’s ability to accomplish these tasks. Post
et al. reported that patients seen in primary care practices frequently relate the con-
cept of BMI to obesity, however less than 20% of respondents could identify BMI
levels or their meaning [23]. These findings were similar to a study of urban African
American women revealing that merely 21.8% knew the normal BMI range and
only 8.4% knew their BMI within 1 kg/m? [12]. In comparison, 47.3% of infertility
patients could identify the normal BMI range, while only 11% could correctly
report their BMI within 1 kg/m? [13]. BMI awareness was higher in a study of gyne-
cologic oncology patients, who correctly identified their BMI category 85% of the
time, including 45 of 47 women who knew they were obese [20]. Regardless of the
group investigated, these studies indicate that knowledge and awareness of obesity
are lacking, especially in the general population. Interestingly, obese females who
presented for bariatric surgery were better able to accurately identify their BMI
group as weight increased, with correct identification occurring in 23% of obese,
77% of morbidly obese, and 85% of super obese women [14]. This study suggests
that information about BMI class is beneficial to all women with a BMI > 30 mg/
kg?, but should be sure to target women in the obese range.

A cross-sectional study querying women who presented to general gyneco-
logic oncology, infertility, or gynecologic oncology clinics highlights the impact
of provider intervention [18]. Fifty-five percent of overweight or obese respon-
dents reported being told they were overweight or obese by their physician and
83.6% of those women correctly identified themselves as overweight or obese
[18]. Although this was a cross-sectional study, the data is hypothesis generat-
ing, pointing to a plausible increase in knowledge due to provider education.
Taken together, these studies bring to light the need for basic obesity counseling
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and the potential impact medical providers can have on self-awareness of
BMI. Education programs should not assume that women are familiar with BMI
categories, or their own BMI. Education should begin with an assessment of a
woman’s current knowledge of basic BMI concepts before proceeding to co-
morbidity specific information.

Increasing Awareness on the National Level

The United States government and large national organizations have noted the defi-
ciency in recognition of the relationship between obesity and endometrial cancer. In
2007, Congress passed the Gynecologic Cancer Education and Awareness Act that
sanctioned the creation of a national program to promote symptoms, signs, risk fac-
tors and prevention of gynecologic cancers [24]. In 2014, the American Society of
Clinical Oncology (ASCO) published their Statement Priorities and Activities
Focused on Obesity and Cancer that included an objective and clinical goal intended
to increase patient knowledge about the relationship between obesity and cancer
risk [25]. Despite these mandates, in 2016, the Womb Cancer Alliance published
their top ten unanswered questions relating to endometrial cancer, which included a
task to increase public awareness about endometrial cancer [26], indicating that
more education is still needed.

Increasing Awareness in the Clinical Setting

In alignment with national efforts, women desire more information about endo-
metrial cancer. Survey data confirm that the vast majority of women, 94-96%,
desire information about the risk factors for endometrial cancer [10, 11]. Who
should discuss these risk factors and lifestyle changes with gynecologic cancer
survivors is debatable. One study examined the rates of counseling between pri-
mary care physicians (PCP) and gynecologic oncologists (GO). The study
reported 52% of survivors received PCP counseling, compared to 35% of survi-
vors being counseled by their GO. When comparing PCPs to GOs, PCPs were
more likely to specifically give diet (47% versus 25%, respectively) and physical
activity (62% versus 37%, respectively) recommendations [20]. Interestingly, of
those counseled by a PCP, 56% of survivors attempted weight loss, while 100%
of those counseled by GOs attempted weight reduction. Eighty-eight percent
(28/32) however, were counseled by both their GO and PCP [20]. Regardless of
who counseled the women, those that received any weight loss counseling
attempted to lose weight more often than those who did not [20]. This data encour-
ages a multi-disciplinary approach, including both PCPs and GOs to educate as
many women as possible.
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Future Direction

Understanding the need for education is the first step toward addressing the problem.
The next steps involve development of educational programs and the utilization of
existing resources such as the ASCO Obesity Toolkit [27]. These interventions
should be tested for efficacy relating to the actual content delivery as well as recipi-
ent comprehension of the material. Now that the knowledge deficit has been identi-
fied, the challenge for the medical community is to improve awareness of the risk
for endometrial cancer related to obesity, as well as increase women’s accountabil-
ity for their health.
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Chapter 4
Role of Estrogen and Progesterone in Obesity
Associated Gynecologic Cancers

For Publication in Energy Balance and Gynecologic
Cancers

Louise A. Brinton and Britton Trabert

Abstract Obesity is an established endometrial cancer risk factor, and may, to a
lesser extent, also increase ovarian cancer. Given that the primary source of post-
menopausal estrogens is through peripheral conversion of precursors in adipose tis-
sue and that endometrial cancer arises from an imbalance of estrogen to progesterone
levels, much attention has focused on these two hormones.

Indirect evidence for an important role of these hormones derives from studies of
menopausal hormones and oral contraceptives, whose use is, respectively, directly
and inversely associated with both endometrial and ovarian cancer risks. Endometrial
cancer risks are particularly enhanced if unopposed estrogens are prescribed, espe-
cially among thin women.

Studies have demonstrated a link between high endogenous estrogen levels and
increased endometrial cancer risk, with most metabolites showing evidence of
uterotropic activity. Estrogens are less strongly related to ovarian cancer, although
may predispose some to non-serous cancers, which are also enhanced among obese
women.

Difficulties in measuring progesterone levels have hampered our understanding
of their effects, although improved assays have recently been developed. To fully
understand the role of estrogens and progestogens, additional attention should focus
on other hormones (e.g., androgens), insulin, growth factors, and such obesity-
related biomarkers as adiponectin.

While cervical and vulvar cancers do not show strong relations of risk with obe-
sity, it is possible that hormonal changes associated with obesity may enhance the
effects of the human papillomaviruses, important causes of both of these tumors.
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With obesity rates rapidly increasing, further clarification of the biologic under-
pinnings of gynecologic cancers are needed to inform future prevention efforts.

Keywords Oral contraceptives ® Menopausal hormones ¢ Androgens ¢ Insulin
* Adiponectin ¢ Estrogen ¢ Progesterone ¢ Uterine cancer * Endometrial cancer
* Luteinizing hormone ° Follicle stimulating hormone * Polycystic ovary syndrome
* Selective estrogen receptor modulator ® Hydroxyestrone

Introduction

Over the last couple of decades, there has been increasing recognition of the impor-
tance of obesity in the etiology of a variety of cancers, including several gyneco-
logic cancers. One of the cancers recognized as being most strongly influenced by
obesity is that of uterine cancer, with other gynecologic cancers also being affected,
although to lesser extents. Obesity has been extensively investigated as it influences
not only cancer risk and survival, but also other established risk factors. Although a
variety of biologic mechanisms have been postulated as explanatory to the effects of
obesity on risk, the most accepted mechanism has been alterations in the production
and metabolism of estrogens and progesterones. Below, we review the epidemiol-
ogy of gynecologic cancers as it relates to obesity and associated endogenous hor-
monal changes.

Uterine Cancers

Uterine corpus cancer (hereafter referred to as uterine cancer) is the most common
invasive gynecologic cancer and the fourth most frequently diagnosed cancer among
American women today, with one in 40 women developing the disease during their
lives [1]. The vast majority of uterine cancers are endometrial cancers, prompting
most epidemiologic studies to focus on these malignancies. Numerous epidemio-
logic studies have identified a variety of risk factors for endometrial cancers. Obesity
is one of the strongest risk factors for the disease apart from age and exogenous
menopausal hormone use (Table 4.1). Additional risk factors include infertility or
nulliparity, early menarche and/or late menopause, and several diseases, including
diabetes. In contrast, oral contraceptive use, physical activity, and smoking appear
to decrease risk.

Obesity has been estimated to account for up to 25% of endometrial cancers [2].
Studies indicate that for every 5 kg. increase in weight that women have an associ-
ated relative risk (and 95% confidence interval, CI) of 1.59 (1.50-1.68) [3]. Women
who are clinically obese (body mass indices, or BMIs exceeding 40) are at excep-
tionally high risks, on the order of fivefold elevations compared to women with
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Table 4.1 Risk factors for endometrial cancer

Factors influencing risk Estimated relative risk?
Long-term use of menopausal estrogens 10.0-20.0
Stein-Leventhal disease or estrogen-producing tumors <5.0
Residency in North America, northern Europe 3.0-18.0
High cumulative doses of tamoxifen 3.0-7.0
Obesity 2.0-5.0
Older age 2.0-3.0
Late age at natural menopause 2.0-3.0
History of infertility 2.0-3.0
‘White race 2
Nulliparity 2

Higher levels of education or income 1.5-2.0
Early age at menarche 1.5-2.0
Menstrual irregularities 1.5
Histories of diabetes, hypertension, gallbladder disease, or thyroid 1.3-3.0
disease

Use of oral contraceptives 0.3-0.5
Cigarette smoking 0.5
Moderate-to-vigorous physical activity 0.5-0.8

Relative risks depend on the study and referent group employed

BMIs in the normal range (<25) [4]. Obesity appears to affect both premenopausal
and postmenopausal endometrial cancer risk.

Adding to the evidence of a causal association between increased BMI and ele-
vations in the risk of endometrial cancer is the demonstration that women undergo-
ing bariatric surgery experience reductions in endometrial cancer incidence [5].
Similarly, women who report intentional weight loss and who maintain this loss are
not at increased risk compared to women who maintain heavier weights [6]; in addi-
tion, women who lose weight demonstrate lower levels of a variety of inflammatory
and hormonal biomarkers believed to be involved in endometrial carcinogenesis [7].

Although initial studies hypothesized that adolescent and long-standing obesity
may be more important than adult weight, recent studies support that contemporary
weight and weight gain during adulthood are the most important predictors of endo-
metrial cancer risk [8]. As detailed below, relationships with obesity appear stronger
among women not currently exposed to exogenous hormones.

Recent interest has focused on determining whether the distribution of body fat
predicts endometrial cancer risk. A number of studies have shown that central obe-
sity may have an effect independent of overall body size [9], although not all studies
confirm this relationship [10].

Physical activity has also been recognized as being inversely associated with
endometrial cancer risk [11]. The reductions in risk appear to be restricted to over-
weight and obese women [12]. The extent to which physical activity induced
changes in endogenous hormones and other biologic markers are involved has been
the topic of a number of investigations, without definitive conclusions.
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Biologic Underpinning of Obesity as an Etiologic Factor

Endometrial cancer arises in the context of prolonged estrogen stimulation unop-
posed by sufficient progesterone levels [13]. Imbalances in these hormones lead to
increases in mitotic activity of endometrial cells with increased opportunities for
DNA replication errors and subsequent neoplastic transformation. The natural his-
tory of endometrial cancer has been well investigated, with an established interme-
diate marker of risk being endometrial hyperplasia, particularly atypical hyperplasia.
Altered circulatory hormone levels are reported in endometrial hyperplasia patients,
particularly in those with metabolic syndrome, with findings of elevated levels of
estrogen, testosterone, insulin, leptin, and luteinizing hormone (LH), and of
LH/follicle stimulating hormone (FSH) ratios. Increased estrogen bioavailability in
hyperplastic endometrium, as a consequence of increased local aromatase expres-
sion and activity, has also been postulated to affect risk [14].

Obesity is believed to play a central role in the natural history of endometrial
pathologies, including endometrial hyperplasias, most likely because estrogens are
formed in peripheral fat tissue from the conversion of precursor elements, including
androgens [15]. Estrogen (estradiol) production is thought to primarily be an endo-
crine product of the ovary, but many additional tissues have the ability to synthesize
estrogens from androgen precursors. Most notably, aromatase activity in adipose
tissue accounts for extraglandular formation of endogenous estrogens, which
increases as a function of body weight, particularly in postmenopausal women.

The relation of obesity to endometrial pathology has been shown to be enhanced
in women with conditions associated with specific alterations in hormone levels,
such as polycystic ovary syndrome (PCOS), a condition characterized by clinical
features of obesity and diabetes as well as primary hormonal aberrations of unop-
posed estrogens, insulin resistance, and hyperandrogenism. Notably women with
PCOS are at between a two and threefold increased risk of developing endome-
trial cancer [16, 17], translating into a lifetime risk of 9% (as compared to the
background risk of 3% in the general population) [18]. Diabetics are also at an
increased risk of developing endometrial cancers, with some evidence that this
relation may be independent of increased levels of obesity among such patients.
Further support for the relationship derives from findings that users of the anti-
diabetic medication metformin experience substantial reductions in endometrial
cancer risk [19].

There is an increasing epidemic of obesity and diabetes in the United States (as
well as an increasing proportion of older adults) and, as such, we can expect that
obesity-related cancer diagnoses will rise. Specifically, the incidence of endometrial
cancer is estimated to increase by 55% between 2010 and 2030 [20], although there
is uncertainty in this estimate given possible influences of changing hysterectomy
patterns.
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Exogenous Hormones

In clarifying the roles of estrogens and progestogens in the etiology of endometrial
cancer, much has been learned from studies of exogenous hormones, with many
studies linking oral contraceptives to decreases in risk and most menopausal hor-
mone therapies to increases in risk.

Oral Contraceptives. The use of combination oral contraceptives has been shown
to be associated with marked reductions in the risk of endometrial cancer, with the
greatest decreases seen among long-term users. In a recent pooled analysis, 5 years
of use was associated with a relative risk (RR) of 0.76 (95% CI 0.73-0.78) [21].
This reduction in risk persisted for more than 30 years, with no apparent difference
in risk across calendar time periods, despite use of higher estrogen dose pills in
earlier years. The similar protective effect observed in high and low dose estrogen-
containing pills [22] suggests that reductions in risk may be driven by lifetime pro-
gestin exposures. In support of this, one study found that higher progestin potency
oral contraceptives were required to reduce risk in obese women, a relation that was
not observed among thinner women [22].

Of particular interest in this regard are studies of systemic high doses of proges-
tins, such as depot medroxyprogesterone acetate (DMPA), which induce a hypoes-
trogenic state with profound ovarian suppression. To date there are no definitive
studies evaluating the long-term effects on cancer risk of DMPA, possibly reflecting
its recent marketing (1992). Progestin-containing intra-uterine devices (IUDs) are
also of interest. Although studies have confirmed reductions in endometrial cancer
risk associated with use of earlier [UDs [23], the relations have not specifically been
related to progestin-containing devices, again most likely reflecting an inability to
evaluate long-term effects.

Menopausal Hormones. It is well established that unopposed estrogens are asso-
ciated with a 2- to 12-fold elevation in endometrial cancer risk [24]. In most inves-
tigations, the increased risk does not become apparent until the drugs have been
used for at least 2-3 years, and longer use of estrogens is generally associated with
higher risk. The highest RRs have been observed with higher drug dosages and after
10 years of use (up to 20-fold), although it is unclear whether risk increases after
15 years. Most but not all studies have found that cessation of use is associated with
a relatively rapid decrease in risk, although a number of studies have found signifi-
cantly elevated risks persisting for 10 or more years after last usage.

The large body of evidence linking estrogen use to increases in the risk of endo-
metrial cancers has led to estrogens being prescribed in conjunction with progestins
among women who have not had a hysterectomy since progestins cause regression
of endometrial hyperplasia, the presumed precursor of endometrial cancers. In the
Women’s Health Initiative (WHI) clinical trial, after 5.6 years” median intervention
and 13 years of follow-up, women assigned daily to 0.625 mg of conjugated equine
estrogen plus 2.5 mg of medroxyprogesterone acetate had a hazard ratio (HR) of
0.65 (95% confidence interval, CI 0.48-0.89) compared to those assigned to pla-
cebo [25]. Similar results derive from a number of observational studies, including
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the Million Women Study in the United Kingdom, where women whose last usage
of hormones comprised continuous combined therapy had a RR of 0.71 (95% CI
0.56-0.90) compared to never users [24].

Although studies indicate that the excess risk of endometrial cancer associated
with estrogens can be significantly reduced if progestins are given for at least
10 days each month [26], some studies have shown that subjects prescribed proges-
tins for less than 10 days per month (sequential users) experience some increase in
risk, with only a slight risk reduction compared to estrogen-only users [27]. The
sharp contrast between the effects of <10 and >10 days of progestin use has led to
the suggestion that the extent of uterine sloughing or of “terminal” differentiation at
the completion of the progestin phase may play a critical role in determining risk. It
remains questionable whether 10 days of progestin administration per month is suf-
ficient for complete protection, particularly for long-term users. Few studies have
had large numbers of long-term sequential users, but there is some evidence that this
pattern of usage may result in persistent elevations in risk [28].

The type of progestin prescribed may also be a factor affecting endometrial can-
cer risk. Notably, there are some data to support higher risks when micronized pro-
gesterones are prescribed [29]. Tibolone, a synthetic steroid drug with estrogenic,
progestogenic, and weak androgenic actions, has also been shown to be signifi-
cantly related to elevated endometrial cancer risks [24, 30].

Most data regarding effects of hormones derive from studies of users of pills.
Unresolved is whether the use of estrogen patches, creams, or injections can affect
risk; given relationships of risk with even low dose estrogen pills, it is plausible that
other routes of administration confer some increases in risk.

Studies have shown that the effects of hormonal therapy (both unopposed estro-
gens as well as combination therapy) may vary by user characteristics, most notably
by a woman’s body mass. Investigations have shown that the adverse effects of
unopposed estrogens are greatest in non-obese women and that the beneficial effects
of combined therapy (particularly continuous combined therapy) are greatest in
obese women (Fig. 4.1) [27].

Tamoxifen. An adverse effect of estrogens derives further support from studies
that have linked use of tamoxifen, a selective estrogen receptor modulator (SERM),
to increases in endometrial cancer risk. A number of clinical trials have demon-
strated an increased risk of uterine cancer among tamoxifen-treated breast cancer
patients, with a recent meta-analysis showing a HR of 2.18 (95% CI 1.39-3.42)
[31], consistent with tamoxifen’s estrogenic effects on the endometrium. Elevated
risks have been observed primarily within relatively short periods after exposure
and among women receiving high cumulative doses of therapy. Certain uterine can-
cer histologies that are normally associated with a poor prognosis, such as serous
cancers, may be especially elevated [32].

While some of the newer SERMs, such as Raloxifene, Bazedoxifene and
Ospemifene, appear to have neutral effects on the endometrium [33], Lasofoxifene
may increase endometrial thickness, although studies have not yet confirmed a
higher risk of hyperplasia or endometrial cancer after 5 years of follow-up [34].
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Fig. 4.1 Age-standardized incidence of endometrial cancer by menopausal hormone therapy use
and body mass index (BMI) groups (in kg/m?), NIH-AARP Diet and Health Study, 1995-2006.
Error bars indicate 95% confidence intervals on the age-standardized incidence. From [27]

Endogenous Hormones and Other Biomarkers

Evidence for direct effects of endogenous hormones on endometrial cancer risk
derives from studies that have measured estrogens, progesterone and androgens in
relation to risk. Results of these studies are detailed below.

Estrogens. Despite the acceptance of the hormonal etiology of endometrial can-
cers [35], relatively few studies have explored the etiologic role of endogenous hor-
mones [36]. The studies have generally been based on limited numbers of cases and
radioimmunological assays, which have recognized limitations, particularly for
measuring low concentrations of hormones in postmenopausal women. The studies
conducted to date, however, have all shown increased risks of endometrial cancers
associated with high levels of estradiol. This has included studies of 124 postmeno-
pausal cancers from three cohort studies in which a fourfold increased risk was
found for the highest vs. lowest quartile of estradiol [37]; 247 menopausal cancers
from the European Investigation of Cancer (EPIC) in which a twofold increased risk
was found for the highest versus lowest tertile of estradiol [38]; and 250 cancers
from the Women’s Health Initiative Observational Study (WHI-OS) in which a 3.6-
fold increased risk was found for the highest versus lowest tertile of estradiol [39].
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The use of mass spectrometry to measure endogenous hormones has recently
opened up new research avenues [40]. In addition to improving sensitivity, accuracy,
and reproducibility, mass spectrometry assays have enabled concurrent measure-
ments of parent estrogens as well as estrogen metabolites, which purportedly have
divergent effects on cancer development. The metabolism of estradiol or estrone
with irreversible hydroxylation at the C-2, C-4, or C-16 positions of the steroid ring
results in metabolites with varying mitogenic and genotoxic properties (Fig. 4.2).

Two major hypotheses about estrogen metabolites have emerged from experi-
mental research, namely that (i) 16a-hydroxyestrone (160OHE,) is carcinogenic
because it can bind covalently to the estrogen receptor with strong mitogenic effects,
and (ii) the 2- and 4-hydroxylation catechol estrogen metabolites (2-hydroxyestrone,
2-hydroxyestradiol, 4-hydroxyestrone, 4-hydroxyestradiol) are carcinogenic
because they can be oxidized into mutagenic quinones that form DNA adducts and
lead to oxidative DNA damage [40].

Estrogen metabolites have been most extensively evaluated with respect to breast
cancer risk, with some support for mutagenic effects of estrogen metabolites.
Notably, two studies have noted decreased risks of postmenopausal breast cancer
associated with elevated ratios of 2-pathway metabolites relative to parent estrogens
[41, 42], and one study has found increased risks for higher levels of catechols to
methylated catechols [42]. However, for endometrial cancer, which is known to be
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influenced by epithelial cell proliferation (particularly in the absence of progester-
one), estrogen metabolites that are mitogenic have been proposed as possibly most
etiologically relevant.

To date, only a limited number of studies have explored the role of estrogen
metabolites in endometrial carcinogenesis. One prospective study, involving 124
cases, evaluated circulating 2-OHE, and 16aOHE, levels using an enzyme immuno-
assay and found some increases with high levels of both metabolites, but this rela-
tion did not persist after adjustment for estrone or estradiol levels [43]. In another
cohort study (66 cases), estradiol was significantly associated with risk, but there
was no further discrimination of risk according to levels of metabolites or their
ratios [44]. Two endometrial cancer case-control studies have also evaluated estro-
gen metabolites, with suggestive relationships for certain metabolites, although
interpretation of the results was limited by small numbers and assessment of hor-
mone levels after disease onset [45, 46].

In the latest study, estrone, estradiol, and 13 estrogen metabolites were measured
among 313 incident endometrial cancer cases and 354 matching controls within the
WHI-OS [47]. Parent estrogens (estrone and estradiol) were positively related to
risk, with the highest risk observed for unconjugated estradiol (OR 5th vs. 1st quin-
tile = 6.19, 95% CI 2.95-13.03). Nearly all metabolites were significantly associ-
ated with elevated risks, with some attenuation after adjustment for unconjugated
estradiol (residual risks of two to threefold) for most metabolites. Thus, the study
provided little support for the hypothesis that endometrial cancer is especially
affected by metabolites that have unique mitogenic or mutagenic properties. Instead,
similar to experimental data that have failed to support unique antineoplastic activ-
ity of 2-hydroxy metabolites in endometrial cancer [48, 49], these epidemiologic
results are consistent with the notion that all three estrogen pathways (2, 4, and 16)
have uterotropic activity that results in endometrial proliferation [50] and endome-
trial tumor progression [51].

Estrogens and Endometrial Cancer Heterogeneity. It is increasingly being recog-
nized that endometrial cancer is a heterogeneous disease, defined by at least two
different entities that show different etiologies, clinical manifestations and progno-
ses. Type I tumors, the predominant form that corresponds histologically to endo-
metrioid adenocarcinomas, are believed to arise from atypical endometrial
hyperplasia, whereas type II tumors encompass most non-endometrioid cancers and
most likely develop as a result of malignant changes in the endometrial surface
epithelium. Type I tumors have been shown in epidemiologic studies to demonstrate
stronger relations with a variety of hormonally-related risk factors, including obe-
sity, parity, and cigarette smoking [32, 52, 53]. A recent Danish investigation dem-
onstrated that menopausal hormone relations were restricted to Type I tumors [54].
Thus, it has been speculated that endogenous hormones might show similar differ-
ences in risk relations. Indeed, one small study has demonstrated higher ovarian
vein levels of estradiol in type I as compared to II patients [55]. Further, in the latest
epidemiologic investigation, the investigation within the WHI-OS that was previ-
ously discussed, unconjugated estradiol was more strongly related to risk of type I
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than II tumors [47], consistent with a central role for estrogens in influencing the
progression of endometrial hyperplasias to these malignancies [56].

Interrelationship of Obesity and Endogenous Estrogens on Endometrial Cancer.
Given the recognition that estrogens are produced from conversion of androgen
precursors in adipose tissue, attention has focused on the interrelationships of obe-
sity and estrogens on endometrial cancer risk. Several studies have assessed the
effects of obesity on endometrial cancer risk after adjustment for estrogen levels and
found persistent risks, suggesting that there may be other mediating factors [38, 47].
Androgens have been suggested to also be etiologically involved, with several stud-
ies showing positive associations of endometrial cancer risk with serum androstene-
dione and testosterone levels [38]. This may reflect a role of chronic anovulation
and progesterone deficiency in premenopausal women, whereas after the meno-
pause aromatase and local conversion of estrone from androstenedione appear to be
more etiologically relevant.

Progestogens. Somewhat enigmatic given the strong relationships that have been
established between endometrial cancer and high levels of endogenous estrogens is
the observation that oral contraceptives are associated with profound reductions in
risk. The fact that these compounds also contain progestogens suggests that atten-
tion should also focus on risk relations with endogenous progestogens, particularly
given additional observations that administration of exogenous progestins given in
the context of menopausal hormone therapy can significantly attenuate the effects of
exogenous estrogens on endometrial cancer risk. Further support for assessing the
role of endogenous progestogens on endometrial cancer risk derive from numerous
observations that endometrial hyperplasia can be ameliorated by administration of
either oral progestins or progestin-containing intrauterine devices in both pre- and
post-menopausal women [57].

Despite the compelling evidence to support an evaluation of progesterone levels
on endometrial cancer risk, epidemiologic investigations of the effects of endoge-
nous levels have not yet been undertaken. This may reflect that assays to measure
progesterone have in the past been associated with considerable measurement limi-
tations, namely insufficient sensitivity to detect low levels of circulating progester-
one in postmenopausal women. Of note is a newly developed assay that measures
progesterone precursors, progesterone and progesterone metabolites [58], which
has great potential for clarifying the effects of different endogenous levels on endo-
metrial cancer risk.

Other Biomarkers. The notion that the effects of obesity on endometrial cancer
risk cannot be entirely explained by endogenous estrogen levels has prompted an
interest in other biomarkers, including obesity-related biomarkers such as adiponec-
tin, which has been shown to be inversely related to risk [59]. Inflammation, which
has also been recognized as being associated with obesity, has also been recognized
as a risk factor for endometrial cancer [60]. While several studies have focused on
effects on endometrial cancer risk of surrogate markers, such as non-steroidal anti-
inflammatory drug use [61], recent research has benefitted from advances in mea-
suring specific inflammatory markers [62]. A role for hyperinsulinemia has also
been supported by findings that high levels of either insulin or C-peptide relate to
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Tab!e 4.2 Risk factors for Factors influencing risk Estimated relative risk®
ovarian cancer Long-term use of menopausal 3.0-5.0
estrogens
Female relative with ovarian cancer | 3.0-4.0
Older age 3.0
Residency in North America, 2.0-5.0
northern Europe
History of infertility 2.0-5.0
Nulligravity 2.0-3.0
Higher levels of education or 1.5-2.0
income
Late age at natural menopause 1.5-2.0
Perineal talc exposure 1.5-2.0
White race 1.5
Early age at menarche 1.5
Use of oral contraceptives 0.3-0.5
History of hysterectomy or tubal 0.5-0.7
ligation

“Relative risks depend on the study and referent group employed

elevated endometrial cancer risks [63, 64]. Finally, insulin-like growth factors have
been examined in a number of investigations [39], albeit without conclusive results
as to whether their effects on endometrial cancer risk are independent of those asso-
ciated with obesity itself or of obesity-related conditions (e.g., diabetes).

Ovarian Cancer

Ovarian cancer accounts for 1.3% of all incident cancers in U.S. women, with
approximately 1 in 70 American women developing ovarian cancer during their
lives [1]. Similar to endometrial cancer, most attention regarding risk factors for
ovarian cancer has focused on a variety of menstrual and reproductive factors, with
increased risks having been related to early ages at menarche, nulligravidity or nul-
liparity, and late ages at menopause (Table 4.2). Obesity has not generally been
viewed as a major risk factor for ovarian cancer, although its importance in the etiol-
ogy of the disease has recently received increased scrutiny. Most individual studies
fail to show an association, but pooling projects and meta-analyses that have
enhanced power for detecting associations are beginning to indicate increased risks
associated with higher BMIs. In the latest meta-analysis [65], however, there was
significant heterogeneity in relations of BMI to ovarian cancer risk that varied
according to the history of menopausal hormone therapy usage, with stronger rela-
tions observed for non-hormone users. Notably, the RR per 5 kg/m? increase in BMI
was 1.10 (95% CI 1.07-1.13) in never users and 0.95 (0.92-0.99) in ever users [2].
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Some investigations have also shown stronger anthropometric relationships
among other subgroups, including those who have never had children, pre-
menopausal women, postmenopausal women, women without a family history of
ovarian cancer, and physically inactive women. Further, some studies have sug-
gested that obesity is a risk factor only for certain types of tumors, with most evi-
dence pointing to increased risks for borderline serous and invasive endometrioid
and mucinous tumors [66, 67].

Exogenous Hormones

Similar to endometrial cancer, much has been learned regarding the etiology of
ovarian cancers by studying relations with exogenous hormones. Oral contraceptive
use is associated with profound reductions in risk, whereas menopausal hormone
use has been related to risk increases, although not to the extent as seen for endome-
trial cancers.

Oral Contraceptives. Oral contraceptive use has been consistently associated
with reduced risks of ovarian cancer. The overall estimated protection is approxi-
mately 40% for ever use and increases to more than 50% with 5 years of use or
longer. A pooled analysis of 45 studies confirmed that the reduction in risk persists
for 30 years beyond last use [68]. The lower-dose formulations now in use seem to
reduce risk at least as effectively as higher dose predecessors and androgenicity of
the progestins used does not appear to differentiate risks.

Menopausal Hormones. Unopposed estrogen menopausal hormone therapy has
consistently been associated with an increased risk of ovarian cancer. Associations
between estrogen plus progestin use and ovarian cancer risk have been less consis-
tent. In the WHI clinical trial, women exposed to estrogen plus progestin therapy
had an increased, albeit non-significant, risk of ovarian cancer compared to those
receiving a placebo (RR 2.42; 95% CI: 0.64-9.12) [69]. A pooled analysis of 52
epidemiologic studies reported similar increased risks of ovarian cancer for both
estrogen-only and estrogen plus progestin use [68]. The Danish Sex Hormone
Register study reported increased risk for both sequential and continuous estrogen
plus progestin use [30], suggesting that progestins do not mitigate the increased risk
associated with unopposed estrogens.

Fertility Medications. The risk of ovarian cancer among women who are pre-
scribed fertility medications is of particular interest given that these drugs stimulate
ovulation, which is a recognized risk factor for ovarian cancer. Usage also raises
estradiol levels [70]. Although several early studies indicated large increases in risk
associated with the usage of ovulation-stimulating drugs, more recent studies have
been more reassuring [71]. There are a few reports that drug usage may preferen-
tially increase the risk of cancers among women who remain nulliparous after treat-
ment [71], which could reflect effects of indications for usage rather than that of the
drugs themselves since such conditions as endometriosis and anovulation can
impart independent effects on risk. In addition, several studies have noted increased
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risks of low-malignant potential or borderline ovarian tumors among women receiv-
ing either ovulation-stimulating drugs or in vitro fertilization (IVF) [72]. Whether
this is due to a drug effect or increased surveillance is as yet unresolved.

Endogenous Hormones

Studies evaluating circulating estrogens and ovarian cancer risk have been quite
limited. Three studies [44, 73, 74], including one project that pooled data from three
cohorts [74], failed to find relationships with either prediagnostic circulating estrone
or estradiol levels, but all were limited by relatively small samples sizes (respective
samples sizes of 31, 132 and 67 ovarian cancer cases) and most relied on radioim-
munoassays to evaluate relations. The most recent investigation, which involved
169 cases within the WHI-OS and measured estrogen metabolites via mass spec-
trometry [75], observed no overall relationships, but did detect significant associa-
tions of parent estrogens with non-serous cancers. This result was consistent with a
study of early pregnancy hormones that found null relations for estradiol related to
serous cancers, but some evidence of elevated risks for non-serous cancers [76].
However, the relevance of estrogen levels measured during pregnancy to levels
measured during the postmenopausal period remains unclear.

Similar to endometrial cancer, more recent studies have focused on estrogen
metabolism. One study involving 67 ovarian cancer cases [44] found no distinctive
relations according to any estrogen metabolites (similar to their findings for parent
estrogens), but was unable to assess relations with specific ovarian cancer subtypes.
The other study previously discussed in terms of parent estrogens [75], did not note
strong associations with any metabolites for all cancer, but found that many of the
2-, 4-, and 16-pathway metabolites were positively associated with non-serous
cancers.

Stronger relations with non-serous tumors have also been seen for BMI [67, 77,
78], which is not surprising given that circulating estrogens derive from adipose tis-
sue. However, in one study that attempted to disentangle the effects of endogenous
estrogens from those associated with BMI, the two measures appeared quite inde-
pendent from each other [75], supporting the notion that other factors (e.g., other
hormones, inflammatory factors) might contribute—both to BMI and to other
hormonally-related risk factors, whose correlation with endogenous hormones has
not been well explored.

The role of androgens in the etiology of ovarian cancer has also received atten-
tion. Although a number of studies have not found levels to be strongly related to
risk [66, 74, 79], one study found some suggestion that free testosterone might play
arole in early onset ovarian cancers [80]. In addition, a study evaluating early preg-
nancy hormone levels and cancer development later in life reported increased risks
of invasive tumors with higher testosterone and androstenedione levels, while pro-
gesterone, 17-hydroxyprogesterone, and sex hormone binding globulin (SHBG)
were not substantially related to risk [76]. Further interest has focused on
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gonadotropin levels, including FSH, which have been reported in one study to be
inversely related to risk [81]. Thus, there remains interest in further exploring the
role of endogenous hormones in the etiology of ovarian cancers, especially given
that hormones may interact with immunologic factors, which have been suggested
to play an important role in ovarian carcinogenesis [82]. There has also been some
interest in a putative role of insulin-like growth factors (IGFs), although studies to
date have provided inconclusive results regarding their effects on ovarian cancer
risk [83].

Our knowledge of the etiology of ovarian cancer is rapidly changing, with recent
recognition that many ovarian tumors, notably serous cancers, most likely arise in
the fallopian tube. It is likely that hormones and other biomarkers have distinctive
effects on the origins of different types of ovarian cancers, which undoubtedly will
be the focus of much future research [84, 85].

Cervical Cancer

Cervical cancer, a disease that is well-established as resulting from infection with
the human papillomaviruses (HPV), shows tremendous variation in incidence and
mortality worldwide, primarily as a result of differential prevalence of PaP smear
screening and vaccination services. In the U.S., invasive cancers are quite rare (esti-
mate that 12,990 will be diagnosed annually), resulting in a focus on the identifica-
tion of risk factors for precursor conditions, including various types of cervical
intraepithelial neoplasias (CIN) [1]. There is little evidence for a link of obesity with
overall disease risk, but some studies show higher risks of cervical adenocarcino-
mas (which account for only about 10% of all cervical cancers) among obese
women [86]. This is consistent with the well-established role of obesity in endome-
trial adenocarcinomas.

Exogenous Hormones

Oral contraceptives. Use of oral hormonal contraceptives could plausibly potentiate
the carcinogenicity of HPV infection, because transcriptional regulatory regions of
HPV DNA contain hormone-recognition elements and hormones have been shown
in vitro to enhance and transform the effects of viral DNA [87]. A pooled analysis
of multiple case-control studies found an elevated risk of invasive cervical cancer
among HPV-positive women who used oral contraceptives for more than 5 years, an
increased risk that persisted after careful adjustment for sexual and reproductive
factors, duration of HPV infection, and screening history [88]. Short durations of
use or use more than 5 years prior to cancer onset were not associated with elevated
risk. The latest investigation within the EPIC Study found increased risks related to
long-term (>15 years) oral contraceptive use for both CIN3/carcinoma in situ (CIS)
and invasive cancer (respective RRs versus non-users of 1.6 and 1.8).
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Other hormonal contraceptives. The effect of other long-acting steroid prepara-
tions, notably DMPA, has also been of concern with respect to cervical abnormalities.
Although these agents are widely used in many countries, studies evaluating their
effects are limited. Further, assessment of relations may be problematic given that lon-
ger term DMPA appears to be associated with the detection of oncogenic HPVs [89].

IUD use, which is also a common contraception option in developing countries,
has been evaluated in a few studies, including a pooled analysis of ten case—control
studies of cervical cancer and 16 HPV prevalence surveys from four continents. This
showed a decreased risk of cervical cancer, regardless of duration of use (few months
to up to 9 years) and after adjustment for screening status [90]. A reduced risk associ-
ated with IUD usage was also recently noted in the EPIC Study [91], although nei-
ther this investigation or the pooling project was able to assess effects of specific
types of IUDs, including hormone-containing ones. The evidence contradicts a
widely held assumption that [UDs may increase the risk of cervical cancer, and might
suggest their role as protective cofactors in cervical carcinogenesis, similar to the
role they play in reducing endometrial cancer risk. While the precise mechanisms are
subject to future investigations, it has been suggested that local cellular immunity
may be triggered during the process of IUD insertion or by the device itself.

Menopausal Hormones. The role of menopausal hormone therapy and its inter-
relationship with overweight/obesity as determinants of either cervical cancer risk
or of circulating estrogen levels in postmenopausal women is not well understood
[92]. The latest analysis, within EPIC, noted a significantly reduced risk of invasive
cervical cancer associated with menopausal hormone therapy use [91]. The extent
to which this finding reflects a screening bias has yet to be determined.

Endogenous Hormones

The relationship between endogenous hormones and cervical cancer risk is unclear
and is a topic of ongoing investigation [93]. Some results point to the role of circu-
lating levels of testosterone and estradiol in modulating cervical cancer risk in pre-
menopausal women [94]. Mechanistic evidence to confirm these associations and
exploration of signaling pathways suggests hormone-receptor modulation in cervi-
cal cancer likely differs from other estrogen-dependent cancers (such as endome-
trial cancer) [95].

Vulvar Cancer

Vulvar cancer is a rare malignancy, accounting for only about 4% of cancers of the
female reproductive organs and 0.6% of all cancers among American women. In the
U.S., women have a 1 in 333 chance of developing vulvar cancer at some point dur-
ing their lives [1], with it primarily being a disease of older women. The risk of
developing invasive vulvar cancer is increased among women with a history of
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cervical carcinoma in situ [96], consistent with the recognition that both diseases
are etiologically linked to HPV infection.

Although early studies were contradictory as to whether or not obesity was a risk
factor for the disease, the latest investigation within a large cohort showed a RR of
1.71 (95% CI 1.44-2.04) for women who had BMIs of 30 or greater compared to
those with BMIs under 25 [96]. This has prompted further interest in the etiologic
role of a variety of hormonal factors in the etiology of the disease, including effects
of exogenous and endogenous hormones.

Exogenous and Endogenous Hormones in the Etiology
of Vulvar Cancer

Several studies have noted higher risks of both invasive and in situ vulvar cancers
among oral contraceptive users [97], although the extent to which this association is
confounded by HPV infection status remains unknown given that these studies were
conducted prior to routine HPV testing. The rarity of this tumor has hampered
efforts to understand the etiologic role of exogenous and endogenous hormones, but
this would appear to be a worthwhile endeavor given the recent recognition of the
role of obesity in its etiology.

Summary and Conclusions

The vast majority of gynecologic cancers, and in particular endometrial cancer, are
more common in obese women, with much of the association presumably due to
effects of endogenous estrogens. Given increasing rates of obesity, concern has
been expressed regarding possible increases in incidence. Incidence projections for
endometrial cancer, as well as other cancers, are difficult, however, given changing
time trends in hysterectomies/oophorectomies and usage of menopausal hormones,
which may have lesser effects in obese women.

We have learned much in the last decade regarding the effects of endogenous
hormones, specifically estrogens, on the risks of various gynecologic cancers, but it
is apparent that these relations are complex—not only because of relatively low
levels of risk, but also because of intervening effects of other endogenous hormones
and other biomarkers (androgens, IGFs, etc.), most of which have not been ade-
quately investigated. The etiologic heterogeneity of gynecologic cancers is also
increasingly being recognized, with different patterns of risk being noted with both
obesity and hormones (both exogenous and endogenous)—particularly for endome-
trial and ovarian cancers.
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Chapter 5
Obesity and Endometrial Cancer Precursors

Jaclyn Watkins

Abstract The menstrual cycle is composed of two phases — proliferative and secre-
tory. During the proliferative phase, estrogen stimulates the endometrium leading to
growth of both the stromal and epithelial compartments. During this period of abun-
dant mitotic activity, mutations inevitably arise within the epithelial compartment.
It is typically the rise of progesterone during the secretory cycle that selects against
further proliferation of these mutant cells. However, in patients with excess estrogen
(e.g., obesity), these mutant populations have a selective advantage, leading to fur-
ther proliferation and increased mutation rates. The result is a progression of “latent
precancers’ to endometrial intraepithelial neoplasia (EIN) — a precursor of endome-
trial endometrioid-type adenocarcinoma.

Keywords Endometrial intra epithelial neoplasia ® Phosphatase and tensin homo-
log (PTEN) ¢ Paired box gene 2 (PAX2) ¢ Endometroid Cancer — Latent Precursors

Endometrial Cancer and Obesity

Chronic excess estrogen, whether endogenous or exogenous, is a well-known risk
factor for the development of endometrial cancer and its precursor, endometrial
intraepithelial neoplasia (EIN). In postmenopausal patients, estrogen predominantly
derives from the presence of aromatase within adipose tissue. Aromatase is an
enzyme responsible for the conversion of androgens to estrone and estradiol. Levels
of aromatase are known to increase with age and, given its location within adipose
tissue, with increasing BMI. The result is a direct relationship between BMI and
circulating estrogen [1, 2].

However in obese patients, aromatase levels, and the subsequent increase in cir-
culating estrogen, provide only a partial explanation for observed elevated risk of
endometrial carcinoma and EIN. Another key component is a relative lack of pro-
gesterone [2]. Progesterone is known to inhibit endometrial proliferation and induce
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endometrial differentiation - functions that decrease the probability of mutations
accruing within the endometrial epithelial compartment [3]. Therefore, it is the bal-
ance between progesterone and estrogen that is critical in the progression of latent
precancers to EIN and carcinoma [2].

PTEN and Endometrial Precancers

Mutations in PTEN, a tumor suppressor gene involved in the mediation of cell divi-
sion and apoptosis [4], are amongst the most common genetic changes in
endometrioid-type endometrial cancer. In fact, up to 83% of endometrioid-
type endometrial adenocarcinoma demonstrate biallelic somatic inactivation of
PTEN [5].

The role of PTEN mutations in endometrial carcinogenesis has been proven in
both mouse models [6] and in humans [5]. Further, germline mutations in PTEN, as
occurs in Cowden’s Syndrome, are known to increase the risk of developing cancers
of multiple sites including the thyroid, breast, and endometrium [7-9]. However,
PTEN mutations in isolation do not definitively lead to endometrial cancer [5];
rather, PTEN inactivation is an early event that sets the stage for cancer [10].

PTEN inactivation within the endometrial epithelial compartment is a common
event. In fact, somatic PTEN inactivation has been documented in a small subset of
histologically normal endometrial glands in up to 43% of normally cycling pre-
menopausal women [10]. Despite the large number of women with PTEN-deficient
glands, only 2% of such glands will persist as a unique clone [11] and lifetime risk
of endometrial cancer only approaches 2.5% [12, 13]. For this reason, such histo-
logically normal PTEN deficient glands are referred to as “latent precancers,” a term
which implies that additional mutations are required to produce neoplasia [11].
Such findings are subclinical — meaning they are below the threshold that patholo-
gists would consider clinically relevant — as the frequency of such clones progress-
ing to cancer is low.

Latent precancers are histologically defined by the absence of PTEN expression
by immunohistochemistry [10]. The glands do not display cytologic or architectural
atypia. They are typically few in number and are generally scattered or clustered
within a background of normal endometrium [10]. They generally display prolifera-
tive features, namely mitoses [10]. Over 75% of such PTEN negative clones are
retained through multiple menstrual cycles, with some clones persisting upwards of
1 year. [10, 14].

Over time, PTEN-negative latent precancers that are not shed during the normal
endometrial cycle may become persistently proliferative [10]. At first, the expansion is
due to increased gland size [10]. Eventually, however, the population of PTEN-mutant
glands becomes increasingly dense, taking on features that approach EIN. [10].
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Endometrial Intraepithelial Neoplasia: The Endometrial
Endometrioid Adenocarcinoma Precursor

Endometrioid-type endometrial adenocarcinoma is the most common endometrial
malignancy, accounting for 70-80% of sporadic endometrial cancer cases [15]. This
particular subtype is often indolent, arising from premalignant glandular lesions
that result from prolonged estrogen stimulation [15]. Historically, these premalig-
nant lesions fell at one end of a spectrum of endometrial changes known as “endo-
metrial hyperplasia” [15].

Endometrial hyperplasia, as was delineated in the 1994 World Health Organization
schema, was a catch-all term for both clonal premalignant lesions and benign field
effect changes of the endometrium that occurred in hyperestrogenic states. However,
the WHO system, which divided hyperplasia in four categories, showed poor repro-
ducibility among pathologists [16—18].

Since the 1994 categorization, the mechanisms underlying endometrial hyper-
plasia have become more fully understood. Today, true “hyperplasia” of the endo-
metrium is thought to be the result of unopposed estrogenic stimulation [15].
Histormophologically speaking, such hyperplasias are diffuse entities, representing
a field effect in the endometrium. While it had been assumed that such hyperplastic
lesions might ultimately evolve into cancer, it has since been realized that endome-
trioid adenocarcinoma results from the malignant transformation of a single gland,
which in turn grows into a localized premalignant lesion [15]. Such localized
lesions, which typically arise 3—4 years prior to the development of overt carci-
noma, [19] are histomorphologically discrete from the background endometrium
and are now designated endometrial intraepithelial neoplasia (EIN) [15].

EIN, a monoclonal proliferation of endometrial glands that displays both archi-
tectural and cytologic changes, has distinct histomorphologic features that allow
pathologists to diagnose it on H&E alone (Fig. 5.1) [20]. First, an EIN lesion must
measure at least | mm in greatest dimension within a single tissue fragment [15].

Fig. 5.1 An endometrial
biopsy demonstrating a
benign proliferative
population of glands (/eft)
and endometrial
intraepithelial neoplasia
(EIN) (right). Note that the
EIN population
demonstrates the three
necessary histopathologic
features to render a
diagnosis — size >1 mm,
gland density greater than
stromal density, and a
cytomorphologic shift in
the glandular epithelium
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This particular cutoff is critical as it is the minimum size that reproducibly alters
clinical outcomes (i.e., increased risk of carcinoma) [20]. Secondly, greater than
50% of the lesion should be composed of glands (i.e., glandular epithelium plus
lumens) [15]. This gives the lesion a characteristically crowded appearance in which
the surrounding stroma is relatively reduced. Lastly, the diagnosis of EIN requires a
shift in the cytomorphologic features of the lesion relative to background endome-
trial glands. This shift does not necessarily mean that the glands harbor atypical
features (e.g., round nuclei, prominent nucleoli, loss of polarity), though one or
more of these features are often present [15]. EIN lesions do not share a common
altered cytology; therefore, the shift in cytomorphology must be determined on a
case-by-case basis. [15] EIN is commonly a localized process, often occurring in a
background of estrogenic effect; however, it may also grow to occupy the entire
endometrial compartment, giving rise to what is known as “extensive EIN” [15].

EIN has been associated with a high likelihood of progression to adenocarci-
noma. In fact, 1/3—-1/2 of women who are diagnosed with EIN will be diagnosed
with adenocarcinoma within 1 year [20, 21]. If a patient remains cancer free in the
first year after diagnosis, she holds a 45-fold increased risk of progression to endo-
metrial cancer thereafter, with the average interval to progression being 4 years
[20]. In comparison, atypical hyperplasia, as defined by the former WHO criteria,
confers only a 14-fold increased risk of cancer [22].

PTEN inactivation has been documented in up to 63% of EIN lesions [10] and
83% of endometrial adenocarcinomas [5]. However, it is thought that an accumula-
tion of multiple genetic “hits” is necessary to turn latent precancers into EIN [19].
These “hits” often include mutations in KRAS [23], CTNNBI1 [24], PIK3CA [24],
PAX2 [25], and mismatch repair genes [23, 24]. Microsatellite instability has also
been documented in 20-25% of EIN lesions [26].

PAX2 Expression in Latent Precancers and Endometrial
Cancer

In addition to PTEN inactivation, loss of expression of PAX2, a gene involved in the
embryonic development of the kidneys, ureters, uterus, fallopian tubes, vas deferens
and epididymis, is common in latent precancers and endometrial cancer [27]. The
endometrium persistently expresses PAX2 throughout the life course [28], indicat-
ing that PAX?2 likely plays a critical role in endometrial proliferation and renewal
[25]. In fact, there is some data to suggest that loss of constitutive expression of
PAX2 in the endometrium is associated with both endometrial and cervical malig-
nant transformation [29]. One such study, which examined the expression of PAX2
through quantitative RNA, demonstrated that benign endometrium displays the
highest levels of PAX2 expression [30]. The level of PAX2 expression drops two-
fold with the initiation of tamoxifen therapy and fivefold in endometrial cancers
[30]. Therefore, it is likely that PAX?2 functions as a tumor suppressor gene within
the endometrium, likely working in parallel with PTEN [25].
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PAX?2 expression is lost in 77% of endometrial adenocarcinomas [25]. It is also
evident, at least focally, in 36% of normal endometrial samples. [25] Interestingly,
PAX2 loss in the normal endometrium tends to occur in glands separate from those
that are PTEN null. [25] However as neoplasia arises, first as EIN and then as adeno-
carcinoma, the likelihood of overlap increases with 31% of EIN and 55% of carcino-
mas displaying coincident loss in an overlapping clonal distribution (Fig. 5.2). [25].

Fig. 5.2 Endometrial intraepithelial neoplasia (EIN) as displayed in the right side of image (a, low
power) and (b, high power) frequently displays a loss of PTEN expression by immunohistochem-
istry (low power, ¢; high power, d) due to biallelic somatic inactivation. Such a pattern of staining
is also seen in latent precancers. Background endometrial glands (left portion of image, ¢, d) show
intact expression by immunohistochemistry. EIN, unlike most latent precancers, may also show
concurrent loss of PAX2 expression with background benign endometrial glands demonstrating
intact staining (low power, e; high power f)
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PTEN-Negative Latent Precursors and Nongenetic Risk
Modifiers

Nongenetic risk modifiers (e.g., hormones) alter the likelihood of latent precancers
progressing to malignancy by functioning as selection factors, either for or against,
the outgrowth of PTEN-negative clones [14].

To fully understand how nongenetic risk modifiers alter the progression of latent
precancers, it is first necessary to address normal PTEN expression throughout the
menstrual cycle. Within the uterus, PTEN expression is primarily located in the
endometrial functionalis, in both the stromal and glandular compartments [31].
Beginning with the estrogen-driven proliferative phase of the menstrual cycle,
PTEN expression increases in the epithelial and stromal compartments [31]. With
the beginning of the progesterone dominant secretory phase, PTEN expression
decreases in the epithelial compartment, but increases in the stromal compartment,
especially as the stroma becomes decidualized [31]. This transition of expression
(i.e., expression of PTEN within the epithelium during the proliferative phase and a
reduction of epithelial expression during the secretory phase) likely represents a
functional need for PTEN expression during the high mitotic period of epithelial
proliferation. [31] Expression is less necessary during the progesterone-dominant
periods as proliferation ceases and differentiation begins [31].

Nongenetic Risk Modifiers and Selection of Latent Precancers

It has been hypothesized that the transition from precancer to overt malignancy is
the result of positive selection of mutant clones (i.e., latent precancers) by hormonal
mechanisms. A high burden of somatic mutations occur with each menstrual cycle
[10]. However, it is only the subsequent hormonal selection of these mutated clones,
or latent precancers, that leads to the expansion of genetically defective cells [32].

One of the most well-known cancer-causing nongenetic modifiers is unopposed
estrogen. Unopposed estrogen exposure, which commonly occurs in obese patients,
increases endometrial cancer risk up to tenfold [33]. This risk-elevating exposure is
not thought to increase the number of latent precursors; rather, it is thought to pro-
mote the progression of existing latent precursors through an increase in glandular
proliferation or mutation rate [14]. PTEN-defective latent endometrial precancers
maintain high levels of nuclear estrogen and progesterone receptors [ 10]. Furthermore,
physiologic expression of PTEN is highest during the proliferative phase of the men-
strual cycle, which is stimulated by estrogen [31]. Therefore, when excess estrogen
is present, PTEN clones are likely to have a selective advantage. The result is clonal
expansion of the mutated population and an increased likelihood of the accumulation
of additional mutations [15]. PTEN-mutant populations in the presence of high estro-
gen levels therefore have a high risk of becoming carcinoma. [31].
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Nongenetic Risk Modifiers and Involution of Latent Precancers

One of the most cancer-protective modifiers is progesterone (or progestin if exoge-
nous). Progesterone has been shown to selectively ablate PTEN mutant latent pre-
cancers within the background endometrium [3]. However, in the normally cycling
endometrium, the progesterone exposure is not always sufficient to completely shut
down PTEN expression. This potentially allows mutant clones to persist and become
malignant [10]. In contrast, progestin exposure has the ability to quell expression of
PTEN, and at therapeutic doses, it is actually capable of causing the involution of
PTEN-negative latent precancers [3]. Further, progestin can act as an estrogen
antagonist via the downregulation of the estrogen receptor [32].

Such ablation of latent precancers is thought to be one of the major mecha-
nisms behind the decline in endometrial cancer prevalence [14] amongst women
using either oral contraceptives [34, 35] or hormonal intrauterine devices [36].
When women are sampled cycle after cycle, three potential patterns of latent
precursor expression occur. The first is “emergence” in which PTEN-null glands
appear in a follow-up sample. The second is “persistence” in which PTEN-null
glands remain in repeat samples. The final pattern is “regression” in which previ-
ously present PTEN-null glands are no longer present in follow-up samples [14].
Persistence and emergence are common patterns in normally cycling endome-
trium, with 53% of repeat samples demonstrating persistence and 37% of repeat
samples demonstrating emergence [10]. In contrast, the dominant pattern is
regression in women using progestins. Specifically, oral contraceptives have a
regression rate of 75% [3] and intrauterine devices have a regression rate of 93%
[32]. Interestingly, a similar regression rate is seen with the use of non-medicated
(hormone-free) IUD implantation, likely secondary to inflammation [14].

Additional Obesity-Related Nongenetic Risk Modifiers

The link between obesity and both EIN and cancer likely also involves insulin
homeostasis [2]. In both diabetes and insulin-resistant states, such as obesity, cir-
culating levels of insulin and insulin-like growth factor (IGF) rise. Endometrial
cancer is known to express receptors for both insulin and IGF, raising the possibil-
ity that these factors are involved to the development of EIN and carcinoma [37].
Furthermore, insulin plays a role in the induction of androgen synthesis by the
adrenals and ovaries, thereby providing additional substrate for aromatase [38].
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Chapter 6
Obesity, Adipokines, and Gynecologic Cancer

Elizabeth V. Connor, Ofer Reizes, and Caner Saygin

Abstract The evidence that obesity and excess fat in adipose tissue lead to poor
prognosis for gynecological cancers is overwhelming. Indeed, obese women are at
two to fourfold greater risk of developing endometriod cancer than normal weight
women. Further, obese women with a BMI greater than 40 have a sixfold increased
relative risk of death from uterine cancer compared to women with BMI of 25 or less.
Adipose tissue is now well recognized as an endocrine organ capable of secreting
factors called adipokines that act locally and on other organ systems, tissues, and
tumors. This chapter will review the existing evidence that adipose-derived factors
promote both the initiation and progression of gynecological cancers. Where avail-
able, we will discuss the evidence for interaction with specific gynecological organs
sites and define future directions for approaches to disrupt the obesity-cancer link.

Keywords Adipose tissue ¢ Adipokines ¢ Leptin ¢ Adiponectin * Gynecological
cancer ¢ Uterine * Endometrial ¢ Cervical ¢ Ovarian

Introduction

Adipokines and the Adipose Organ

While the association between obesity and malignancy is well established, we
seldom consider adipose tissue, the fat-storing organ, as a participant in the develop-
ment of malignancy. Adipose tissue is composed of lipid-filled adipocytes, pre-
adipocytes, loose connective tissue, surrounding collagen fibers, vasculature,
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fibroblasts, and immune cells. There are two types of adipose tissue: white adipose
tissue (WAT) and brown adipose tissue (BAT). WAT primarily stores energy in the
form of fatty acids and dominates the subcutaneous and visceral fat pads in the
body. BAT is capable of generating heat by uncoupling of the respiratory chain in
mitochondria, and though traditionally only found in neonates and infants, BAT has
more recently been identified in visceral fat in adult humans [1]. In general, 85% of
adipose tissue in humans is subcutaneous, approximately 10% is located in the
omentum, and the remaining 5% is dispersed as visceral fat surrounding organs
such as the heart, kidneys, and lymph nodes [2] (Fig. 6.1).

The discovery of the first adipokine two decades ago has led to a better under-
standing of the larger role that adipose tissue plays at both the cellular and systemic
level. Adipokines (also known as adipocytokines) are proteins secreted by adipo-
cytes that can act locally (through autocrine or paracrine function) or systemically
(through endocrine function) to exert effects on steroidogenesis, immune response,
and metabolism. Adipose tissue is known to secrete at least twenty of these effector
proteins, making it a complex organ with key endocrine, metabolic, and immuno-
modulatory roles. Only recent investigation has linked adipokines to the develop-
ment and course of malignancy.

Of the gynecologic cancers, ovarian and endometrial cancers are associated with
obesity. For each 5 kg/m? increase in body mass index (BMI), risk of developing ovar-
ian cancer increases by a factor of 1.03 compared to 1.52 for endometrial cancer [3].
These two gynecologic malignancies represent ideal models for the study of adipokines

Fig. 6.1 Adipose tissue
distribution. Adipose tissue
is primarily located in the
subcutaneous fat, but is
also present in the

omentum and viscera Visceral Fat

(5%)

Omentum

Sub-cutaneous Fat
(859’0)
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as they relate to obesity, metabolic dysregulation, and cancer. This chapter will present
the most well-studied adipokines, their mechanisms of action, and current evidence
for involvement in the development of ovarian and endometrial cancers.

The Ovary

The ovary is the female gonadal organ and an active endocrine organ. The ovary is
composed of an inner medulla, an outer cortex, and a hilum containing the ovarian
vessels and lymphatics. The ovary is surrounded by an epithelial cell lining. The
cortex houses the germinal epithelium and ovarian follicles. The medulla consists of
connective tissue, contractile cells, and interstitial cells. The interstitial cells imme-
diately surrounding a developing follicle undergo differentiation to become theca
cells (Fig. 6.2).

Theca cells and granulosa cells are the hormone-producing machinery of the
ovary. The theca cells express LH receptors and in response to LH convert choles-
terol to progesterone and androstenedione, a weak androgen. Androstenedione dif-
fuses across the basement membrane of the theca cell into the granulosa cell. In the
granulosa cell, FSH activates aromatase conversion of the androstenedione to
estrone and estradiol for systemic release (Fig. 6.3).

Endometrium

| L Myometrium
~ Stratum Basalis

+ Stratum Functionalis

Ovary/>/ \
* Medull itheli
« Corte Epithelial

lining

Fig. 6.2 Gynecologic osrgans. The structure of the ovary supports hormone production and hor-
mone effects such as follicular development and ovulation. The layers of the endometrium respond
to hormone fluctuations by proliferating and shedding
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Fig. 6.3 Hormone production and effects. Progesterone and estradiol are produced in the ovarian
theca and granulosa cells respectively. In the adipose tissue, androgens are converted to estrone, a
weak estrogen. Estradiol and estrone promote proliferation of the endometrium, while progester-
one promotes stability of the endometrium

In postmenopausal women, follicles are depleted and progesterone and estradiol
production sharply declines as the ovary atrophies. Levels of LH and FSH are ele-
vated, but are only able to stimulate androstenedione production in the ovarian stro-
mal cells. This androstenedione is converted to estrone, a weak estrogen, in the
peripheral adipose tissue and becomes the primary source of estrogen. Production
of estrone in postmenopausal women is directly related to adipose mass.

The Endometrium

While the endometrium is not an endocrine organ, it is a dynamic hormone-
responsive organ. The endometrium lines the cavity of the uterus and is composed
of two layers: the basalis layer and the functionalis layer. As their names imply, the
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basalis layer forms a base along the uterine myometrium and provides stability
through the menstrual cycle while the functionalis layer faces the uterine cavity and
proliferates (proliferative phase) then sheds (secretory or luteal phase) with each
cycle. Estradiol and progesterone drive the proliferative and luteal phases of the
menstrual cycle respectively, and receptor expression is highly regulated over the
course of the cycle.

At menopause, cyclic hormone production in the ovary ceases, and the decrease
in estrogen causes the endometrium to atrophy. Instead of the potent estradiol
released by the premenopausal ovary, estrone produced by peripheral conversion of
androstenedione in the adipose tissue becomes the primary circulating estrogen. In
the presence of endogenous or exogenous estrogen excess, the endometrium retains
the ability to proliferate in response. Uncontrolled proliferation can lead to post-
menopausal bleeding or may be visualized as a thickened endometrial stripe on
transvaginal ultrasound.

Leptin

Douglas Coleman and Jeffrey Friedman are credited with the discovery of a novel
hormone produced by adipocytes and capable of suppressing food intake and body
weight in mice. The hormone was named “leptin” from the Greek word leptos
meaning thin. Leptin is a 16 kDa (167 amino acid) peptide hormone encoded by the
obese (OB or LEP) gene and secreted by adipocytes that acts in the hypothalamus
to regulate satiety and control energy metabolism [4, 5]. Leptin circulates in the
plasma either as a free hormone or bound to a soluble protein receptor.

The leptin receptor (Ob-R or LEPR) is a transmembrane receptor with six known
isoforms (Ob-R,-Ob-R;) and a member of the class I cytokine receptor family.
LEPR has been identified in multiple tissue sites including the hypothalamus, lung,
kidney, and ovary [6]. The extracellular domain of LEPR is similar among isoforms,
while the intracellular domain demonstrates variability as a result of alternative
RNA splicing at the C-terminus. Isoforms are classified based on the length of the
intracellular domain: long, short, or soluble. In the membrane-bound isoforms,
structure of the intracellular domain affects downstream pathway activation.
Activation of LEPR may result in JAK-STAT, MAPK, and PI3K pathway activation
and is associated with transcription regulation, cell proliferation and survival.

Normally, circulating levels of leptin are proportional to fat mass and increase
with increasing body weight. The ratio of free to bound leptin is variable and high-
est in obese individuals, in which free leptin is believed to act as a signal of satiety.
In the case of either leptin deficiency or receptor deficiency, satiety is not conveyed
and an obese phenotype results. When leptin reaches very high levels in obesity,
intracellular signaling may be disrupted leading to leptin resistance. This results in
reduced appetite suppression and paradoxically increasing adiposity.
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Leptin and the Ovary

Leptin was first discovered as a secreted product of adipocytes; however, other tissues
are now known to secrete leptin, including the placenta, ovaries, skeletal muscle, and
stomach [7]. Leptin protein has been identified in ovarian granulosa, theca, stromal,
and luteal cells as well as in follicular fluid [6, 8]. However, leptin mRNA has only
been identified in granulosa and theca cells, suggesting that leptin is produced in these
cells and transported to other sites in the ovary [6]. LEPR is expressed in human, rat,
cattle, and porcine granulosa and theca cells [9]. LEPR mRNA has been identified in
ovarian tissue, confirming production of the receptor in the ovary [6].

Leptin has been shown to affect steroidogenesis, and not surprisingly, has shown
effects on ovulation in vitro and in vivo [10-13]. Interestingly, LEPR expression
fluctuates in concert with the menstrual cycle, suggesting ties to the hormonal regu-
lation of ovarian function [14]. Leptin increases serum luteinizing hormone (LH)
and reduces estradiol [8, 14], which supports a more specific role in regulating
ovulation. Leptin is additionally capable of facilitating oocyte maturation by activa-
tion of the MAPK pathway [9], and has been shown to increase meiotic resumption
in pre-ovulatory oocytes [6].

Leptin Tumorigenic Effects and Pathways in Ovarian Cancer

In various malignancies, leptin has been shown to mediate tumorigenic effects
through JAK/STAT, ERK, and PI3K pathways to promote cell proliferation, migra-
tion, invasion, angiogenesis and survival [15]. The PI3K pathway is the most exten-
sively studied in ovarian cancer, and leptin-induced PI3K pathway activation is
associated with proliferation in ovarian cancer cells [16-20]. Several investigators
have demonstrated inhibition of leptin’s tumorigenic effects through direct PI3K
inhibition [17, 18, 20]. Additionally, gene silencing of the leptin receptor is associ-
ated with downregulation of phosphorylated Akt and the PI3K axis [20]. Leptin
activation of the JAK/STAT pathway has also been demonstrated in ovarian cancer,
as well as reversal of this effect with a STAT3 inhibitor [19, 21]. There is also sup-
port for leptin activation of MEK-ERK1/2 [16, 21] as well as p38 MAPK [21].
Leptin also has anti-apoptotic effects that promote cell survival. Leptin has been
shown to suppress pro-apoptotic proteins Bad, tumor necrosis factor receptor
(TNFR1), and caspase-6 [22]. Additionally, increased expression of the leptin
receptor is associated with increased expression of pro-apoptotic proteins Bcl-XL
and XIAP [20].

Given the close relationship between leptin and hormonal regulation of normal
ovarian tissue, there has been some investigation into the hormone-dependent
effects of leptin on ovarian cancer cells. Choi et al. reported increased leptin-
induced proliferative effects on ovarian cancer cell lines OVCAR-3 and A2780
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after transfection with estrogen receptor-a [17]. Kasiappan et al. demonstrated that
leptin was capable of increasing cell proliferation through estrogen receptor-o acti-
vation, and this was suppressed by administration of vitamin D3 [23]. More inves-
tigation is needed to better establish the hormone-dependent and -independent
mechanisms of leptin action in the ovary.

Leptin as a Biomarker in Ovarian Cancer

Despite the established tumorigenic potential of leptin, the majority of current
research has demonstrated lower levels of leptin in ovarian cancer patients com-
pared to controls [24-28]. This is opposite the trend seen in other cancers such as
breast and endometrial cancer, and may reflect the poor nutritional status or cachexia
that is characteristic of advanced stage disease. Given the difference in leptin levels
in women with ovarian cancer, investigators have proposed that decreased leptin
may be an independent predictor of ovarian malignancy in women with adnexal
masses. However, two studies have failed to identify leptin as an independent pre-
dictor of ovarian malignancy [29, 30]. The predictive value of leptin has shown to
be more promising when considered in combination with other analytes. Mor et al.
reported that a panel of four analytes (leptin, prolactin, osteoponin and insulin-like
growth factor II) was able to discriminate between malignant and benign controls
with sensitivity and specificity of 95%, yielding a positive predictive value of 95%
[26]. Visintin et al. later proposed a panel of six analytes (the four tested by Mor
et al., as well as macrophage inhibitory factor and CA-125), and reported accuracy
of 98.7% in distinguishing ovarian cancer patients from healthy controls [28]. In
both studies, leptin was lower in women with ovarian cancer compared to controls.

More recently, leptin has been evaluated as a biomarker for the prediction of
clinical outcomes in ovarian cancer. Most studies report that with disease progres-
sion, leptin levels further decrease while leptin receptors are over-expressed [19, 20,
25]. Grabowski et al. reported leptin levels in ovarian cancers at diagnosis, after
cytoreductive surgery, and after adjuvant chemotherapy and remission. They found
that leptin levels increased postoperatively and with remission, which suggests that
leptin levels may be an effective marker of residual disease burden after cytoreduc-
tive surgery or a marker of response to chemotherapy. Leptin receptor expression
has also been studied with regard to clinical outcomes. LEPR overexpression cor-
relates with poorer progression-free survival [19, 20]. Additionally, one study found
that leptin receptors are more highly expressed in metastases and ascites than in
primary tumor tissue, further supporting that receptor overexpression correlates
with progressive disease [19]. Taken together, these findings suggest that leptin and
LEPR may be useful biomarkers for identifying risk of malignancy or guiding sur-
veillance and treatment in women with ovarian cancer.
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Leptin and the Endometrium

Both leptin and LEPR are expressed in the human endometrium [31]. Leptin modu-
lates chemokine expression among endometrial stromal and epithelial cells and spe-
cifically increases secretion of IL-6, IL-8, GRO-a, MCP-1, and MIP-3«a [32]. In
endometrial epithelial cells, leptin stimulates proliferation in a dose-dependent
fashion, but also enhances growth inhibition and DNA fragmentation, suggesting
that it acts in a regulatory role to control growth of the endometrial lining [33].

There has been much investigation in the role of leptin as it relates to both fertil-
ity and endometriosis. Leptin expression is lower and LEPR expression is higher in
women with infertility secondary to implantation failure, and leptin is believed to
have a role in preparing the endometrial lining for successful implantation of the
blastocyst [34]. Conversely, women with endometriosis exhibit higher levels of
leptin in the serum and peritoneal fluid, even when controlling for BMI [35]. Leptin
expression is also increased in endometriomas and endometriotic foci [36]. Leptin
has demonstrated a stimulatory effect on proliferation, migration, and invasion in
endometriotic epithelial cells and exerts this effect through JAK/STAT and ERK
pathway activation [37, 38]. The higher levels of leptin in endometriosis and leptin’s
known pro-inflammatory and proliferative effects suggest that leptin may contribute
to the initiation or progression of endometriosis in women.

Leptin as a Biomarker in Endometrial Cancer

Leptin level and leptin-to-adiponectin ratio are elevated in women with endometrial
cancer, even after accounting for BMI [39-41]. Leptin level is associated with
increasing depth of invasion and lymph node metastasis as well as poorer overall
survival [42]. LEPR is more highly expressed in women with endometrial cancer
[43], but there is inconsistent evidence supporting whether increased expression of
LEPR correlates with higher grade and stage [42, 44, 45].

Leptin Pathway Activation in Endometrial Cancer

Several studies have demonstrated that leptin has a stimulatory effect on endome-
trial cancer cell proliferation and invasion via activation of JAK/STAT, MAPK and
ERK1/2, and PI3K/Akt [46—48]. Leptin also decreases apoptosis of endometrial
adenocarcinoma cells via NFkB pathway activation [45]. Further evidence has
shown that leptin regulates VEGF and increases expression of VEGF and VEGF-R
in endometrial cells, and that this effect is greater in malignant cell lines [49]. This
pro-angiogenic effect is dependent on leptin activation of JAK2 and subsequent
activation of the PI3K and MAPK pathways [49]. Thus, leptin has been shown to
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increase proliferation and invasion, increase release of pro-angiogenic factor VEGF,
and decrease apoptosis, which may contribute to the development and progression
of endometrial cancer.

Given that leptin is increased in women with endometrial cancer and given its
well-established tumorigenic effects, leptin may represent a therapeutic target. In a
recent prospective study, brief pre-operative treatment of women with endometrial
cancer with metformin resulted in decreased serum level of leptin, demonstrating
that leptin level is modifiable [50]. More investigation is needed to evaluate whether
treatment with metformin has effects of tumorigenesis or clinical outcomes.

Adiponectin

Scherer et al. identified adiponectin in 1995 as the most highly expressed mRNA
transcript in adipocytes [51]. Adiponectin is a 30 kDa protein (244 amino acids) that
is encoded by the AdipoQ gene and secreted by adipocytes. Adiponectin is the only
adipokine that is inversely proportional to fat mass. There are four described iso-
forms of adiponectin: a homotrimer (90 kDa), a hexamer composed of two homotri-
mers, a low molecular weight (LMW) form (180 kDa), and a high molecular weight
(HMW) form (360—400 kDa) [52].

Adiponectin binds to adiponectin receptor 1 (AdipoR1) and adiponectin receptor
2 (AdipoR?2), which are transmembrane receptors, as well as T-cadherin. Binding of
adiponectin to AdipoR1 results in stimulation of the adenosine monophosphate-
activated protein kinase (AMPK) pathway, which regulates lipid and glucose
metabolism as well as cell proliferation, migration, and angiogenesis [53]. Binding
to AdipoR2 activates peroxisome proliferator-activated receptor alpha (PPAR),
which regulates glucose metabolism and insulin sensitivity [53]. PPARa further
inhibits NFxB, thereby decreasing proliferation, survival, cell migration, as well as
a cascade of inflammatory cytokines. Both AdipoR1 and AdipoR2 stimulate ceram-
idase, decreasing ceramide while increasing sphingosine 1-phosphate levels and
protecting against apoptosis [54].

Normally, adiponectin increases glucose uptake and utilization in muscle tissue
while suppressing glucose production in the liver and decreasing triglyceride con-
centrations through upregulation of AMPK [55]. Obesity is associated with lower
adiponectin levels as well as decreased expression of its receptors [56, 57].
Conversely, weight loss has been shown to increase adiponectin levels [58].

Adiponectin and the Ovary

Adiponectin and its receptors AdipoR1 and AdipoR?2 are produced in ovarian tissue
and expressed differentially in ovarian tissue [59, 60]. Adiponectin mRNA and pro-
tein have been isolated in the theca, corpus luteum, oocyte, and follicular fluid.



82 E.V. Connor et al.

AdipoR1 mRNA and protein have been isolated in granulosa cells, theca cells, the
corpus luteum, and the oocyte whereas AdipoR?2 has only been isolated in the gran-
ulosa cells, the corpus luteum, and the oocyte. As discussed previously, AMPK and
PPAR« are key effectors of adiponectin upon binding to its receptor. PPAR isoforms
and AMPK have been demonstrated in multiple ovarian models [61-66]. Importantly,
AMPK is known to have a regulatory role on steroidogenesis in the ovary by
decreasing progesterone production in the granulosa cells [66, 67].

Given the downstream metabolic and hormonal regulation in the ovary, adipo-
nectin has been extensively investigated in the context of Polycystic Ovary Syndrome
(PCOS). Low adiponectin is predictive of PCOS in women independent of body
mass, and is independently associated with insulin resistance and the metabolic
syndrome [68-72]. Expression of adipokine receptors AdipoR1 and AdipoR2 is
also lower in polycystic ovaries compared to normal ovaries [73]. Normally adipo-
nectin suppresses steroidogenesis in the ovary, and low levels of adiponectin corre-
late with higher levels of estradiol, progesterone, and hyperandrogenism [73].
Conditions of androgen excess have been shown to inhibit adiponectin secretion by
adipocytes in obese women with PCOS, further lowering adiponectin levels in these
women [74]. Lower adiponectin in women with PCOS additionally correlates with
increased folliculogenesis and polycystic appearing ovaries [75]. Metformin, a big-
uanide classically used to decrease insulin resistance in type II diabetes, activates
AMPK pathway to decrease excess steroidogenesis and is now commonly used to
increase ovulation in women with PCOS and infertility [76].

Adiponectin and Ovarian Cancer

Serum adiponectin levels are lower in patients with ovarian cancer compared to
controls [24, 77]; however, adiponectin levels have not been shown to correlate
with progression of disease [24]. One study found no difference in serum adipo-
nectin in women with ovarian malignancy when compared to women with bor-
derline or benign ovarian masses [78]. Two studies have reported on adiponectin
receptor expression in ovarian cancer in chicken models. Océn-Grove et al.
demonstrated decreased adipoR1 mRNA expression in cancerous ovaries com-
pared to normal ovarian tissue [79]. Tiwari et al. reported decreased mRNA
levels of adiponectin, adipoR1, and adipoR2 in cancerous ovaries and ovarian
cancer cell lines as compared to normal ovaries and cells [80]. However, in these
studies protein expression was inconsistent with respect to malignancy. AdipoR1
protein expression was not different in malignancy versus controls, and adipoR2
protein was increased in cancerous ovarian tissue but decreased in the ovarian
cancer cell line as compared to their respective controls. Notably, serum adipo-
nectin did not vary between the groups, so results may not be reflective of a
human population.

Currently there is only one study associating adiponectin level with clinical out-
comes in women with ovarian cancer. Diaz et al. evaluated leptin and adiponectin
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levels in women with ovarian cancer and found that lower leptin-to-adiponectin
ratios were associated with improved progression-free survival (57 months in low-
est tertile, 49 months in median tertile, and 37 months in high tertile) [81].

Adiponectin and Targeted Pathways in Ovarian Cancer

Adiponectin’s activation of AMPK and PPAR« leads to respective inhibition of
mTOR/PI3K-Akt and NFxB, cumulatively resulting in regulation of cell survival,
proliferation, and migration. The direct tumor suppressor effects of adiponectin
have been studied in a range of malignancies including breast, endometrial, and
colorectal carcinomas. Particularly in breast cancer, adiponectin has been shown to
decrease proliferation [82], invasion, migration [83], and increases apoptosis
[84-86].

While studies investigating the direct effects of adiponectin in ovarian cancer are
lacking, there is building evidence for the use of metformin to activate AMPK and
PPARa pathways in an effort to suppress tumorigenic effects. Metformin has been
shown to decrease tumor growth, tumor cell proliferation, angiogenesis, and metas-
tasis in mouse models [87-89]. Metformin in combination with standard chemo-
therapy has also demonstrated ability to reduce tumor volume beyond the effect of
cisplatin or paclitaxel alone in mice [87, 89]. Retrospective studies have shown that
long-term metformin use is associated with a reduced risk of ovarian cancer and
improved progression-free survival [90, 91]. Currently, metformin is being evalu-
ated in combination with standard chemotherapy for safety and efficacy in the treat-
ment of advanced ovarian, fallopian tube, and primary peritoneal carcinomas
(NCT02312661, NCT02437812, NCT02122185).

Adiponectin and the Endometrium

The epithelial and stromal cells of the endometrium express adiponectin and its
receptors, and expression of adipoR1 and adipoR?2 increases in the midluteal phase
of the menstrual cycle coincident with embryo implantation [92]. In the normal
human endometrium, adiponectin receptor activation results in increased phosphor-
ylation of AMPK and increased secretion of IL-6, IL-8, and monocyte chemoattrac-
tant protein 1 from the endometrial stromal cells [92]. For these reasons, adiponectin
is believed to play a regulatory role in energy homeostasis and control of inflamma-
tion in the endometrial lining. High levels of adiponectin may represent stability of
the endometrium and ideal conditions for regulated menstrual cycles and successful
implantation of a developing embryo.

Adiponectin levels have been closely studied in the context of endometriosis, infer-
tility, and PCOS, all of which involve dysregulation of the endometrium. Takemura
et al. reported that adiponectin is significantly lower in women with endometriosis com-
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pared to controls, suggesting a link between adiponectin and the increased inflamma-
tion and endometrial dysfunction seen in endometriosis [93]. Given the suspected role
of adiponectin in endometrial stability, Dos Santos et al. investigated expression of adi-
ponectin and its receptors in the endometrial lining of women diagnosed with implanta-
tion failure as a cause of infertility. They found that while endometrial adiponectin was
similar in these women compared to controls, women with implantation failure had
significantly lower expression of adipoR1 and adipoR2 [34]. Adiponectin and adipo-
nectin receptor expression are lower in women with PCOS, even when accounting for
BMI [94, 95]. In vitro studies have shown that increased levels of testosterone and
insulin lower adiponectin and its receptors in endometrial stromal cells, which suggests
that the hyperandrogenism and hyperinsulinemia in PCOS cause endometrial dysfunc-
tion through reduction of adiponectin and subsequent inflammation [95].

Adiponectin as a Biomarker in Endometrial Cancer

Multiple large meta-analyses of almost 2000 women with endometrial cancer have
demonstrated lower serum adiponectin levels in women with endometrial cancer [40,
96, 97]. This finding is further supported by a prospective study of 99 postmenopausal
women with either vaginal bleeding or thickened endometrial stripe on imaging who
underwent dilation and curettage followed by hysterectomy [98]. Both adiponectin
and adiponectin/leptin index were predictive of endometrial cancer in this population,
and adiponectin/leptin index demonstrated higher discrimination than adiponectin
alone [98]. While adiponectin level has not been shown to correlate with clinical
stage, adiponectin is lower in high grade cancers [99]. Given these relationships, adi-
ponectin demonstrates potential utility in identifying women at risk of developing
endometrial cancer and predicting more aggressive variants of this cancer.

There is less consistency on the relationship between adipoR1 and adipoR2
expression in endometrial cancers. Moon et al. in 2011 reported that overall adipoR
expression was not significantly different in endometrial cancer compared to nor-
mal endometrial tissue [100]. Alternatively, Yamauchi et al. reported that both adi-
poR1 and adipoR?2 were significantly decreased in endometrial cancers compared to
controls, and that lower levels of adipoR1 and adipoR2 expression correlated with
higher grade, increased myometrial invasion, and lymph node metastasis [101].
More investigation is needed to better understand patterns of receptor expression in
endometrial cancers.

Adiponectin and Targeted Pathways in Endometrial Cancer

Adiponectin has a suppressive effect on proliferation and increases apoptosis in
endometrial cancer cell lines [100, 102, 103]. Similar to its actions in other cells,
adiponectin activates AMPK in endometrial cancer cells, thereby inhibiting the Akt/
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mTOR pathway to suppress proliferation [100, 102]. Addition of an AMPK inhibi-
tor counteracts this effect and leads to cell proliferation [103].

As previously discussed with regard to ovarian cancer, metformin has emerged
as a therapeutic agent in endometrial cancer for its ability to exert anti-tumorigenic
effects similar to adiponectin. Retrospective evidence demonstrates improved over-
all survival and recurrence-free survival for women with endometrial cancer taking
metformin [104]. One prospective study demonstrated that even short-term metfor-
min treatment for 4—6 weeks prior to surgery for endometrial cancer resulted in
decreased endometrial growth as determined by immunohistochemical evaluation
of the tumor specimen with Ki-67 and topoisomerase Il [105]. There are multiple
ongoing clinical trials assessing metformin as an adjunct to treatment for endome-
trial cancer in both operative and non-operative patients.

Emerging Adipokines and Relevance to Gynecologic Cancers

Visfatin (Table 6.1)

Rongvaux et al. discovered in 2002 that two molecules currently under investiga-
tion, Pre-B-cell colony enhancing factor (PBEF) and nampt, were actually the same
molecule [106]. PBEF was identified as a cytokine secreted by leukocytes that
increased expression of several inflammatory mediators: TNF-a, IL-1B, and IL-6
[107, 108]. Nampt was identified as an enzyme with multiple roles, including
immune signaling and biosynthesis of NAD [108]. This 52 kDa molecule was later
termed visfatin, and was noted to be secreted by adipocytes [109].

Visfatin directly correlates with obesity and is also associated with insulin resis-
tance, adiposity, metabolic syndrome, type II diabetes, and cardiovascular disease
[110]. Transcription of visfatin is regulated by TNF, IL-6, and glucocorticoids
[111]. Neutrophils, monocytes, and macrophages are all capable of visfatin secre-
tion. Visfatin induces IL-6 and CD36 expression via the JNK and NFkB pathways
leading to differentiation of monocytes and macrophages [112]. Thus, visfatin rep-
resents a direct link between obesity and inflammation (Fig. 6.4).

Visfatin and Ovarian Cancer

Visfatin is expressed in ovarian granulosa cells, human cumulus cells, and oocytes
[113]. Visfatin is known to increase IGF-1-induced steroidogenesis as well as cell
proliferation [113]. Not surprisingly, PCOS is associated with elevated serum levels
of visfatin, and visfatin correlates with higher total cholesterol, LDL cholesterol,
triglycerides, lipoprotein a, and homocysteine [114, 115].

Visfatin is more highly expressed in ovarian cancers as compared to benign tis-
sue controls [116]. Additionally, an elevated level of visfatin in the ascites of women
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with ovarian cancer is associated with more extensive intraperitoneal dissemination
[117]. In vitro, ascites-derived visfatin increases migration in ovarian cancer cell
line CAOV-3 and this effect is reversed with Rho/ROCK inhibition [117]. More
recently, a visfatin inhibitor (FK866) demonstrated effective reduction of tumor cell
proliferation in vivo alone and in combination with a CD73 inhibitor [118]. More
investigation is needed to better evaluate visfatin as a potential therapeutic target in
ovarian cancer.

Visfatin and Endometrial Cancer

There are currently no studies documenting the effect of visfatin on the normal
endometrium. However, the human endometrium does express visfatin and both
serum level and endometrial tissue expression of visfatin are higher in women with
endometrial cancer [119-121]. Higher endometrial tissue expression of visfatin cor-
relates with advanced stage, increased depth of myometrial invasion, and poorer
overall survival [121]. Higher serum visfatin level correlates with increased myo-
metrial invasion and increased lymph node metastasis [119]. Thus, visfatin may be
a useful predictive or prognostic biomarker.

Recent in vitro studies have demonstrated that visfatin exposure increases prolif-
eration and decreases apoptosis in endometrial cancer cell lines [122]. Visfatin
increases expression of the insulin receptor and activates the PI3K/Akt and MAPK
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and ERK1/2 pathways [122]. These findings were subsequently confirmed in an
in vivo mouse model, which demonstrated increased proliferation of cancer cells
when treated with visfatin [122]. In vitro proliferative and anti-apoptotic effects
were abrogated by addition of PI3K and MEK inhibitors, further suggesting that
visfatin may be useful in guiding therapy for endometrial cancer [122].

Resistin

Resistin is a 12.5 kDa (92 amino acid) molecule encoded by the RETN gene and first
described in 2001 [123]. Resistin was identified as an adipokine secreted by adipo-
cytes and highly correlated with insulin resistance in a mouse model [123]. However,
human studies failed to replicate this finding, and further investigation has shown
that resistin is primarily produced by peripheral mononuclear cells and correlates
with inflammatory state rather than adiposity [124].

Resistin drives inflammation through multiple mechanisms. Resistin binds Toll-
like receptor 4 (TLR4) to activate PI3K, p38 MAPK and NFkB pathways [125,
126]. Activation of PI3K and MAPK pathways leads to a subsequent release of a
cascade of inflammatory mediators as well as factors to promote cell proliferation
and survival. Further, resistin has been shown to enhance secretion of pro-
inflammatory cytokines TNF-a and IL-12 in macrophages via the NFkB pathway
[125]. Resistin also promotes epithelial cell activation by promoting endothelin-1
(ET-1) release, upregulating adhesion molecules, and downregulating TRAF-3, an
inhibitor of CD40 signaling [127].

Resistin and Ovarian Cancer

Resistin expression has been demonstrated in both human and animal ovarian mod-
els [14]. Porcine studies did not show any effect of resistin on granulosa cell prolif-
eration, but did show inhibition of caspase activity and DNA fragmentation
suggesting an effect on cell survival [128]. While there is conflicting evidence of
whether serum resistin is elevated in women with PCOS, resistin does indepen-
dently correlate with insulin resistance, increasing BMI, and elevated testosterone
in these women [129-131].

There are minimal studies investigating the role of resistin in ovarian malig-
nancy. A single study showed that resistin increased expression of VEGF mRNA
and protein in an ovarian cancer cell line via a PI3K/Akt dependent pathway [132].
More investigation is needed to better assess the possible pro-angiogenic effects of
resistin in ovarian cancer.
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Resistin and Endometrial Cancer

There are even fewer investigations into the relationship between resistin and endo-
metrial cancer. Two small studies demonstrated higher serum resistin in women
with endometrial cancer compared to matched controls [119, 133]. Additionally,
higher resistin levels in one study correlated with increased lymph node metastasis
[119]. Especially given the established ability of resistin to promote an inflamma-
tory microenvironment, more investigation is warranted to explore the impact of
visfatin on the development and progression of endometrial cancer.

Chemerin

Chemerin is a 16 kDa protein that was discovered as a chemoattractant for immune
cells including natural killer cells, macrophages, and dendritic cells [134]. Chemerin
binds to a G protein-coupled receptor (CMKLR1) expressed on the surface of adi-
pocytes and immune cells to induce Ca2+ influx, increase in intracellular cAMP,
and activation of MAPK and ERK 1/2 [15]. This cascade promotes adipocyte dif-
ferentiation and chemotaxis of additional CMKLR-1-expressing cells [135].
Chemerin is also highly associated with increasing BMI and metabolic syndrome
[136]. Thus, chemerin represents a link between metabolic dysregulation and the
chronic inflammatory state.

Chemerin and the Ovary

Chemerin and its receptor CMKLR1 are expressed in human ovarian granulosa
cells [137]. Serum chemerin is increased in obese women and is particularly ele-
vated in women with PCOS [138-142]. Chemerin levels also correlate indepen-
dently with BMI, abdominal fat content, insulin resistance, androgen levels, ovarian
volume, triglyceride level, total cholesterol, LDL cholesterol, in women with PCOS
[138, 140, 142—-144]. This is at least in part due to direct effect of chemerin on ste-
roidogenesis in the ovary. Chemerin reduces progesterone and estradiol production
in ovarian granulosa cells via a MAPK-dependent pathway [145]. Chemerin also
suppresses aromatase expression in granulosa cells and inhibits progesterone and
estradiol secretion in ovarian follicles [146]. Taken as a whole, this supports that
dysfunctional secretion of chemerin has direct impact on hormonal production and
effect in the ovary. Additionally, chemerin levels are higher in the peritoneal fluid of
women with endometriosis and are associated with higher levels of inflammatory
cytokines TNF-a and IL-6 in these women [147]. So, in addition to demonstrating
steroidogenic effects on the ovary, chemerin is also associated with pro-inflammatory
conditions in the ovary and peritoneum. Despite this, there are currently no data to
support a relationship between chemerin and ovarian cancer.
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Chemerin and the Endometrium

Chemerin also has yet to be linked to endometrial cancer. However, chemerin has
been shown to have higher expression in endometrial stromal cells in early preg-
nancy and is known to support natural killer cell migration to the endometrium and
decidualization of the endometrial tissue to prepare for pregnancy [148]. This seems
to suggest that chemerin is capable of both regulating immune response in the endo-
metrium and inducing vascular remodeling in the endometrial tissue, both of which
may affect malignant development and progression.

Chemerin and Malignancy

The majority of current research linking chemerin to malignancy is in the context of
gastric and esophageal cancers. Elevated chemerin levels are associated with increased
risk of developing colorectal cancer [149]. In patients with gastric cancer, increased
chemerin level is associated with advanced stage and poorer prognosis [144, 150]. At
the cellular level, this is believed to be due to chemerin’s ability to stimulate invasion
in both gastric cancer and esophageal squamous cancers [151, 152].

Omentin

Discovered in 2006, omentin-1 is a 31 kDa protein secreted from adipocytes that
enhances insulin sensitivity and regulates glucose metabolism via Akt signaling
[153]. Omentin also mediates the inflammatory response through activation of
AMPK and suppression of JNK pathway [154]. Omentin levels are lower in condi-
tions of obesity and insulin resistance [155].

Omentin and the Ovary

While ovarian tissue studies of omentin have not been reported, there has been
investigation into the relationship between omentin and PCOS. Several studies
have reported decreased omentin levels in women with PCOS independent of BMI
[156-158]. Omentin is inversely correlated with androgen levels in women with
PCOS, supporting a possible link between omentin, steroidogenesis, and hyper-
androgenism [156]. Interestingly, treatment of these women with metformin
resulted in increased serum omentin [159]. Despite these findings, there are no
published studies investigating the effects of omentin in the ovary at the cellular or
tissue level.
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Omentin and the Endometrium

There are currently no studies reporting omentin expression in the endometrium, or
omentin levels as they relate to endometrial cancer. One recent prospective trial did
demonstrate that pre-operative treatment of endometrial cancer patients with met-
formin lowered omentin levels [50]; however, the clinical relevance of this is yet to
be determined.

Omentin and Malignancy

While there are no data relating omentin to gynecologic cancers, there are published
data in hepatocellular carcinoma, colorectal, and prostate cancers. Omentin has
been shown to inhibit cellular proliferation and induce apoptosis through Sirtl
deacetylase and JNK signaling in hepatocellular carcinoma cell lines [160]. Despite
these demonstrated tumor suppressive effects, omentin levels are known to be
higher in patients with colorectal cancer and prostate cancer [161-163]. Evidently,
more investigation is needed to better elucidate the role of omentin in human
malignancy.

Apelin

Apelin was first discovered by Tatemoto et al. in 1998 after they successfully iso-
lated apelin peptide from bovine stomach and demonstrated binding to the APJ G
protein-coupled receptor [164]. Apelin circulates as one of three active forms, rang-
ing from 13 to 36 amino acids in size [165]. When bound to the APJ receptor, apelin
is believed to activate ERK and Akt pathways, promoting cellular proliferation
[165]. There is also evidence that activation of the APJ receptor may lead to intra-
cellular cAMP accumulation [165].

Since its discovery, apelin has been identified as an important regulator of the
cardiovascular system. Apelin promotes proliferation and migration of endothelial
cells and is a potent angiogenic factor in tissues [14, 165]. At the systemic level,
apelin is believed to play a role in cardiovascular remodeling and fluid homeostasis.
In the peripheral adipose tissue, apelin increases glucose uptake and decreases insu-
lin resistance and adiposity. However, levels of apelin are paradoxically higher in
obese individuals and those with type II diabetes [166].

Apelin and the Ovary
Apelin and its receptor APJ are expressed in the theca cells of bovine ovaries, and

the APJ receptor is expressed in granulosa cells [167]. In the theca cells, LH induces
increased expression of apelin and APJ, suggesting that conditions of elevated LH
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such as ovulation and PCOS may increase apelin [167]. Apelin may play a regula-
tory role in follicular selection, as expression of apelin and APJ are both increased
in mature follicles [168].

Apelin and the Endometrium

Apelin is expressed by the glandular cells of the endometrium and exhibits higher
level of expression during the secretory phase of the menstrual cycle [169]. A com-
parison of apelin expression in women with and without endometriosis did not dem-
onstrate any differences [169]. There is a single study evaluating associating apelin
level with endometrial cancer. Altinkaya et al. found that women with endometrial
cancer demonstrated higher serum levels of apelin even when controlling for BMI
[170].

Apelin and Malignancy

Apelin has demonstrated higher expression in colon adenomas and adenocarcino-
mas [171]. Apelin has been more extensively studied in the context of lymphangio-
genesis. Apelin has been shown to bind APJ in lymphatic endothelial cells with
subsequent increased migration, survival, and formation of microvessels in vitro via
ERK and PI3K pathway activation [172]. In vivo, apelin overexpression is associ-
ated with accelerated tumor growth, lymphangiogenesis, and lymph node metasta-
sis [172]. Thus, apelin may play a role in progression of disease and may be useful
as a biomarker or therapeutic target particular in malignancies such as ovarian can-
cer that progress quickly and often present in an advanced stage.

Conclusion

The discovery of adipokines has expanded our current understanding of the rela-
tionship between obesity, metabolism, immune and endocrine function. With that
knowledge, adipokines are now being explored for their role in the development of
human malignancy. While obesity has long been associated with the development of
ovarian and endometrial cancers, investigation into the roles that adipokines play in
the diagnosis, course, and treatment of these cancers will hopefully bring us to a
better understanding of their nature and will help us to develop more effective man-
agement strategies for the women affected by these cancers.
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Chapter 7
Adipose Derived Stromal Cells in Gynecologic
Cancers

Aparna Mitra and Ann H. Klopp

Abstract Adipose stem cells or adipose derived stromal cells (ASC) are a unique
population of multipotent mesenchymal cells within adipose tissue which can be
readily isolated, expanded and differentiated in culture. When injected systemically
or regionally, ASC migrate into sites of injury, forming supportive mesenchymal
tissues, which contribute to wound healing. The capacity for expansion and homing
has made ASC a focus of investigation in regenerative medicine to repair injury to
organs, including the heart, joints or nervous tissues. ASC tropism for sites of injury
is driven by chemotactic cytokines, such as CXCL1 and SDF-1, which are also
secreted by tumors, which can similarly drive ASC into tumor stroma. Once
engrafted in tumors, ASC contribute to the formation of cancer stroma. ASC may be
particularly relevant in gynecologic cancers, which are surrounded by adipose
tissues, providing ample source of ASC to form tumor stroma.

Keywords Adipose stem cells—immune response ¢ Adipose stem cells—obesity
* Pericytes ® Adipose stem cells—ovarian cancer ® Adipose stem cells—endometrial
cancer

Defining Adipose Derived Stromal Cells

In 2001, adipose tissue was reported to be a plentiful source of mesenchymal stem
cells, which morphologically and functionally resemble bone marrow derived mesen-
chymal stem cells. These cells were named adipose derived stromal cells (ADSC) or
adipose stem cells (ASC) [1]. The International Federation for Adipose Therapeutics
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and Science (IFATS) defines ASC as plastic-adherent, multipotent cell population
that have characteristic cell surface marker expression (CD45-CD235a~CD31
~CD34"). ASC can be easily propagated in culture [2, 3]. In vivo, they can home to
tumors [4] where they contribute to cancer stroma [5]. ASC have similar morphology
and differentiation potential as bone marrow derived MSC with a similar cell surface
marker expression. [6]. ASC are isolated by enzymatically digesting adipose tissue,
centrifugation to remove mature adipocytes and culturing the remaining cells, known
as the stromal vascular fraction. These plastic adherent cells have characteristic cell
surface marker expression including expression of the hematopoietic lineage marker,
CD34, with absence of CD45 [7, 8]. ASC can be stimulated to differentiate into mes-
enchymal lineage cells, including adipocytes, chondrocytes, cardiac and skeletal
myocytes through culture with specific growth factors. Reports of differentiation into
insulin producing f} cells, hepatocytes and neuronal cells are less reproducible.

ASC in Regenerative Medicine

BM-MSC and ASC have been shown to function in repair of normal tissue damage
through growth factor secretion and differentiation into mesenchymal lineage cells.
ASCs are an appealing source of stem cells in regenerative medicine due to ease of
isolation, genomic stability, high expansion potential and low immunogenicity. The
high concentration of ASC results in fewer passages to generate sufficiently high
numbers of ASC for therapeutics and subsequently less risk of developing
chromosomal abnormalities [9-11]. ASC promote neovascularization through
secretion of growth factors including vascular endothelial growth factor (VEGF),
granulocyte/macrophage colony-stimulating factor (GM-CSF) , cell-derived stromal
factor 1-alpha (SDF-1la, hepatocyte growth factor (HGF), transforming growth
factor f (TGF f), and fibroblast growth factor 2 (FGF2).

The capacity of ASC to speed repair of normal tissue injury has led to investiga-
tion into ASC to treat cardiac, orthopedic and neurologic injury. Clinical trials are
testing the capacity of ASC to treat disease as diverse as diabetes, liver cirrhosis,
fistulas, cardiovascular disease, Crohn’s disease, atherosclerosis and bone [12].
Delivery of ASCs to infarcted heart of nude rats reduced infarct volume after 28 days
by increasing local angiogenesis along with cardiac nerve sprouting [13].
Intraglandular transplant of ASCs into submandibular glans of SD rats showed alle-
viation of xerostomia caused by radiation [14].

ASC may find applications in repair normal tissue injury to gynecologic organs
after cancer treatment. In rodent models of stress incontinence, periurethral injection
of ASC increased sphincter muscle volume and increased in maximum bladder
volume [15]. ASC may also have potential to regenerate the function of the ovary or
endometrium to restore fertility. ASC injected into chemotherapy damaged ovaries,
engrafted into the thecal layers, resulting in an increased number of corpus lutea and
ovarian follicles [16]. Treatment of thin endometrium in a rat model with ASC did
not have significant effects on endometrial gland density of volume, likely due to
low rates of engraftment in this model [17].
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Obesity and Adipose Derived Stromal Cells

Obesity increases ASC mobilization and impairs ASC differentiation potential.
Obesity is defined by expansion in adipose volume with adipocyte hypertrophy,
with accompanying metabolic, immune and cardiovascular abnormalities [18].
When the lipid storing capacity of the subcutaneous adipose tissue reaches satura-
tion, then fat is deposited in the visceral adipose that surrounds the abdominal
organs. Increase in visceral adipose volume is accompanied by concomitant
increase in secretion of adipokines from visceral fat cells [19]. As visceral and
subcutaneous adipose tissue expands, the population of pre-adipocytes within the
adipose tissue increases [20, 21] but the number of ASC within adipose tissue
decreases [11]. This hypertrophy induced decline in the number of ASCs within
tissue may be due to need to support remodeling of the extracellular matrix in
response to obesity as well as to accommodate the demand for adipocyte filling and
hyperplastic expansion [22].

High-fat diet-induced obesity increases adipose expansion in obesity through
MMP3 signaling ([23]). MMP?3 has been reported to regulate stem cells function in
mammary tissue through inactivation of wnt5b, suggesting that MMP3 effects on
ECM remodeling in adipose tissue may be due to changes in stem cell function [24].

Increase in adipose volume is also accompanied by an increase in the number of
circulating ASC. [25] The number of circulating ASC, detected with flow cytometry
as C34+ leukocytes, was significantly higher in obese patients as compared to lean
patients colorectal cancer [26].

Interestingly, addition of ASC improves dyslipidemia via activation of AMPK
and white fat tissue browning [27]. ASCs or umbilical cord derived stem cells were
administered via physiological saline into mice once a week for a total of three
weeks. ASC treated mice showed improved dyslipidemia and lower body weight.

Obesity can impair the stem cell characteristics of ASC, including differentiation
potential. Obese and visceral derived ASC have impaired capacity to differentiate
into cartilage, bone and adipocytes [27]. Obesity and depot source also impacts the
presence of stem cell markers in ASCs. Subcutaneous derived ASC from obese
individuals demonstrated marked reduction in stem cell markers, Oct4, Sal, Sox15,
Klf4 and BMII [28].

ASC and the Immune Response

ASC, like MSC, have immunosuppressive effects. MSC and ASC lack expression
of HLA-DR which renders them non-immunogenic [29]. The immunosuppressive
effect of MSC and ASC has been exploited to treat auto-immune disease, including
graft vs host disease, inflammatory bowel disease and systemic lupus erythemato-
sus. The same pathways that ASC utilize to suppress auto-immunity may suppress
the anti-tumor immune response and play a role in the tumor promoting effects of
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ASC observed in some models. Jagged 2, a ligand for Notch, appears to regulate the
immunomodulatory effects of ASC [30].

ASCs from obese individuals polarize T cell towards the pro-inflammatory TH17
lineage, thus creating a more inflammatory milieu [31]. Additionally, ASC from
obese individuals reduce insulin response in adipocytes through regulation of Th1/
Th17 balance and monocyte activation [32]. The impact of this immune modulation
in cancer progression has not been well studied.

ASC:s directly inhibit cytotoxic T-lymphocyte proliferation and increase prolif-
eration of the suppressive regulatory T-cell population (Tregs). One important
mechanism by which this occurs is through expression of indole amine 2,
3-dioxygenase (IDO) [33]. IDO converts tryptophan into kynurenine which inhibits
T cell activation and induces the proliferation of immunosuppressive Tregs.
Prostaglandin E2 may also mediate the immunosuppressive effects of ASC [34].
ASCs inhibited proliferation of lymphocytes in ASC/T lymphocyte co-cultures.
Inhibition of PGE2 allowed for T lymphocyte proliferation by decreasing IL10
secretion [33]. ASC have also been shown to suppress B-cells. Co-culture with ASC
reduces the formation of antibody producing plasma cells, suggesting that ASC may
have therapeutic potential in treatment of proliferative disease of B cell disorders
and preventing B-cell mediated rejection of organ transplants [35].

Impact of Adipose Depot on ASC Source

Visceral fat is intra-abdominal adipose tissue deposited around major abdominal
organs, including liver, pancreas and kidney. The major secretory product of visceral
fat is NEFA (Non esterified fatty acid) which promotes the liver to increase
production of triglycerides. Deposition of visceral adipose at abnormally high levels
can trigger many disease, including cardiovascular disease, metabolic syndromes
and hypertension. Assessing fasting triglycerides along with waist circumference is
important in evaluating the risk of developing these diseases.

Visceral adiposity may be particularly relevant in gynecologic cancers. Visceral
adipose surrounds gynecologic cancers and is a frequent site of metastasis for
ovarian and endometrial cancers. Visceral adipose is heavily infiltrated with immune
cells, as well as lymphatic and nervous tissue. The immunosuppressive regulatory
T-cells (Tregs) are more common in visceral adipose tissues. Tregs are a subset of
CD4+ cells positive for CD25 and expressing FoxP3, CTLA4 and GITR
(glucocorticoid  induced tumor necrosis factor receptor), which have
immunosuppressive effects [36]. Adipose-derived Tregs are involved in lymphocyte
migration, extravasation and lipid metabolism and have a more anti-inflammatory
role than lymph node derived Tregs owing to the abundant expression of IL10.

These unique features of visceral adipose are likely to alter ASC populations,
resulting in unique phenotype of ASC derived from visceral adipose. ASC may
retain some phenotypic changes after weight loss. In previously obese mice, elevated
levels of mTOR persisted in adipose tissue [37].
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ASC and Cancers

ASC effects on tumor growth vary as a function of the model used and the technique
to introduce ASC [38]. This is likely due to the complex interplay between growth
factors, vascularization and hypoxia and the immune response. ASC universally
home to the tumor microenvironment and contribute to the stroma and vascularization
of tumors. In breast cancer models, ASCs home to the tumor microenvironment and
promote breast cancer growth [39]. ASCs have also been found to home to gliomas,
suggesting that ASC have the potential to be used as vehicles for delivering anti-
tumor agents [40].

Several mechanisms of ASC support for tumor growth have been identified. ASC
form pericytes which support tumor growth by supporting vascularization [41].
Hypoxia, present in the tumor microenvironment, augments secretion of the
angiogenic cytokine, VEGF [42].

ASC are more likely to contribute directly to the formation of tumor vasculature
than bone marrow derived MSC. Bone marrow derived MSC preferentially
contribute to the formation of fibroblast specific protein (FSP) positive and fibroblast
activation protein (FAP) positive tumor associated fibroblasts. The vascular and
fibrovascular stroma (pericytes, alpha-SMA(+) myofibroblasts, and endothelial
cells) originates from stromal cells derived from neighboring adipose tissue [43].

ASC and Ovarian Cancers

Omental derived ASC promote the proliferation, migration, chemotherapy, and
radiation response of ovarian cancer cells [44]. ASCs increase growth and invasive
properties of ovarian cancer by activation of matrix-metalloproteinase which may
facilitate development of omental metastasis. Bidirectional communication between
ovarian cancer and its microenvironment is critical for tumor growth and may have
potential as a therapeutic strategy to re-educate elements of the tumor microenvi-
ronment [45].

ASC and Endometrial Cancers

ASC derived paracrine factors have been shown to increase endometrial cancer cell
growth rate and enhance tumor angiogenesis [41]. Nitric oxide signaling can
mediate ASC effects on proliferation of ovarian and endometrial cancer. Visceral
derived ASC secrete arginine which is taken up by cancer cells, leading to increase
intracellular NO synthesis and subsequent citrulline generation. The secreted
citrulline causes increased adipogenesis of the ASCs thus leading to a metabolic
coupling between ASCs and cancer cells [46].
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ASC and Cervical, Vaginal and Vulvar Cancers

The role of adipose derived stromal cells in HPV associated cancers has been less
well studied. Human uterine cervical stromal cells or hUCESCs have been reported
to abrogate tumor growth in mouse xenograft model. Conditioned media collected
from cervical stromal cells could reduce cell proliferation, invasion and induced
apoptosis of breast cancer cells. They also showed inhibitory effects on cancer asso-
ciated fibroblast proliferation and could revert differentiation of macrophages [47].

ASC as a Target for Anti-cancer Treatment

Targeting ASC may be a therapeutic strategy to treat cancer. One strategy to accom-
plish this depleted ASCs in mice stroma using a bimodal proteolytic resistant pep-
tide comprising of cyclic WAT7 and a pro-apoptotic domain [48]. This suggests
ASC targeting drugs could be used to complement available cancer treatments for
better outcomes.

ASC as a Delivery Vehicle for Anti-cancer Agents

Many features of ASC make them uniquely suited to serve as a delivery vehicle for
anti-cancer agents. ASC are tumor tropic so they can be delivered intravenously or
intraperitoneally and will home to sites of tumor. Once engrafted, they will persist
and will not be eliminated by the immune system. This approach has been tested in
mouse models with many agents, include TRAIL and IFN. ASCs engineered to
express TRAIL using nanoparticles have been tested to treat glioblastomas [49].
Similar approaches have been used to target human cervical, pancreatic, colon and
breast cancers [50]. ASCs engineered to deliver cytosine deaminase::uracil
phosphoribosyl transferase (CD::UPRT) to treat prostate cancer cells has been
shown to significantly inhibit growth further [51]. This approach using autologous
MSC is being tested in trials for women with platinum resistant ovarian cancer.

Conclusions

ASC are a unique population of stem cells, which can migrate into gynecologic
cancers, supporting tumor growth by forming stroma, providing metabolic support
and suppressing anti-tumor immunity. The impact of obesity in ASC is complex but
appears to increase the availability of ASC to form tumor stroma. ASC may become
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increasingly clinically relevant as a target for therapeutic strategies, or perhaps as a
vehicle to deliver anti-cancer agents directly into gynecologic cancers.
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Chapter 8
Obesity and Endometrial Cancer: Mouse
Models for Preclinical Prevention Studies

Rosemarie E. Schmandt and Katherine A. Naff

Abstract Endometrial cancer risk is more strongly associated with obesity than
any other cancer type and it is estimated that well over half of endometrial cancer
cases in the US are attributable to being overweight and obese. The evaluation of
new therapeutic regimens for the prevention and treatment of human endometrial
cancer patients is dependent on the development of relevant preclinical models.
This chapter will examine the animal models available for endometrial cancer stud-
ies in the lab, with a focus on mouse models. Mice and other rodents represent the
front line for early preclinical studies in cancer research. We will discuss specific
mouse models of endometrial cancer and will further present techniques that can be
used to study the role of diet, obesity, and exercise on the normal endometrium and
on the pathogenesis of endometrial cancer in the lab.

Keywords Immune compromised mouse models ¢ Immune competent mouse
models ¢ Diet induced obesity ® Energy balance protocols in mice ¢ Voluntary versus
forced exercise

Choice of Mouse Model

Most preclinical evaluations of behavioral and pharmaceutical interventions in
endometrial cancer research are initially performed in mice and rats [1, 2]. While
the effects of obesity and/or exercise on the biology of the endometrium can theo-
retically be assessed in any animal model, it is important to recognize that not all
rodent strains are susceptible to diet induced obesity [3—6], nor are they all
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enthusiastic exercisers [7—10]. Furthermore, care must be taken when assessing bio-
markers and their relationship to obesity and cancer as sexually dimorphic responses
have been observed. Indeed, male mice have been used preferentially for many of
the published studies evaluating the physiologic and biochemical mechanisms
underlying the beneficial effects of diet, obesity and exercise [11, 12].

Mouse Strains
Immunodeficient Mouse Models for Xenografts
Nude, SCID and NSG Mice

Current pre-clinical models of endometrial cancer typically involve intrauterine or intra-
peritoneal injection of human tumor cells, or subcutaneous and intrauterine implantation
of patient derived xenografts (PDX) into athymic nude, SCID (severe combined immu-
nodeficient) or NSG (NOD scid gamma) mice [13—17]. Because these mice are not fully
immune-competent, they will not “reject” tumor cells or tumor explants derived from
humans. These models have been used successfully for the preclinical testing of a vari-
ety of targeted therapies and chemotherapeutic agents for endometrial cancer [18-20].

While immune-compromised mice are useful for the evaluation of some chemo-
therapeutic agents, the role of the immune microenvironment in disease response
and progression cannot be fully studied in this context. Furthermore, and significant
to the study of endometrial cancer prevention, nude, SCID, and NSG mice are resis-
tant to diet induced obesity and cannot be practically used for obesity studies.
Because obesity and exercise are both associated with inflammatory responses,
immune-deficient mice also have limited utility in the study of lifestyle changes on
endometrial cancer risk and progression. Genetically engineered NSG mice with
“humanized” immune systems are now available from several commercial sources,
including Jackson Labs, however they are costly at the present time [21].

Immune compromised mice have, however, found use in deciphering the role of
adipose tissue on the tumor microenvironment and tumor progression [22]. Studies
performed in vitro demonstrated that adipose-derived stem cell (ASC) conditioned
media is a rich source of growth factors that promote endometrial cancer cell growth
[23]. By injecting human omental ASCs into mice, Klopp et al. [24] were able to
demonstrate in vivo the recruitment of omental ASCs to human endometrial xeno-
graft (HEC1A) tumors in these animals, accompanied by increased tumor vascula-
ture and growth. Interestingly, the effects on tumor growth and vascularization were
greater with omental ASCs than those observed with subcutaneous ASCs. These
findings emphasize the importance of fat distribution and the specific role of vis-
ceral adipose tissue on endometrial cancer progression.

Immune-compromised mice have been used to demonstrate the therapeutic effects of
exercise on tumor growth for a variety of tumor allografts and xenografts including breast
cancer [25, 26], lung cancer [27, 28], pancreatic cancer [29], and prostate cancer [29],
suggesting the involvement of additional exercised-induced factors in cancer prevention.
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C57BL/6 Nude Mice

This less common, immune deficient strain of mice is derived from a spontaneous
athymic mutant of the standard inbred C57BL/6 mouse. Unlike the parental strain,
described in greater detail below, these animals will not reject human tumor cell
lines, and can be used to passage xenografts of normal and malignant human tissue.
When housed under thermoneutral conditions (33 °C), these mice, like the C57BL/6
parental strain, are susceptible to diet induced obesity, increased hepatic triglyceride
accumulation, adipose tissue inflammation and glucose intolerance [30]. While
costly, this model system would permit the study of patient derived endometrial
cancer xenografts and cell lines in the context of obesity and a pre-diabetic setting.

Immune-Competent Mice
C57BL/6 Mice

As shown on Fig. 8.1, C57BL/6 mice are a commonly used and comparatively inex-
pensive inbred laboratory mouse strain. They are immune-competent, good breed-
ers, and are the most commonly used background strain for the creation of genetically
modified mouse models. Indeed, because of its wide-spread use, the C57BL/6J
mouse genome was fully sequenced [31]. Unlike many mouse strains, which are
resistant to diet induced obesity (DIO), the C57BL/6 and particularly the C57BL/6J
sub-strain of mice have been widely used in the study of obesity, exercise and
metabolism [32]. They are susceptible to high fat diet (HFD) induced obesity, and
like humans, they develop hyperinsulinemia, hyperglycemia, “fatty liver”, and a
resistance to leptin sensitivity with increasing weight gain [3, 33-36]. Similarly,
C57BL/6 mice fed a fructose-enriched diet develop increased adiposity, elevated
hepatic triglyceride (TAG) accumulation and glucose intolerance [37]. Furthermore,
C57BL/6 mice have also been used extensively for exercise and metabolism studies
and their behaviors are well characterized.

The genes governing obesity and insulin sensitivity in the C57BL/6 mice have
been mapped to chromosome 14, and have been shown to be “dominant acting” [3].
When C57BL/6 mice are crossed with the 129S6/SvEvTac (129) mouse strain,
which is less susceptible to DIO, C57BL/6 x 129 offspring inherit the predisposi-
tion to increased body weight and glucose intolerance of the C57BL/6 mice.
Therefore, transgenic mice, which are resistant to DIO, can be made more sensitive
by back-crossing to the C57BL/6 strain. This breeding strategy can be utilized by
investigators to the study the influence of obesity on the penetrance of cancer sus-
ceptibility genes in transgenic mouse models of endometrial cancer.

Unfortunately, because human xenografts are not possible in this animal model,
it is important that well-characterized C57BL/6 endometrial cancer cell lines be
established for pre-clinical drug testing, by either genetically modifying normal
C57BL/6 endometrial epithelial cells, or by culturing cells isolated from primary
tumors isolated from C57BL/6 mice. These cell lines are under development and are
being characterized in several academic labs and are expected available to the sci-
entific community in the near future.
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Fig. 8.1 Selecting mouse models for endometrial cancer prevention studies. While the effect of
exercise, such as voluntary wheel running, can be studied in all xenograft, allograft and genetically
modified mouse models of endometrial cancer, certain strains of mice are not equally susceptible
to diet-induced obesity. C57BL/6 is one of the most commonly used laboratory mouse strains and,
like humans, these mice are susceptible to diet-induced obesity and insulin resistance. Xenograft
tumors from primary human tumors and cell lines can be grown in nude C57BL/6 mice, but this
immune-deficient strain limits the study of tumor growth and progression in the context of obesity.
Mouse endometrial cancer cell lines that grow in immune-competent animals are under develop-
ment in several laboratories, and will be useful for the study of obesity and exercise on endometrial
cancer recurrence and progression. Genetically modified mouse (GEM) models of endometrial
cancer bred to a C57BL/6 background can be used to study the role of exercise and obesity on the
penetrance and progression of familial cancers

Other Strains Susceptible to Diet Induced Obesity

Wild Type Inbred Strains

The body composition of a variety of mouse strains has been extensively studied
[6], and susceptibility to diet induced obesity is noted in several strains. While less
commonly used than C57BL/6 for cancer research, the AKR/J and DBA/2J mouse
strains are susceptible to obesity and have been utilized for studies involving behav-
iors affecting metabolism and weight gain [38, 39]. Both strains are immune
competent with AKR mice demonstrating a high incidence of leukemia, while
DBA mice are used as a model of rheumatoid arthritis. These strains may be useful
for the study of the effects of diet and obesity on endometrial proliferation and
molecular changes influencing cancer risk, however they are not commonly used for
genetic engineering or for tissue explants in the study of endometrial cancer.
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Therefore strain-specific cell lines that can be used to establish preclinical models
of recurrent endometrial cancer will need to be established by the investigator.

Wild Type Outbred Strains

ICR and CD-1 mice are outbred strains of laboratory mice that are susceptible to
diet induced obesity and metabolic syndrome [40, 41]. While no syngeneic endo-
metrial cancer cell lines exist from these strains, both have been used to study the
effects of chemical carcinogens on the endometrium [42—44].

Chemically-Induced Mouse Model of Endometrial Cancer

Several models of chemically-induced endometrial hyperplasia and endometrial
cancer have been developed. Neonatal exposure to diethylstilbestrol (DES) and
other chemicals with estrogenic activity including tamoxifen and bisphenol A
(BPA), have been shown to produce ovarian and oviductal abnormalities and
endometrial hyperplasia in CD-1 mice with age [42, 45-47]. Endometrial cancers
develop within 30 weeks following early treatment with N-methyl-N-nitrosourea
(NMU) or estradiol in the outbred ICR mouse strain. Disease onset in this model
can be accelerated further if animals are treated concurrently with both agents
[43, 44].

Whether diet, obesity or exercise influence chemically-induced endometrial can-
cer has not yet been reported, however studies using these models may be relevant
to the evaluation of whether healthy lifestyle changes are protective against environ-
mental carcinogen-induced endometrial cancer in humans.

Transgenic Mouse Models of Endometrial Cancer

A comprehensive review of genetically modified mouse models of endometrial can-
cer and their phenotypes has previously been published by Friel et al. [1]. With the
exception of the PTEN knock out mice, the role of obesity and exercise on the
pathogenesis of endometrial cancer has not been extensively reported in transgenic
and knock-out mouse models of the disease. Current evidence suggests that certain
driver mutations produce tumors that are less responsive to behavioral changes.
These tumors may ultimately only respond to targeted chemotherapies. There is
evidence, however, supporting improved response to chemotherapy with exercise in
several cancer types [48, 49].

The effects of voluntary exercise on the biology of the endometrium can be
studied on any genetically modified mouse model, despite some variation in
activity between strains, however all mice are not equally susceptible to diet
induced obesity. This can be remedied by back-crossing resistant mouse strains
to C57BL/6 mice. First generation offspring should be susceptible to high fat
diet-induced obesity [3].
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Endometrial Hyperplasia

Endometrial hyperplasia describes a heterogeneous group of lesions that begin as
regions of mild proliferation of glandular tissues, and progresses over time with
increased crowding of glands and nuclear atypia to precancerous cells [S0-53].
Because, in its earliest stages, endometrial hyperplasia can be often be reversed, this
represents a period in which behavioral interventions may significantly reduce
endometrial cancer risk. The modulation of localized estrogen and systemic insulin
levels that occur as a consequence of weight loss and exercise would be expected to
change the endometrial milieu and reduce endometrial proliferation.

In addition to the previously described chemically-induced mouse models of
endometrial hyperplasia, several genetically modified models of endometrial hyper-
plasia have been developed. With the exception of the PTEN knock out mice, the
effects of diet, obesity, and exercise on the progression of endometrial hyperplasia
to cancer are not well-studied.

Loss of the PTEN tumor suppressor gene is one of the most common mutations
observed in human endometrial cancer, and it is believed to be an early event in the
pathogenesis of the disease. Systemic PTEN knock out mice die of variety of cancers
in other organs, limiting the usefulness of this system for the extended timelines
required for the development of endometrial hyperplasia. Tissue-specific knock out
mice have been created to overcome this obstacle. Mice heterozygous for floxed
PTEN in which cre-recombinase is driven by the progesterone promoter
(C57BL6/129SV PR cre/+ PTEN {/f) demonstrate tissue specific loss of PTEN in the
pituitary, ovary, endometrium, and mammary gland. [54]. Female mice with homozy-
gous PTEN loss (Pten —/—) develop endometrial hyperplasia by 3 weeks of age and
progress to in situ carcinoma by 3 months [54]. Female mice with heterozygous loss
of the PTEN gene (Pten +/—) develop endometrial hyperplasia by 28 weeks and 20%
progress to well-differentiated endometrial cancer by 10 months [55, 56].

In females with a systemic Pten +/— genotype, obesity has been reported to
increase focal glandular hyperplasia with atypia to 78% as compared to 58%
observed in lean mice at 28 weeks [57]. This effect was not observed in the tissue-
specific knock-out mouse model [58]. The limited effects of obesity on this model
system, suggests that once tumors have acquired mutations in the PTEN gene, the
progression of hyperplasia cannot be reversed with weight regulation alone. The
impact of exercise on disease progression in this model has not yet been studied.

In addition to the mouse models of chemically-induced endometrial hyperplasia
described above, several other genetically modified mouse models of endometrial
hyperplasia have been described [1]. These models mimic genetic mutations
observed in human endometrial cancer. Female mice lacking the progesterone
receptor develop endometrial hyperplasia in addition to other reproductive and
behavioral abnormalities [59]. Accelerated endometrial hyperplasia might be
expected in obese PR knock out mice as a consequence of increased estrogen syn-
thesis and unopposed ER signaling associated with obesity. Conditionally dominant
stabilized and conditional ablation of B-catenin demonstrate altered endometrial
differentiation and proliferation [60]. Specific BRCA mutations are associated with
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endometrial hyperplasia [61], while targeted deletion of Mig6, a negative regulator
of epidermal growth factor signaling, produced endometrial hyperplasia by 9 months
of age [62]. Recently, overexpression of Sox9 in the uterine epithelium has been
shown to result in simple and complex cystic glandular structures resembling human
endometrial hyperplasia [63]. The ability of weight and exercise to reverse disease
progression in these models remains unstudied.

Endometrial Cancer

Many of the genetically modified mouse models of hyperplasia will progress to
endometrial cancer over time. There are other genetic modifications that lead to
more aggressive phenotypes.

Over 10% of women with Peutz Jeghers Syndrome, characterized by a loss of
the serine-threonine kinase, LKB1 (STK11), develop gynecologic cancers, includ-
ing endometrial cancer [64, 65] Lkb1 acts as a tumor suppressor gene, and phos-
phorylates AMPK, a key regulator in cellular metabolism, that suppresses growth
and proliferation under circumstances of nutrient depletion. In mice, while sys-
temic homozygous deletion of Lkbl (Lkb—/—) is embryonic lethal, Contreras
et al. have described that greater than 50% of Lkb—/+ mice develop endometrial
cancer [64]. Tissue specific deletion of LKB1 (Lkb—/—) in the endometrium
results in well-differentiated, but invasive endometrial cancer by 9 months of age
in 65% of mice [64].

Models of accelerated endometrial cancer have been developed by cross-breeding
animals with mutations associated with endometrial hyperplasia. For example, con-
ditional ablation of both Mig6 and PTEN [66] in progesterone receptor positive
cells (using PR-cre) results in a phenotype of endometrial cancer at two weeks and
adenocarcinoma at four weeks. While these models demonstrate the role of specific
genes in the pathogenesis of endometrial cancer, with such a rapid onset of disease,
it is unlikely these animals would be useful for behavioral prevention studies involv-
ing diet and exercise.

Important Considerations: Mouse Versus Human Menopause

The majority of endometrial cancers occur in post-menopausal women, although
the incidence in premenopausal women is increasing. In premenopausal women, it
is thought that estrogen is protective against visceral adiposity and prevents obesity-
associated hyperinsulinemia and type 2-diabetes, both of which increase the risk of
endometrial cancer. Loss of ovarian hormone production during menopause is asso-
ciated with overall weight gain and with a redistribution of fat to the abdomen, simi-
lar to that observed in men. This sexual dimorphism of obesity is observed in both
humans and mice [12, 67, 68], and should be considered when planning to study the
effects of obesity, diet and exercise on the endometrium in a preclinical model.
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Mice do not undergo menopause in the same manner humans do [69]. Although
their fertility decreases over time, mice do not achieve the very low levels of estro-
gen observed in humans. In order to eliminate the effects of estrogen, and to mimic
post-menopausal conditions, mice used in endometrial cancer studies are often
ovariectomized [70]. Estrogen levels typically fall to low levels within 1-2 weeks in
ovariectomized mice.

For those interested in characterizing molecular changes in the endometrium during
the transition through menopause, and the response of the endometrium to diet and
exercise, rodent models that mimic the progression through peri-menopause to meno-
pause have been developed [70-72]. Chemically induced ovarian failure can be
achieved following a 15-day course of treatment with the ovotoxic chemical, 4-vinyl-
cyclohexene diepoxide (VCD). At low doses, mature follicles are depleted, the ovaries
begin to fail and VCD selectively causes apoptosis for primordial follicles with no
detectable effect on other peripheral tissues [72, 73]. This technique can successfully
induce “menopause” in normal wild-type or genetically modified mice and rats.

Finally, genetically modified “menopausal” mice are under development. These
include heterozygous knockouts of the Follicle Stimulating Hormone Receptor,
which demonstrate time dependent loss of reproductive functions similar to that
observed during menopause [71]. The Aryl-hydrocarbon receptor KO mouse dem-
onstrates low fertility and develops uterine tumors at 6—13 months. Follotropin
Receptor Knock Out Mice (FORKO) are anovulatory and have atrophic ovaries
which do not secrete estrogen, similar to what is observed in aging women [74].
Studies evaluating the effects of obesity and exercise on the endometrium in these
models are not yet described in the literature. The effects of these single gene modi-
fications on overall endometrial physiology have also not been described.

Diet Induced Obesity

The first model of diet-induced obesity (DIO) was described in 1949, when a palat-
able liquid diet was used to induce obesity in rats [75]. While offering a palatable
diet often results in increased body fat due to hyperphagia, a growing body of evi-
dence from human and animal research showed that diets with a higher proportion
of calories from fat induce obesity more efficiently, independently of the quantity
consumed. Manipulation of macronutrient densities within the diet is now the stan-
dard method for induction of obesity in experimental rodents.

The Western Diet

DIO is reliably produced in susceptible mouse and rat stocks and strains by feeding
commercially available, Western-type diets. The term “Western” in this context
refers to the similarities between these diets and the calorically dense, high fat and
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high carbohydrate diets available to much of the Western world [33]. In theory, any
existing diet may be “Westernized” simply by adding fats and sugars; however, this
will alter the density of other dietary components, creating nutrient imbalances
between experimental and control groups. It is also difficult to interpret the relative
contributions of fat and carbohydrates to the development of obesity in a typical
Western diet, since each component may independently influence palatability, sati-
ety, and metabolic outcomes [76].

An alternative to this approach is to increase the fat and/or carbohydrate compo-
nents of open-source, purified diets. In purified diets, protein, fat, and carbohydrate
components are supplied by separate, purified ingredients; for example, protein may
be supplied by casein, fat by palm oil, and carbohydrates by fructose. The formulas
of open source diets are non-proprietary and are published and available to the pub-
lic. This permits the investigator to increase the caloric density of a diet by altering
the proportions of macronutrients, without otherwise changing the caloric content
or diluting the availability of nutrients.

A second critical consideration when working with DIO models is the choice of
control diet. Purified diets are more expensive to produce than standard rodent
chows, and using a chow for control groups may appear to be an economical choice.
Nevertheless, it is impossible to draw meaningful comparisons between groups fed
a Westernized, purified diet and a chow [75]. Unlike purified diets that are created
from specific and standardized ingredients, chows are created from complex ingre-
dients, largely plant-based, that vary from batch to batch due to sourcing, time of
harvest, soil conditions, farming methods, and other variables beyond the investiga-
tor’s knowledge or control. The impact of these conditions on the nutrient and non-
nutrient components of the chow are unpredictable and unmeasurable. In addition,
most chows are proprietary formulas rather than open-source; therefore the exact
proportions of each component are typically unknown to the investigator and are not
publishable. By feeding Westernized and standard versions of the same open-source,
purified diet to experimental and control groups respectively, dietary variables are
reduced, and repeatability is enhanced.

Other Dietary Factors Affecting the Endometrium

Non-nutritive components must also be taken into account when choosing an appro-
priate diet for DIO models. The isoflavones present in plant-based chows are highly
bioavailable and known to exert estrogenic effects on the genital tract of female
mice and rats, including increased uterine weights, premature vaginal opening, and
estrus induction, potentially confounding studies of gynecologic cancers [77, 78].
Soy isoflavones also exert non-reproductive effects that may impact both obesity
models and cancer studies. In a study conducted by Mezei et al. [79], fatty Zucker
rats fed a diet high in soy isoflavones demonstrated improved lipid metabolism in
both sexes, and improved glucose tolerance in females, compared to control animals
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fed a diet low in isoflavones. Cell culture models in the same study demonstrated
that soy isoflavones activate peroxisome proliferator-activated (PPAR) receptors.
PPAR activation is known to modulate PTEN expression. While the role of this
pathway in development of endometrial cancer is not fully understood, loss of
PTEN is thought to be an early event in the pathogenesis of endometrial cancer, in
both humans and mice. Furthermore, studies in transgenic mice and humans suggest
that upregulation of PTEN via PPAR activation exerts anti-hyperplasia effects on
the endometrium [80—-82]. These findings illustrate the need for the investigator to
look beyond the simple goal of obesity induction, by selecting diets with known
ingredients and controlled proportions of nutritive and non-nutritive components,
especially where studies of gynecologic cancers are concerned.

Custom Diets for Obesity Studies

The use of purified ingredient, open-source diets allows the investigator to custom-
ize a diet to meet specific study criteria. While C57B1/6 mice fed a diet of 60% of
calories from any fat source will show similar increases in total body fat and weight
under controlled conditions, the source and type of fat significantly influences the
expression of metabolic syndrome [83]. In one study comparing the effects of ani-
mal fat, saturated vegetable fat, and polyunsaturated vegetable fat in the C57Bl/6
DIO model, butterfat produced the highest levels of glucose and cholesterol, but
lower levels of triglycerides compared to coconut oil and lard [84]. These distinc-
tions are critical to developing the animal models necessary for gaining a full under-
standing of the risk factors for endometrial cancer. The variability in effects between
different types of carbohydrate is less well studied, but it seems reasonable to con-
trol for this variable as well via selection of experimental and control diets with
known and purified sources of carbohydrates as well as fat.

Standardization of Obesity Protocols in Mice

In order to practically compare the effects of diet-induced obesity and type 2-diabetes
in mice, Heydemann proposed a standardized protocol for scientific studies [33].
Some of the suggested criteria seem equally applicable to the study of diet-induced
obesity and its contribution to endometrial cancer risk and progression in mouse
models. For the purposes of endometrial cancer research, a modified list would
include (1) using C57BL/6J mice for xenograft studies, and transgenic mice back-
crossed to this strain; (2) using mice from 4 to 20 weeks of age for xenograft studies,
to avoid the effects of age; (3) Using a HFD plus high fructose to more accurate
reflect the human diet.
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Models of Exercise

Exercise is defined by the CDC as “A subcategory of physical activity that is
planned, structured, repetitive, and purposive in the sense that the improvement or
maintenance of one or more components of physical fitness is the objective”. To
date, the role of exercise on the pathogenesis of endometrial cancer has not been
well studied in any animal species. The American Physiological Society has pub-
lished an online resource book outlining the design of animal exercise protocols for
a wide range of large and small research animals [85].

For the purposes of this chapter, we will focus on common exercise regimens
used in mice and rats. A variety of equipment is currently available for rodents,
which facilitates the study of aerobic and resistance training on obesity, type 2 dia-
betes, cardiovascular disease as well as cancer risk in the lab [86—-88].

Running
Treadmill Running

Treadmills are rolling belts with an adjustable speed and slope, enabling forced/
regulated exercise training for rodents. A variety of treadmills are commercially
available, and many can be modified to accommodate multiple mice or rats
(Touchscreen Treadmill, Harvard Apparatus, Holliston, MA; Rota-Rod Treadmill,
Med Associates, Fairfax VT).

One advantage of treadmill running is that the investigator can design a fixed
workout for all animals in the study. The investigator regulates running speed, dura-
tion and incline, such that all animals undergo identical exercise regimens and
allowing for a direct comparison between treatment groups. Typically, animals are
acclimatized to the apparatus using a “training program” where animals are exposed
to the wheel and are trained to run faster and farther over a period of time, until the
desired “workout” is achieved. Animals must be monitored for the duration of their
time on the treadmill.

As an example, Jones et al. describe a treadmill protocol in which exercising
animals began training at a speed of 10 m/min, 0% grade, for 10 min for 5 days per
week on weeks 1 and 2, and progressively increased to the desired exercise “dose”
of 18 m/min at 0% grade for 45 min, 5 days for 8 weeks. This training intensity was
previously demonstrated to correspond to 70-75% of murine maximal oxygen
uptake [89] and was shown to delay tumor growth in a xenograft model of breast
cancer in nude mice [90]. Control mice are exposed to the exercise apparatus for the
same amount of time daily, without treadmill running.

While moderate to high levels of exercise has demonstrated beneficial effects on
the overall health of animals, intense and excessive exercising can produce inflam-
mation, free radicals, and tissue damage, conditions thought to contribute to tumor
progression. Furthermore, because stress and fatigue can counter the physiologic
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benefits of exercise in cancer prevention [91-94], investigators must be careful to
optimize their exercise program for their model system, so that the dose can be eas-
ily maintained and reproduced between animals and is not stressful.

Treadmills are often equipped with electrical shock grids or “air-puff” accesso-
ries, which are intended to motivate activity and force exercise, but which may in
fact, stress the animals. In the protocol described above, Jones et al. specifically
avoid the use of “electrical stimulation to encourage the animals to run” [90].

Voluntary Wheel Running

In a comparison of endurance training of mice using forced treadmill versus volun-
tary wheel running, Knab et al. reported high intra-mouse variability between
repeated endurance tests in mice run on enclosed treadmills with shock as a motiva-
tion. Voluntary wheel running, however, was shown to be stable and repeatable
within individual mice [95]. This emphasizes the importance of carefully designed
treadmill protocols for individual studies, which do not necessitate the use of shock,
and which may be mouse-strain specific. Furthermore, treadmill running requires
constant monitoring during exercise periods, to ensure mice are not injured, or do
not escape. Voluntary wheel running is an attractive alternative form of exercise.

For voluntary running protocols, mice are housed individually with a wheel, or
given individual access to a running wheel for a fixed amount of time daily. Animals
run freely in a non-stressful environment, and the number of revolutions of the
wheel are counted either mechanically or electronically and converted to distance.

Older versions of voluntary running wheels are incorporated as a module into the
structure of the mouse and rat cages, count wheel rotations mechanically, and
require specialized cage racks. Newer voluntary running wheels, commercially
available through Med Associates (Fairfax VT), fit into the standard shoebox style
mouse cages used by most animal facilities [96, 97]. The number rotations are wire-
lessly transmitted to a USB hub, so that not only the distance run by each mouse is
measured, but also the frequency and duration of runs performed by each mouse are
captured and recorded by a computer over time. This system also allows the inves-
tigator to monitor the training response of each mouse over time, so that tumors can
be initiated once mice are acclimatized to the wheel. While individual mice may run
different distances daily, decreasing distance run may indicate tumor progression,
and tumor size can be ultimately be correlated to overall mouse activity. Finally,
because the mouse does not need constant monitoring by the investigator during
“wheel time”, the investigator is free to do other work.

Female mice, in particular, prefer group housing conditions, and many animal
care committees request justification for the individual housing of animals to avoid
the effects of social isolation. Rather than housing individual mice with a wheel,
animals can be removed from their cages and allowed to run for a fixed amount of
time daily. Optimal wheel running times can be set by the investigator, after which
animals are returned to social housing conditions. Control mice are housed indi-
vidually with locked wheels for the same amount of time daily, therefore mimicking
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the same isolation period as exercising mice, and are returned to their home cage for
social housing.

Several studies have been published demonstrating the effects of voluntary wheel
running on cancer initiation and progression, and the mechanisms underlying the
cancer preventive effects of voluntary exercise are being elucidated. Pedersen et al.
have recently shown that four weeks of voluntary running decreases a subcutaneous
model of melanoma in both athymic and C57BL/6 mice, with a greater response to
exercise seen in the immune-competent animals, attributed to mobilization of IL-6
sensitive NK cells. Similarly, the Lewis Lung cancer model was inhibited by exer-
cise. Voluntary wheel running also significantly reduced the number of lung metas-
tases following tail vein injection of melanoma cells, and prevents the incidence and
progression of diethylnitrosamine-induced liver cancer [28].

Specifically in female mice, voluntary exercise has been shown to decrease can-
cer progression in a syngeneic (4T1 cell) model of breast cancer in BALB/c mice
[48, 98]. Pre-tumor exercise was shown to decrease 4T1 breast cancer cell tumor
growth in elderly mice in a distance-dependent manner [25], and has been shown to
inhibit tumor growth in the transgenic polyoma middle T oncoprotein (PyMT) mice
which are a genetically modified mouse model of invasive breast cancer [99]. In
both cases, in addition to metabolic changes, exercise-induced changes in the
immune microenvironment are implicated in the attenuation of disease.

With the development of syngeneic xenografts and transgenic mouse models of
endometrial cancer, we anticipate that the role of exercise on the prevention of both
primary and recurrent endometrial cancer can conveniently be investigated using
voluntary wheel running.

Swimming

Rodents are natural swimmers. Rats have been shown to swim continuously or stay
afloat for more than 2 days, while mice have been shown to swim continuously for
up to 3 h with little difficulty. Rodent swimming protocols used for laboratory stud-
ies include speed-swimming, maze-swimming and swimming to exhaustion [86].

High intensity interval training in the form of swimming has been shown to ame-
liorate the metabolic co-morbidities associated with diet-induced obesity [100],
while aerobic swim training starting at 6 min five times weekly, increasing to
60 min, five times weekly over a 12 week period, is protective against fatty liver
disease associated with a high fat diet [101]. With respect to cancer, Zhang et al.
have shown that moderate swimming (8 min per day over 9 weeks), suppressed
growth and metastasis of human liver cancer cells in nude mice, and murine liver
cancer in C57BL/6 mice [102]. Animals forced to swim for longer periods, by creat-
ing a current, for 16 and 32 min, demonstrated the opposite effect, underscoring the
deleterious effects of chronic stress on cancer progression.

Swimming, as a training method, is inexpensive and requires little specialized
equipment, but the investigator’s ability to quantitate effort or to standardize training is
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more limited, as compared to running protocols. Of course, like treadmill running,
swimming animals must be constantly monitored, water should be maintained at a
warm temperature (32-36 °C) and animals may be dried and given supplemental
warmth after exercise training to avoid cold-induced stress. As illustrated by the previ-
ously described mouse experiments, lack of standardized protocols makes it difficult to
compare data between investigators. Furthermore, it should be noted that swimming
has been used as a stressor and as a measure of depression, as well as an exercise model
in rats and mice [103—105]. Both swimming and treadmill running are forced activities
and produce a stress response, as indicated by increases in corticosterone and ACTH in
rats [106]. Protocols which incorporate an acclimatization period for regular moderate
swim training are necessary to reduce stress levels, if swimming is to be used effec-
tively as a form of exercise in cancer prevention studies.

Strength Training (Resistance Exercise)

Progressive resistance training protocols have been designed specifically to increase
muscular strength and endurance in rodents in the study of muscular hypertrophy
[88, 107, 108]. The techniques have been applied to study the effects of exercise on
mental health and cognition (reviewed by Strickland and Smith [109]). Studies in
mice have also demonstrated beneficial effects of resistance exercise training on
insulin resistance and obesity [110], both of which are risk factors for endometrial
cancer in humans. Although unreported to date, these methods may have utility in
the study of endometrial cancer prevention in genetically modified and xenograft
rodent models of endometrial cancer.

Resistance Wheel Training and Treadmill Running

Wireless exercise wheels can be fitted with a servo brake, which will respond
to the rpm transmission of the wheel and can alter the intensity of the workout.
Treatment groups can be set up such that one group can run unhindered, while
a second group can have their activity restricted when running above a pre-
defined velocity [111]. Similarly, for rats, mechanical wheel motion can be
restricted using a weighted system (up to 200 g) to increase load [109, 112].
Because running is voluntary, animals may decrease their distance run as a
consequence of weighted wheels.

Weights can also be added to tail of mice or rats undergoing treadmill training to
increase the resistance while running. In weight pulling models, animals are typi-
cally incentivized to move with electric shock or a puff of air, although this is not
strictly necessary. This technique therefore, has the same advantages and disadvan-
tages as those described in regular treadmill running, and necessitates careful study
design to accurately assess the beneficial effects of exercise on cancer prevention.
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Ladder Climbing

Ladder climbing serves primarily to build hind-limb strength in rodents. Animals are
placed at the base of a vertical ladder and encouraged to climb either via shock or with
a food incentive. Weights can be added to the tail to increase resistance. [88, 109].

This model is not extensively used as model of exercise in cancer prevention
models, however ladder climbing has been used to examine the effects resistance
training as compared to aerobic motorized wheel running on skeletal muscle, and its
effects on cancer cachexia in the colon-26 mouse model [113]. Resistance training
was performed 3 days per week with a starting load of 50% of body weight followed
by 10% increase every 2 weeks through 11 weeks.

While neither aerobic nor resistance training reduced tumor associated weight loss
in these mice, tissue analysis revealed that resistance training actually induced the
expression of genes associated with muscle damage and repair. This suggests the
importance of experimental design, and determination of appropriate dose for maxi-
mal beneficial effect. Furthermore, as previously described, shock “encouragement”
may produce a stress response in animals, and work in opposition to the desired effect,
therefore for cancer prevention studies, positive reinforcement is suggested.

Considerations

For investigators wishing to study the effect of exercise on normal endometrial pro-
liferation and gene transcription using a mouse model, it is worth noting different
mouse strains demonstrate considerable variability in activity, including voluntary
wheel running [7-10, 95]. Age also plays a role in running distance and intensity in
mice [114] emphasizing the importance of age-matched controls and standardiza-
tion of conditions between animal experiments, to allow for comparisons between
studies utilizing the same strains.

Mice are nocturnal and are most active at night [96]. Because 12-h light cycles are
regulated in most animal colonies (frequently lights on from 6 a.m. to 6 p.m.), it may
be most convenient for investigators and their staff to request a room that is on a
reverse light cycle. Studies that involve voluntary exercise can be conducted during
regular work hours, which correspond to nighttime for the mice, allowing for maximal
mouse activity. Most university or hospital rodent colonies are agreeable to setting up
rooms on reverse light cycles for animals participating in behavioral studies.

Measuring Changes in Body Composition and Metabolism
in the Mouse

In humans, abdominal or visceral fat gain is most closely associated with metabolic
syndrome and type-2 diabetes, which are risk factors associated with endometrial
cancer.
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Magnetic Resonance Imaging (MRI), Computerized Tomography (CT) and Dual
energy X-ray absorptiometry (DEXA) are all techniques used to identify and quan-
tify fat deposits and distribution in humans [115, 116]. For investigators wishing to
study these parameters in mice, and who desire to specifically and quantitatively
correlate fat distribution with changes in the endometrium and endometrial cancer
risk, these same non-invasive techniques can be used. Unlike direct measurement of
visceral fat distribution by dissection, these technologies can be used to monitor
changes in fat distribution and body composition longitudinally in response to diet
and exercise.

Dual Energy X-Ray Absorptiometry (DEXA)

Dual energy X-ray absorptiometry (DEXA) is a methodology originally used in
humans to evaluate bone mineral density. It has since been shown to effectively
measure body composition and fat distribution both humans and rodents [117, 118].
In comparison to other techniques described in this section, including pCT and
MMRI, DEXA densitometers for small animal studies are commercially available
for individual laboratory use (GE Lunar PIXImus Densitometer). Analyses are
completed in a short (5 min per scan) time frame with low radiation levels. This
technique has been used to measure visceral versus non-visceral fat accumulation to
define obese mouse phenotypes fed control and high fat diets. Using DEXA, vis-
ceral fat burden could be associated with glucose intolerance in C57BL/6 mice fed
a high fat diet (Chen et al.). DEXA can therefore be used to estimate changes in
obesity in live animals, before and after treatment. This is in contrast to direct mea-
surement by dissection, which would necessitate the use of twice the number of
animals and “before” and “after” treatment groups.

Micro-computed Tomography (uCT)

While more costly and less readily available to individual researchers, micro-
computed tomography (pCT) is available as a component of some institutional
metabolic core and imaging facilities. Compared to DEXA and pMRI, pCT is a
moderate to high radiation technique. However it is a non-invasive, quantitative
tool that can evaluate changes in total, visceral, and subcutaneous adiposity in
longitudinal studies, and is considered as a gold standard method of body compo-
sition analysis.

Advocates of pCT argue that compared to current imaging techniques with
similar capabilities, such as pMRI or the combination of DEXA with MRI (NMR),
it may also be more cost-effective and offer higher spatial resolutions [119, 120].
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Micro Magnetic Resonance Imaging (uMRI)

Micro Magnetic Resonance Imaging (WMRI) have previously been used, in combi-
nation with proton magnetic resonance spectroscopy (‘"H-MRS) to characterize the
morphological and biochemical aspects of adipose tissues and other visceral organs
in the ob/ob mouse model [121]. 'H-MRS has the capability to evaluate the polyun-
saturation degree of the lipid chains and evaluate the presence of lipids in different
organs in addition to fat deposits. Like pCT, these technologies are unlikely to be
housed in individual labs, and located in a core imaging facility.

In summary, multiple imaging techniques are available to track diet and exer-
cised induced changes in total fat stores, adipose distribution, and in the case of
"H-MRS, even lipid composition in mouse models in response to diet and exercise.
Because these changes may be relevant to endometrial cancer initiation, progres-
sion, and treatment response in humans, advanced imaging technologies should be
applied to rodent models when possible.

Conclusion

In humans, obesity is the major risk factor for endometrial cancer, and is thought to
contribute to more than half of the cases diagnosed. The development of new inter-
ventional strategies for the prevention and treatment of endometrial cancer patients
are dependent on the availability of animal models that accurately reflect human
disease. While careful consideration must be given to the predisposition of specific
mouse strains to diet induced obesity, several novel mouse models of endometrial
cancer are currently available that can be used to evaluate the role of diet and obe-
sity in the pathogenesis of endometrial cancer. These pre-clinical models may yield
important insights into the biological and molecular mechanisms by which behav-
ioral interventions can be best applied to endometrial cancer prevention in women.
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Chapter 9

Lifestyle Interventions to Reduce the Risk

of Obesity-Associated Gynecologic
Malignancies: A Focus on Endometrial Cancer

Faina Linkov, Sharon L. Goughnour, Shalkar Adambekov,
Robert P. Edwards, Nicole Donnellan, and Dana H. Bovbjerg

Abstract Obesity is an established risk factor for multiple cancer types, with
gynecologic cancers gaining more attention in the past decade. While women with
obesity may be at increased risk for ovarian and cervical cancer mortality, yet it is
endometrial cancer (EC) that appears to be the most sensitive to obesity. Current
adiposity, excess weight at the age of 18, metabolic syndrome, and adult weight
gain are all associated with substantial increased lifetime risk of EC risk. The inci-
dence of EC has been gradually increasing in recent years, with approximately
60,050 new cases and 10,470 deaths expected in 2016. A recent publication from
our group estimates a 55% increase in the incidence of EC by 2030. Reducing the
risk of EC by weight loss is an attractive strategy, as weight loss also improves car-
diovascular fitness, reduces/treats type-2 diabetes, and reduces the risk of other
obesity-related cancers. A variety of behavioral weight loss options are available to
patients who would like to reduce their cancer risk, each with their own advantages
and disadvantages. Bariatric surgery is emerging as one of the most effective weight
loss options for patients for whom other options have failed. Bariatric surgery
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patients are an excellent group to explore EC risk reduction as these patients
experience a very rapid weight loss in a short period of time. Counseling on obesity
prevention, diet, and exercise could potentially play a big role in the prevention of
EC and other malignancies.

Keywords Endometrial cancer ¢ Ovarian cancer ¢ Cervical cancer * Gynecologic
malignancy ¢ Obesity ¢ Lifestyle ¢ Prevention ¢ Cancer biomarkers ¢ Bariatric
surgery

Background: Endometrial Cancer, Ovarian Cancer, Cervical
Cancer, and Obesity

Obesity is a worldwide problem, with both developing and developed countries car-
rying the burden of a large percentage of their population suffering from obesity [1].
The prevalence of obesity has dramatically increased in the last few decades, reach-
ing epidemic proportions in the US with 36.5% of US population being obese [2].
Obesity has been linked to a large number of chronic diseases such as cardiovascular
disease, diabetes, and metabolic syndrome; however, the link between obesity and
cancer has started to receive attention during the past two decades. While the biologi-
cal mechanisms underlying the relationship between obesity and cancer are not well
understood, published reports include risk factors such as metabolic and growth fac-
tors, hormone imbalance, multiple signaling pathways, as well as local and systemic
inflammatory processes. Key among the signaling pathways linking obesity and can-
cer is the PI3K/Akt/mTOR cascade, which is a target of many of the obesity-associ-
ated factors. It is also responsible for regulating cell proliferation and survival [3].

Obesity is an established risk factor for multiple cancer types, including colon/
rectal, postmenopausal, breast, endometrial, liver, kidney, esophageal, gastric, pan-
creatic, gallbladder, non-Hodgkin lymphoma, multiple myeloma, and aggressive
forms of prostate cancer [4]. In addition, it has been associated with increased mor-
bidity, and increased mortality from several gynecologic cancer types, including
cervical, ovarian, and EC. Mortality from cervical cancer appears to be higher for
obese women; however, the mechanisms responsible for this association are not
well understood. Obese women, especially of European American ancestry, are
40% less likely to undergo cervical cancer screening than their normal weight coun-
terparts, which could contribute to the higher cervical cancer mortality seen in obese
white women [5-8]. However, limited screening may not be the full explanation for
excess cervical cancer mortality in women with obesity, as hormonal factors may
also play a role in cervical cancer development [9].

Incidence of cervical cancer can decrease in the future due to HPV vaccine
guidelines implemented in the past decade [10]. These guidelines may be especially
relevant for cervical cancer prevention in women with obesity. In particular, Lacey
et al. suggests an influence of obesity on the risk of glandular cervical carcinoma
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[11]. Based on the literature evidence suggesting that women with obesity may not
be meeting recommended screenings guidelines we would like to suggest that:

* Providers need to particularly encourage women with obesity to adhere to estab-
lished screening guidelines.

e Adherence to HPV vaccine administration needs to be especially encouraged
and facilitated among girls and young women with obesity to prevent cervical
cancer.

e Special accommodations must be made for women with obesity (and/or mobility
limitations) that are unable to lift themselves onto gynecologic chairs or have
other barriers to screening.

* Obese women with gynecologic symptoms, such as bleeding, need to be care-
fully monitored due to increased risk of endometrial cancer. Endometrial sam-
pling through D&C may be recommended for women who cannot be sampled
using Pipelle.

Ovarian cancer is the leading cause of gynecologic cancer deaths in the United
States. A pooled analysis of 12 cohort studies suggested that body mass index (BMI)
of 30 and over was positively associated with ovarian cancer risk in premenopausal
women [12]. Recent evidence from the Ovarian Cancer Associated Consortium sug-
gested that high BMI was associated with an increased risk of ovarian cancer for
borderline serous, invasive endometrioid, and invasive mucinous tumor subtypes
[13]. While obesity appears to increase risk of these less common histological sub-
types of ovarian cancer, it does not increase the risk of high-grade invasive serous
cancers, and reducing BMI is unlikely to prevent the majority of ovarian cancer
deaths [13].

Endometrial cancer (EC) is the most common gynecologic malignancy among
American women, with about 60,050 new cases expected to be diagnosed in 2016
[14]. EC incidence is on the rise with 55% increase in the incidence expected by
2030 [15]. As EC is the gynecological cancer most closely associated with obesity,
the focus of this chapter will be on EC, with specific discussions highlighting the
potential to reduce EC risk through lifestyle interventions (Table 9.1). Age-adjusted

Table 9.1 Which gynecologic cancers may be impacted by lifestyle interventions?

Gynecologic cancer

type Possibility of risk reduction through lifestyle intervention
Endometrial cancer Prevention may be possible® through
(type I) * Diet
* Exercise
* Bariatric surgery
Ovarian cancer Prevention through lifestyle may not be effective, further research is
warranted
Cervical cancer Intervention may be effective for reducing excess mortality associated

with avoidance of cervical cancer screening among obese women of
European ancestry

*Assuming that significant weight loss is achieved
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rates of endometrial cancer are increasing in countries undergoing transition from
low- to high-income economies, with EC reported to be the sixth most common
cancer in women worldwide [16]. In the context of this chapter, “EC” will be defined
as Type I, obesity-associated EC, which accounts for 85-90% of all ECs
[17]. Although multiple factors are involved, increasing rates of obesity are thought
to be the primary driver of increasing EC incidence [18, 19]. Prospective studies
indicate that EC risk increases 1.6-fold with each additional 5 kg/m? in BMI, reach-
ing 9.1-fold higher risk at a BMI of 42 kg/m? [20]. Onstad et al. examined the asso-
ciation between obesity and EC, highlighting the importance of EC prevention and
control in premenopausal women [21]. The international Association for Research
and Cancer recently updated findings on body fatness and cancer risk and concluded
that the evidence supported “a cancer-preventive effect of the absence of excess
body fatness” for many different malignancies, including ovarian and uterine can-
cers [22]. In addition to obesity, physical inactivity, older age, polycystic ovary
syndrome (PCOS), diabetes, metabolic syndrome, and smoking have been shown to
be associated with EC [23-32]. Specific to reproductive factors, the risk of endome-
trial cancer is positively correlated with a younger age at menarche and late age at
menopause, infertility, null parity, age of the first child, and long-term use of unop-
posed estrogens for hormone replacement therapy [33]. Protection against endome-
trial cancer has been detected with an increase in parity, the use of combined oral
contraceptives, and increased age of women at last delivery [33]. Despite the rising
incidence and mortality of EC, which coincides with the national epidemic of obe-
sity, no prevention or screening strategy has been proven to be cost-effective. This
is largely due to two primary reasons: (1) a relatively low prevalence of endometrial
pathology in the asymptomatic general population, and (2) EC is usually detected at
early stages due to abnormal bleeding.

EC patients often have a history of irregular or heavy menstrual bleeding prior to
diagnosis, symptoms which are also common among women with obesity. In addi-
tion, women subsequently found to have EC may also present with abnormal find-
ings during gynecologic exams and ultrasounds (e.g. endometrial thickness >4 mm,
associated with EC in postmenopausal women only). In a recent publication, we
indicated that increasing BMI is associated with greater risk of endometrial pathol-
ogy among severely obese (BMI > 35) women [34]. Ideally, it would be very ben-
eficial to identify a systemic biomarker (or panel of biomarkers) that will be able to
identify women at high risk of precancerous changes at the time when preventive
interventions like weight loss or hormone therapy may still be possible. Since such
biomarkers are not yet established, it is advisable to recommend lifestyle interven-
tions to women who are considered to be at high risk for EC development either due
to BMI and/or the presence of gynecologic symptoms such as irregular or heavy
menstrual bleeding (for women of premenopausal age) and unexplained bleeding or
spotting (for women of postmenopausal age). Such preventive strategies are espe-
cially beneficial for women with obesity.

Obesity is a growing problem in the US with over one third of adults suffering
from obesity. Obesity and physical inactivity have been associated with the develop-
ment of many cancers including endometrial, postmenopausal breast, and colon,
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among others. Counseling on obesity prevention, diet, and exercise could potentially
play a big role in the prevention of obesity-associated malignancies. However, a
number of studies concluded that many physicians are not prepared to provide
counseling services on healthy diet, physical activity, and obesity [35, 36]. A survey
study of 108 women with EC indicated that only 29% of the women reported being
counseled by their health care provider about the link between obesity and EC [37].
Lack of counseling results in low level of awareness among EC patients on the link
between obesity and EC. Recent survey study that included 43 women with EC or
complex atypical hyperplasia reported that 46.5% of the women were unaware that
obesity was a risk for EC or hyperplasia [38]. Future EC prevention efforts need to
focus on increasing public awareness on the relationship between obesity and EC.

Mechanisms Linking Endometrial Cancer and Obesity

Obesity increases the risk of EC more than any other cancer [3, 39—41]. Current
adiposity, excess weight at the age of 18, metabolic syndrome, and adult weight gain
are all associated with substantial increased lifetime risk of EC [42—44]. Physical
inactivity has also been found to be an independent risk factor associated with EC
development [45]. In a sample of women undergoing hysterectomy, Ward et al.
showed a linear increase in the frequency of uterine (mostly EC) cancers associated
with increasing BMI [46]. We recently found that up to 20% of severely obese
women scheduled for bariatric surgery show histological evidence of endometrial
pathologies, including hyperplasia and endometrial polyps [47, 48], which are indic-
ative of possible risks for EC development. Argenta et al. reported resolution of
hyperplasia after bariatric surgery in a small sample of bariatric surgery patients [47].

Endometrial proliferation is driven by the cyclic expression of estrogen by the
ovaries in premenopausal women and estrogen synthesis in the peripheral tissues
(mostly adipose tissues) in the postmenopausal women [21]. The “unopposed estro-
gen hypothesis” of EC development posits that increased exposure to endogenous or
exogenous estrogen that is not opposed by progesterone explains the relationship
between obesity and EC risk [49-52]; however, additional factors have been impli-
cated in EC development in recent literature.

In most cases, endometrioid adenocarcinoma of the endometrium is preceded by
hyperplasia [53]. Among women with atypical endometrial hyperplasia (AEH), the
risk of progression to carcinoma is approximately 30% [54]. Additionally, Trimble
et al. reported that the prevalence of endometrial carcinoma in patients who had a com-
munity hospital biopsy diagnosis of AEH was high (42.6%) [55]. In recent studies, we
and others have found that such preclinical changes in endometrial histology are not
uncommon among severely obese women [47, 48, 56]. Accumulating evidence from
preclinical research, as well as prospective studies exploring associations between bio-
marker levels in peripheral blood and the development of EC, strongly implicate three
basic biological pathways: heightened inflammatory factors, insulin resistance/ meta-
bolic factors, and steroid hormones (e.g., estradiol) [57-62]. For EC, it is likely that
there is more than one system linking obesity and cancer predisposition [63].
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Endometrial Thickness

As an additional measure of risk for postmenopausal women, endometrial thickness
greater than 4 mm may be indicative of excess estrogen stimulation that is associ-
ated with increased risk of EC, estrogen-associated endometrial pathologies, as well
as breast cancer [64]. Increased endometrial thickness has been associated with
obesity in previous studies [65, 66]. For premenopausal women, an endometrial
thickness greater than 6 mm appears to be linked to increased risk of hyperplasia
[67], which in most cases precedes endometrioid adenocarcinoma of the endome-
trium [53]. A recent publication highlighted the importance of evaluating thickened
endometria in postmenopausal asymptomatic women due to the high risk of sub-
clinical pathology [68]. Endometrial thickness appears to be linked to a wide range
of precancerous endometrial pathologies. Previously published research suggested
that in patients with simple endometrial hyperplasia, the endometrium ranged from
6 to 16 mm in thickness, whereas in patients with simple endometrial hyperplasia
and metaplasia, the endometrium ranged from 10 to 20 mm. In patients with com-
plex endometrial hyperplasia, the endometrium ranged from 11 to 17 mm; in
patients with complex endometrial hyperplasia with atypia, from 8 to 20 mm; and
in those with endometrial metaplasia, from 5 to 12 mm [69]. Since endometrial
thickness in postmenopausal women appears to be increasing with advancing pro-
gression of endometrial pathology from simple hyperplasia to complex hyperplasia
with atypia, this risk factor is an important variable to be investigated in studies
focusing on EC/EC-precursor risk reduction. Having a better understanding of the
high-risk profile would guide the development of better tailored, individualized
interventions for high-risk women that include lifestyle interventions.

Need for Investigating Endometrial Cancer Risk Markers

Literature suggests that obesity contributes to the chronic activation of one or
more of the three EC risk pathways. The activation of these pathways results in
the increased likelihood of preneoplastic changes in endometrial tissue, which can
ultimately progress to EC. Early identification of precancerous endometrial
changes will have implications for EC prevention programs (e.g., weight loss,
hormone-based intervention) and alternative treatment choices for severely obese
women (consistent with prevention targets identified by Hursting [70]). Availability
of those options will have significant implications for morbidity, mortality, and
healthcare expenditures associated with EC, potentially leading to reduction of
hysterectomies. While hysterectomy is the traditional treatment for EC, several
publications in the past decade suggested that hormonal treatment for EC may be
effective for both managing EC and preserving the ability to achieve pregnancy in
premenopausal women [71, 72].
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Inflammatory Markers

Obesity is associated with a physiological state of chronic, low-grade inflammation
characterized by elevated concentrations of circulating inflammatory biomarkers
partially mediating the association between obesity and EC [61, 73, 74]. Excess
adipose tissue mass may contribute to the development of cancer via increased
secretion of pro-inflammatory cytokines and chemokines [24, 75]. A recent study
found CRP, an acute-phase reactant protein associated with production of inflam-
matory cytokines, to be positively related to EC risk [62]. In addition, CRP, IL-6,
and IL-1RA have been implicated in EC risk in several prospective investigations
[24, 60-62].

Metabolic Factors

Circulating adipokines (small protein molecules produced and secreted by white
adipose tissue), such as adiponectin, have systemic immunomodulating effects that
have been implicated in the development of several cancers [76]. Insulin, IGFBP-2,
leptin, adiponectin, and C-peptide were shown to be associated with EC develop-
ment in prospective studies [60, 62, 77, 78].

Steroid Hormones

The role of unopposed estrogen in EC development has been reviewed in recent
publications, highlighting the importance of increased estrogen levels through the
aromatization of the androgens in adipose tissue [49, 79]. Estradiol, the most com-
monly measured estrogen hormone, has been linked to EC risk in prospective stud-
ies [60]. Adipocytes partly contribute to the increased production of estrogen,
which is involved in dysregulated cell growth in early endometrial carcinogenesis
[80]. Several circulating steroid hormones, including testosterone and sex hor-
mone-binding globulin (SHBG), have also been linked to EC risk in prospective
studies [29, 61].

Other Biomarkers

PTEN is one of the most commonly lost tumor suppressors in human EC; its expres-
sion is also altered in hyperplastic conditions suggesting a possible role in the devel-
opment of EC, particularly in the transition from hyperplasia to EC [81]. Although
the association between obesity and inflammation is widely recognized [82], there
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is little published information concerning relationships between weight loss and
histological changes in the endometrium, supporting a mechanistic role for inflam-
mation in EC. In addition, concurrent assessment of inflammatory biomarkers in
blood, urine, and endometrial tissue will provide evidence as to whether circulating
and local biomarker expression levels correlate. Adipose tissue hypoxia may pro-
vide cellular mechanistic explanations for chronic inflammation, macrophage infil-
tration, adiponectin reduction, leptin elevation, adipocyte death, and mitochondrial
dysfunction in obese women, which contribute to the risk of cancer development
[83]. Regulators of hypoxic responses are likely to play an important role in EC
development, with activation of the transcription factor hypoxia-inducible factor 1
(HIF)-1 allowing EC to thrive under conditions of metabolic stress. These regula-
tors of hypoxic responses are detectable in both serum and tissues [84].

Endometrial Cancer Prevention Through Weight Loss

Reducing the risk of EC by weight loss is an attractive strategy, as weight loss also
improves cardiovascular fitness, reduces/treats type-2 diabetes, and reduces the risk
of other obesity-related cancers [18]. A connection between physical activity and
EC risk through hormonal mechanisms, possibly mediated by body weight, is bio-
logically plausible [85]; therefore, it is also important to assess physical activity as
a potential preventive strategy for EC. Although some women can effectively lose
weight through exercise and diet, literature suggests that diet and exercise programs
for morbidly obese individuals result in meaningful weight loss in less than 20% of
program participants [86]. While literature suggests that exercise interventions may
be feasible in cancer survivors [87], to our knowledge there is no literature explor-
ing diet and exercise interventions to reverse endometrial changes associated with
EC onset.

Bariatric Surgery

Recent international cancer prevention guidelines recommend weight loss, where
appropriate, for the purpose of cancer risk reduction. Bariatric surgery has demon-
strated long-term sustained weight loss, and as a result, patients after bariatric sur-
gery represent an ideal population to explore the relationship between long-term,
voluntary weight loss and cancer incidence [88]. The number of bariatric surgeries
performed in the past two decades increased from 16,200 in 1992 to 220,000 in
2008 [86]. Bariatric operations are major gastrointestinal procedures, which alter
the capacity and/or the anatomy of the digestive system, leading to weight loss.
Bariatric surgery has large average effect sizes (e.g., 20-30 kg of weight loss at
1 year of follow-up, maintained for up to 10 years [89]), but entails a risk of serious
complications or unpleasant side-effects such as nausea, bloating, diarrhea, and
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colic [90]. It is only appropriate for individuals who can safely undergo a surgical
procedure, and for whom other weight loss options failed. Bariatric surgery is very
expensive, although the expense is often covered by health insurance for patients
with insurance coverage.

Preliminary research has demonstrated that long-term total mortality after gastric
bypass surgery was significantly reduced, particularly deaths from cancer, diabetes,
and heart disease [91]. In a prospective Swedish study following a cohort of bariat-
ric surgery patients and obese controls, sustained weight loss was associated with a
38% reduction of cancer incidence in women [92]. In another prospective study, a
24% reduction in incident cancers was seen amongst 6596 women undergoing bar-
iatric surgery in comparison with controls over a 12.5 year follow up period [93].
The most impressive reduction in cancer risk was seen for EC with a sevenfold risk
reduction [93]. Taken together, these observations provide proof of principle that
EC is preventable through weight loss [18], but the mechanism(s) of risk reduction
in the uterus/endometrium have received little research attention.

With the increased numbers of centers performing bariatric surgeries, morbidly
obese individuals who cannot lose weight through traditional means resort to this
option for reducing their risk of diabetes and other obesity-associated conditions.
Previous research demonstrated that even a weight loss of only 5-10% of total
weight can provide health benefits [8]. Parker et al. examined the effect of inten-
tional weight loss and found that women who experienced intentional weight loss of
20 or more pounds and were not currently overweight had cancer rates at the level
of non-overweight women [11].

Emerging literature suggests that the risk of EC may be particularly responsive
to weight loss [18, 19]. Ward et al. recently demonstrated in a large scale study that
a history of bariatric surgery is associated with a 71% overall reduced risk for uter-
ine malignancy [94]. A reduction in the incidence of endometrial hyperplasias,
which typically precede EC, has also been reported in recent pilot investigations of
bariatric surgery patients [47, 48, 94].

Physical Activity

In the United States, inactivity is a serious problem, where in some states (e.g.,
Alabama, Arkansas, and Mississippi) over 30% of the population does not partici-
pate in leisure-time physical activity [95]. Twenty-six percent of adults in
Pennsylvania responding to a survey in 2010 indicated that they did not participate
in any leisure-time physical activity during the past month [96]. Results of most
epidemiological and laboratory studies suggest an inverse relationship between
regular exercise and the risk of certain malignancies, such as intestinal, colon, pan-
creatic, breast, lung, skin, mammary, endometrial, and prostate cancer [97]. High
BMI and physical inactivity appear to be strong and independent risk factors for
endometrial cancer [98]. Findings from a Swedish mammography cohort suggest
that total physical activity has a weak but inverse association with EC risk; however,
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leisure-time inactivity has a statistically significant association with increased risk
for EC [85]. Light and moderate physical activity including daily life activities were
associated with lower EC risk (RR = 0.67, 95% CI 0.44-1.03) in the American
Cancer Society Cancer Prevention Study II Nutrition Cohort, especially among
women who are overweight or obese [99]. Further, preliminary evidence indicates
that exercise has a positive effect on the inflammatory biomarkers [100, 101] that
have been implicated in cancer development.

A recent systematic review and meta-analysis suggested that recreational physi-
cal activity, occupational physical activity, and walking/biking for transportation are
related to decreased EC risk [102]. Physical activity seems to be associated with a
reduction in the risk of EC independent of body weight [103], especially for those
who exercised in adulthood [104].

Myriad of Weight Loss Options: Obese Individuals Need Help
in Deciding What Intervention is Best for Them

A variety of weight loss options are available to obese individuals, each with their
own advantages and disadvantages. For those who attempt to lose weight through
commercial dietary programs, one of the most well-known programs is Weight
Watchers® [105]. Weight Watchers® core approach is to assist members to form
helpful habits, eat smarter, get more exercise, and have more social support. In a
recent prospective study, several other commercial weight loss programs were com-
pared to Weight Watchers® and it was found that most commercial programs result
in similar weight loss [106]. In addition to commercial programs, healthy living
websites, such as “SparkPeople.com” are gaining popularity [107]. Digital mobile
tools can also be helpful for promoting behavior change and weight loss [108].
Behavioral programs attract attention of women who are trying to lose weight. One
such intervention, the Diabetes Prevention Program’s lifestyle intervention, has
been shown to be a cost-effective in research settings [109, 110], and to promote
weight loss in community settings for diverse populations [111]. Intensive behav-
ioral programs have modest clinically significant weight loss results, but are some-
times limited by the common phenomenon of weight regain or decreasing program
adherence over time.

There are several key issues patients should consider when deciding whether to
pursue a lifestyle change. Behavioral programs promoting moderate physical
activity and a low-calorie diet have, on average, small yet clinically significant
effect sizes (e.g., 3-5 kg at 1 year of follow-up) [112]. These results reflect low
levels of intervention adherence [113], with higher levels of adherence shown to be
associated with greater weight loss. In addition to just weight loss, evidence-based
behavioral weight loss programs can lead to improved physical functioning [114,
115] and entail minimal risk. Improving physical activity for the purpose of weight
loss can also provide additional positive health benefits in areas such as increased
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bone strength and decreased depressive symptoms [116, 117]. However, sustained
behavior change requires a difficult and long-term commitment from patients, and
the cost of behavioral intervention programs is frequently not covered by health
insurance.

Diet

Healthy nutrition is a part of the “CDC’s National Prevention Strategy: America’s
Plan for Better Health and Wellness” [118]. The CDC also suggests that a person’s
cancer risk can be reduced by eating a diet rich in fruits and vegetables, maintaining
a healthy weight, and being physically active [119]. Epidemiological studies sug-
gest that dietary intake of certain vegetables (e.g., cruciferous vegetables) may be
protective against the risk of different types of cancers. There is epidemiological,
laboratory, and some clinical evidence that certain dietary factors play a role in
either promoting or inhibiting cancer development [120]. For example, salt and
salted food intake is associated with gastric cancer, while physical activity is protec-
tive. A large number of studies identify nutrition and physical activity as key targets
for cancer prevention [121-127].

Over the past decade, research on dietary risk factors associated with endome-
trial cancer development has received attention. However, research publications on
the link between EC and dietary factors are limited and inconsistent, with data from
large cohort studies becoming available only recently. Nagle et al. reported that
diets with high glycemic load significantly increase the risk of EC development
[128]. Preliminary evidence was published in a case-control study of 168 cases of
EC patients and 334 controls, which demonstrated that more frequent consumption
of several vegetables and certain dairy products was associated with a statistically
significant decreased risk of EC [129]. Another case control study reported that
foods high in fat and cholesterol, such as red meat, margarine, and eggs, were posi-
tively associated with EC, whereas cereals, legumes, vegetables, and fruits, particu-
larly those high in lutein, were inversely associated [129]. However, the role of
vegetables remains controversial, as it has been suggested that a diet characterized
by high fat consumption increased risk, regardless of fruit and vegetable consump-
tion (OR = 1.4, 95% CI: 0.97-2.1 for high fat, low fruit/vegetable intake and
OR = 1.4, 95% CI: 0.95-2.1 for high fat, high fruit/vegetable intake compared to
low fat, high fruit/vegetable intake [130]).

In addition to exploring large groupings of foods, there is an interest in what spe-
cific dietary elements may offer protection or be risk factors for EC development. One
study suggested that risk for EC was reduced for women in the highest quartiles of
intake of protein (OR 0.4, 95% CI: 0.2-0.9), dietary fiber (OR 0.5, 95% CI: 0.3-1.0),
phytosterols (OR 0.6, 95% CI: 0.3-1.0), vitamin C (OR 0.5, 95% CI: 0.3-0.8), folate
(OR 0.4, 95% CI: 0.2-0.7), alpha-carotene (OR 0.6, 95% CI: 0.4-1.0), beta-carotene
(OR 0.4, 95% CI: 0.2-0.6), lycopene (OR 0.6, 95% CI: 0.4-1.0), lutein + zeaxanthin
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(OR 0.3, 95% CI: 0.2-0.5) and vegetables (OR 0.5, 95% CI: 0.3-0.9), but unrelated to
energy (OR 0.9, 95% CI: 0.6-1.5) or fat (OR 1.6, 95% CI: 0.7-3.4) [131].

While original data linking dietary patterns and EC has been limited to case con-
trol studies, data from large scale cohort studies became available in the past few
years. Specifically, pooled data from three case-control studies provided evidence
for a beneficial role of the Mediterranean diet on EC risk, suggesting a favorable
effect of a combination of foods rich in antioxidants, dietary fiber, phytochemicals,
and unsaturated fatty acids [132]. Merritt et al. evaluated the EC risk associations
for dietary intake of 84 foods and nutrients in three prospective studies, the European
Prospective Investigation into Cancer and Nutrition (EPIC; N = 1303 cases) fol-
lowed by validation of nine foods/nutrients (FDR < 0.10) in the Nurses’ Health
Studies (NHS/NHSII; N = 1531 cases). Eight other dietary factors that were associ-
ated with EC risk in the EPIC study (total fat, monounsaturated fat, carbohydrates,
phosphorus, butter, yogurt, cheese, and potatoes) were not confirmed in the NHS/
NHSII. This study suggested that coffee intake may be inversely associated with EC
risk [133]. A recent large meta-analysis suggested that increased coffee intake is
associated with a reduced risk of EC, and was consistently observed for both cohort
and case—control studies [134].

Ollberding et al. suggested that a greater consumption of isoflavone-containing
foods is associated with a reduced risk of EC in postmenopausal women [135]. Animal
and laboratory studies suggest that long-chain omega-3 (n-3) fatty acids, a type of
polyunsaturated fat found in fatty fish, may protect against carcinogenesis, but human
studies on dietary intake of polyunsaturated fats and fish with EC risk show mixed
results. A case-control study published by Arem et al. suggested that dietary intake of
the long-chain polyunsaturated fatty acids EPA and DHA in foods and supplements
may have protective associations against the development of EC [136].

Consumption of dairy products also received attention as a risk factor for EC, as
it has been suggested that dairy products contain estrogenic compounds that have
been implicated in EC development. The association between dairy consumption
and EC risk has been investigated in a prospective cohort study with 68,019 female
participants in the Nurses’ Health Study. Milk and dairy consumption were assessed
in 1980, 1984, 1986, 1990, 1994, 1998, and 2002 as servings per day and the fol-
low-up continued through 2006. The association between total dairy intake and EC
was significant only among the postmenopausal women (for >3 svg/day RR = 1.41,
95% CI = 1.01-1.98, p for trend = 0.02) and was evident only among those who
were not currently using hormone therapy (RR = 1.58, 95% CI = 1.05-2.36, p for
trend = 0.003) [137].

The link between diet and EC deserves further investigation, especially with
recent report from Women’s Health Initiative and other investigations showing that
quality of diet had no impact on EC development or risk [138, 139]. It is possible
that EC cannot be prevented through diet modification, unless such diet modifica-
tion leads to significant weight loss.
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Weight Loss Effect on Cancer-Associated Biomarkers

The pro-inflammatory state associated with obesity is thought to play a major role
in endothelial cell activation in severely obese individuals [140]. Previous studies
demonstrate that long-term weight loss after bariatric surgery is accompanied by a
decreased pro-inflammatory state [140]. Bariatric surgery was associated with
reduced cancer incidence in obese women in a large scale Swedish investigation
[92]. A cancer registry-based study in Utah demonstrated that gastric bypass results
in lower cancer risk, supporting recommendations for reducing weight to lower
cancer risk [93]. Christou et al. [141] reported that the physician/hospital visits for
common cancers such as breast cancer were significantly reduced in the bariatric
surgery group; while for all other cancers, the physician/hospital visits showed a
trend toward lower risk in the surgery group for all other cancers; however, this was
not statistically significant due to low frequency. Similar changes in biomarkers can
be achieved with behavioral weight loss interventions [142].

Disparities in the Areas of EC and Circulating Biomarkers:
African American and European American Women

An area that has not yet been investigated is the possible difference between African
American (AA) and European American (EA) women with regard to EC risk bio-
markers or precancerous histological changes in the endometrium. AA women have
a 2-2.5 times higher mortality rate from EC than EA women [143, 144]. Oliver
et al. reported that AA women have higher grade and stage tumors, with more
aggressive histology, suggesting that exploration of possible mechanisms for EC
prevention is especially relevant in AA women [145]. Such differences in tumor
characteristics also support the possibility of differences in etiological pathways.

It is particularly important to compare biomarker levels between AA and EA
women, as AA women have been shown generally to have higher concentrations of
inflammatory markers, such as CRP [146] and adipokines, that are not entirely
explained by BMI [147]. Demographic and experiential variables may be involved.
For example, early life adversity was reported to be predictive of high concentrations
of inflammatory markers at midlife for AA women [148]. Higher levels of depres-
sive symptoms associated with obesity are also increasingly recognized to be asso-
ciated with heightened levels of inflammatory markers [149], which could be
another contributor to racial differences among women.

AA women generally have higher rates of obesity and physical inactivity [150],
both risk factors for EC development. Previous work published by Park et al. sug-
gests that AA women gain a larger amount of weight in adulthood in comparison to
EA women and that they show an increased risk of EC only after reaching a
BMI > 42.80 kg/m? [151]. However, the literature suggests that the incidence of EC
may be underestimated in AA women [152].

Surprisingly, cancer incidence data show no significant differences between AA
and EA women with regard to the incidence of EC as reported by national databases
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[153]. The similar incidence, despite higher levels of obesity in AA women, could,
in part, be due to the underreporting of EC for AA women. However, there is also
evidence that AA women may be less sensitive to the negative effects of increasing
adiposity on the risk of EC [151], which could reflect qualitative or quantitative dif-
ferences in the relationships between obesity and EC risk biomarkers in AA women.
Behavioral interventions for EC prevention may need to be differentially tailored
for AA and EA women.

Survivorship

Population-based epidemiological data indicates that 72% of EC survivors are over-
weight or obese [154], and do not adopt healthier lifestyles after diagnoses. Obesity
increases all cause and EC-specific mortality risk after an EC diagnosis [155, 156],
with the majority of these mortality outcomes associated with the extent of obesity.
Interventions to reduce weight may improve EC survival [155], as EC is the first
obesity-associated morbidity that many women develop, before more chronic and
difficult-to-treat conditions occur such as diabetes or heart disease. EC diagnosis is an
important marker for the adverse effects of obesity that may effectively be harnessed
as a teachable moment to educate patients about prevention of other future morbidities
associated with obesity. As noted by McBride et al. [157], the phrase “teachable
moment” has been used in the behavioral science literature to describe naturally
occurring life transitions or health events that have the potential to motivate individu-
als to spontaneously adopt risk-reducing or health-protective behaviors. This teach-
able moment can potentially be used to encourage adoption of a more holistic approach
for weight control during survivorship. Considering high obesity rates among EC sur-
vivors, incorporating lifestyle changes into their daily lives is very important for this
segment of population [158]. Thus lifestyle interventions may not only improve the
overall health of these survivors, but may also improve survival and reduce mortality
from obesity-associated causes. These interventions may include improving physical
activity, losing excess weight, and eating a well-balanced diet. The two published
randomized controlled trials evaluating weight loss interventions in EC survivors con-
firm that recruitment of EC survivors to such interventions is possible [159, 160].

Future Direction: Prevention Counseling

Physician Preparedness in the Area of Cancer Prevention
Counseling

Cancer is a growing problem in the US, especially for malignancies associated with
excess weight, such as EC. Based on the magnitude of the health problems and our
ability to make significant progress in improving outcomes, the Centers for Disease
Control and Prevention (CDC) has identified obesity, nutrition, and physical activity
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as “winnable battles” [161]. It is our belief that with additional effort and support
for improving education and counseling skills for obesity, physical activity, and
nutrition among healthcare providers (especially early in their career), we will have
a significant impact on our nation’s health. Preliminary studies of residents, fellows,
and physicians managing populations at high risk for cancer development suggest
that physicians in training may not receive adequate education in the management
of obesity, nutrition, and healthy lifestyles, and may be unprepared to discuss issues
related to cancer prevention through risk factor reduction with their patients
[162-164].

A number of observers have concluded that many physicians are not well pre-
pared to provide services and manage conditions such as dietary counseling, obe-
sity, and physical activity. Rates of preventive counseling remain below national
guidelines. Risk behavior topics were brought up more often for mammography
(90%) and smoking (79%) compared to diet (56%) [165]. In the area of cardiovas-
cular disease (CVD), previous research found low counseling rates for CVD pre-
vention, particularly in the areas of diet, exercise, and weight loss among residents
and fellows [166], with obesity being the least covered area by physicians’ counsel-
ing. In previous research, attitudinal survey and knowledge test scores from control
PGY-3 residents generally confirmed that their knowledge and counseling skills on
obesity prevention and management were well below expectation [167]. Behavioral
counseling interventions for nutrition, physical activity, and obesity among primary
care patients could be very effective component of a public health approach to
reduce the risk of cancer. Patients look to their physician for guidance in disease
prevention; however, physicians, especially residents, need to be prepared to pro-
vide such services. In the area of nutritional counseling for cancer prevention, it has
been reported that physicians who: (a) reported consistently avoiding dietary fat, (b)
were more confident in their diet counseling abilities, and (c) were sole owners of
their practice were more likely to counsel their patients than physicians who were
employees or part owners of the practice [168]. One of the most comprehensive
papers in the area of resident readiness to provide preventive services has been
published by Blumenthal et al. [169], and suggests that we need to investigate
opportunities in improvement of resident training. In a comprehensive multimedia
program designed to improve medical students counseling skills in the area of nutri-
tion; however, most students reported that they would not use the program unless it
was required that they do so [170].

Counseling on lifestyle factors involves a significant amount of behavior change
which physicians may be ill prepared to deliver within the constraints of a short
primary care visit. Time constraints limit the ability of physicians to comply with
preventive services recommendations [171]. Curricular deficits, in addition to lack
of time and administrative barriers, add to the problem. A survey of residency pro-
gram directors identified deficits in formal childhood obesity curriculum [172].
Despite solid knowledge of the comorbid conditions associated with obesity, resi-
dents have a poor grasp of the tools necessary to identify obesity and even fewer
skills required for behavioral intervention for prevention. They also have negative
opinions about their skills for treating obese patients [173]. Overall, physicians
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completing residencies in adult primary care did not feel very well prepared to
counsel patients about preventive and psychological issues [174]. In previous stud-
ies, adding curricula on cancer prevention for residents and nurses improved adher-
ence to cancer prevention counseling recommendations. Specifically, availability of
training and tools for residents and community pediatricians improved providers’
confidence, ease, and frequency of obesity-related counseling [175].

Future Directions: EC Prevention Guidelines Development?

Various well-known cancer organizations and foundations are actively disseminat-
ing nutrition and physical activity cancer prevention recommendations. Thomson
et al. recently reported that behaviors concordant with Nutrition and Physical
Activity Cancer Prevention Guidelines in the US were associated with lower risk of
total, breast, and colorectal cancers, and lower cancer-specific mortality in post-
menopausal women [176]. Results from the European Prospective Investigation
into Cancer and Nutrition (EPIC) study suggested that adherence to the World
Cancer Research Fund (WCRF) and the American Institute of Cancer Research
(AICR) recommendations for cancer prevention may lower the risk of developing
most types of cancer [177]. In the Cancer Prevention II Nutrition Cohort, adherence
to cancer prevention guidelines for obesity, diet, physical activity, and alcohol con-
sumption was associated with lower risk of death from cancer, CVD, and all causes
among nonsmokers [178]. These recommendations do not specifically focus on EC,
which is a topic on which future policy and cancer prevention research could pro-
ductively focus. In addition to diet and physical activity, it appears that additional
programs, such as bariatric surgery, could be effective in EC risk reduction.
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Chapter 10

Hormonal and Metabolic Strategies

to Overcome Insulin Resistance and Prevent
Endometrial Cancer

Sarah Kitson and Emma J. Crosbie

Abstract A role for insulin and its related protein IGF-1 as drivers of endometrial
carcinogenesis is now well established, with epidemiological and in vitro evidence
demonstrating insulin resistance to be critical to the development of the disease. In
addition to a direct effect on the endometrium, stimulating unregulated cell prolif-
eration, insulin also closely interacts with excess adipose tissue, increasing the aro-
matisation of androgens to oestrogen and decreasing the secretion of the adipokine
adiponectin, a major regulator of insulin sensitivity. Interventions aimed at improv-
ing the body’s response to insulin would, therefore, be expected to have a positive
effect on preventing the development of endometrial cancer. Numerous lifestyle,
pharmacological and surgical interventions have been shown to influence insulin
resistance, either through weight loss, increased insulin secretion or modulation of
signalling through the insulin receptor. This review discusses the mechanisms
underpinning these strategies and, in particular, the existing data for their role in
endometrial cancer prophylaxis.

Keywords Insulin resistance ¢ Insulin sensitizers ¢ Insulin-like growth factor
e Sedentary behaviour ® Aromatisation ® Weight loss drugs ¢ Sibutramine ¢ Orlistat
* Bariatric surgery ¢ Sex hormone binding globulin

Introduction

There is increasing evidence to support a causal role for insulin resistance in endome-
trial carcinogenesis. A recently conducted meta-analysis of observational studies
demonstrated higher fasting insulin and C-peptide levels and a greater HOMA-IR
(homeostatic model assessment of insulin resistance, a composite measure of insulin
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and glucose levels) score in women with endometrial cancer compared with those
without the disease [1]. Even allowing for the heterogeneity in study design and inclu-
sion of both fasting and non-fasting results, these findings were consistent across all
eligible studies. The effect of insulin resistance on endometrial cancer risk appears to
be independent of its association with body mass, as, even accounting for this, geneti-
cally predicted higher fasting insulin levels are associated with an elevation in disease
risk [2]. Similarly within the SEER database, impaired fasting glucose was associated
with a 25% increase in endometrial cancer risk, independent of the other components
of the metabolic syndrome, namely obesity, hypertension and hyperlipidaemia [3].
The presence of insulin resistance may well explain the four-fold increased risk of
endometrial cancer in women with polycystic ovary syndrome (PCOS) compared
with those without the disease and metformin, an insulin sensitising drug, has already
shown promise in the treatment of early stage endometrial cancer in this context [4].

In vitro evidence supports a direct effect of insulin, and its related protein insulin-
like growth factor-1 (IGF-1), on endometrial cancer cells [5, 6]. Activation of the
insulin receptor results in increased cellular proliferation and inhibition of apopto-
sis, through the MAPK and PI3K/Akt pathways and mTOR activation (Fig. 10.1).
Insulin is also able to promote tumour development through the activation of
f-catenin, resulting in unregulated cell turnover and the accumulation of genetic
alterations. By degrading its binding protein, insulin is able to increase the bioavail-
ability of IGF-1 to enhance its own tumour promoting capacity.

In addition to these direct effects, insulin has been shown to increase local oes-
trogen synthesis through stimulation of ovarian androgen production and its aroma-
tisation within adipose tissue. This, combined with a reduction in hepatic synthesis
of sex hormone binding globulin, contributes to a greater bioavailability of oestro-
gen, which promotes endometrial cell proliferation as well. Insulin is also respon-
sible for a lowering of adiponectin levels and increase in leptin secretion [6].

Given this weight of evidence, it is logical, therefore, to hypothesise that treat-
ments aimed at improving insulin sensitivity would have a beneficial effect on
reducing endometrial cancer risk. To this effect, a number of different strategies
have been employed.

Exercise and Avoidance of Sedentary Behaviour

Sedentary behaviour is a risk factor for endometrial cancer, with prolonged periods
of sitting (of five or more hours duration each day) being associated with an
increased risk of the disease [7, 8]. It is, therefore, not surprising that avoidance of
this behaviour is protective against endometrial cancer development. A number of
systematic reviews have been undertaken which have consistently shown a benefit
from undertaking physical activity, with, on average, a risk reduction of 20-30%
[9-12]. There have been no randomised controlled trials (RCTs) of exercise for the
prevention of endometrial cancer, meaning that most of the available data has come
from case-control studies using self-reported activity levels. Even with this caveat,
there is some evidence of a dose-response relationship between exercise and
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Fig. 10.1 Pro-carcinogenic effects of insulin. Hyperinsulinemia is responsible for increased sig-
nalling within endometrial cancer cells through the mTOR and MAPK pathways, resulting in cell
proliferation and inhibition of apoptosis. It also acts to promote ovarian androgen production and
its aromatisation within adipose tissue. This, alongside a reduction in the hepatic production of sex
hormone binding globulin, results in an increase in bioavailable oestrogen, which is able to stimu-
late endometrial cell turnover, thereby increasing the risk of carcinogenic mutations. Increased
serum insulin has also been shown to be associated with a reduction in adiponectin levels and to
drive leptin secretion

endometrial cancer risk, though this has only been demonstrated in populations
consisting of overweight and obese women [9, 11]. Whilst higher intensity, longer
duration exercise would, therefore, be anticipated to be the most beneficial, the
available evidence to date suggests that all physical activity reduces endometrial
cancer risk to a similar extent [11]. There is no consensus as yet as to at what stage
of life exercise participation has the greatest impact on disease risk, suggesting that
it can be used as part of a risk reduction strategy at any age [11, 12]. As little as
20 min of moderate intensity exercise sufficient to raise the heart rate on five occa-
sions during the week is sufficient to be beneficial, similar to that recommended for
breast cancer reduction [13]. Using the Walter formula, Moore et al. [14] estimated
that adherence to such a regime could have prevented up to 22% of endometrial
cancers within the NIH-AARP Diet and Health Study.

Physical activity may reduce the risk of endometrial cancer through several differ-
ent mechanisms, the most apparent being the lowering of body weight. Adipose tis-
sue is the predominant source of oestrogen in postmenopausal women, through the
aromatisation of androgens, and postmenopausal women who have high levels of
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sedentary behaviour have elevated oestradiol and low sex-hormone binding globulin
levels. Physical activity reverses these changes, particularly when associated with
weight loss, thereby potentially reducing oestrogenic stimulation of the endome-
trium [15]. It is unclear, however, whether such an effect is also seen in pre-
menopausal women. Exercise also improves insulin sensitivity and increases the
uptake of glucose by skeletal muscle, an effect which occurs independent of body
weight change [16]. In addition, levels of adiponectin, an adipokine secreted by adi-
pocytes and a regulator of insulin resistance, have been shown to be favourably
altered in response to increased physical activity. Long term exercise (6—24 months)
appears to be associated with an increase in adiponectin levels and hence improved
insulin sensitivity when occurring alongside weight loss; shorter term programmes
(4 months), in contrast, have failed to demonstrate any beneficial effect [17-19].
There is no evidence for an effect of activity on other insulin related growth factors,
including IGF-1, however [20]. Other potential mechanisms include an improvement
in innate and acquired immune response and reduction in oxidative stress, although
results from published studies have frequently been either inconclusive or conflicting
as to the degree of benefit conferred by physical activity [15].

Weight Loss

Given the close association between excess adiposity, insulin resistance and endome-
trial cancer [21, 22], interventions designed to promote weight loss might be expected
to reduce disease risk. Such interventions can be considered under three separate
categories; diet induced weight loss (which may be combined with other lifestyle
interventions such as increased physical activity, as discussed above), drug induced
weight loss and surgical interventions designed to promote weight reduction.

Diet Induced Weight Loss

Single episodes of intentional weight-loss of 20 pounds or more have been shown
to be associated with a 4% reduction in endometrial cancer risk after adjustment for
age, body mass index (BMI) and other cancer risk factors [23]. Whilst these findings
from the Iowa Women’s Health Study were non-significant, the effect of diet
induced weight loss on endometrial cancer risk may in fact be greater than that seen
in this cohort, which relied upon self-reporting of weight change as either inten-
tional or unintentional. This distinction is notoriously difficult to accurately make
and potentially results in disease-related weight loss being inappropriately ascribed
as intentional, thereby underestimating the reduction in relative risk.

Only one RCT of the effect of dietary interventions on the risk of endometrial
cancer has been completed. The Women’s Health Initiative Dietary Modification
Randomised Controlled Trial randomised over 48,000 postmenopausal women to



10 Hormonal and Metabolic Strategies to Overcome Insulin Resistance and Prevent... 171

either dietary intervention, consisting of an intensive behavioural modification pro-
gramme designed to reduce dietary fat intake and increase fruit and vegetable con-
sumption, or usual diet [24]. Over a median follow-up period of 8.1 years, there was
no difference in the incidence of endometrial cancer between the two groups,
although patients in the intervention group, on average, lost only 0.8 kg, potentially
explaining the lack of effect seen. A further feasibility study in overweight women
with PCOS was undertaken looking at dietary modification, weight loss and endo-
metrial cancer risk in this high-risk population; whilst women were agreeable to
participation, the inclusion criteria were such that any subsequent RCT would need
to recruit women from multiple centres to ensure sufficient numbers to adequately
power the study [25].

Low fat diets have been shown to result in reductions in serum oestrone, oestra-
diol and testosterone levels and favourable improvements in sex hormone binding
globulin to a greater extent than those seen with exercise alone [26]. The magnitude
of change in serum hormone levels is proportion to the amount of weight lost,
explaining why so many RCTs have failed to show any significant decrease in oes-
tradiol levels with dietary intervention when there has been no associated weight
reduction [27, 28]. Similar improvements in markers of insulin sensitivity, includ-
ing insulin and HOMA-IR, have also been described with calorie restriction [29]. A
limitation of dietary intervention studies, however, is that weight loss is frequently
also seen in the control arm; women sufficiently motivated to participate in such
studies are unlikely to maintain their truly ‘normal’ diet when requested to do so,
even when promised access to the same interventions following completion of the
study protocol [26].

Any benefit from diet induced weight loss interventions in terms of normalisa-
tion of insulin and hormonal homeostasis is, however, frequently short-lived as the
lost body mass is, on the whole, regained at the end of the study period [26]. Long
term compliance and permanent weight loss is necessary for such interventions to
result in a significant reduction in endometrial cancer risk.

Drug Induced Weight Loss

There have been no studies specifically investigating the effect of weight loss drugs
on endometrial cancer prevention. A cost-effectiveness study undertaken in a mod-
elled Australian cohort failed to find any cost benefit from prescribing either
sibutramine (a centrally acting appetite suppressant and metabolism regulator,
which has now been discontinued due to health concerns) or orlistat (an inhibitor of
dietary fat absorption) to obese adults with the aim of primary prevention of obe-
sity-related conditions [30]. The latter was a composite measure including colorec-
tal, breast and endometrial cancer and stroke/ischaemic heart disease. The lack of
cost benefit was due to the small amount of anticipated weight loss with the drug
(2-5 kg) over the year-long treatment period and, more importantly, the fact that
most women would be expected to regain the weight lost within 2 years of discon-
tinuing treatment.
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Prolonged treatment with Orlistat (6 months) has been shown to reduce serum
glucose and insulin levels and improve insulin sensitivity in women with PCOS,
whereas short-term treatment has not [31, 32]. As with diet induced weight loss,
however, it is the long term adherence to these interventions that is critical for a
reduction in endometrial cancer risk to be appreciated.

Bariatric Surgery Induced Weight Loss

More significant, permanent weight loss is seen following bariatric surgical proce-
dures, including intestinal and gastric bypass and gastric banding. Table 10.1
describes the results of four observational studies investigating the effect of surgical
induced weight loss on cancer incidence and, in particular, the risk of endometrial
cancer. Across all studies, bariatric surgery has been shown to be associated with a
significant reduction in the incidence of all and, in particular, obesity-related can-
cers and this effect appears to be gender-specific, with benefit limited to women [33,
34]. In particular, the risk of developing endometrial cancer for those women under-
going weight loss surgery is 78-81% lower than for their BMI-matched controls.
Whilst the greatest risk reduction is seen in women who achieve a normal body
weight following surgery, those who remain obese despite intervention still derive
significant benefit from undergoing the procedure, signifying that its effect is not
simply limited to inducing weight loss [37].

Bariatric surgery is associated with significant improvements in insulin sensitiv-
ity and over 75% of diabetic patients will experience resolution of the manifesta-
tions of this condition following the procedure, an effect which persists for more
than 2 years after surgery [38, 39]. This is supported by biochemical evidence of
significantly lower glucose, insulin and HbA1C levels. Whilst undoubtedly weight
loss has a role to play in these improvements, the fact that they are seen within days
of the procedure being undertaken and before any weight change point to alternative
mechanisms of action of bariatric surgery on glucose homeostasis [40]. The highest
proportion of patients who benefit from normalisation of their glucose control are
those who have undergone biliary pancreatic diversion/duodenal switch, closely
followed by gastric bypass and gastroplasty procedures [39]. Only 57% of patients
having had gastric banding achieve complete resolution of their diabetes, suggest-
ing that there are fundamental differences between these procedures which are
responsible for the profound changes in glucose homeostasis seen [41]. Several
potential mechanisms of action have been put forward to explain these findings. The
first is the rapid reduction in hepatic fat that occurs following diversion procedures
and which coincides with increased hepatic insulin sensitivity and normalisation of
glucose levels. This is followed by a slower reduction in pancreatic fat and improved
f-cell function, resulting from acute calorie restriction and negative energy balance
following surgery. Secondly, rapid delivery of nutrients to the distal gut following
gastric bypass results in elevated secretion of glucagon-like peptide-1 (GLP-1) by L
cells of the distal intestine, a peptide responsible for increased insulin secretion and
action. This is further enhanced by hypertrophy of the alimentary limb (the section
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of small intestine directly attached to the newly formed stomach ‘pouch’) and an
increase in the number of GLP-1 secreting cells. Whilst GLP-1 levels are higher in
patients who have undergone bypass procedures compared with those undergoing
gastric banding, animal experiments in which there has been a genetically induced
deficiency of either GLP-1 or its receptor suggest that it may not be critical in deter-
mining improvements in glycaemic control following bariatric surgery. Thirdly,
these procedures are associated with alterations in the gut microbiome, with an
increase in the presence of Bacteroidetes species, which are responsible for bile acid
conjugation and the fermentation of complex carbohydrates. This is associated with
favourable effects on serum bile acid levels; bile acids inhibit gluconeogenesis and
improve insulin signalling, glucose uptake and energy expenditure by peripheral
muscle through the farsenoid X receptor [42]. They also stimulate GLP-1 secretion.
Fourthly, bariatric surgery is associated with severe calorie restriction in the days
and weeks immediately following the procedure and this in itself has been demon-
strated to improve insulin sensitivity. Both diabetic and non-diabetic patients
respond to a very low calorie diet (200-500 cal/day), mimicking that received after
a Roux-en-Y gastric bypass, with lower insulin and glucose levels of a similar mag-
nitude to that seen following surgery [43—45]. This effect is seen after only four
days but requires calorific intake to be significantly restricted as less stringent diets,
which allow 800-1000 cal/day, do not result in the same beneficial effects on insulin
resistance [46, 47]. Intermittent dieting, where calorie restriction of 600-650 cal/day
is imposed twice a week, appears to also improve insulin sensitivity, lowering insu-
lin and HOMA-IR levels in obese and normal weight non-diabetic women at high
risk of breast cancer [48]. Even though there was no difference in weight at the end
of the trial between women receiving the intermittent fasting diet and a standard low
calorie continuous diet, those on the intermittent diet had significantly lower body
fat and were more likely to adhere to their diet in the longer term, including reduc-
ing their calorie intake on non-fasting days as well, a particular problem with other
long term diets as highlighted earlier.

Whilst the relative importance of each of these effects is still being debated, it is
likely that the exact mechanism is dependent upon the type of surgery undertaken.
These findings would, however, support a decision to specifically offer gastric and
intestinal bypass surgery to those women with insulin resistance and type 2 diabetes
rather than gastric banding as these procedures are more likely to be associated with
metabolic improvement and a reduced risk of endometrial cancer above and beyond
pure weight loss.

In addition to its effects on insulin resistance, bariatric surgery has also been
linked with improvements in other pro-carcinogenic pathways, in particular inflam-
mation and oxidative stress. Higher levels of cytokines, such as IL-6, IL-8 and inter-
ferons, have been found in morbidly obese women and precede a diagnosis of
endometrial cancer, suggesting a causal link [49, 50]. In line with the resolution of
insulin resistance and decrease in adiposity, weight loss procedures have been shown
to be associated with a lowering in the levels of these inflammatory mediators and
improvements in natural killer activity, which could contribute to an anti-tumour cell
immune response [38, 51]. There is also an increase in levels of antioxidants and their
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activity [38]. Similarly, the release of the adipokines leptin and adiponectin, respon-
sible for increased cancer cell proliferation and insulin sensitivity, respectively, are
beneficially influenced by bariatric surgery. Leptin levels are persistently lower and
adiponectin secretion chronically elevated following these procedures [38].

The normalisation of the insulin response is also directly linked with the mainte-
nance of sex hormone binding globulin synthesis and lowering of androgen and
oestrogen levels, reducing the exaggerated oestrogenic stimulation of the endome-
trium [38]. This corresponds with the resolution of previously documented endome-
trial hyperplasia following weight loss, as seen in selected patients in both our own
cohort [40] and that of Argenta et al. [52]. It is also supported by favourable changes
in hormone receptor expression within the endometrium, with reductions in oestro-
gen and androgen receptor levels and, somewhat counterintuitively, progesterone
receptor expression [52]. We also demonstrated an overall reduction in endometrial
proliferation in women following bariatric surgery in our cohort, as measured by
Ki-67 immunohistochemistry, when samples were matched for menstrual cycle
phase in pre-menopausal women.

The hormonal and metabolic improvements seen with bariatric surgery extend
beyond a simple reduction in adiposity and, as can be appreciated from this discus-
sion, when used selectively in women at greatest risk of endometrial cancer, could
be an effective strategy for primary prophylaxis.

Insulin and Insulin Sensitisers

Direct pharmacological methods of improving insulin sensitivity and reducing
serum insulin levels have also been studied as potential preventive measures to
reduce endometrial cancer risk. The majority of this work has been conducted look-
ing specifically at metformin, which is already in widespread use as the first line
drug treatment for type 2 diabetes.

Metformin

Metformin, an oral biguanide, was discovered in 1922, although it was not until 1958
that it became available in the UK and had to wait until 1994 for it to receive approval
from the US Food and Drug Administration (FDA) for the treatment of type 2 diabetes
[53]. The interest in the drug in the primary prevention of malignancy has stemmed
from epidemiological evidence demonstrating a 32% reduction in cancer incidence in
diabetic patients taking metformin, compared with those exposed to sulphonylureas,
insulin or other drug regimes [54]. These results were based on retrospective observa-
tions from cohort and case-control studies, but were supported by a later meta-analy-
sis by Noto et al. [55], who included three RCTs and described a similarly lower risk
of cancer in metformin treated diabetic patients. A subgroup analysis performed
according to study type, however, revealed that this effect was restricted to the obser-
vational studies and was not seen in the more methodologically rigorous RCTs.
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The heterogeneity within the included populations, though, calls into question the
validity of these findings. Many of the studies have failed to collect and analyse data
on important cancer risk factors, including smoking and obesity [56]. They have also
relied on retrospective patient recall and medical records, without checking the accu-
racy of entries or taking into account missing records. The generation of prescriptions
has been repeatedly used to indicate drug exposure rather than considering patient
compliance with treatment, thereby potentially overestimating any benefit. Suissa and
Azoulay [57] describe three types of bias frequently seen in these studies; time—lag,
immortal time and time-window bias. The former is a reflection of the natural history
of diabetes, in that glycaemic control progressively worsens with time as insulin resis-
tance increases and pancreatic p-cell function is lost. Patients initially commenced on
metformin will require subsequent modification of their drug treatment to include
sulphonylureas and insulin in order to maintain normoglycaemia. Comparisons of
metformin with these other drugs in the context of cancer incidence are, therefore,
rather superficial, as patients will be at different stages in their disease course. A time-
lag is also to be expected between a patient being exposed to a drug and the develop-
ment of a malignancy, during which time they may well have moved on to second or
third line treatment. This results in the erroneous assignation of the cancer diagnosis
to the drug currently being used, rather than to those taken 10-15 years earlier.
Immortal time bias is introduced by studies failing to account for the time in which a
patient was not exposed to the drug if they started therapy only during rather than at
the beginning of the follow-up period. The result is the over-exaggeration of the pro-
tective effect of metformin, as only those patients who remain alive to be able to
receive the treatment are able to be included in the analysis. Time-window bias
describes the variations in follow-up periods used for cases and controls, such that one
group has a considerably longer period of drug exposure than the other.

More recent meta-analyses have paid heed to these methodological criticisms and
have excluded studies with time-lag bias. In so doing, Gandini et al. [56] failed to dem-
onstrate any benefit from exposure to metformin on overall cancer incidence, after
adjusting for BMI. This has similarly been the case when endometrial cancer risk has
been specifically analysed [58—61]. Any positive effect associated with metformin used
in the primary prevention of endometrial cancer may not, however, be seen in the dia-
betic population, but may instead lie in those with lesser degrees of insulin resistance.

The potential beneficial effects of metformin in terms of endometrial cancer pre-
vention are likely to be mediated by its indirect effects on insulin sensitivity and the
lowering of serum insulin levels. Metformin is actively transported into hepatocytes
by the organic cation transporter Oct-1 [62]. Here, it inhibits complex 1 of the respira-
tory electron transport chain resulting in a reduction in ATP generation and a subse-
quent increase in AMP levels, although the specific details of this interaction are as yet
poorly defined [63]. The end result is the activation of AMP-activated protein kinase
(AMPK) through the direct binding of AMP to its y subunit and a conformational
change leading to phosphorylation of the catalytic « subunit, and inhibition of gluco-
neogenesis. Metformin is also able to increase signalling through the insulin receptor
and the activity of insulin-receptor substrate 2 (IRS2), enhancing the uptake of glu-
cose into cells through plasma membrane bound transporters such as GLUT-1 [62].
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This combined with the counteraction of the gluconeogenic effects of glucagon,
results in a lowering of serum glucose and subsequently insulin levels, though only in
those whose levels are elevated at baseline. It would be logical to hypothesise that
endometrial cancer, whose formation is driven by the mitogenic effects of insulin,
could be prevented by lowering insulin levels in those individuals with subclinical
insulin resistance. As metformin has no effect on insulin levels in those with normal
insulin sensitivity, it is perhaps not surprising that this could be used as a predictive
biomarker of metformin response [63, 64].

Whilst not specifically evaluated within the context of endometrial cancer pre-
vention, there is evidence from in vitro studies that metformin also has a direct
effect on endometrial cancer cells, affecting those pathways which appear critical to
endometrial carcinogenesis, namely mTOR and MAPK/ERK pathways (Fig. 10.2).
Through activation of AMPK, metformin is able to inhibit the activation of mTOR
at multiple levels, including phosphorylation of tumour sclerosis complex 1 and 2
(TSC1 and 2) and inactivation of signalling through the insulin receptor and IRS1
[65, 66]. Activating mutations within the PI3K/Akt pathway are found in over 90%
of endometrioid endometrial cancers, frequently in the form of loss of PTEN pro-
tein expression, highlighting the importance of this pathway in disease development
[67]. Metformin is also able to act independently of AMPK to reduce signalling
through the MAPK/ERK pathway, both in cell culture and in vivo, as demonstrated
in response to short term treatment with the drug in a pre-surgical window study
[68, 69]. Reducing signalling through these pathways and the corresponding effects
on protein synthesis, cell survival and proliferation may be expected, therefore, to
translate into a lower incidence of endometrial cancer. Further effects of metformin
may also include AMPK induced downregulation of the regulator gene c-myc, a
decrease in activity of the transcription regulator nuclear factor kappa B (NF-kB)
and reduction in reactive oxygen species production [70-72]. The relative impor-
tance of these mechanisms, both in terms of endometrial carcinogenesis and metfor-
min action on the endometrium, is, however, currently unknown.

The only in vivo studies of metformin in the prevention of endometrial cancer
have come from animal experiments using the Zucker fa/fa obese rat, itself a model
of insulin resistance, which suggest that metformin treatment is associated with a
counteraction of the effects of exogenous oestrogen on the endometrium [73].
Treatment resulted in the reversal of hyperplasia and a reduction in mitogenic activ-
ity in epithelial, glandular and stromal cells. This was accompanied by a reduction
in expression of c-myc and c-fos and inhibition of phosphorylation of both the insu-
lin and IGF-1 receptors and ERK.

Whilst there is limited published data as yet of any clinical benefit in groups at high
risk for endometrial cancer, metformin has been used in a small number of women
who have developed atypical endometrial hyperplasia and declined surgical interven-
tion for reasons of fertility preservation. Exposure to the drug, both alone and in com-
bination with oral contraceptives, was associated with regression of the endometrial
abnormalities, despite previous failed progesterone treatment [74, 75]. Whilst these
results are based on only three patients, it is encouraging to note that these findings
have been replicated in a small cohort of obese, insulin resistant women with polycys-
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Fig. 10.2 Indirect (a) and direct (b) mechanisms of action of metformin. (a) Metformin enters
hepatocytes through its transporter Oct-1, where it inhibits complex I of the respiratory electron
transport chain. This has the effect of reducing ATP production by the mitochondria, increasing
AMP levels and activating AMPK. The activation of AMPK leads to enhanced signalling through
the insulin receptor and IRS2, increased intracellular glucose transport through Glut-1 and inhibi-
tion of gluconeogenesis. Metformin is also able to direct suppress glucagon mediated gluconeo-
genesis. The end result is lowering of serum glucose and subsequently insulin levels. (b) Metformin
has also been shown to exert direct effects on EC cells. Activation of AMPK is responsible for an
increase in TSC1 and 2 signalling and inhibition of mTor activity. This, combined with a reduction
in signalling through the insulin receptor and downregulation of c-myc, leads to inhibition of cell
proliferation, protein synthesis and a possible increase in apoptosis. Metformin has also been
shown to act independently of AMPK within cancer cells to decrease ROS production, inhibit
NF-kB activity and inhibit signalling of the MAPK pathway
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tic ovary syndrome [76]. Metformin was associated with a lowering in total testoster-
one, insulin and fasting glucose measurements, but these changes were not statistically
significant. Treatment was restricted to six women for three months only and, there-
fore, underpowered to show a convincing treatment effect. Beyond endometrial can-
cer, larger studies have been conducted into the use of metformin in primary cancer
prevention. A recent RCT by Higurashi et al. [77] reported a decrease in the recur-
rence of colorectal polyps following year-long treatment of non-diabetic patients with
metformin. The authors were unable to report on the effect of the drug on cancer
incidence due to their short follow-up time, but these results using surrogate disease
markers do show promise.

These findings are supportive of a role for metformin in endometrial cancer pre-
vention, but further mechanistic and clinical trial evidence is clearly warranted
before it can be rolled out into routine practice. This is the focus of a currently open
clinical trial investigating the addition of metformin alongside lifestyle interven-
tions in obese, insulin resistant women [78]. Although the follow-up period will be
too short to report on clinical outcomes, this study will provide novel information
on the effect of metformin on tissue biomarkers, including pAMPK and mTOR and
genes related to endometrial cell proliferation.

Thiazolidinediones

Whilst evaluating the potential benefit of metformin in the prevention of endome-
trial cancer, conflicting results have been published in the literature as to whether
other diabetic medications have a positive or negative effect on cancer development
[79]. The thiazolidinediones are a group of medications commonly referred to as the
glitazones, which act to decrease blood glucose levels through activation of the
nuclear receptor, peroxisome proliferator-activated receptor (PPAR). The resulting
alteration in gene expression indirectly reduces serum glucose levels by increasing
the uptake of fatty acids into adipocytes, forcing cells to rely on glucose as their fuel
source [80]. Concern over the association between thiazolidinediones and the risk
of heart failure and bladder cancer have led to the withdrawal of them from many
countries, with the exception of pioglitazone, which continues to be prescribed in
the UK and USA [81]. It is used if metformin is not tolerated or to intensify glycae-
mic control if metformin alone is insufficient and within this context has a beneficial
effect on reducing cardiovascular disease, heart failure and all-cause mortality risk
within a UK General Practice cohort study [81, 82].

Ever use of pioglitazone has not been shown to be associated with endometrial
cancer risk, as demonstrated in a retrospective cohort study conducted using the
Kaiser Permanente Northern California Diabetes Registry and its linked cancer
registry [79]. Whilst the authors suggested that there was a significant trend between
time since initiation of the drug and incidence of endometrial cancer, the duration of
time exposed and dose received had no bearing on endometrial cancer risk, calling
into doubt the biological relevance of this finding. A nested case-control study from
Italy found a similar negative result on reviewing 376 diabetic women with endome-
trial cancer and matched diabetic controls [83]. Ever use was associated with an odds
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ratio of 0.77 (95% CI 0.48-1.24) for the disease, after adjusting for co-morbidities
and HRT use. The number of patients exposed to these drugs has been relatively
small, however, and to date short term use alone has been evaluated as the drug was
only licensed for the treatment of type 2 diabetes in 1999.

Sulphonylureas

The sulphonylureas contribute a glucose lowering effect by increasing insulin secre-
tion from the pancreas. By binding to an ATP-sensitive potassium channel on the
cell membrane, they induce depolarisation of the cells and the opening of a voltage-
gated calcium channel, releasing insulin from its storage granules [84]. They may
also reduce hepatic glucose production, inhibit lipolysis and decrease insulin break-
down. Like the thiazolidinediones, they are used as second line drug treatment for
type 2 diabetes [82].

Despite concerns that the increased secretion of insulin induced by sulphonylureas
may affect cancer risk, the study by Ferrara et al. [79] failed to demonstrate any effect
of the drugs on the incidence of endometrial cancer. Similarly, when only new users
of the drug were considered alongside those commencing metformin, no effect was
observed [59]. This suggests that the relationship between glucose, insulin and endo-
metrial carcinogenesis is a complex one that is yet to be completely understood.

Insulin

Given the compelling evidence linking insulin resistance, high insulin levels and the
development of endometrial cancer, treatment of type 2 diabetes with exogenous
insulin may be anticipated to result in a higher incidence of the cancer.
Epidemiological studies have certainly supported this assumption, with higher risks
of malignancy, particularly of breast cancer, being found in patients treated with
insulin analogues [85]. This effect appeared to be both dose and treatment duration
dependent. More methodologically rigorous RCTs, however, have challenged these
findings, noting no increase in cancer risk with glargine use [85]. This difference
may well reflect the more advanced stage of diabetes found in patients requiring
insulin treatment and the presence of co-morbidities, which are frequently unac-
counted or controlled for in large cohort studies. Differences between the body’s
response to exogenous and endogenous insulin may be of greater important than
initially realised.

Conclusion

There is now convincing evidence supporting a critical role for insulin resistance in
endometrial carcinogenesis, a theme common to many of the well-established risk
factors for the condition, including obesity and diabetes [86]. Interventions
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associated with improvement in insulin sensitivity have been noted, either inciden-
tally or by design, to be associated with a reduced risk of endometrial cancer, par-
ticularly if used long term. The most compelling arguments are for bariatric surgery
and metformin, though the specific groups who would benefit most from these inter-
ventions have yet to be clearly defined. More accurate models of disease risk predic-
tion are required as a starting point to primary prevention trials and testing for
insulin resistance is likely to be central to this.
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Chapter 11
Management of Endometrial Cancer
Precursors in Obese Women

Joseph A. Dottino, Karen H. Lu, and Melinda S. Yates

Abstract Endometrial cancer can generally be divided into two clinical subtypes, des-
ignated as type I and type II disease, each with different risk factors, histology, genetics,
treatment and prognosis. Type I endometrial cancer, or low grade endometrioid adeno-
carcinoma, accounts for 80-90% of new cases of endometrial cancer. Endometrioid
endometrial cancer is strongly associated with unopposed estrogen exposure (such as
hormone replacement therapy) and obesity. Type II endometrial cancers, including
clear cell carcinoma and uterine papillary serous carcinoma, are relatively rare. While
the etiology of these rare tumors is not well understood, type II endometrial cancers are
not associated with obesity. As such, this chapter will focus on low grade endometrioid
(type I) endometrial cancer and its precursor lesions. Due to the close connection
between obesity and endometrioid endometrial cancer, obese women are at increased
risk for precancerous lesions and low grade endometrial cancers, and consideration is
warranted for management of these conditions in the obese population.

Keywords Endometrial adenocarcinoma ¢ Endometrial intraepithelial neoplasia
* Endometrial cancer precursors ¢ Surgical management ¢ Conservative manage-
ment * Fertility sparing management ® Long term management

Introduction

Obesity contributes to endometrioid endometrial cancer development through mul-
tiple molecular pathways, as described in detail in previous chapters. Increasing
body mass index (BMI), which is calculated by dividing the patient’s weight (kg) by
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the square of their height (m?), results in a linear increase in risk for endometrial
cancer. In a study of 6905 U.S. women undergoing total hysterectomy, Ward et al.
found that with each 1 unit increase in BMI, there was a corresponding 11% increase
in the proportion of patients diagnosed with endometrial cancer [1]. In the past,
obesity (defined as BMI > 30 kg/m?) was believed to contribute to endometrial can-
cer development primarily through increased estrogen levels from peripheral con-
version of androgens to estrone in adipose tissue [2]. However, in addition to
pro-proliferative signals from increased estrogen, other signaling pathways, such as
mitogen-activated protein kinase (MAPK), are also activated. It is also known that
obesity alters adipokine levels and causes hyperactivation of insulin signaling.
Other health conditions related to obesity or metabolic syndrome, including type II
diabetes and polycystic ovarian syndrome (PCOS), also act on these molecular
pathways to increase risk of endometrial hyperplasia and cancer. Features of PCOS
include multiple risk factors, such as polycystic ovaries, androgen excess, and
anovulation, with resulting reduction in progesterone levels. Also, PCOS is inde-
pendently associated with insulin resistance, type 2 diabetes, and obesity [3].
Aberrant insulin signaling can result in pro-proliferative signaling via activation of
the phosphoinositide kinase 3 (PI3K)/AKT/mTOR (mammalian target of rapamy-
cin) pathway [4-7]. All of the molecular changes described above are important in
the progression from normal endometrium to precancerous lesions and then cancer,
also making these key targets for the clinical management of precursors and low
grade endometrial cancers.

Premalignant Lesions and Progression to Low Grade
Endometrial Cancers

The development of endometrioid endometrial cancer occurs following a progres-
sion from normal endometrium to a hyperplastic precancerous lesion that then
transforms into low grade endometrioid endometrial cancer. Obesity increases the
risk of developing precancerous lesions as well as endometrial cancer. Presently, the
spectrum of endometrial precancerous lesions are described using two distinct
nomenclature schemas. The International Endometrial Collaborative Group utilizes
a two-tier quantitative classification system that terms endometrial precancers as
“endometrial intraepithelial neoplasia”, or EIN. The more widely used 1994 World
Health Organization (WHO94) schema is comprised of four classifications of risk
based on histologic features of glandular complexity and nuclear atypia: (1) simple
hyperplasia, (2) complex hyperplasia, (3) simple hyperplasia with atypia, and (4)
complex hyperplasia with atypia [8]. As first described by Kurman and colleagues,
risk of progression of endometrial hyperplasia to malignancy is dependent on the
histopathologic feature present, namely cytologic and architectural components.
The authors describe an increase in the progression to carcinoma associated with
degree of glandular complexity and cytologic atypia. In this study, progression to
carcinoma occurred in 1% of those women with simple hyperplasia, 3% of women
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with complex hyperplasia, 8% of women with simple hyperplasia with atypia, and
29% of those women with complex atypical hyperplasia [9]. Mutations accumulate
during the development of precursor lesions and the progression to cancer, most
commonly including mutations in Phosphatase and Tensin Homolog (PTEN),
PIK3CA, and beta-catenin (CTNNBI). PTEN is believe to be one of the earliest
changes in this continuum, occurring in roughly 70% of complex atypical hyperpla-
sias and low grade endometrial cancers [10].

Incidence varies by age, symptoms, menopausal status, and presence of risk fac-
tors (such as PCOS). Using a large integrated health plan in the state of Washington,
Reed et al. estimated peak incidence of simple hyperplasia as 142 per 100,000
woman-years, complex hyperplasia as 213 per 100,000 woman-years, and atypical
(both simple and complex) of 56 per 100,000 woman-years [11]. While incidence
of simple endometrial hyperplasia in asymptomatic premenopausal women is less
than 5%, for women with PCOS and abnormal uterine bleeding this incidence may
exceed 20% [12]. As in the case of endometrial cancer, endometrial hyperplasia has
been demonstrated to be associated with both risk factors for unopposed estrogen
exposure and increasing BMI [13]. Compared to the normal BMI population, even
asymptomatic morbidly obese patients are at elevated risk of harboring endometrial
pathology. One pilot study performed endometrial biopsies in asymptomatic mor-
bidly obese women at the time of roux-en-Y gastric bypass, and found an overall
rate of hyperplasia of 6.8%. Amongst those patients who were not receiving anti-
estrogen therapy, this rate increased to 9.5% [14]. Obesity also appears to be associ-
ated with an earlier age of diagnosis of estrogen-dependent endometrial cancers. A
retrospective study of cases of endometrial cancer diagnosed from 1999 to 2009 at
a large medical center in New York City found that while the mean age of endome-
trial cancer diagnosis for those patients with a normal BMI was 67.1 years, the age
at diagnosis for women with a BMI greater than 50 was 56.3 years [15]. In addition,
awareness of this relationship between obesity and endometrial cancer risk is lim-
ited, with one large survey study finding 58% of those responding were not aware
that obesity increased risk for endometrial cancer [16].

While the molecular and pathologic progression to endometrial cancer are
described as linear with distinct stages, observation of individual tissue specimens
shows that these categories are not so clearly delineated in practice. A 2006
Gynecologic Oncology Group study illustrated the subjectivity of rendering a diag-
nosis of atypical endometrial hyperplasia, and the significant difference in inter-
observer interpretation. When an independent panel of gynecologic pathologists
reviewed slides of atypical endometrial hyperplasia, unanimous agreement for any
diagnosis was reached in only 40% of cases [17]. Both under- and overestimation of
the severity was present, potentially dramatically impacting management through
over- or under-treatment. Additionally, studies have shown that a significant portion
of patients who receive a diagnosis of atypical endometrial hyperplasia by biopsy
may have an unrecognized concurrent endometrial carcinoma. A study by Trimble
et al. reviewed hysterectomy specimens after patients had received a biopsy diagno-
sis of atypical endometrial hyperplasia, and found that the prevalence of concurrent
endometrial carcinoma was 42.6% [18]. Older age, obesity, and presence of diabe-
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tes appear to be independently predictive of concurrent carcinoma in endometrial
complex atypical hyperplasia patients [19].

Diagnosis of Precursor Lesions and Cancer

Diagnosis of endometrial cancer precursors and endometrial cancers typically
occurs via endometrial sampling during clinical evaluation for abnormal uterine
bleeding. There are no currently available validated serum biomarkers used for
screening or detection of endometrial hyperplasia or endometrial cancer. Evaluation
should include detailed history and physical, including a pelvic exam to inform a
differential diagnosis and narrow suspicion of endometrial pathology. There are no
current recommendations for routine screening for endometrial precancers in the
asymptomatic population [20]. However, it is recommended that physicians discuss
risks and symptoms of endometrial cancer with patients at the time of menopause
to encourage reporting unexpected bleeding or spotting to prompt further work up
as indicated [21]. Patients at very high risk, such as those with a predisposing
genetic mutation, as in Lynch Syndrome, should receive annual screening with
endometrial sampling beginning at age 30-35 or earlier depending on individual
family history [22].

As abnormal uterine bleeding may be the result of benign etiologies, including
endometrial polyp, fibroid uterus, or dysregulation of the hypothalamic pituitary
axis, the extent of a work up should be dictated by clinical suspicion. This may
include biopsy of the endometrial cavity especially in those patients with increased
risk for hyperplasia or malignancy (increasing age, postmenopausal status, use of
hormone replacement therapy). The American College of Obstetricians and
Gynecologists (ACOG) recommends performing endometrial sampling in patients
younger than 45 with a history of unopposed estrogen exposure, such as in the obese
population or patients with PCOS [23]. Other prompts for sampling may include
abnormal endometrial glands seen on routine cervical cancer screening with Pap
smear [24].

Endometrial sampling is typically performed via pipelle biopsy or dilation and
curettage. Pipelle biopsy offers an outpatient method of detection of endometrial
cancer that may be performed without anesthesia in the office setting, compared
with a dilation and curettage which is typically performed in the operating room.
There is some evidence that dilation and curettage may be more likely to diagnose
those concurrent cancers only subsequently discovered on hysterectomy specimen
[25-27]. Suh-Bermann et al. found those patients who received a diagnosis of
atypical endometrial hyperplasia by dilation and curettage preoperatively were less
likely to be subsequently diagnosed with endometrial cancer compared with those
who received a preoperative diagnosis of atypical endometrial hyperplasia by
pipelle biopsy [28].
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Negative endometrial pipelle biopsy despite strong clinical suspicion for endo-
metrial pathology, such as abnormal thickening of the endometrium on transvaginal
ultrasound in the symptomatic postmenopausal patient, should prompt further work
up with dilation and curettage. False negative sampling may be attributed to rela-
tively low percentage of the uterine cavity sampled by either method, and thus focal
disease may be missed. Transvaginal ultrasound has been demonstrated to have
significant clinical use in the postmenopausal symptomatic patient due to high
negative predictive value. A large meta-analysis found that for symptomatic post-
menopausal patients (presenting with abnormal uterine bleeding), identification of
an endometrial stripe of less than 4 mm carried a 1% risk of malignancy (96% of
patients with malignancy had endometrial stripe of >5 mm) [29]. Marked obesity
can contribute to difficulty in obtaining reliable transvaginal ultrasound assessment,
and the failure to confidently identify and assess endometrial lining should prompt
further evaluation [30]. In the premenopausal population, normal fluctuations in
endometrial stripe thickness precludes concrete cutoffs to differentiate those at sub-
stantial risk of harboring hyperplasia [31, 32].

Considerations for Clinical Management
of Precancerous Lesions

Management for precancerous lesions of the endometrium is partially dependent on
patient age, desire for future fertility, and medical comorbidities. Regardless of age,
for those patients with complex atypical endometrial hyperplasia, consideration
should be given to the substantial risk of concurrent cancer. One case control study
found significantly decreased likelihood of risk of concurrent cancer for other types
of hyperplasia. Approximately 15% of women initially diagnosed with complex
hyperplasia without atypia and 4% of those diagnosed with simple hyperplasia
(with and without atypia) at preoperative endometrial biopsy were diagnosed with
concurrent endometrial cancer at hysterectomy [19]. Further sections in this chapter
on management of precancerous complex atypical hyperplasia will also include dis-
cussion of low grade, early stage cancers due to the risk of concurrent cancer. Given
the relatively poor preoperative ability to diagnose concurrent cancer that would
only be detected on hysterectomy specimen, all management strategies should
incorporate counseling about the potential for delay in diagnosis of malignancy if
surgical management is not pursued.

Surgical Management

Total hysterectomy (removal of the uterus and cervix) provides definitive treatment
for atypical endometrial hyperplasia. Simple dilation and curettage may aid in diag-
nosis, but is not by itself considered therapeutic. Options for surgical approach
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include abdominal via laparotomy, and vaginal or minimally invasive through lapa-
roscopic or robotic-assisted laparoscopic techniques. Choice may be influenced by
the surgeon’s comfort or skill set, in combination with individual patient factors.
Vaginal surgery, for example, may limit ability to visually evaluate ovaries. Patient
body habitus, surgical history, or uterine size may influence decision to pursue lapa-
rotomy versus a minimally invasive approach.

The risk of concurrent cancer and the importance of adequate pathology
specimens makes some surgical procedures inadequate for surgical management of
endometrial precancers. Supracervical hysterectomy, or amputation of the uterine
corpus above the level of the cervix is not a recommended strategy as this procedure
creates the potential for residual disease remaining post-procedure, transection of
undiagnosed concurrent malignancy, and obscuring the specimen such that patho-
logic staging could be inaccurate [31]. In addition, if a minimally invasive surgical
approach is pursued, morcellation of the surgical specimen is not recommended due
to risk of spread of malignancy and the subsequent inability to perform an adequate
pathology assessment of the surgical specimen.

Bilateral salpingo-oophorectomy, or removal of the fallopian tubes and ovaries,
allows for formal gross pathologic and histologic assessment of these organs in the
case of concurrent malignancy. In the case of purely premalignant endometrial con-
ditions there is no clear benefit of performing this additional procedure. Consideration
should be given to adverse effects of surgical menopause in premenopausal women,
where oophorectomy is associated with increased risk of osteoporosis, cardiovascu-
lar disease, cognitive impairment, and also overall mortality [33].

Currently, expert consensus recommends intraoperative assessment of the uter-
ine specimen for occult carcinoma if hysterectomy is performed for complex atyp-
ical endometrial hyperplasia [31]. While intraoperative pathologic assessment
with frozen section analysis may determine the need for comprehensive surgical
staging with lymphadenectomy, an ability to perform this procedure is limited to
surgeons with specialized training in gynecologic oncology. If a general obstetri-
cian gynecologist is performing a hysterectomy for atypical endometrial hyperpla-
sia, intraoperative frozen section may only be beneficial in the case where a
gynecologic oncologist is available for intraoperative consultation. Furthermore,
intraoperative pathologic assessment has moderate sensitivity for diagnosis of con-
current malignant in the complex atypical hyperplasia population and may result
in false reassurance, which underscores the importance of follow up with final
pathologic assessment [34, 35]. Routine lymphadenectomy for atypical endome-
trial hyperplasia is not recommended. The probability of concurrent diagnosis of
an endometrial cancer with features considered high-risk for lymphatic spread out-
side the uterus is overall low, and routine lymphadenectomy would therefore lead
to overtreatment. Lymphadenectomy also has the potential for morbidity, includ-
ing lymphedema [36].

Surgical management of endometrial cancer precursors can also be complicated
by risks imparted by obesity on surgical outcomes [37]. Increasing BMI is associ-
ated with an increased risk of venous thromboembolism for patients undergoing
surgery [38]. Previous reports have shown that obesity is a risk factor for adverse
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surgical events in endometrial cancer patients [39—41]. For those patients undergo-
ing abdominal hysterectomy via laparotomy, risks of surgical site infection and
wound complication risks are increased with increasing BMI [42, 43]. Patients with
type 2 diabetes should be counseled that glycemic control is critical for improved
postoperative wound healing. In those patients who are morbidly obese
(BMI > 40 kg/m?) or suffer from multiple medical comorbidities, including hyper-
tension or diabetes, adverse surgical events are not uncommon [44]. When needed,
dosing of prophylactic antibiotics may need to be modified for obese patients.
A previous study of prophylactic antibiotic usage in obese women undergoing
cesarean delivery has shown decreased tissue drug levels [45]. Due to the potential
impact on surgical site infections, some guidelines suggest increasing dose of pro-
phylactic antibiotics based on body weight [46].

A minimally invasive approach, such as laparoscopic or robotic-assisted laparo-
scopic hysterectomy, provides the patient with benefits of earlier hospital discharge
and quicker overall recovery from surgery. In the morbidly obese patient, minimally
invasive or laparoscopic surgeries have been associated with fewer complications
relative to open surgery [47]. Unfortunately, intraoperative conversion from mini-
mally invasive surgery to larger open incisions occurs more frequently with increas-
ing BMI [48]. Obesity brings additional considerations to surgical planning,
including the need for preoperative anesthesia consultation for risks associated with
airway complication, ensuring availability of bariatric equipment, and longer opera-
tive times [49].

Conservative Management

Despite the high risk of concurrent malignancy with complex atypical endometrial
hyperplasia, nonsurgical options, often called “conservative management”, may be
considered for two particular patient populations. If the patient’s general health or
medical comorbidities prevent her from safely undergoing surgery, hysterectomy is
not a viable option due to potential for severe morbidity or mortality (such as in the
case of the most extremes of obesity, or severe cardiovascular or pulmonary dis-
ease). Another population for whom conservative management should be consid-
ered is the premenopausal patient desiring fertility. Between 5 and 30% of
endometrial cancer patients and patients with complex atypical hyperplasia are
diagnosed younger than age 50 [11, 50]. To date, conservative management for both
populations has typically utilized similar approaches, described in more detail
below. However, some unique issues should be considered in these two very differ-
ent conservative management scenarios.

As women increasingly delay childbearing to later in life, premenopausal patients
desiring future fertility may represent a growing demographic of patients with pre-
malignant conditions of the endometrium [51]. Pretreatment counseling for patients
desiring to preserve fertility should include discussion of the potential for conserva-
tive management leading to delay in diagnosis of concurrent malignancy. Definitive
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surgical treatment should be offered after completion of childbearing. Reproductive
endocrinology referral is a critical consideration in this patient population because
risk factors for atypical endometrial hyperplasia (such as obesity and metabolic
syndrome) also impact fertility [52]. For those patients who choose conservative
medical management with uterine preservation, further significant delay in defini-
tive treatment may result from low chance of conception per cycle and delay in
achieving pregnancy. An alternative surgical strategy could include hysterectomy
with ovarian preservation to allow for oocyte retrieval and use of gestational carrier
to achieve pregnancy, while providing definitive treatment of hyperplasia.

Conservative Management Using Progestins

Conservative management using synthetic progestogens (progestins) to mimic the
action of progesterone has been the most commonly used strategy for treatment of
endometrial cancer precursors in both women desiring future fertility and women
who are not surgical candidates due to multiple medical comorbidities. In addition,
it is important to consider the risk of adverse events when choosing a specific pro-
gestin agent for morbidly obese women with multiple medical comorbidities. Risk
of adverse events will be described later with specific treatment regimens. Given the
high overall response to progestins, other agents under evaluation have been typi-
cally studied as an addition to progestin therapy.

The use of progestins as a method of treatment for precancerous lesions of the
endometrium has strong biologic basis. Progesterone is often described as the
“brakes” for estrogen-induced proliferation in the endometrium. Stimulation of the
endometrium by estrogen in the absence of progesterone as counterbalance pro-
motes transformation to hyperplasia and ultimately cancer. Progesterone counters
the mitogenic effect of estrogen on the endometrium through multiple mechanisms.
Progesterone reduces local levels of estradiol by promoting the conversion of estra-
diol to the less potent estrone and other metabolites that are more readily cleared
from cells; this is accomplished by upregulating 17p-hydroxysteroid hydrogenase
and estrogen sulfotransferase [53]. In addition, progesterone induces expression of
IGFBPI (insulin like growth factor binding protein 1), which reduces the activity
of estrogen-induced mitogenic factor, IGF-I (insulin like growth factor 1). The
therapeutic effect of progestins in hyperplasia is also mediated by the induction of
apoptosis [54].

Use of progestins has been studied as treatment for both atypical endometrial
hyperplasia and early stage endometrial cancer, but ongoing surveillance follow-
ing progestin therapy is needed to ensure regression and rule out progression.
This is performed with serial sampling via endometrial biopsy or curettage, typi-
cally every 3 months. For patients with hyperplasia without atypia, progestin
therapy is commonly used as first line therapy given the low risk of concurrent
malignancy [55].

There is little consensus regarding optimal type of progestin, dose, and duration
of treatment for treatment of endometrial hyperplasia patients (Table 11.1). Various
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Table 11.1 Selected publications of outcomes of progestin therapy for complex atypical
hyperplasia®

No. of
No. of patients Median
Type of progestin patients Response | achieving |Live | follow-up
therapy with CAH |rate (%) |pregnancy | births | (months) | References
Oral MPA, megace 17 82 4 2 18 Yu et al. [56]
or hydroxy-
progesterone
caproate
Oral MPA 17 82 7 5 479 Ushijima et al.
[57]
Oral progestins and | 18 67 n/a n/a 11 Wheeler and
levonorgestrel [lUD Bristow [58]
Oral MPA 12 58 5 4 42 Minagubhi et al.
[59]
Levonorgestrel IUD | 6 100 n/a n/a 6 Orbo et al. [60]
Oral MPA 8 88 n/a n/a 6 Orbo et al. [60]
MPA or MA, or oral | 16 75 9 6 6 Chen et al. [61]
progestins + GnRH
agonist or IUD
MPA and/or 13 54 50 4> 13 Kudesia et al.
levonorgestrel IUD [62]
MPA 11 82 4 7 39.2 Ohyagi-Hara
et al. [63]
MPA and metformin | 17 94 n/a n/a 38 Mitsuhashi
et al. [64]
Levonorgestrel IUD | 8 88 n/a n/a |32 Wildemeersch
[65]
Levonorgestrel IUD | 8 88 n/a n/a 29 Tjalma [66]

Abbreviations: CAH complex atypical hyperplasia, MPA medroxyprogesterone acetate, /UD intra-
uterine device, GnRH Gonadotropin-releasing hormone

*Adapted and updated from Gunderson et al. [67]

“Includes those patients with endometrial cancer who attempted pregnancy after resolution follow-
ing progestin therapy

progestin formulations are available, including those administered orally, by injec-
tion, vaginal application, or via intrauterine device. The most commonly used oral
progestins for complex atypical hyperplasia are medroxyprogesterone acetate and
megestrol acetate. Dose ranges and duration exceed those typically used in
progestin-containing contraceptive pills or to treat heavy abnormal uterine bleed-
ing. For example, medroxyprogesterone dosing ranges from 10 to 100 mg daily,
and megestrol dosing ranges from 40 to 200 mg/day or higher [12, 31, 68]. In one
systematic review, median time to complete response of hyperplasia was 6 months
[67]. Ongoing therapy may be utilized in the absence of progression. If progression
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is apparent on repeat endometrial sampling, hysterectomy should be performed, if
possible.

The levonorgestrel containing intrauterine device (IUD) provides an alternative
to oral progestin formulations that result in systemic progestin exposure. The
levonorgestrel-containing intrauterine device is inserted into the uterine cavity
through the cervix in an office procedure. One benefit of the intrauterine delivery
method is that higher levels of progestin are delivered to the endometrium with
relatively low systemic exposure or adverse side effects. For example, an IUD that
contains 52 mg levonorgestrel has an initial release rate of 20 pg daily, with plasma
concentrations plateauing at 100-200 pg/mL. While levonorgestrel concentration
within the myometrium and fallopian tubes are within comparable range as that
found following oral administration of 30 pg levonorgestrel, concentrations within
the endometrium are 200-800 times higher [69]. Only 15% of patients using the
device have complete inhibition of ovulation [70]. While oral formations require the
patient to remember to take one or more tablets at what may be multiple dosing
intervals, the intrauterine device ensures compliance with therapy and can remain in
the uterus for up to 5 years.

Risk of adverse events is an important consideration for choice of progestin ther-
apy. Adverse effects associated with systemic progestin therapy include hyperten-
sion, gastrointestinal upset, fatigue, and weight gain [71-73]. Reducing systemic
exposures through the use of the levonorgestrel intrauterine device and local deliv-
ery of progestins also has the benefit of minimizing adverse effects. When compar-
ing different formulations of progestins for the indication of treatment of complex
atypical hyperplasia and endometrial cancer, oral progestin therapy appears to be
associated with increased weight gain compared with the levonorgestrel IUD [74].
This weight gain appears to be greater in those patients with BMI < 35 compared
with BMI > 35. Excess adiposity may pose a risk to not only overall patient health
in the long term, but also compromise the potential goal of achieving a healthy
pregnancy after regression of hyperplasia. Even more concerning is the potential
risk of venous thromboembolism, and this risk may differ from dosing utilized for
contraceptive purposes. In a recent systematic review by Tepper et al., there was
evidence of association with VTE when progestins were used for therapeutic indica-
tions, although progestin-only contraception was not suggestive of an increase in
odds for venous or arterial events [75]. Adverse events of levonorgestrel IUDs are
primarily related to changes in bleeding patterns and abdominal or pelvic pain, and
are not influenced by BMI.

Review of Outcomes for Conservative Management Using Progestins

While direct comparison of efficacy against endometrial hyperplasia and low grade
cancers is difficult because studies include a mix of prospective and retrospective
analyses and often include heterogeneous patient populations (normal weight,
obese, morbidly obese, patients seeking fertility preservation, etc.), there is some
evidence that the intrauterine device may be superior in achieving regression of
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hyperplasia. A systematic review and meta-analysis found a statistically significant
difference in regression rate of 66-69% vs. 90-92% for oral progestins versus the
levonorgestrel IUD in complex and atypical hyperplasia [76]. A large retrospective
cohort study of 344 women compared the levonorgestrel IUD with oral progestins
(norethisterone 5 mg three times daily or medroxyprogesterone 10 mg twice daily)
and found high overall regression rates with a median follow up of 58.8 months. For
patients treated with the levonorgestrel IUD, there was a 96.5% regression of com-
plex hyperplasia without atypia and 76.2% regression of complex atypical hyper-
plasia compared to regression rates for oral progestins of 90.1% for complex
hyperplasia without atypia and 46.2% for complex atypical hyperplasia patients.
Interestingly, one study showed that in patients treated with the levonorgestrel IUD,
BMI was a strong independent predictor of both rates of regression and relapse.
Only 3.3% of patients with complex hyperplasia and BMI < 35 recurred compared
with 32.6% of women with a BMI of 35 or higher [77]. However, other studies have
not demonstrated this effect of BMI [78]. The levonorgestrel IUD has also been
compared with oral progestins in randomized controlled trials. After 6 months of
treatment, patients with simple, complex, and complex atypical hyperplasia who
received the levonorgestrel IUD had 100% regression rate compared with 96%
regression rate for patients on continuous daily progestins and 69% for those receiv-
ing cyclic progestins, with IUD and continuous daily progestins shown to be signifi-
cantly superior to the cyclic oral progestins (P = 0.01). In this study, BMI did not
influence rates of regression. The majority of women experienced some adverse
events, with more women in the IUD arm experiencing irregular bleeding. Pain or
nausea was not significantly different between groups [60]. The same authors
reported long term follow-up on these patients at 24 months. This follow-up study
showed that histologic relapse was observed for 41% of women who had demon-
strated initial complete response, with relapse rates similar between the three treat-
ment arms, and most relapses occurred during the first 6 months after withdrawal of
therapy. Relapse rates were independent of BMI [79].

Several reviews include both oncologic and pregnancy outcomes. One system-
atic review of 45 studies with 391 study subjects included a wide range of progestin
types and varying doses, but showed that patients with complex atypical hyperplasia
had a higher complete response rate compared to patients with low grade endome-
trial cancer (65.8 vs. 48.2% p = 0.002), with a median time to complete response of
6 months. Recurrence rates after complete response were 23% in those patients with
complex atypical hyperplasia, which suggests the need for ongoing surveillance and
consideration of definitive surgical management after childbearing [67]. A separate
2012 meta-analysis evaluated the rates of regression, relapse and live births in both
endometrial cancer and complex atypical hyperplasia patients. Again, studies
included a heterogeneous collection of treatment regimens, with medroxyprogester-
one most common but included other oral progestins and the levonorgestrel
IUD. They found a pooled regression rate for complex atypical hyperplasia of
85.6%, with a relapse rate of 26% [80]. This study did not stratify rates of regression
or recurrence by BMI. Park et al. published pregnancy outcomes of young women
with early stage endometrial cancer treated with progestins. Of those who attempted
to conceive, 73% were successful and 66% had live births, with a median interval to
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attempted pregnancy after treatment of 5 months [81]. Data in the endometrial can-
cer population suggests that assisted reproductive technology (ART) is associated
with higher live birth rate in young women compared with spontaneous conception
following conservative management [82]. A 2014 meta-analysis and systematic
review evaluating possible prognostic factors on fertility-sparing management
found that neither prior pregnancy, obesity, nor prior infertility appeared to be asso-
ciated with pregnancy probability on multivariate analysis [83].

Conservative Management Using Non-progestin Hormonal Agents

Gonadotropin-releasing hormone (GnRH) therapy has also been explored as an
additional potential therapy for conservative management of endometrial hyperpla-
sia. GnRH therapy employs GnRH agonists to suppress the hypothalamic pituitary
axis, suppressing estrogen production to generate an anti-proliferative effect on the
endometrium [68]. This approach uses a direct effect to mitigate proliferative sig-
nals by decreasing estrogen levels, instead of using progestins to counteract the
action of estrogen in the endometrium. Specific GnRH therapies include triptorelin
and leuprolide acetate (both administered as an injection). GnRH agonists were
evaluated as single agents in a study of 42 women with hyperplasia (30 women with
simple hyperplasia, 10 with complex hyperplasia without atypia, and 2 women with
complex hyperplasia with atypia) treated with leuprolide acetate or triptorelin
monthly for 6 months [84]. Treatment showed significant decrease in proliferative
activity and regression of hyperplasia was seen by 3 months of treatment for all
women except one (a case of simple hyperplasia). Seven women (24%) had a recur-
rence of simple hyperplasia. Interestingly, recurrence was not seen in patients ini-
tially diagnosed with complex hyperplasia. A study by Perez-Medina et al. included
patients with atypical endometrial hyperplasia desiring conservative management
(n =22) who were treated with combination norethisterone acetate (a progestin) and
GnRH agonist (triptorelin) injections every 6 months. At 5 year follow up, regres-
sion was seen in 84% of patients with a recurrence rate of 5% [85]. Another combi-
nation study evaluating a GnRH agonist therapy (leuprolide acetate) with tibolone
(a synthetic hormonal therapy with both estrogenic and progestagenic effects) found
regression in all 26 women treated after 12 months of treatment but with nearly 20%
recurrence rate over first 2 years of follow up [86].

Conservative Management Using Non-hormonal Agents

Metformin, a biguanide used as treatment for type 2 diabetes, is a well-tolerated oral
medication that has demonstrated promising results in preclinical in vivo models
and is under evaluation as combination therapy for endometrial hyperplasia.
Epidemiologic studies provided the first evidence that patients taking metformin
had a reduced risk of developing cancer [87, 88]. There is also molecular evidence
for anti-cancer properties of metformin, including action on AMPK/mTOR path-
way [89]. A recent prospective observational study of fertility-sparing treatment of
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atypical endometrial hyperplasia and early stage endometrial cancer using com-
bined metformin and medroxyprogesterone found an 81% complete response at
36 weeks. A 10% relapse rate was seen during a median follow up of 38 months
after remission [64]. Rates of regression and relapse were not stratified by BMI. A
small pilot study compared combination metformin with megestrol acetate or
megestrol acetate monotherapy for patients with atypical endometrial hyperplasia,
which showed a nonsignificant increase in response rate in the combination therapy
arm [90]. Additional clinical studies are ongoing, including combinations with
weight loss and the levonorgestrel IUD [91].

The mTOR inhibitor, everolimus (previously called RAD0O1), is currently under
investigation for treatment of grade 1 endometrial cancers or complex atypical
hyperplasia in combination with the levonorgestrel IUD at The University of Texas
MD Anderson Cancer Center (Clinicaltrials.gov identifier: NCT02397083). Patients
diagnosed with progestin-resistant disease at 3 months after initiating the levonorg-
estrel IUD, will then be randomized to continue with the levonorgestrel IUD alone
for an additional 3 months or add daily oral everolimus (10 mg/day) in combination
with the levonorgestrel IUD. Response to combination of oral everolimus and the
levonorgestrel IUD will be compared to response following treatment with the levo-
norgestrel IUD alone, with biopsies obtained every 3 months. While this study is
ongoing, previous studies have shown promising activity against endometrial hyper-
plasia and cancer. Everolimus showed significant efficacy in a preclinical model of
endometrial hyperplasia [92] and has proven anti-cancer activity in combination
with an anti-estrogen agent in advanced and recurrent endometrial cancer [93].

Long-Term Management Strategies

After primary treatment, women have a variety of available strategies for reducing
the risk for relapse of endometrial cancer precursors and cancer. As discussed in
more detail elsewhere in this book volume, lifestyle interventions and weight loss
play a key role in reducing endometrial cancer risk and can still provide benefit after
initial treatment has been completed [94]. Effective treatment of type 2 diabetes is
essential for overall reduction in morbidity and mortality, and specific use of metfor-
min appears to improve long-term endometrial cancer survivor outcomes, possibly
reducing risk of recurrence in obese women with Type I endometrial cancer [95,
96]. While no strict surveillance consensus is available, for those women who are
unable to undergo hysterectomy, long-term surveillance is necessary as the underly-
ing etiology causing endometrial pathology is likely unchanged. One protocol for
surveillance involves endometrial sampling at 3—6 month intervals until three nega-
tive biopsies, after which sampling frequency may be reduced. For those patients
who retain their uterus, they remain at risk for endometrial precancerous lesions.
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Other Management Strategies Currently Under Clinical
Investigation

Bariatric surgery has been proposed as a procedure that could reverse endometrial
pathology through rapid weight loss and resulting improvements in hormone levels,
metabolic syndrome, and insulin signaling. A pilot study by Argenta et al. evaluated
endometrial pathology in asymptomatic morbidly obese women before surgery and
at 1 year after bariatric surgery. While there was no statistically significant reduction
in the overall prevalence of endometrial pathology after bariatric surgery, a post hoc
analysis including only women who were not receiving hormonal agents showed a
significant decrease in endometrial hyperplasia after bariatric surgery [14].
Metabolic profiles, including insulin sensitivity and glucose homeostasis, are sig-
nificantly improved after bariatric surgery [97]. Additional studies are needed to
better understand how bariatric surgery impacts endometrial pathology both as a
standalone and in combination with medical therapy.

Hysteroscopic resection of early stage cancers followed by treatment with pro-
gestins has shown promising results, and while this is not standard of care, may
represent a future direction in conservative surgical management of endometrial
cancer precursors [98, 99]. A study of 23 women with CAH or low grade endome-
trial cancer seeking to preserve fertility evaluated hysteroscopic resection followed
by progestin therapy [100]. At the first follow-up after hysteroscopic resection, 13
women (56.6%) showed a complete response, while 6 patients underwent a second
hysteroscopic resection. By 9 months, all women achieved a complete response,
with one relapse reported at 6 months after completing progestin therapy. Obstetrical
outcomes showed that 6 women achieved pregnancy and 15 women were trying to
conceive at the time of the report [100].

Photodynamic therapy could be an alternative treatment strategy for precursor
lesions and endometrial cancer in obese women with high surgical risk or who wish
to maintain fertility. Photodynamic therapy is conducted by administering a photo-
sensitizing agent and then targeting light of a specific wavelength to the lesion. This
results in a photodynamic reaction that generates oxidative stress and causes cancer
cell death. This approach has only recently been reported in the primary treatment of
endometrial cancer, but there is a longer history of successful treatment in recurrent
gynecologic cancers [101]. A retrospective study was conducted by Choi et al., eval-
uating outcomes for young women with low grade endometrioid endometrial cancer
that received photodynamic therapy for fertility preservation. Intravenous photosen-
sitizer (Photogem) was administered followed by photoillumination with red laser
(630 nm) applied to the endometrial cavity and endocervical canal 48 h later [102].
Of 16 patients assessed, 12 women had a complete response as determined at fol-
low-up dilation & curettage. Four of these patients later had recurrence. Adverse
events for photodynamic therapy are mild, including facial angioedema. In this
study, seven women later attempted pregnancy and four (57%) had successful preg-
nancies resulting in a live birth. Given the limited adverse events, this approach
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could be further evaluated in the future for women seeking conservative manage-
ment of endometrial precursor lesions or low grade, early stage cancers.

Future Directions to Improve Conservative Management
Outcomes for Obese Women

As obesity rates remain high, we expect that the number of women requiring con-
servative management for endometrial cancer and endometrial cancer precursors
will continue to rise. As such, it is critical to continue to develop therapeutic strate-
gies with improved response rates, lower risk of adverse events, and additional
opportunities for therapeutic tailoring. Individualized conservative management
strategies are necessary for co-existing conditions such as PCOS or co-morbidities
resulting from obesity, as well as individual circumstances such as desire for main-
taining fertility, molecular heterogeneity that contributes to response/non-response
to hormonal agents and targeted therapeutics, and finally, altered pharmacokinetics
(drug absorption, distribution, or metabolism) related to obesity.

Biomarkers and Identifying New Molecular Targets

While biomarkers have not been established in endometrial hyperplasia screening,
there have been studies to evaluate potential markers of both cancer risk and
response to progestin therapy. For example, loss of p27 has been shown to occur
early in the progression to endometrial cancer [103] with studies showing that this
aberration is intensified in obese women [104]. Parallel animal studies suggested
that this aberrant loss of p27 might be correlated with increased risk of endometrial
cancer in the context of obesity, even in histologically normal endometrium, as p27
loss occurred concurrently with loss of the tumor suppressor Tsc2 [104]. When
stratified by BMI, PTEN loss was associated with improved progression-free sur-
vival in endometrial cancer, suggesting that biomarkers may differ in the context of
obesity [105]. In the setting of treatment response, further biomarker studies are
needed to identify patients who are unlikely to respond to progestin therapy. Poor
expression of estrogen receptor (ER) and progesterone receptor (PR) is weakly
associated with persistent hyperplasia after progestin therapy with the levonorg-
estrel IUD [106]. Within endometrial cancer, loss of PR is associated with increased
proliferation, and poor survival [107]. Multiple molecular studies are ongoing to
identify targets for progestin-resistant precursor lesions and low grade endometrial
cancers. As these studies continue to advance, an improved understanding of the
molecular aberrations that play a role in progression of precancerous lesions to
cancer or contribute to therapeutic resistance will provide avenues for further
research to improve outcomes for these patients.
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Pharmacologic Issues of Obesity and Related Conditions

The obese patient population presents unique challenges for successfully delivering
hormonal and pharmacologic agents at appropriate therapeutic levels for multiple
reasons. Obesity-related changes in pharmacokinetics of orally administered hor-
monal contraceptives have received significant attention due to concerns that obese
women may have higher rates of contraceptive failure [108—110]. Most studies
show lower systemic blood levels of contraceptive hormones in obese women, but
maintain levels above the minimum required to suppress ovulation and thus, pro-
vide comparable contraceptive efficacy rates. Oral emergency contraceptives that
rely on levonorgestrel also result in lower serum concentrations in obese women
and may have lower efficacy. In the context of contraception, it is necessary to stay
above a minimum level to prevent ovulation; however, use of these hormones for
treating low grade endometrial cancer or complex atypical hyperplasia likely relies
on total dose delivered to the lesion. For this reason, alterations in synthetic hor-
mone metabolism after oral administration is of significant concern in the manage-
ment of endometrial cancer precursor lesions and low grade cancers in obese
women. As discussed previously in this book volume, bariatric surgery procedures
can be utilized by some obese women to achieve substantial weight loss, improve
related medical co-morbidities, and reduce the risk of endometrial cancer. Yet, this
can present new uncertainties in medical treatment for women with endometrial
cancer or precursor lesions, as bariatric surgery can significantly change oral drug
absorption due to altered gastrointestinal tract anatomy and function [111]. In
achieving improved therapeutic outcomes for obese women, research must focus
not only on developing effective therapeutic agents to eliminate or reverse endome-
trial lesions, but also on developing methods to effectively deliver these agents at
required levels to endometrial tissue in obese women.

In addition to concerns of altered systemic hormone and drug metabolism,
adverse effects related to systemic exposure to hormonal agents and/or molecularly
targeted therapeutics can be particularly problematic in obese women with multiple
co-morbidities. Additional research that focuses on restricting drug exposure to
only the target tissue will be critical to reducing systemic side effects. Local drug
delivery could be an ideal strategy for these patients because of the ability to poten-
tially achieve higher drug exposure levels at the target lesion, which could increase
treatment efficacy.

Drug Delivery Strategies

In our efforts to improve treatment efficacy and reduce side effects, our own research
has recently focused on local intrauterine drug delivery. Localized delivery of hor-
monal agents has a long history in clinical use; however, intrauterine delivery of
anti-cancer agents is a novel approach. Given the proven anti-cancer activity of
intrauterine progestin via the levonorgestrel IUD, improved therapies can build
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from a combinatorial approach adding to the existing progestin intrauterine delivery
strategies. While the levonorgestrel IUD has been fine-tuned for delivering levo-
norgestrel for up to 5 years for contraceptive purposes, this “T” scaffold is an ideal
platform for further modification and optimization. Multiple minor variations of the
structure are already in use, including those for shorter delivery time periods
(3 years) and a smaller device designed for use in both nulliparous and parous
patients [65, 112]. The center stem of these intrauterine devices contains a polymer
cylinder impregnated with hormone and is surrounded by a polymer membrane that
controls long-term hormone release. Our initial studies are focused on local intra-
uterine delivery of everolimus due to the known efficacy of everolimus in combina-
tion with an anti-estrogen treatment (letrozole) in advanced/recurrent endometrioid
endometrial cancer [93]. In addition, localized delivery of everolimus has been in
use clinically in the form of drug-eluting coronary stents for many years [113], pro-
viding some proof of principal towards the feasibility of formulating everolimus to
be delivered through a polymer-based system. Our studies are currently focused on
preclinical models providing long-term intrauterine delivery of everolimus. The
T-shaped intrauterine device can be readily modified to support various polymer
cylinders containing therapeutic agents of choice and can be tuned to provide differ-
ent tissue doses. The history of extensive preclinical and clinical studies with these
agents should support the rapid evaluation of safety and efficacy for intrauterine
delivery.

Vaginal drug delivery strategies have been employed in cervical cancer studies,
and combination with a levonorgestrel IUD could also provide opportunities for
rapidly adaptable localized drug delivery for conservative management strategies
for low grade endometrial cancers and precursors. Again, localized uterine exposure
via vaginal drug delivery strategies have largely focused on hormonal agents used
for contraception or other reproductive health applications. Yet, pharmacokinetic
studies of vaginally administered progesterone or estrogen show a preferential
delivery to the uterus, dubbed the “first uterine pass effect” [114, 115]. Vaginal
administration can be achieved using a variety of approaches, including gels, hydro-
gel formulations, and intravaginal ring devices. These local delivery systems could
be readily modifiable during the course of treatment, providing opportunities for the
treating physician to alter the drug amount dosed, frequency of administration, or
easily change therapeutic agents depending on treatment response or side effects.
While management of endometrial cancers and precursor lesions have not been
evaluated using these approaches, further consideration could provide significant
benefit for obese women.

Conclusions/Summary

As rates of obesity continue to increase, the prevalence of women at increased risk
for either endometrial cancers or their precursor lesions will continue to rise. Many
factors, including health status and desire for fertility must be considered for



206 J.A. Dottino et al.

treatment of precursor lesions in obese women. It is paramount that management of
atypical endometrial hyperplasia involves the consideration of the substantial risk of
progression to endometrial cancer as well as the risk of yet undiagnosed, concurrent
endometrial cancer. In the case of definitive surgical management, obese patients
should be counseled on potential for higher rate of complications compared to their
lower BMI counterparts. For those patients undergoing conservative management
for fertility or medical indications, pretreatment discussion with obese patients
should include caution that oncologic risk may remain increased as long as the
underlying mechanism for endometrial pathology is unchanged. As research
continues into conservative management for cancer precursors, pharmacologic
implications in the obese population should be included in study design. Novel
approaches to conservative management, including local intrauterine drug delivery
and identification of biomarkers for cancer risk or likelihood of progestin response,
will significantly improve treatment planning and outcomes for these women.
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Chapter 12
Exercise and Lifestyle Interventions
in Gynecologic Cancer Survivors

Nora L. Nock

Abstract In this chapter, we review trials (randomized and non-randomized)
involving exercise and other lifestyle components (dietary counseling) in gyneco-
logical cancer survivors. In particular, we focus on endometrial and ovarian cancer
survivor trials since the majority of studies have been conducted in these cancer
populations. To date, only two randomized controlled trials (RCTs) and two
non-randomized trials have been completed in ovarian cancer survivors. In addition,
there have been three RCTs and two non-randomized trials in endometrial cancer
and two other RCTs are currently underway. There has also been a RCT involving a
mixed population of ovarian and endometrial cancer survivors and a RCT involving
a mixed population of endometrial cancer survivors and women with endometrial
hyperplasia, a precursor to endometrial cancer. Most of the RCTs have involved
lifestyle counseling and home-based exercise with walking programs, predomi-
nantly.; and, most studies have examined changes in physical activity using self-
reported measures. Several, but not all, trials have shown some improvement in
quality of life with exercise in gynecologic cancer survivors. Given the limited
number of RCTs, there is clearly a need for more lifestyle interventions in gyneco-
logical survivors. However, future studies should evaluate supervised exercise
programs that include objective measures for evaluating changes in physical activity,
cardiopulmonary fitness, physical function and body composition. Given the rising
rates of uterine cancer incidence and mortality coupled with the strong associations
between obesity and endometrial cancer incidence and mortality, as well as the poor
fitness levels in endometrial cancer survivors, there should be a particular focus on
providing these programs to endometrial cancer survivors and women with
endometrial hyperplasia.
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Introduction

Uterine cancer is the most common gynecological cancer and fourth leading cause
of cancer in females in the U.S. with 60,050 new cases and 10,470 deaths estimated
in 2016 [1]. Ovarian cancer is less prevalent, with an estimated 22,280 new cases in
2016, but is the leading cause of death from gynecological cancer and fifth leading
cause of death from any cancer in females with 14,240 deaths estimated in 2016 [1].
The 5 year survival rate for endometrial cancer exceeds 80% but is only approxi-
mately 46% for ovarian cancer [1].

Worldwide, endometrial cancer is the sixth leading cancer in women and higher
rates of endometrial cancer and ovarian cancer are observed in more developed
nations (13.0 per 100,000 and 9.3 per 100,000, respectively) compared to less
developed nations (5.9 per 100,000 and 5.0 per 100,000, respectively) [2]. Mortality
rates worldwide are higher for ovarian cancer compared to endometrial cancer in
both more developed (5.1 per 100,000 and 3.1 per 100,000, respectively) and less
developed countries (2.3 and 1.7 per 100,000, respectively) [2].

Rates of uterine cancer incidence and mortality are increasing while rates for
ovarian cancer have been fairly stable. A 2.3% increase per year in prevalence and
a2.0% increase per year in deaths was estimated during the period from 2008-2013
for uterine cancer [1]. An estimated increase to 42.1 cases per 100,000 is expected
in 2030, which represents an a 55% increase over 2010 rates [3]. Obesity, which is
also rising in our nation, is a leading risk factor for endometrial cancer [4, 5]; and,
Type I (endometrioid) cancer, which represents about 85% of all endometrial can-
cers [6, 7], appears to be the specific type of endometrial cancer driving the increased
rates of uterine cancer in the U.S [8].

Epidemiological evidence suggests that cancer survivors, in general, are less
active than their non-cancer counterparts. One study reported that cancer survivors
were less physically active on an ‘at least weekly’ basis than their non-cancer coun-
terparts (45.3% vs. 53.0%) [9]. In particular, endometrial cancer survivors were
found, on average, to conduct approximately 10 min less moderate intensity exer-
cise per week compared to similar aged non-cancer females using 2009 Behavioral
Risk Factor Surveillance System (BRFSS) data [10]. However, means of moderate
intensity exercise were not found to be statistically significantly different between
ovarian cancer survivors and non-cancer females of similar age using the 2009
BREFSS data [10].

Furthermore, endometrial cancer patients have been found to have poorer fitness
and physical function than women of similar age without cancer. In one study
involving obese women, endometrial cancer survivors had a significantly lower fit-
ness level compared to women of similar age without cancer (VO, pea: 15.0 vs.
17.9 mL/kg/min) [11]. Another study showed that endometrial cancer patients
(<75 years old) had lower physical function (as measured using the physical com-
ponent of the Short-Form Health Survey, SF-12) compared to population-based
age-standardized normative values [12]. In addition, peak METSs during a maximal
exercise tolerance test (treadmill) were 8.4 = 1.9 and 8.9 + 2.2 for endometrial and
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ovarian cancer patients, respectively, and were approximately one MET lower than
age-, gender- and BMI-matched controls [13].

Epidemiological evidence suggests that physical activity may improve survival
and quality of life in gynecological cancer survivors. Physical activity levels exceed-
ing 7 h/week compared to never/rarely was shown to decrease all-cause 5-year mor-
tality by 43% in endometrial cancer survivors using data from the National Institutes
of Health—AARP Diet and Health Study [14]. Vigorous intensity physical activity
was associated with a 26% lower risk of ovarian cancer specific mortality and a 24%
lower risk of all-cause mortality compared to conducting no vigorous intensity
physical activity using data from the Women’s Health Initiative (WHI) study [15].
Furthermore, endometrial cancer survivors who perform 150 min/week or more of
physical activity may be potentially protected from the negative effects of having a
higher body mass index (BMI) on quality of life [16]. Similarly, ovarian cancer
survivors meeting public health activity guidelines (at least 60 min of strenuous or
150 min of moderate/strenuous physical activity per week) reported significantly
better quality of life than those not meeting the physical activity guidelines [17].

Taken together, there is a need to provide exercise and overall wellness programs
to gynecological cancer survivors to improve their quality of life and overall sur-
vival. There is a particular need for programs in endometrial cancer survivors who
have higher BMIs that increase their mortality rates [18], who are less active [10]
and less functionally fit [11, 13], and desire to receive advice on exercise and healthy
eating in-person [19]. However, only a limited number of randomized clinical trials
(RCTs) involving an exercise or physical activity component in gynecologic cancer
survivors have been conducted. In the sections that follow, we will review the com-
pleted RCTs as well as the RCTs that are currently underway (based upon published
protocol papers) in endometrial (three RCTs completed, two RCTs ongoing) and
ovarian (two RCTs completed) and combined endometrial and ovarian (one RCT)
cancer survivors. We will also discuss the non-randomized single arm trials that
included endometrial [4] and ovarian [2] cancer survivors.

Endometrial Cancer Survivors: Completed RCTs Involving
Exercise

The first RCT conducted in endometrial cancer survivors was a large pilot study
conducted by von Gruenigen et al. [20], which involved randomizing 45 Stage I or
II, overweight or obese (BMI > 25 kg/m?) endometrial cancer survivors to 6 months
of group and individual based behavioral counseling that encouraged home-based
walking or usual care (Niyervention = 235 Neonrot = 22) [20]. They reported that “the
intervention group lost 3.5 kg compared to a 1.4 kg gain in the control group” and,
that “the intervention group had a significant increase in their self-reported physical
activity score at 12 months compared to baseline” [20]. In addition, they reported
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“no statistically significant change in quality of life” (using the Functional
Assessment of Cancer Therapy-General, FACT-G) [21].

von Gruenigen et al. [22] followed up this pilot study with a similar but larger
RCT entitled “Survivors of Uterine Cancer Empowered by Exercise and Healthy
Diet (SUCCEED)” that involved 6 months of behavioral counseling in 75 Stage I or
I1, overweight or obese (BMI > 25 kg/m?) endometrial cancer survivors [22]. In the
SUCCEED trial, the weight loss goal was 5% at 6 months and patients were encour-
aged to conduct physical activity at 150 min/week during months 1-2, 225 min/
week during months 3—4, and 300 min/week during months 5-6 [22]. Participants
were also given pedometers (with the goal of 10,000 steps/day or an increase of
2000 steps/day from baseline levels) and 3 1b hand and ankle weights with instruc-
tions for performing resistance exercises (specific exercises not denoted) [22]. They
reported that “the mean [and 95% C.1.] difference in weight change between treat-
ment and control groups was —4.4 kg [-5.3, —3.5] at 6 months and —4.6 kg [-5.8,
—3.5] at 12 months” and, that “the mean difference in self-reported physical activity
minutes between groups was 100 [6, 194] at 6 months and 89 [14, 163] at 12 months”
[22]. In addition, they reported “a significant between-group difference in quality of
life (using the FACT-G) from baseline to 6 months in the physical domain” [23].

Rossi et al. [24] evaluated a 12-week intervention involving behavioral counsel-
ing (1, 30 min session/week), supervised exercise (2, 60 min moderate-to-vigorous
intensity group sessions per week) and a home-based walking program (90 min/
week of moderate intensity) compared to a wait-list control in 28 obese (BMI > 30 kg/
m?) Stage I-IV endometrial cancer survivors [24]. They evaluated the intensity level
of the exercise using ratings of perceived exertion (RPE) and evaluated fitness at
baseline and after the 12 week program using the Six Minute Walk Test (6 MWT)
[24]. Rossi et al. [24] reported that the intervention group significantly increased the
distance walked in the 6BMWT by 22.0 + 16.7 m compared to 1.1 + 22.0 m in the
control group [24]. In addition, they reported a significant difference between
groups after compared to before the program for FACT-En but the difference
between groups was not statistically significant for the FACT-G [24], which sug-
gests the significant difference may be driven by the endometrial subdomain scale.

Endometrial Cancer Survivors: Ongoing (Not Completed)
RCTs Involving Exercise

We are currently conducting a RCT entitled “Revving-Up Exercise for Sustained
Weight Loss by Altering Neurological Reward and Drive (REWARD)” that is
recruiting 120 obese (BMI > 30 kg/m?) Stage I endometrial cancer survivors,
whereby patients are being randomized to receive either ‘assisted’” or voluntary rate
cycling (3 days/week, ~1 h sessions, 60—80% of maximal heart rate) and group-
based behavioral counseling intervention (1 day/week, 1-1.5 h sessions) for
16 weeks [25]. Exercise intensity is being measured using heart rate monitors (and
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RPE) by exercise physiologists during the 16-week intervention period and tracked
using accelerometers equipped with heart rate monitors during the 6-month follow
up period. The ‘assisted’ exercise on a stationary bike provides mechanical assis-
tance to enable the patients to pedal up to 35% faster than their voluntary/preferred
rates, which has been shown previously to provide global improvements in motor
function and increased activity in cortical and subcortical regions, consistent with
activation patterns after applying a dopamine agonist, suggesting that ‘assisted’
exercise may modulate dopamine levels in the brain [26-28]. Thus, we hypothesize
that patients performing ‘assisted’ exercise will have improved neurological stimu-
lus in reward and motivation brain regions in response to exercise, potentially lead-
ing to enhanced and/or sustained weight loss. The primary outcome of the REWARD
trial is change in weight from baseline to 16 weeks and 24 weeks after completion
of the 16 week program and, secondary outcomes include changes in fitness (car-
diopulmonary exercise test), exercise motivation and appetitive behavior as mea-
sured using questionnaires and functional magnetic resonance imaging (MRI) tasks
as well as other physiological and behavioral outcomes including quality of life
(FACT-G, FACT-En) [25].

Koutoukidis et al. [29] are currently conducting a RCT entitled “Shape-up fol-
lowing cancer treatment” in 64 endometrial cancer survivors randomized to an
8 week group-based behavior counseling program (1, 90 min session/week) or usual
care [29]. The physical activity goal in this trial is to encourage patients to aim for
30 min of moderate intensity activity per day and resistance training exercises twice
a week [29]. Physical activity will be assessed using a questionnaire and a 15-min
interview administered tool, strength via a hand grip device and quality of life using
a questionnaire (EORTC Quality of Life Questionnaire, QLQ-C-30) [29].

Endometrial Cancer Survivors: Completed and Ongoing
Non-randomized Trials Involving Exercise

A large single-arm non-randomized trial entitled “Steps to Health” was conducted
by Basen-Engquist et al. [30] in 100 Stage [-III endometrial cancer survivors receiv-
ing a 6-month behavioral counseling program involving print materials and tele-
phone counseling (20-30-min calls: weekly in months 1-2, 2 times a month in
months 3-4 and 1 time a month in months 5-6) and an exercise prescription with a
physical activity goal of ultimately achieving at least 150 min of moderate intensity
physical activity per week [30]. Physical activity was measured using an accelerom-
eter and, fitness was evaluated using a submaximal exercise test on an ergometer at
baseline and after the 6-month program [30]. They reported significant differences
in physical activity minutes at 6 months compared to baseline in obese (15.88 + 10.64
vs. 13.64 + 12.48) and non-obese (19.80 + 10.14 vs. 16.35 + 9.90) patients but no
significant changes in fitness at 6 months compared to baseline [31]. In addition,
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they reported significant improvements in quality of life (SF-36 and QLACS mea-
sures) at 6 months compared to baseline [31].

Smits et al. [32] is currently conducting a single-arm trial evaluating a 10-week
individually supervised exercise program (1, 60 min sessions of combined aerobic/
cardiovascular at 40-60% maximum heart rate and resistance training 40-60% with
one repetition maximum per week) [32]. Exercise intensity will be measured using
heart rate monitors and physical fitness will be evaluated using the 6 MWT at base-
line and after the 10 week program [32].

Ovarian Cancer Survivors: Completed RCTs Involving
Exercise

Hwang et al. [33] conducted a RCT in 40 Stage [-III ovarian cancer survivors ran-
domized to an 8-week group-based behavioral counseling (1, 60 min sessions/week)
with patients being encouraged to conduct exercise and relaxation therapy at home
(3 times/week, relaxation therapy (3, 15 min sessions/week), 50 min of combined
aerobic and resistance exercise, medium intensity, 40-60% maximum heart rate)
[33]. They found that fitness as measured by the 12 MWT was significantly improved
between treatment and control groups (239.12 vs. 12.57 m) [33]. They also reported
a significant improvement in quality of life scores (using the FACT-G) [33].

The Women’s Activity in Lifestyle Study in Connecticut (WALC), led by Dr.
Melinda Irwin, is currently evaluating the effects of a six-month RCT of home-
based exercise (goal: moderate intensity, 150 min/week, facilitated using weekly
phone calls) versus attention control in Stage I-IV ovarian cancer survivors
(n = 144). Preliminary results suggest that ovarian cancer survivors in the exercise
arm compared to the attention control arm had improved quality of life in the physi-
cal domain (using the SF-36) at 6 months compared to baseline (3.7 (0.7-6.8);
p = 0.02) (personal communication, 3/5/2017).

Ovarian Cancer Survivors: Non-randomized Trials
Involving Exercise

Von Gruenigen et al. [21] evaluated a single arm trial in 27 Stage I-IV ovarian can-
cer patients undergoing chemotherapy (6 cycles) that received a behavioral counsel-
ing program (30 min sessions during each chemotherapy cycle) [34]. They reported
“an increase in mean (95% C.I.) minutes of physical activity from cycle #3 to after
cycle #6 (61 (=3, 120) min) and from baseline to after cycle #6 (73 (—10, 15) min)”
[34]. A significant increase in quality of life (FACT-G measure) was reported from
baseline to cycle #6 [34].
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Moonsammy et al. [35] single-arm non-randomized trial in 19 Stage I-III ovar-
ian cancer survivors (seven undergoing adjuvant chemotherapy) involving a
24-week home-based exercise intervention (combined aerobic (60-70% of maxi-
mum heart rate) and resistance training, 30—60 min/session, 3—5 times/week) with
12 weeks of cognitive behavioral therapy (2 sessions/month) [35]. They found a
significant improvement in fitness from baseline to 6 months in the treatment group
(VO, peak (mL/kg/min): 30.0 + 8.0 vs. 38.3 + 2.9) compared to the control group
(VO, peak (mL/kg/min): 29.1 = 7.7 vs. 33.0 + 3.1) [35]. No statistically significant
differences were reported for quality of life (including the FACT-G and FACT-O)
measures.

Combined Cancer Survivor and/or Cancer Precursor
Conditions: RCTs and Non-randomized Trials Involving
Exercise

Donnelly et al. [36] conducted a RCT in 33 sedentary Stage I-III gynecological
cancer survivors (Endometrial Cancer = 11, Ovarian Cancer = 12) randomized to a
12-week, telephone-based behavioral counseling intervention (home-based moder-
ate intensity physical activity (150 min/week), n = 16) or a contact control (n = 17)
[36]. Using the 12 MWT, they found that fitness improved at 12 weeks compared to
baseline but the difference between groups was not statistically significant (adjusted
mean difference: 10.84 (—59.74-81.44) m). The improvements in quality of life
(using the FACT-G) were also not statistically significant between treatment and
control groups.

Haggerty et al. [37] conducted a RCT in obese Type 1 endometrial cancer survi-
vors (n = 16) and obese women with endometrial hyperplasia (n = 4) randomized to
a 6-month behavioral counseling program delivered via telephone (weekly phone
calls) or text (3-5 personalized messages daily via Text4Diet™) [37]. They found
greater weight loss in the telemedicine compared to the Text4Diet arm (median loss:
9.7 kg (range: 1.6-22.9 kg) vs. 3.9 kg (0.3-11.4 kg)) [37]. There was no discussion
regarding potential changes in physical activity and quality of life.

A non-randomized single-arm trial conducted by McCarroll et al. [38] in over-
weight and obese (BMI > 25 kg/m?) breast (n = 26) and endometrial (n = 24, five
with breast and endometrial) cancer survivors evaluated a 1 month web- and mobile-
based exercise and nutritional counseling program using the Loselt!® app [38]. No
significant differences were noted for physical activity or quality of life (using the
FACT-G) but they reported post-intervention weight was significantly lower than
baseline (105.0 = 21.8 kg vs. 98.6 + 22.5 kg) [38].
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Conclusions and Proposed Future Directions

Most RCTs conducted to date have involved lifestyle counseling and home-based
exercise, with walking programs, predominantly; and, most studies have examined
changes in physical activity using self-reported measures. Several, but not all, trials
have shown an improvement in quality of life with exercise in gynecologic cancer
survivors. Future studies should evaluate supervised exercise programs that include
objective measures for evaluating changes in physical activity, cardiopulmonary
fitness, physical function and body composition. Given the rising rates of uterine
cancer incidence and mortality coupled with the strong associations between obesity
and endometrial cancer incidence and mortality, as well as the poor fitness levels in
endometrial cancer survivors, there should be a particular focus on providing
lifestyle programs to endometrial cancer survivors and women with precursor
conditions including endometrial hyperplasia.
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Chapter 13
Physical Activity as a Risk Factor for Ovarian
Cancer

Tianyi Huang and Shelley S. Tworoger

Abstract Ovarian cancer is a highly fatal gynecologic malignancy that is the fifth
leading cause of cancer death among women in the United States. Most known risk
factors are not easily modifiable, necessitating examination of modifiable lifestyle
factors, such as physical activity and sedentary behavior, with risk. While putative
biologic mechanisms of action, such as reduced adiposity, sex hormones, and
inflammation, suggest that physical activity should lower ovarian cancer risk, results
from epidemiologic studies have been less clear. In general, case-control studies
have shown an inverse association, however potential recall bias and reverse causa-
tion may play a role in this relationship. Conversely, prospective studies generally
have observed either a positive association or null results. This may be due to influ-
ences of moderate to vigorous activity on increasing ovulatory function compared
to physical inactivity. Little research is available regarding associations with sur-
vival or the role of sedentary behavior. Clearly, additional research in cohort-based
consortia with harmonized physical activity data is needed to further understand the
complex role of physical activity with ovarian cancer risk and survival, overall and
by tumor subtype.
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Introduction

Regular physical activity exerts general beneficial effects on various health out-
comes. It has been estimated that 9% of premature deaths worldwide in 2008 were
attributed to physical inactivity [1]. The World Health Organization recommends a
minimum of 150-min moderate-intensity or 75-min vigorous-intensity leisure-time
physical activity per week for maintaining and promoting health among individuals
aged 18-64; a doubled physical activity level was recommended to achieve addi-
tional health benefits [2]. Particularly, the protective effects of physical activity have
been well established for several types of cancer. For example, physical inactivity
accounted for 10% of breast cancer and 10% of colon cancer incidence worldwide
in 2008 [1]. Higher levels of physical activity have been consistently and strongly
associated with lower risk of endometrial cancer in a linear dose-response pattern
[3, 4]. As a result, the US National Cancer Institute has identified physical activity
as an important risk factor for preventing breast, colon and endometrial cancers [5].
However, despite a growing body of evidence from more than 20 epidemiologic
studies, the potential benefits of physical activity on ovarian cancer prevention
remains unclear. Physical activity is a modifiable lifestyle risk factor hypothesized
to have the potential to reduce risk of ovarian cancer.

In 2012, approximately 238,700 new cases of ovarian cancer were diagnosed
globally and about 151,900 women died from the disease, with higher incidence and
mortality in more developed regions including US and European countries [6].
Ovarian cancer ranks as the fifth leading cause of cancer death among US women
[7]. It is the most fatal gynecologic malignancy due to lack of early detection modal-
ity that leads to clinical presentation at an advanced stage (e.g., 85% of diagnosed
cases) and poor prognosis following diagnosis and treatment (e.g., 5-year survival
rate <45%) [7]. Recently, two large randomized controlled trials evaluated the effect
of annual ovarian cancer screening, reporting no overall benefits on mortality [8, 9].
This underscores the importance of primary prevention for reducing incidence and
mortality of this highly fatal disease. Yet, current prevention recommendations for
ovarian cancer are limited, because most confirmed risk factors for ovarian cancer,
such as age, family history, parity and oral contraceptive use, are not easily modifi-
able [10]. Thus, physical activity, a behavioral risk factor that is modifiable at the
population level with established health benefits for other diseases, has attracted
considerable research interest and may have high potential to improve prevention
strategies for ovarian cancer.

Another challenge to identifying modifiable risk factors for ovarian cancer is the
heterogeneous nature of ovarian tumors. As common histologic subtypes of ovarian
cancer, such as high-grade serous, endometrioid, mucinous, and clear cell tumors,
may originate through different etiologic pathways, ovarian cancer has a high level
of heterogeneity with regard to its relations with established reproductive and hor-
monal risk factors [11-13]. For example, a recent study from the Ovarian Cancer
Cohort Consortium suggested that most reproductive and hormonal factors show
stronger associations with nonserous ovarian cancers vs. the serous subtype [11];
serous tumors are the most common and most aggressive tumor subtype. Similarly,
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it is important to consider such etiologic heterogeneity to fully understand the asso-
ciation between physical activity and ovarian cancer.

The goal of this chapter is to present the current state of evidence-based knowl-
edge for the relationship between physical activity and ovarian cancer, and provide
a discussion of the implications in these research findings that may be conducive to
future studies. The chapter begins with a brief review of potential biological mecha-
nisms linking physical activity with the carcinogenic process, in general and spe-
cific to ovarian cancer. Next, we focus on population-based, epidemiological
studies, particularly those with prospective design, to shed light on the mixed but
intriguing associations between physical activity and ovarian cancer. Interpretation
of these findings is discussed in some detail from both methodological and biologi-
cal perspectives. We further set our discussion into a broader context by briefly
summarizing the associations of ovarian cancer with sedentary behavior, which
appears to have independent effects on health from physical activity. The relation-
ship between obesity and ovarian cancer is covered in Chap. 2. We conclude the
chapter with prospects for future research on physical activity and ovarian cancer.

Potential Mechanisms

Physical activity may reduce cancer risk through multiple mechanisms. Most nota-
bly, maintaining a physically active lifestyle has a strong effect on reducing obesity
and long-term weight gain [14—16], which results in reduced inflammation, higher
insulin sensitivity, and decreased sex hormones [17, 18]. These biological altera-
tions have been implicated as general mechanisms for carcinogenesis [19]. Most
studies reported that the impact of physical activity on these carcinogenic pathways
persisted after accounting for anthropometric measures, suggesting additional anti-
cancer benefits of physical activity independent of its effects on adiposity [19]. In
addition, immune function may act as another possible mediator of the association
between physical activity and cancer [20]. For example, physical activity may
strengthen the immune system by boosting number or function of natural killer cells
[21, 22], which have a role in tumor development and progression [23].

These mechanisms can be directly translated to imply potential beneficial effects
of physical activity on ovarian cancer. First, obesity, particularly increased adiposity
during premenopausal periods, is moderately associated higher risk of ovarian can-
cer [24]. Higher physical activity, which helps reduce obesity, is therefore hypoth-
esized to lower ovarian cancer risk. Second, physical activity is inversely associated
with circulating estrogen concentrations, particularly among postmenopausal
women [25-29]. Experimental evidence demonstrates that exposure to estrogen
promotes the growth of ovarian epithelial cells positive for estrogen receptors and
may increase ovarian cancer risk [30]. Higher ovarian cancer risk has been consis-
tently observed among postmenopausal women with regular use of estrogen-only
hormone therapy [31-33], although studies that focused on the direct associations
between circulating sex hormone concentrations and ovarian cancer risk do not pro-
vide conclusive evidence [34-36]. Interestingly, analyses by histologic subtypes
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suggest a positive association between estradiol and endometrioid tumors, which
have higher expression of estrogen receptor and progesterone receptor than other
tumor subtypes [37]. Physical activity also induces a significant decrease in circulat-
ing androgen levels [29]. Polycystic ovarian syndrome (PCOS), a predominantly
hyperandrogenic syndrome common in women of reproductive age, is associated
with a 2.5-fold increased risk of ovarian cancer among women younger than 54 years
of age [38]. However, similar to the findings on estrogen, epidemiologic evidence
has been mixed regarding the association between androgen and ovarian cancer risk.
While some observational studies provide evidence for a positive relationship
between circulating androgen concentrations and ovarian cancer risk [34—36], other
studies of small sample size do not support this hypothesis [39—41]. Of note, recent
findings from two larger studies suggest that an increase in androgens is only associ-
ated with higher risk of low-grade serous and mucinous ovarian cancers [35, 42].

Third, physical activity also has well-documented anti-inflammatory effects, and
chronic inflammation has been suggested as an important carcinogenic pathway for
ovarian cancer. Systemic inflammation, as measure by circulating levels of
C-reactive protein (CRP), has been consistently associated with increased ovarian
cancer risk [43—46]. Inflammatory cytokines, such as interleukin (IL)-6 and tumor
necrosis factor (TNF)-a, are significantly elevated in ovarian tumors [47-49], and
may predict prognosis and survival in ovarian cancer patients [50, 51]. Finally, par-
ticipation in regular physical activity improves insulin sensitivity, and prevents or
delays development of hyperinsulinemia and insulin resistance [52, 53]. Insulin
resistance and type 2 diabetes have been associated with an increased risk of ovarian
cancer in some, but not all, studies [54-57]. Other biomarkers involved in the
insulin-related pathways and insulin-like growth factor (IGF) axis, such as IGF-1
and IGF-1 receptor, has been shown experimentally to stimulate the proliferation
and inhibit apoptosis of ovarian carcinoma cells [58, 59]. While some studies
reported a significant positive association between IGF-1 and ovarian cancer risk
[60, 61], other studies found no compelling evidence for this association [62—65],
including a recent meta-analysis [66].

There are additional exercise-induced mechanisms that have been proposed with
specific relevance to ovarian cancer development. According to the ‘incessant ovu-
lation’ hypothesis [67, 68], the accumulation of deleterious mutations from the
ovulation-induced wounds on the ovarian surface can lead to neoplasia and ovarian
tumors [68—70]. Factors that result in fewer ovulations, such as higher parity and
longer use of oral contraceptive use, have been consistently associated with lower
risk of ovarian cancer [10]. Physical activity, particularly at very vigorous and stren-
uous levels, may affect menstrual cycle length and decrease frequency of ovulation
[71-73]. Thus, another mechanistic hypothesis for the exercise-related pathogenesis
of ovarian cancer is that regular strenuous physical activity may reduce the risk of
ovarian cancer through suppression of ovulation, although this mechanism only
applies to premenopausal women. Further, physically active women are at lower
risk of a number of common benign gynecologic conditions, including endometrio-
sis [74-76]. Prior studies have identified endometriosis as a risk factor for ovarian
cancer, with consistent findings of increased risks for endometrioid and clear cell
ovarian cancer tumors [11, 77, 78].
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Epidemiologic Evidence on Physical Activity and Ovarian
Cancer Risk

Despite intriguing biological hypotheses indicating a plausible inverse association
between physical activity and ovarian cancer, more than 20 population-based epide-
miologic studies conducted over the last two decades have yielded mixed results.
Early evidence regarding the association between physical activity and ovarian can-
cer risk was mostly from case-control studies. Most [79—-86], but not all case-control
studies [87-92], observed a statistically significant inverse association. Findings
from a meta-analysis of nine case-control studies suggested 13% (95% CI: -5,
—20) lower risk of ovarian cancer for moderate levels of non-occupational physical
activity and 17% (95% CI: -9, —24) reduced risk for high levels, with no evidence
of significant heterogeneity across studies (P-heterogeneity >0.17) [93]. A recent
pooled analysis of nine population-based case-control studies from the Ovarian
Cancer Association Consortium, including 8309 epithelial ovarian cancer cases,
reported that chronic recreational physical inactivity was associated with 35%
higher odds of ovarian cancer (95% CI: 1.14, 1.57) compared to women who were
physically active at any level; the positive association between chronic physical
inactivity and ovarian cancer risk was similar for different histologic subtypes [94].

However, these case-control studies were predominantly performed among white
women residing in the North America or Europe. This limits the generalizability of
the findings to other racial/ethnic populations or women living in other regions. For
example, to our knowledge, there has been only one case-control study conducted
in African American women, which reported mixed results [92]. While suggestively
reduced ovarian cancer risk was observed for mild and strenuous physical activity,
there was a significantly increased risk for moderate physical activity among African
American women. Many studies utilized a sample of convenient controls, such as
hospital controls, to represent the underlying study populations, which may further
decrease the generalizability. Most importantly, as a result of the case-control
design, physical activity was assessed in cases after diagnoses of ovarian cancer and
in their matched controls. Self-reported physical activity may be biased due to dif-
ferential recall, as women diagnosed with ovarian cancer may blame the disease for
lack of regular physical activity and thus under-reported their usual physical activity
levels. By contrast, control women, particularly healthy controls, may tend to over-
report their physical activity levels [95, 96]. This could lead to a spurious inverse
association between physical activity and ovarian cancer risk. Further, women were
typically asked about participation in physical activity during the past 6 months or
the past year. Preclinical disease symptoms for ovarian cancer during these time
periods, such as pelvic pain, abdominal bloating and fatigue, may have compro-
mised the ability to exercise and influenced the regular physical activity levels in
cases. Therefore, inverse associations observed in case-control studies may be the
consequence of reverse causation, and do not necessarily reflect the role of physical
activity in ovarian carcinogenesis. In light of these limitations for case-control stud-
ies, our review will focus on studies of prospective design, which are less suscepti-
ble to such methodologic issues.
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To date, a total of 14 studies [97-110], based on 11 independent cohorts, have
been published to prospectively examine the association between physical activity
and ovarian cancer risk (Table 13.1). While findings from case-control studies
appear to support an inverse association between physical activity and ovarian can-
cer risk, prospective studies generally do not support a beneficial effect of physical
activity on ovarian cancer. The first prospective study from well-established, large-
scale cohorts is based on the lTowa Women’s Health Study. Mink et al. examined the
association between physical activity and ovarian cancer risk among 31,396 post-
menopausal women aged 55-69 at baseline [97]. With 97 incident ovarian cancer
cases during 7 years of follow-up, a significant positive trend was observed between
a composite physical activity index (based on frequency and intensity) and ovarian
cancer risk. Compared to a low physical activity index, the RRs (95% CIs) were
1.44 (0.86, 2.40) for moderate activity and 1.97 (1.22, 3.19) for high activity
(p-trend = 0.006). The positive association was particularly strong among women
participating in vigorous physical activity (RR comparing >4 times/week vs. rarely/
never: 2.52; 95% CI: 1.01, 6.28). A later investigation in this cohort with additional
8 years of follow-up and a total of 223 ovarian cancers reached essentially the same
conclusion that high levels of physical activity, particularly vigorous physical activ-
ity, may increase ovarian cancer risk in postmenopausal women [99].

In the Nurses’ Health Study, Bertone et al. followed 92,825 women from 1980
through 1996 and identified 377 ovarian cancer cases during follow-up [98].
Interestingly, a modest increase in ovarian cancer risk with higher physical activity
was also noted in the study. This study used the metabolic equivalent task (MET)
hours [111] as a composite measure to more accurately assess both duration and
intensity of physical activity, which was calculated by assigning the MET scores to
various types of physical activity to reflect their energy expenditure, multiplying
each score with duration spent in the corresponding activity type, and summing the
products over all activity types. Activities with a MET score >6 are usually consid-
ered to be vigorous; a physical activity level at 28 MET-hours/week is equivalent to
an average of 1 h of brisk walking per day. Compared to inactive women (<2.5
MET-hours/week), those who had physical activity 20-30 MET-hours/week were at
higher risk ovarian cancer (RR: 1.84; 95% CI: 1.12, 3.02). However, no significant
risk increase was observed for >30 MET-hours/week, and overall there was no sig-
nificant positive trend across categories of physical activity measured by MET-
hours/week. Also, no association was observed when physical activity was measured
only by frequency (e.g., times/week), suggesting that activity intensity, namely vig-
orous activity, may contribute to the observed increased risk.

Recently, we updated the investigation in the Nurses’ Health Study and added the
Nurses’ Health Study II, an independent sister cohort, including a total of 815 inci-
dent ovarian cancer cases over 24 years of follow-up [109]. In addition to a similar
but more modest elevation in ovarian cancer risk with high levels of physical activ-
ity as reported in the previous study [98], we also observed a slightly increased risk
for very low levels of physical activity. Compared to 3-9 MET-hours/week, the RRs
(95% CI) were 1.19 (0.94, 1.52) for <3 MET-hours/week and 1.26 (1.02, 1.55) for
>27 MET-hours/week. Importantly, we leveraged the wide age distribution and
long follow-up in the two cohorts to prospectively assess the impact of physical
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activity during different periods of life on ovarian cancer risk. We found that only
physical activity during premenopausal years was associated with ovarian cancer
risk; postmenopausal activity was not independently associated with the risk.
Compared to premenopausal activity level at 3-9 MET-hours/week, the RRs (95%
CI) were 1.29 (0.95, 1.75) for <3 MET-hours/week of premenopausal activity and
1.50 (1.13, 1.97) for >27 MET-hours/week of premenopausal activity. The corre-
sponding risk estimates for postmenopausal activity were 1.05 (0.79, 1.40) and 1.03
(0.80, 1.33), respectively. Further analyses by histology suggested that high pre-
menopausal activity was associated with increased risk of both serous and endome-
trioid tumors whereas low premenopausal activity was only strongly associated
with endometrioid subtype. However, we observed no difference in the associations
by intensity of physical activity, as observed in prior studies [97-99].

Neither moderate nor vigorous physical activity was associated with ovarian
cancer in the NIH-AARP Diet and Health Study of 96,216 women aged 51-72 at
baseline [106], although there was a suggestion of increased risk for serious subtype
(RR comparing moderate/vigorous activity vs. neither: 1.42; 95% CI: 0.93, 2.17).
Another study in this cohort examined physical activity during different periods of
life in relation to ovarian cancer risk, and reported that recalled physical activity
levels at age 15-18, age 19-29, age 35-39, or during the past 10 years were not
associated with ovarian cancer risk [107]. Similarly, neither the original study [103]
nor the updated study [108] in the American Cancer Society Cancer Prevention
Study II Nutrition Cohort found compelling evidence for an association between
physical activity and ovarian cancer.

Other population-based, prospective studies that have examined physical activity
and ovarian cancer risk include the Netherlands Cohort Study on Diet and Cancer
[102], Melbourne Collaborative Cohort Study [112], Breast Cancer Detection
Demonstration Project follow-up cohort [100], European Prospective Investigation
into Cancer and Nutrition [110], Copenhagen Centre for Prospective Population
Studies [101] and Women’s Lifestyle and Health Study [105]. Besides the Copenhagen
Centre for Prospective Population Studies [101], which reported a strong inverse
association between physical activity and ovarian cancer, findings from Netherlands
Cohort Study on Diet and Cancer [102] and Breast Cancer Detection Demonstration
Project follow-up cohort [100] also suggest a slightly reduced ovarian cancer risk for
higher physical activity. Other studies, however, either reported no association or
suggested a trend towards a positive association (Table 13.1).

In sharp contrast to case-control studies, prospective studies provide little support
for the hypothetical benefits of physical activity on ovarian cancer. As expected,
meta-analyses of nine of these prospective cohort studies result in a RR (95% CI) of
1.03 (0.87, 1.20) for any moderate-to-vigorous physical activity, 0.99 (0.86, 1.13) for
moderate activity and 0.97 (0.74, 1.28) for vigorous activity, compared to low physi-
cal activity [93]. Significant between-study heterogeneity in the association was
observed among these prospective cohorts (P-heterogeneity <0.05). There was even
greater heterogeneity when estimates from case-control studies were considered
simultaneously (P-heterogeneity <0.01). These statistics reflect the substantial incon-
sistency of the existing literature, a trend towards inverse associations in case-control
studies but a trend towards positive or null associations in prospective studies.
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The mechanisms underlying a potential positive association between physical
activity and ovarian cancer remain unclear. This observation contradicts the prior
biologic hypotheses described above. In the Nurses’ Health Studies, we observed
that increased ovarian cancer risk differed by menopausal status and was more
strongly associated with premenopausal physical activity. We postulated that the
increased risk may be explained by exercise-induced influence on reproductive
function and ovulation that only occur during premenopausal period. Interestingly,
a population-based case-control study in Canada reported a similar finding that
physical activity in mid-teens and early 30s was positively associated with ovarian
cancer risk but that physical activity during the last 2 years prior to diagnosis was
inversely associated with ovarian cancer risk [91]. Another cohort study, however,
did not find any association of physical activity in different periods of life with ovar-
ian cancer risk [107]. The possibility that physical activity may interact with repro-
ductive function to impact ovarian cancer risk is further enhanced by the fact that
evidence linking other potential pathways (e.g., sex hormones, adiposity, IGF axis)
with ovarian cancer development has been inconsistent, as reviewed above. By con-
trast, reproductive factors, particularly those related to frequency of ovulation (e.g.,
parity, oral contraceptive use), have been well established for ovarian cancer.

Indeed, the hypothesis that physical activity may reduce ovarian cancer risk
through inhibition of ovulation is primarily based on studies among elite athletes or
long-distance recreational runners, who had much more strenuous activity than the
‘vigorous’ activity in the general population [71-73, 113, 114]. Initiation of new
exercise regimes, such as recreational running, did not appear to disturb menstrual
cycle or ovulation in ordinary women [115, 116]. Further, it has been suggested that
strenuous physical activity may induce reproductive dysfunction only if energy
intake after exercise is limited (i.e., insufficient net influx of energy), as observed
among agrarian female labors in the developing regions [117, 118]. Such interac-
tions between physical activity and nutrition on ovarian function are also supported
by experimental studies in monkeys [119, 120]. Given that energy surfeit is a world-
wide phenomenon, particularly in the US and European countries, the very moder-
ate activity level in the general population is unlikely to lead to suppression of
ovulation. On the other hand, a prospective study in the Nurses’ Health Study II has
reported that higher level of vigorous physical activity was associated with lower
risk of ovulatory disorder infertility, suggesting enhanced ovulation in the active
women [121]. We have also shown that physical activity was positively associated
with luteal progesterone level, an indicator for successful ovulation; the positive
association between premenopausal activity and ovarian cancer risk was stronger in
women who never used oral contraceptives, among whom the potential moderate
ovulation-stimulating effects by physical activity may be more likely to be observed
[109]. Collectively, the moderate positive association between physical activity and
ovarian cancer risk observed in several large prospective studies may be mediated
by more frequent ovulation facilitated by the physical activity levels typical in the
general population. Additional studies are required to confirm these associations
and elucidate the underlying biologic mechanisms.
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Epidemiologic Evidence on Physical Activity and Ovarian
Cancer Prognosis

While a large body of evidence suggests that both pre-diagnosis and post-diagnosis
physical activity may improve survival among breast cancer and colorectal cancer
patients [122—-124], only two studies have evaluated the impact of pre-diagnosis
physical activity on ovarian cancer survival [125, 126]. The study in the Ovarian
Cancer Association Consortium, including 6806 invasive ovarian cancer cases, found
that mortality was 34% (95% CI: 18, 52) higher in physically inactive women [125].
Similarly, participation in vigorous physical activity was associated with signifi-
cantly lower risk of both cause-specific and all-cause mortality among 600 women
diagnosed with ovarian cancer from the Women’s Health Initiative [126]. Currently,
an ongoing randomized controlled trial (Registration number: NCT00719303 at
ClinicalTrials.gov) is being conducted to investigate whether a counseling program
to change diet and physical activity vs. usual care may increase progression-free
survival among women with previously treated stage II-I'V ovarian cancer. Preliminary
results from this trial suggest that ovarian cancer survivors were motivated to engage
in physical activity at recommended levels, which improved health-related quality of
life in a 6-month period [127]. Extended follow-up is needed to understand the lon-
ger-term prognostic outcomes associated with increased physical activity.

Sedentary Behavior and Ovarian Cancer Risk

As discussed above, higher systemic inflammation, such as increased circulating
levels of CRP levels, have consistently been associated with increased risk of ovar-
ian cancer [43—46]. Thus, modifying lifestyle exposures associated with higher lev-
els of systemic inflammation markers may alter risk. While physical activity has
been associated with lower inflammation, sedentary behavior, generally defined as
time spent sitting (e.g., watching television), has been associated with increasing
low grade inflammation [128—130], and those with both high physical activity and
low sedentary behavior have the lowest CRP levels [130]. Despite this, the impact
of sedentary behavior on ovarian cancer risk has received relatively little study, with
reported data from three studies conducted within two prospective cohorts [103,
107, 108]. Non-occupational sitting time of >6 vs. <3 h per day was positively asso-
ciated with 44% increased risk (95% CI: 12, 85) in the American Cancer Society
Cancer Prevention Study II Nutrition Cohort, with over 650 ovarian cancer cases
[108]. This association was stronger for serous cases (HR = 1.55), although there
was not significant heterogeneity in the association. However, in the other cohort
study, neither total sitting nor television watching at baseline were associated with
risk [107]. In one case-control study, total sitting and hours watching television
5 years before diagnosis were associated with increased risk [131]. Among ovarian
cancer patients, high sedentary behavior was associated with reduced quality of life
in multiple domains, including physical, social, and sexual functioning [132]; how-
ever no studies have examined survival outcomes. Additional prospective studies in
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this area are warranted to evaluate the potential interactions between physical activ-
ity and sedentary behavior in ovarian carcinogenesis.

Limitations, Future Direction and Conclusion

Overall, the relationship between physical activity and sedentary behavior with
ovarian cancer risk is not clear. Of particular note is that different study designs (i.e.,
case-control vs. prospective) have shown varying associations, suggesting that bias
may be a challenge in interpreting the results. Given the reduced bias in prospective
studies, increased weight should be given to these studies, especially those that
carefully controlled for potential confounding factors such as adiposity. In general,
these studies have observed either null or positive associations between physical
activity and ovarian cancer risk, contrary to the putative biologic mechanisms that
would suggest that activity should be associated with a lower risk as for other can-
cers. A key limitation for interpreting these studies is that each study asked about
and characterized physical activity in a different manner, reducing ability to com-
pare results across studies. Cross-cohort harmonization in the consortial setting is
crucial to increasing sample size for assessment of activity relationships to cancer.
A recent working group in the National Cancer Institute Cohort Consortium harmo-
nized physical activity data from 12 prospective studies and evaluated associations
with ovarian cancer (among others) with nearly 2300 cases. The overall association
for ovarian cancer was null (HR, >90th vs. <10th percentile = 1.06, 95% CI: 0.93,
1.20), although there was a suggestive increased risk for never smokers (p-
heterogeneity = 0.06) [133]. Future research should integrate more prospective
studies to further increase sample size, allowing for in depth analysis by tumor
histologic subtype and timing of activity (e.g., premenopausal vs. postmenopausal).
Further, it will be crucial to better understand the relationship between physical
activity and ovulation in premenopausal women who are not using oral contracep-
tives. Finally, additional work is needed to better evaluate the role of sedentary
behavior, with an emphasis on the intersection with physical activity, on risk and the
association of activity and sedentariness with survival among patients.
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Chapter 14
Impact of Obesity on Surgical Approaches
to Gynecologic Malignancies

Amanika Kumar and William A. Cliby

Abstract As already described in previous chapters, the obesity epidemic in
America is on the rise, with approximately 36% of Americans being obese, and
more than 6% having Class III obesity (8% in women) defined as a BMI >40 kg/m?>.
The rising obesity rate in women has profound effects on gynecologic malignancy
occurrence and treatment. As surgery is a part of treating the majority of gyneco-
logic malignancies, understanding the nuances of intra-operative and peri-operative
management of the obese patient is an essential skill of the gynecologic oncologist.
This chapter will briefly review the medical and anesthetic considerations for sur-
gery in the obese woman with a gynecologic malignancy. It will focus on the impact
of obesity in surgery in both endometrial cancer and in ovarian cancer as well as
mention the impact on other gynecologic cancers. The chapter concludes with a
mention of techniques that can be employed to facilitate surgery in obese women.

Keywords Perioperative management ¢ Minimally invasive surgery endometrial
cancer ¢ Surgical staging endometrial cancer ¢ Laparoscopic surgery endometrial
cancer * LAP2 study * Robotic surgery endometrial cancer ® Cytoreductive surgery
ovarian cancer * Obesity paradox ¢ Inguinal femoral lymph node dissection
* Anesthesia in obese patients ® Stomas ¢ Surgical closures

Pre-Operative Assessment of the Obese Woman
with a Gynecologic Malignancy

Pre-operative medical assessment of obese women is an important aspect of care for
gynecologic cancer. Obesity-related diseases including obstructive sleep apnea and
obesity hypoventilation syndrome, diabetes, cardiovascular disease, and hyperten-
sion all have impact on the intra-operative and post-operative management of
patients [1, 2]. A proper medical history and medical assessment of the potential
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surgical patient may avoid potential complications in the post-operative period. It is
well established that maintained glycemic control and continuation of peri-operative
beta-blockers can help reduce risk of peri-operative morbidity, and these issues
should be addressed pre-operatively. Plans for optimizing glycemic control during
the post-operative course should be in place: utilizing an inpatient diabetes consult
service can be quite effective if available. Cardiac risk should be assessed, knowing
that patients with medically-complicated obesity will also have an increased risk of
cardiac disease.

Proper management of the pre-operative medical issues in the morbidly obese
gynecologic cancer patient is best done with a multidisciplinary team that is
equipped and experienced in treating this population. These pre-existing conditions
have significant impact on the ability for patients to quickly recover from surgery
and move on to important adjuvant treatment. Avoidance of medical and surgical
post-operative complications will allow for rapid recovery.

Endometrial Cancer

No gynecologic malignancy is more directly influenced by obesity than endometrial
cancer. Both age and obesity are major risk factors for the development of endome-
trial cancer, and therefore, as our population continues to get older and more obese,
gynecologic oncologists face the management of endometrial cancer in the obese
patient on an almost daily basis. Here we will review the feasibility of surgery for
endometrial cancer in the obese population, as well as discuss the role of minimally
invasive surgery in these patients.

Endometrial cancer surgery ideally includes removal of the uterus, fallopian tubes
and ovaries, and assessment of lymph nodes. Prior to the mid-2000s, the majority of
endometrial cancer surgery was performed via a laparotomy. Studies have looked at
the feasibility of surgical staging in the obese population via laparotomy and show
that completeness of staging is possible in obese patients however is less frequently
attempted. One retrospective study from Ohio examined 356 consecutive patients
from 1997 to 2003. In this group, 22% had a BMI >40 kg/m?; only 40% had a BMI
<30 kg/m?. Rates of staging did decrease with increasing BMI, with the rate of surgi-
cal staging in the BMI >40 kg/m? group dropping to 81%. The rate of para-aortic
node assessment was significantly less in the BMI >40 kg/m? group, 48% vs. 74% in
those patients with a BMI <30 kg/m?. However, in the fully staged group, the number
of lymph nodes removed did not differ by BMI, demonstrating the feasibility of
surgical staging in the obese population when attempted. Regarding surgical risk,
patients with a BMI >40 kg/m? had longer operative times and high blood loss, and
a high incidence of wound infections (8%) and wound breakdowns (11%) [3].

Other studies confirm these findings. A retrospective study from 1990 to 2000
also examined 396 patients in three groups: BMI <30 kg/m? (41% of patients), BMI
3040 kg/m? (32% of patients), and BMI >40 kg/m?* (27% of patients). They also
found longer operating room times and higher blood loss in patients with a
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BMI > 40 kg/m? The study found differences in the rate of staging between BMI
groups, 93.8% vs. 88.3% vs. 66.4% in BMI groups <30 kg/m?, 30-40 kg/m?, and
>40 kg/m?, respectively. The study confirms that equal numbers of lymph nodes
were removed across each BMI group. Regarding complications and similar to the
previously described study, this study found that patients with a BMI >40 kg/m?
have a higher risk of wound complication, 8% vs. 1.9% in the BMI <30 kg/m? group
[4]. These studies together demonstrate that in open surgery for endometrial cancer,
morbidly obese patients are less likely to get staging and are more likely to have
wound complications. If staging is performed, it is equal to staging in those patients
who are not morbidly obese. Interestingly, both studies found that while extra-
uterine disease was equally common across BMI groups, grade of disease was more
commonly Grade 1 in the BMI >40 kg/m?, leading some to consider hysterectomy
alone for this group of patients. We will discuss this further after consideration of
laparoscopic surgery.

The adoption of laparoscopic surgery and robotic-assisted laparoscopic surgery
amongst gynecologic oncologists is high, and has had a profound influence on the
management of endometrial cancer. Several retrospective trials have published on
the feasibility and safety of laparoscopic surgical management of endometrial can-
cer. One early study reported on 42 obese women, mean BMI 35.8 kg/m?> who
underwent laparoscopic surgery for clinically stage I endometrial cancer. There was
a low rate of conversion (7.5%) and patients had shorter hospital stay and lower pain
scores than similar patients undergoing laparotomy. Surgery was longer in those
patients undergoing laparoscopy. Patient’s surgery, hysterectomy alone versus hys-
terectomy with lymphadenectomy, was not influenced by surgical approach and
mean number of lymph nodes removed was higher in the laparoscopic group [5].
One retrospective matched cohort study compared patients with a planned laparo-
scopic lymphadenectomy to patients with a planned open lymphadenectomy.
Overall success rate of the laparoscopic approach was 65%, however as BMI
increased, successful laparoscopy without conversion decreased. Obesity was cited
as the most common reason for conversion to laparotomy. As expected, laparoscopy
was associated with shorter length of stay and fewer wound infections [6]. A large
European retrospective study confirms the findings that laparoscopy is feasible and
safer than laparotomy in obese patients with endometrial cancer. This study included
four centers with 1266 patients, of whom 30.9% were obese: 18.8% had a BMI
30-35 kg/m? 7% had a BMI 35-40 kg/m? and 5.1% had a BMI >40 kg/m’.
Irrespective of obesity, patients in the laparotomy group had higher rates of compli-
cations than those in the laparoscopic group. Obese patients had a higher risk of
venothromboembolism and wound complications than non-obese patients in both
the laparotomy and laparoscopy groups. Increasing BMI was associated with high
rates of conversion, with 8.6% of patients with a BMI >40 kg/m? experiencing a
conversion vs. 1.1-2.2% in patients with a BMI <40 kg/m?*. As seen in other studies,
as BMI increased, the rate of lymphadenectomy also decreased [7].

The randomized controlled data regarding laparoscopic surgery for endometrial
cancer is a result of a cooperative group trial in the United states, LAP2 [§-10],
and represents the strongest data on the feasibility and safety of minimally inva-
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sive surgery for endometrial cancer at this time. Patients in this trial were random-
ized to laparoscopy versus laparotomy for endometrial cancer. 1682 patients were
enrolled in the laparoscopic arm with 920 patients enrolled in the laparotomy arm.
Median BMI was the same in each group, however it is notable that the interquar-
tile range of BMI in the groups was relatively low, 24-34 kg/m?, likely reflective
of surgeon bias toward enrolling thinner patients. In looking at the entire cohort,
the laparoscopic arm had longer operative times, however patients who underwent
laparoscopy had shorter hospital stays and fewer post-operative adverse events.
Rates of pelvic lymphadenectomy did not differ between laparoscopy and lapa-
rotomy, 98% vs. 99%, while rates of para-aortic lymphadenectomy did, 94% vs.
97%. Overall survival, progression-free survival, and recurrence rates were similar
between arms on the final analysis. Together, these results show that laparoscopy
is both feasible and safe for endometrial cancer. There were however some impor-
tant points raised by the study including a narrow range of BMI in patients included
in the trial and the relatively high conversion rate, 42% of patients enrolled in
LAP2 were obese: 21% BMI 30-35 kg/m?, 11% BMI 30—40 kg/m?, and 10% BMI
>40 kg/m?. BMI does play a role in conversion. The overall laparoscopic cohort
had a conversion rate of 25.8%, however the risk of conversion increased with
BMI, (OR = 1.11 for one unit increase in BMI, p < 0.0001). Conversion rate
increased with increasing BMI regardless of age and metastatic disease. Regarding
both the laparoscopic and laparotomy cohorts, similar to the retrospective data
presented above, patients with a BMI >40 kg/m? had increased risk of hospitaliza-
tion for >2 days, antibiotic use, wound infection (11.5%), and venothromboem-
bolic event.

Interestingly, as BMI increased, the likelihood of low risk disease increased, adding
to the evidence that obese patients may have lower risk disease and may not need surgi-
cal staging. These data combined with previously discussed retrospective data high-
lights the need to risk-stratify patients with endometrial cancer for those who need
lymph node staging. One approach to surgical staging is the use of selective lymphad-
enectomy by uterine factors [11-14] and/or sentinel lymphadenectomy [15-19],
thereby reducing the morbidity of lymphadenectomy in those patients who may not
need lymph node assessment. In patients who do not need lymph node assessment,
vaginal surgery may be a viable option for the treatment of endometrial cancer [20, 21].
The continued training in vaginal hysterectomy is an important part of gynecologic
surgery training and a potential viable route of surgery to offer patients with low risk
endometrial cancer.

An important consideration for lymphadenectomy is the extra-peritoneal laparo-
scopic approach to the para-aortic lymph nodes. This approach has been shown to
be feasible for endometrial cancer, and feasible with obese patients. In our institu-
tion’s experience, we found higher para-aortic lymph node retrieval in the obese
group using the extra-peritoneal approach compared to laparotomy [22]. This
approach should be considered for lymphadenectomy in obese patients.

While LAP2 demonstrated the efficacy and safety of the laparoscopic approach
to endometrial cancer surgery, the adoption of minimally invasive approaches
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Fig. 14.1 Adopted from Leitao et al. [71]. Rates of laparotomy for endometrial cancer decrease
sharply in the mid 2000s with the introduction and adoption of the robotic approach

increased exponentially with the FDA-approval of the Da Vinci® robotics system for
gynecologic surgery in 2005 (Fig. 14.1). Many studies have compared a robotic
approach versus an open approach and have demonstrated superiority of the robotic
approach with regards to complications, particularly wound infections, blood loss,
and hospital length of stay, particularly in the obese sub-population [23-25]. This is
not surprising given the data on traditional laparoscopy versus laparotomy. One
large study of 1000 robotic gynecologic surgeries in a single institution demon-
strated an increase of mean BMI of patients over time, and despite the increasing
BMI in the endometrial cancer cohort, there was no increase in cuff dehiscence,
complication, conversion, and no decrease in lymph node acquisition [23].

The more important comparison is between types of minimally invasive surgery,
robotics versus laparoscopy. One early study of obese and morbidly obese patients
undergoing robotics versus laparoscopy for endometrial cancer showed a reduction
in blood loss, shorter operative times and high lymph node retrieval (particularly in
para-aortic lymph nodes) in the robotic cohort [26]. This study demonstrated no
conversions in the robotics arm, but had a very low conversion risk in the laparo-
scopic arm (1/32 patients, 3.1%). These results were confirmed by a study of robotic
surgery between 2006 and 2008 compared to a historical laparoscopic group in
which they found the odds of conversion based on BMI to be 0.20 compared to the
odds of conversion based on BMI in the laparoscopic group [27]. Large studies on
robotic versus laparoscopic surgery in the obese population similarly demonstrate a
lower blood loss, shorter operative time, and lower conversion rate with equal or
better lymph node acquisition [28].

In conclusion, women with endometrial cancer and with a BMI >40 kg/m? have
increased surgical risk. The mostly commonly cited risks include increase blood
loss, lower likelihood of staging, and higher risks of wound complications [29, 30].
These risks can be reduced by using minimally invasive approaches. While both



250 A. Kumar and W.A. Cliby

traditional laparoscopy and robotic surgery have benefits over laparotomy, robotic
surgery may have benefits over laparoscopy, but this has not been confirmed by
randomized control studies.

Ovarian Cancer

The surgical approach to ovarian cancer is quite different than that seen in endome-
trial cancer. As opposed to endometrial cancer where most patients are diagnosed in
early stages, ovarian cancer is more likely to be diagnosed at Stage IIIC or
IV. Surgery in patients with early ovarian cancer is aimed at staging, however sur-
gery in advanced ovarian cancer is aimed at cytoreduction and often includes
advanced procedures including upper abdominal surgery, bowel resection, and radi-
cal pelvic surgery. Few studies have specifically addresses the role of obesity in this
surgery. The retrospective studies that have looked at all stages of ovarian cancer
(Stage I-1V) have found no difference with regards to peri-operative outcomes in
relation to BMI other than an increase in wound complications in those patients
with higher BMI [31-34]. This is similar to results seen in a large group of general
surgery patients (n = 6336) in which 9% had mild obesity and 4% have severe obe-
sity. Overall there were no differences in post-operative complications other than
wound complications [35].

Our group has examined the cohort of advanced ovarian cancer (Stage IIlc and
IV) specifically, as these patients are the most frequent presenters of ovarian cancer
and require high complexity surgery. In the largest published study of these patients,
we found that patients with a BMI >40 kg/m? had an increased risk of severe
complication (OR 2.93, p <0.01) [36]. This group also had the highest rates of death
within 90 days of surgery, 15.7% vs. 11.9 and 6.7% in normal and overweight/
mildly obese patients, respectively. These data demonstrate the lowest complication
and mortality risk in patients with a BMI 25.0-40.0 kg/m?, which supports the con-
cept of the “obesity paradox.” (Fig. 14.2) The obesity paradox is a phenomenon
demonstrated in other surgical populations in which the overweight/mildly obese
patient population have the lowest complication risk. The underweight/normal
weight and morbidly obese have the highest complications [37]. Certainly those
patients who are morbidly obese are likely to have other co-morbidities, which can
exacerbate complications and delay recovery from complications that do occur.

It is important to note that across all the studies in ovarian cancer, there was no dif-
ference in residual disease, and therefore ability to perform adequate surgery, across
BMI groups, though the number of cases in the highest BMIs was limited. For example,
in our cohort, there were only five patients with a BMI >50 kg/m?* and only one with a
BMI >60 kg/m?* Undoubtedly there are limitations posed by higher BMI in terms of
resectability, and in terms of the higher risk of complications. Surgeons should discuss
with patients these limitations. Morbid obesity with BMI >40 kg/m? and certainly those
with a BMI >50 kg/m? will present compromises in exposure and therefore safe resec-
tion when undertaking a high complexity surgical debulking. Fatty liver is a common
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comorbidity in obese patients making liver mobilization and access to the diaphragm
more problematic as well. While no hard and fast rules exist there is a BMI above which
the benefits of resection will be limited by the technical feasibility and risks.

Other Gynecologic Malignancies

There is far less data available regarding the impact of obesity on surgery for cervi-
cal, vulvar, and vaginal cancers. Early cervical cancer treated with surgery is often
approached with laparoscopic and robotic techniques. The data on feasibility of
these approaches in the obese population derived from endometrial cancer studies
likely applies to the obese cervical cancer population. The laparoscopic and robotic
approaches likely have less morbidity and equal efficacy to laparotomy and should
be considered when treatment planning for cervical cancer [38—40].

For difficult tumors in the deep pelvis (e.g., larger cervical cancers, pelvic recur-
rences for cervical/endometrial cancer) it is unavoidable the exposure and access
will be compromised relative to thinner patients. Surgeons must take these limita-
tions into account when considering operability and the ability to do an effective
oncologic resection. Studies in both gynecologic and non-gynecologic pelvic
tumors demonstrate the increased morbidity and less successful resection in obese
patients, although data is sparse as most studies state morbid obesity as a contra-
indication to exenterative procedures [41-44].

Early vulvar cancers are often treated with local radical resection and lymph
node assessment, which may include full inguinofemoral node dissection. The most



252 A. Kumar and W.A. Cliby

frequent complications from this surgery include wound cellulitis, wound break-
down, and lymphedema. Obesity is associated with all three of these outcomes [45,
46]. Techniques to reduce these outcomes include antibiotic use, drain use, and
saphenous vein sparing, however none of these techniques have been tested in a
randomized trial [47].

Anesthesia and Surgical Techniques

Operating on the morbidly obese patient can be challenging due to poor visualiza-
tion and inadequate retraction, however there are some techniques that can assist in
safe surgery in this population. We will review common issues relevant to open
cases, MIS cases and issues germane to both.

Anesthesia Consideration and Patient Positioning

Anesthetic considerations include difficulty with obtaining and maintaining an air-
way. Obese patients often have shorter necks and excessively heavy chest walls that
can make standard intubation difficulty. The use of fiber-optic intubation may be
helpful in these patients. Ventilation becomes even more difficult with the addition
of pneumoperitoneum used in laparoscopy and with steep Trendelenburg position
used with robotic surgery. In obese patients, pulmonary compliance and functional
residual capacity are reduced at baseline and peak airway pressures are high at base-
line. Therefore, when adding in Trendelenburg and pneumoperitoneum, ventilation
can be a challenge and peak and plateau airway pressures can rise by as much as
50% [48]. Ventilator interventions to decrease airway pressures to below 40 mmHg
include reduction of intraabdominal pressure from our standard of 15-12 mmHg
and changing from volume-controlled ventilation to pressure-controlled ventilation
[48-50]. The potential hypercarbia that can ensue after prolonged robotic procedures
can be corrected with hyperventilation. Intravenous and arterial access can also be
a challenge in the morbidly obese, and sometimes may require the assistance of
interventional radiology in order to secure intravenous access. Distribution of intra-
venous and inhalation anesthetic agents can be altered due to changes in total body
water and increased adiposity [51].

Patient positioning is always important, especially for robotic cases or long
oncologic cases. For robotic surgery requiring steep trendelenburg, we prefer Allen
Yellow fin® stirrups. Patients are placed directly on a gel pad that sits on top of the
surgical bed to prevent sliding when on the operating table. The use of a tight chest
strap prevents further sliding, and we have found that shoulder pads or other barriers
are not necessary even in our most obese patients. The chest strap does not impede
proper ventilation when placed properly. One or both arms are left untucked but
padded allowing access for anesthesia needs and for assessment during the case, as
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there have been rare cases of fluid infiltration and compartment syndrome in tucked
arms. The arms are secured to arm boards in two locations to ensure they do not fall
off arm boards, and are then draped in a sterile fashion so that the arm board can be
moved as needed.

A similar set up is used for open gynecologic procedures in our institution, in
part because the use of Trendelenburg can assist with pelvic visualization. Patients
are placed on the operating room table with a Bair Hugger under the body to assist
with maintenance of normothermia. They are either supine or in Allen yellow fin
stirrups®, with a chest strap in place to ensure no slippage. These positioning tech-
niques allow for safe Trendelenburg that is sometimes necessary for adequate visu-
alization of the pelvis.

Other Surgical Techniques

The thoughtful use of retractors in open surgery can ensure adequate visualization.
In our institution, we generally use a simple Balfour and a separate fixed upper
abdominal retractor (Mayo-Brown, Omni). Others successfully employ the
Bookwalter retractor, equipped with deep blades designed for the obese patient. The
Alexis retractor is another options as they can assist in compressing the subcutane-
ous adipose tissue without introducing a mechanical obstacle to the surgical field. It
has the added benefit of protecting the subcutaneous tissues, however is not rou-
tinely used in our division.

Proper placement of the abdominal incision can also help with surgical access—
sometimes a supraumbilical incision will be superior access than an infraumbilical
incision depending on the anatomy of a patient’s pannus. Positioning the incision
about the ‘anaerobic zone’ of the pannus may help reduce post-operative infections.
Non-cosmetic panniculectomy with a long-transverse incision can be used to
increased exposure by removing the large obstructing pannus transversely: the fas-
cias is then opened vertically. Several papers describe the success of panniculectomy
in obtaining pelvic access and demonstrate the safety of the procedure [52-57].
While the panniculectomy adds both time and blood loss to the procedure, these are
minimal, and the ability to do lymphadenectomy in the obese patient increased from
45% in laparotomy alone to 70% with laparotomy including panniculectomy [55].
Rates of wound complications are 7.6-36%. Infectious complications can be reduced
by the use of drains and extended post-operative antibiotics from 27.9 to 5.9%.

Stomas

Stoma creation is often necessary in the setting of malignant disease requiring
bowel surgery. This is challenging with obese patients as the abdominal subcutane-
ous fat is thicker and the bowel mesentery can be redundant, leading to a more
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difficult mobilization of bowel through the abdominal wall. Stoma placement is
important to consider pre-operatively. In general, the best location for a stoma is at
the superior aspect of the inferior umbilical skin fold, however, in obese patients,
stomas may need to be in the upper abdomen to ensure ability to visualize and care
for the new stoma. In addition, the upper abdominal wall is usually less thick than
the lower quadrants [58]. Stoma marking pre-operatively is ideal. Adequate bowel
mobilization is the first step to creating a stoma, and as the thickness of the abdomi-
nal wall is greater in obese patients, more mobilization will be needed. The creation
of a fascial incision for obese patients often needs to be larger in order to pull the
thicker bowel through the abdominal wall. Some have advocated use of an Alexis
retractor in this scenario [59]. These larger fascial defects can increase the risk of
parastomal hernia, however in gynecologic patients, this is less commonly a con-
cern due to the temporary nature or palliative nature of most ostomies. In likely
permanent stomas, use of mesh at the site can decrease the risk of parastomal her-
nia, however this is not routine performed in oncologic patients. Ensuring adequate
room at the level of the fascia is essential to proper blood supply to the new ostomy,
particularly in obese patients where the stoma has a longer distance to travel in the
abdominal wall. Delivery of the bowel through the abdominal wall takes patience
and care, and reduction of appendices epiploicae and adequate fascial aperture can
ensure a non-traumatic delivery. If mesentery is too thick or abdominal wall too
thick, an end loop stoma can be created in lieu of split loop stoma, where the distal
end is oversewn and left in the abdomen, but a proximal loop is brought out and
matured as the stoma [58, 60].

Abdominal Closure

Effective fascial closure for abdominal surgery is particularly important in the obese
population, as the rates of hernia and fascial dehiscence rises with rising obesity
[61, 62]. Midline abdominal incisions should be closed with a continuous delayed
absorbable or non-absorbable suture [63]. Some advocate closure of the fascia with
smaller bites that are closer together as done in the STITCH trial however, the
median BMI in this trial was quite low so it is yet to be determined whether this
method of closure will improve outcomes in obese patients [64]. We do not recom-
mend the use of prophylactic mesh for hernia prevention, particularly in the cancer
patient.

Surgical site infection reduction bundles have been successful in gynecologic
surgery in reducing the overall infection rates at institutions. Our experience with a
bundle that includes patient education, chlorhexidine gluconate shower and surgical
preparation, sterile closing tray and changing of surgical attire for closure, and dis-
missal with chlorhexidine wash has helped tremendously, reducing surgical site
infection rate from 6.0 to 1.1% [65]. Other measures include maintenance of nor-
mothermia and administration of antibiotics pre-operatively [66, 67]. These mea-
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sures should be routinely advocated in gynecologic surgery, particularly for those
patients at highest risk.

Obese patients, especially those with diabetes or smokers, have increased rates in
wound complications. The use of incisional wound vacuum assist devices has been
advocated in high risk patients and has had some success in decreasing wound com-
plications [68—70]. However this has not been studied in gynecologic surgery and
warrants further investigation to identify the patients that will benefit from routine
use of these devices. With these devices, the fascia, subcutaneous tissue, and skin
are primarily closed in the usually fashion. A wound vacuum device is placed over
the closed skin incision for 3-5 days.

Conclusions

The surgical management of obese gynecologic cancer patients is an ever more
common task of the gynecologic oncologists. Proper pre-operative and peri-
operative management of these patients is essential in their care, and collaboration
with anesthesia, cardiology, and internal medicine departments can serve the patient
well. More than any other gynecologic cancer, the impact of obesity in endometrial
cancer has been profound, and the utilization of minimally invasive approach to
staging endometrial cancer has resulted in equally oncologic outcomes with reduced
post-operative morbidity. In ovarian cancer and other cancers, there is less data
available about surgical management, however while surgery seems feasible, there
are clearly limitations and possible some poorer outcomes in the morbidly obese
patients. There are many surgical techniques including panniculectomy, proper
retractor use, and incisional wound vacuum assist devices that may assist in proper
surgery for the obese gynecologic patient.
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Chapter 15
Obesity, Fertility Preservation
and Gynecologic Cancers

Terri L. Woodard and Jessica Rubin

Abstract A small but significant number of gynecologic cancers are diagnosed in
women less than 40 years old. Many of these women will have not started or ful-
filled their plans to have children and will desire to preserve their fertility, in spite
of their cancer diagnosis. The field of Oncofertility utilizes multidisciplinary col-
laboration between reproductive medicine specialists and oncology providers to
inform patients of the potential for cancer-related infertility and present options for
fertility preservation (FP) while balancing disease treatment and fertility goals.

While FP offers hope for future parenthood in reproductive age women with
cancer, it is important to recognize that obesity also presents unique challenges in
terms of treatment and reproductive outcomes. Currently, there are limited data on
FP outcomes in this population. Here we review the impact of obesity and cancer
treatment on fertility, options for fertility preservation, and special considerations in
the reproductive management of obese women with gynecologic malignancies.
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Introduction

Obesity and Impaired Fertility

The prevalence of obesity has increased over the past few decades. Among reproductive
age females, approximately half of women in the United States and one third of women
worldwide are overweight or obese [1, 2]. Obese women have an increased risk of
medical comorbidities including hypertension, cardiovascular disease, respiratory
problems, gynecologic malignancies, and impaired fertility. Additionally, obese
women who conceive have a higher incidence of antenatal, intrapartum, and perinatal
complications.

Obesity can impair reproductive success. Women who are overweight or obese
have decreased pregnancy rates compared to women with a normal BMI, even in the
presence of regular menstrual cycles. Gaskins and colleagues reported that the time
to pregnancy increases proportionally with BMI. After adjustment for age, race,
smoking and marital status, every 5 kg of weight gain after age 18 increases the time
to conception by 1.8 months [3]. A reduction in fecundity has also been reported
following significant weight gain during adolescence. Women with a BMI above 24
at age 23 or younger have an increased risk of anovulatory infertility during their
reproductive years. This finding remains significant regardless of subsequent weight
loss and pre-pregnancy BMI [4].

Obese women exhibit decreased fecundity for several reasons. An elevated BMI
is associated with menstrual and ovulatory dysfunction. Women with a BMI above
27 have a relative risk of anovulatory infertility of 3.1 compared to lean women [5].
Data also suggests that obese women with an increased abdominal fat distribution
experience higher rates of anovulation compared to BMI matched controls [6].
Potential mechanisms to explain ovulatory dysfunction in obese women include
polycystic ovarian syndrome, increased conversion of androgens to estrogen by adi-
pose aromatase, and insulin-induced suppression of sex hormone-binding globulin
[2]. Obese women also have a diminished ovarian response to ovarian stimulation
and require higher doses of fertility medications, likely due to leptin-induced
impairment of follicle stimulating hormone (FSH) and insulin-like growth factor 1
activity in granulosa cell steroidogenesis [7, 8]. Furthermore, data suggests obesity
may impair oocyte morphology and quality, leading to decreased fertilization and
pregnancy rates [9].

Obesity and Gynecologic Malignancies

The rise in obesity may be partially responsible for the increase in reproductive age
women diagnosed with cancer. Obesity increases the risk of several malignancies,
including breast, colorectal and esophageal cancers. With regard to gynecologic
malignancies, the connection between obesity and endometrial cancer has been long
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appreciated. The link between obesity and cervical or ovarian cancers is inconsistent,
though there may be some association in certain subcategories of disease, such as
cervical adenocarcinomas and premenopausal low grade serous and non-serous ovar-
ian cancers. [10].

Obesity causes environmental alterations that may promote carcinogenesis, most
notably a change in hormonal milieu. Overweight women have elevated estrogen
levels derived from adrenal and ovarian androgen secretion, increased aromatase
activity in adipose tissue, decreased sex hormone binding globulin production
resulting in elevated free hormone levels, and lower progesterone levels from
anovulation [10]. Elevated estrogen levels can promote proliferation of hormonally
sensitive malignancies. In addition to unopposed estrogen exposure, other factors
including adipocytokines and inflammatory mediators produced by adipose tissue
may contribute to carcinogenesis and tumor proliferation in obese women [11, 12].

Effects of Cancer Treatment on Fertility

Cancer treatment often involves chemotherapy radiation, and/or surgery, all of
which can have deleterious effects on reproductive capacity. Women with obesity-
related infertility may experience a more exaggerated decline in fecundity following
cancer therapy.

Ovarian hormones regulate the hypothalamic-pituitary-gonadal axis to pro-
mote follicular growth, ovulation, and endometrial thickening for pregnancy
implantation. Ovarian function is crucial for reproductive success with autologous
gametes. One challenge for assisted reproductive technology (ART) centers on the
finite quantity of female gametes. In females, the number of primordial oocytes
naturally declines with age. Women have approximately two million oocytes at
birth, which decreases to 200,000-500,000 at menarche and 400 around the onset
of menopause [13]. Exposure to gonadotoxic agents accelerates the decline of
primordial follicles (see Fig. 15.1).

Chemotherapeutic agents decrease the number of primordial follicles and dam-
age granulosa cells, diminishing steroid hormone production [14]. The degree of
gonadal damage is dependent on numerous factors, which include age at diagnosis,
baseline ovarian reserve, type of agent, total dosage, and treatment duration. Data
on the gonadotoxic effects of chemotherapy is not comprehensive, but medications
have been stratified into the following risk categories: high, intermediate risk, and
low risk [15] (see Table 15.1). However, many cancer patients are treated with
multi-agent regimens, and it is challenging to accurately estimate the risk of ovarian
insufficiency or failure following cancer therapy.

Women who have received gonadotoxic therapy have an increased risk of prema-
ture ovarian failure and infertility. The risk of amenorrhea following chemotherapy
has been reported to range from 10% to 90% and is partially dependent on a woman’s
age and oocyte quantity. Per Bines, the resumption of menses in women less than
40 years of age compared to women over 40 is 39-55% and 0—11%, respectively [13].
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Fig. 15.1 Risk of gonadal damage by chemotherapy type (from source [12])

Table 15.1 The degree of

gonadal damage by
chemotherapy
(from source [12])

High risk Intermediate risk | Low risk
Cyclophosphamide | Cisplatin Methotrexate
Chlorambucil Adriamycin 5-Fluorouracil
Melphalan Vincristine
Busulfan Bleomycin

Nitrogen mustard

Actinomycin D

Procarbazine

Clin Exp Reprod Med. 2012 Jun; 39(2): 46-51
Published online 2012 Jun 30. doi: 10.5653/cerm.2012.39.2.46
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It is important to emphasize that resumption of menses is not indicative of “normal”
fertility or ovarian function. Survivors who resume menstrual cycles still remain at
increased risk for premature ovarian failure. The average age of menopause for the
general population is 52 years, compared to 38—46 years in women previously treated
with chemotherapy [13]. Therefore, women in remission who have received medical
clearance for pregnancy should be encouraged to pursue pregnancy as soon as reason-
ably possible [16].

Radiation therapy is another significant risk factor for ovarian failure and infertil-
ity. The patient’s age, dose, and fractionation schedule influence the degree of
gonadal damage. Irradiation of 1-2 Gy in adolescents and 3—4 Gy in adults has been
associated with significant depletion of primordial follicles. The location of irradia-
tion also impacts the risk of gonadal toxicity. Total body irradiation, a previously
common treatment for children and young adolescents with malignancies, requires
an average dose of 20-30 Gy and is associated with a 90-97% risk of ovarian failure
[17]. Wallace and colleagues developed a mathematical model to predict the age of
ovarian failure following a known dosage of pelvic radiotherapy. The effective ster-
ilizing dose, defined as premature ovarian failure in 97.5% of patients, was reported
to be 20.3, 18.4, 16.5, and 14.3 Gy following pelvic irradiation at birth, 10, 20, and
30 years of age respectively [18]. Radiation to the pelvis also causes deleterious
effects on the uterus with irreversible damage to the uterine musculature and vascu-
lature. Pelvic and whole body irradiation have been associated with an increased
prevalence of miscarriage, mid-trimester pregnancy loss, preterm delivery and
intrauterine growth restriction [19]. While not directly gonadotoxic, irradiation of
cranial tissue above 5 Gy is associated with hypogonadotropic hypogonadism and
ovarian dysfunction, which also results in impaired fertility [20].

Surgery that necessitates the removal of reproductive organs can also cause infer-
tility. Surgery requiring the resection of ovarian tissue will decrease ovarian reserve.
In situations where there is a high suspicion for ovarian tumor recurrence or reop-
eration, such as ovarian borderline tumors, fertility preservation should be consid-
ered. Other scenarios where FP can be offered include women with cervical or
endometrial cancers who proceed with a hysterectomy but elect to leave the ovaries
in situ. Following completion of therapy, these patients can utilize in vitro fertiliza-
tion (IVF) to obtain embryos that can be transplanted into a gestational carrier.

Integrating Fertility Preservation Counseling
into Cancer Care

The current survival rate for reproductive age women and men with cancer is 87%
[21].In 2010, one in every 715 adults was estimated to be childhood cancer survivor
[22]. The number of cancer survivors will continue to grow as screening modalities
and treatments improve. Necessarily, treatment planning is evolving to consider
disease survival as well as quality of life, which includes concerns about future fertil-
ity and family building. The desire for genetic offspring among cancer survivors is
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significant; for cancer patients younger than 45 years of age, 33—78% desire biological
offspring [23-26]. When presented with the risks of impaired fertility following can-
cer treatment, women will consider both standard and experimental fertility preserva-
tion techniques to preserve future childbearing. Among female teenagers diagnosed
with malignancy, 80% of patients and 90% of their parents would consider experimen-
tal fertility preservation procedures [27]. Despite the desire for biological children,
cancer survivors are less likely to parent a child using autologous gametes [28, 29].

Although cancer survivors often express a desire for future childbearing, they
often have a limited understanding of the gonadotoxic effects of cancer therapy and
available fertility preservation options [23]. In 2006, the American Society of
Clinical Oncology (ASCO) developed practice guidelines on fertility preservation
for individuals with cancer. Current ASCO guidelines recommend that all health
care providers counsel patients on the potential gonadotoxic effects of treatment and
that discussions about fertility preservation be initiated as early as possible during
treatment planning to help expand the number of options that are available. Patients
should also be referred to reproductive specialists, if desired [30, 31].

The decision to pursue fertility preservation prior to cancer treatment is dependent
on many factors, including the patient’s desire for future fertility, estimated risk of
infertility, cancer prognosis, and availability of financial resources. Time constraints
are another important consideration, with many providers and patients feeling
urgency to initiate cancer treatment as soon as possible. However, Lohrisch reported
in a retrospective study of over 2500 women with stage 1-2 breast cancer that inter-
vals of less than 12 weeks between definitive surgery and the initiation of chemo-
therapy have no impact on survival, whereas prolongation longer than 12 weeks
between surgery and chemotherapy can have adverse effects [32]. Thus, the decision
to postpone cancer treatment to allow time for fertility preservation should be consid-
ered in medically appropriate scenarios.

Discussions on fertility preservation allow patients to play an active role in treat-
ment decisions and to provide hope for quality survival [33]. Regardless of whether
the gametes were later used for reproduction, cancer survivors recall banking gam-
etes prior to therapy as a positive experience [34].

Determination of Ovarian Reserve

Ovarian reserve refers to reproductive potential as a function of the number and
quality of remaining oocytes a woman has [35]. Oocyte quantity declines with age,
but the rate of decline is variable between individuals. Ovarian reserve testing can
help establish a baseline while also helping to identify individuals who are at risk
for diminished ovarian reserve (DOR). There is no consensus on the definition of
DOR, but women with diminished reserve may experience a limited response to
ovarian stimulation or decreased fecundity rates.

Ovarian reserve is assessed using ultrasound measurements and hormonal test-
ing. On transvaginal ultrasound, antral follicles can be visualized within the ovary
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as circular, anechoic masses measuring 2—10 mm. The presence of 10-12 antral
follicles between both ovaries represents a normal antral follicle count. Traditionally,
FSH and estradiol levels have been collected on day 3 of the menstrual cycle. As the
quantity of oocytes diminishes, there are fewer follicles to secrete inhibin-B and
provide negative feedback on the pituitary release of FSH. Women with DOR may
exhibit elevated FSH and/or estradiol values. A newer assay to test ovarian reserve
measures anti-mullerian hormone (AMH). AMH is produced by primary follicles
and has a positive correlation with ovarian reserve [36]. It is thought to be a more
sensitive marker of ovarian reserve and has the added benefit of being able to be
assessed during any time of a woman’s menstrual cycle. For women who are newly
diagnosed with cancer and need fertility preservation urgently, an antral follicle
count and AMH should be assessed to estimate her baseline ovarian reserve, risk of
cancer-related infertility, and anticipated response to ovarian stimulation. As a
woman becomes older, the genetic quality of her oocytes diminishes and pregnancy
in older women increases the risk for offspring with genetic abnormalities, such as
trisomy 21. All women with cancer who desire future fertility should receive ovar-
ian reserve testing and review their results with a reproductive health specialist, so
that individualized estimates of risk and outcomes can be discussed.

Obesity has been negatively associated with ovarian reserve. Data has shown an
inverse relationship between obesity and AMH values [37, 38]. Proposed mecha-
nisms for oocyte depletion in this population have not been elucidated. Overweight
and obese women pursuing IVF require higher doses of medications for ovarian
stimulation, and we can infer that obese women have a lower ovarian reserve and/or
a decreased response to gonadotropin stimulation [39, 40].

Fertility Preservation Options

The most established and successful methods of preserving fertility in women uti-
lize ART (i.e., embryo and oocyte cryopreservation), however, there are experimen-
tal options that may be available if ART is not an option. Even if FP is not desired,
all women should still be familiar with protective measures that can minimize the
risk of infertility when applicable [41].

Embryo and Oocyte Cryopreservation

Embryo and oocyte cryopreservation are the only standard of care methods of fertil-
ity preservation recognized by the American Society for Reproductive Medicine
and the European Society of Human Reproduction and Embryology. In humans, the
first IVF pregnancy was reported in 1973 by Carl Wood and John Leeton, and the
first child born following IVF occurred in 1978 [42]. Embryo and oocyte cryo-
preservation technology has progressed significantly over the last few decades as
knowledge in the field continues to advance.
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The goal of assisted reproduction is to increase follicular recruitment and
maturation. During IVF, gonadotropins are administered to recruit the develop-
ment of multiple follicles, termed controlled ovarian hyperstimulation (COH).
Serial transvaginal ultrasounds and hormonal labs are performed to monitor fol-
licular development and gonadotropin doses are adjusted in accordance with fol-
licular growth. On average, COH protocols involve 10-12 days of gonadotropin
administration. When the largest follicles grow to approximately 18-20 mm,
human chorionic gonadotropin or leuprolide are administered to trigger ovula-
tion and the oocyte retrieval is scheduled for 36 h later.

Oocytes are retrieved from the ovary via transvaginal oocyte aspiration, which is
generally performed under intravenous sedation. A transvaginal ultrasound probe
with an attached needle is placed into the vagina. Under ultrasound guidance, the
needle is advanced through the vaginal wall to puncture the ovarian follicles and
aspirate follicular fluid. The oocyte-cumulus complex is aspirated in the follicular
fluid and then passed to the embryologists, who identify the oocytes and place the
gametes in culture media. The transvaginal oocyte retrieval lasts approximately
15-20 min.

If a woman does not have a partner, has ethical or legal concerns about cryopre-
serving embryos, or desires complete reproductive autonomy, she can elect to cryo-
preserve unfertilized oocytes. Oocytes can be cryopreserved and stored and then
warmed or thawed to be inseminated at a later date. Otherwise, oocytes can be fertil-
ized in vitro with sperm using conventional insemination or intracytoplasmic sperm
injection to form embryos. Embryos may be cryopreserved at the pronuclear state
or cultured in vitro until they reach the blastocyst stage and then cryopreserved,
depending on patient and provider preferences. Embryos that are cryopreserved can
be stored for decades, if not longer. Vitrification is currently the preferred method
for gamete cryopreservation due to increased tissue survival, pregnancy implanta-
tion, and live birth rates compared to the traditional slow freeze technique [43].

All patients who pursue ART should be advised regarding the possibility of a
poor response to ovarian stimulation and the chance of an unsuccessful pregnancy
outcome, as well as the risks inherent in the IVF process. The most common side
effect from IVF stimulation is abdominal bloating. Other risks include allergic reac-
tions to stimulation medications, discomfort or infection at the injection site, and
the risks associated with the oocyte aspiration procedure such as bleeding, infec-
tion, and injury to pelvic organs. The most serious complication from COH is ovar-
ian hyperstimulation syndrome (OHSS), which is characterized by increased vessel
permeability and extravascular fluid accumulation. OHSS patients can present with
shortness of breath, significant edema, pleural effusions, ascites, and venous throm-
bosis. Cancer patients pursuing ART should be counseled regarding the following
risk factors for venous thrombosis: OHSS, malignancy, and elevated estrogen levels
during hormonal stimulation [41]. They should be also counseled that development
of severe OHSS can potentially delay initiation of cancer treatment.

Obese women pursuing ART may have additional complications. Overweight and
obese women require higher doses of gonadotropins during IVF stimulation and data
suggests the total FSH dose is positively correlated with BMI [44]. As medication
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dosage increases, patients are subject to more potential side effects. Research on the
potential difference in oocyte quality, fertilization, and embryo development between
obese women compared and lean controls in conflicting [39, 40]. Both rodent and
human oocyte models suggest obesity may be associated with increased metabolic
abnormalities, oxidative stress, embryonic lipid deposition, and abnormal embryo
development [45, 46]. Furthermore, gynecologic surgical procedures on obese
patients have been associated with increased blood loss and operative time; however,
there is limited data on the prevalence of surgical complications in obese women fol-
lowing transvaginal oocyte aspiration for ART [47].

Special Considerations for Patients with Cancer Pursuing Egg and/or
Embryo Cryopreservation

» Concerns about ovarian reserve: The success of ovarian stimulation is primarily
dependent on the woman’s age and ovarian reserve. It is debated whether females
with a genetic predisposition or diagnosis of malignancy have impaired success
rates with ovarian stimulation. Women with BRCA-1 mutations and malignancy
prior to treatment have been reported to produce decreased oocyte yields follow-
ing assisted reproduction [48, 49]. However, other studies report that cancer
patients do not have impaired success with ART. Robertson and colleagues con-
cluded that cancer patients prior to gonadotoxic therapy had no change in gonad-
otropin dose requirement, oocyte yield, or number of embryos cryopreserved
compared to women without malignancy [50]. More research investigating ART
success in cancer patients is needed to determine if ovarian stimulation and
oocyte yield is influenced by the specific cancer diagnosis [51].

e Timing of stimulation: Providers and patients should be informed that oocyte
and embryo cryopreservation can be completed within 2—-3 weeks. Although
ovarian stimulation is typically initiated during the early follicular phase of the
menstrual cycle, women who need to initiate cancer treatment more urgently can
initiate fertility preservation immediately. With “random start” IVF protocols,
gonadotropin stimulation is started on any day of the woman’s menstrual cycle.
Since multiple cohorts of ovarian follicles develop each month, the phase of the
menstrual cycle in which ovarian stimulation is initiated does not affect the num-
ber of mature oocytes recovered [52, 53]. There is limited data on the long-term
outcomes of oocyte quality and live birth rates from ‘random start’ protocols
since many of these patients are just beginning to return for embryo transfer [41].
If a woman has several weeks prior to the initiation of gonadotoxic therapy, she
may be able to pursue two consecutive COH cycles to increase gamete yield.
Data on consecutive ART cycles has shown good ovarian response and increased
oocyte yield during the second stimulation cycle [54].

e Stimulation in women with hormone sensitive malignancies: In women with
estrogen sensitive malignancies, there is concern that elevated estrogen levels
might contribute to cancer progression. A normal, unstimulated ovulatory cycle
produces an estradiol level of approximately 300 pg/mL, whereas COH can
produce estradiol concentrations that exceed 3000 pg/mL. There is a theoretical
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concern that the elevated steroid hormones in COH cycles can stimulate the
growth of hormone dependent breast and endometrial malignancies. Current data
have not shown an increased risk of breast cancer recurrence or death following
IVF over an average of 50—-63 months [55]. However, given the theoretical risk of
cancer progression with ART, novel ovarian stimulation protocols have been
designed to stimulate multiple follicles without achieving supra-physiologic
estradiol levels.

e In women with hormonally sensitive malignancies, reproductive endocrinolo-
gists should consider adding letrozole to IVF ovarian stimulation regimens.
Letrozole is an aromatase inhibitor and prevents the conversion of androgen pre-
cursors to estrogen in numerous tissues, including granulosa cells of the ovary.
By decreasing estrone and estradiol levels, aromatase inhibitors decrease nega-
tive feedback on FSH secretion and the rise in FSH promotes follicular growth.
Oktay initially reported on the addition of letrozole to gonadotropin IVF cycles
to minimize serum estradiol levels. The addition of letrozole to gonadotropin
IVF cycles results in a significant reduction in estrogen exposure while maintain-
ing a similar gonadotropin dose, oocyte yield, oocyte fertilization rate, and num-
ber of cryopreserved embryos compared to traditional COH protocols. Tamoxifen
has also been used to decrease estradiol levels during COH, however, compared
to letrozole, the addition of tamoxifen to gonadotropin IVF cycles produces
increased peak estradiol levels [56]. Thus, the supplementation of letrozole is
preferred over tamoxifen. Another option is to pursue a natural IVF cycle with-
out the administration of exogenous gonadotropins; however, the oocyte yield is
very low and not cost-effective.

e Availability of preimplantation genetic diagnosis (PGD) : Women with a heredi-
tary cancer syndrome may have a decreased interest in fertility due to concerns
about transmitting their mutation to their offspring. Premenopausal breast cancer
is often associated with hereditary mutations in BRCA1 and BRCA2 genes,
which also increase the risk of ovarian cancer. Women with BRCA mutations
have been reported to express a decreased interest in future childbearing and
struggle with the decision regarding fertility preservation [57, 58]. Genetic test-
ing of embryos using PGD involves biopsying embryos to test for a specific
mutation. This technology has broadened reproductive options for women, since
they can elect to only transfer embryos that do not harbor the mutation. PGD is
a valid option for women at high risk of having a child with a monogenetic dis-
ease, however data is lacking regarding the efficacy of different molecular tech-
niques used. The optimal method of PGD for BRCA carriers is controversial, and
some data suggests PCR remains superior to whole genome application, however
further research is needed [59].

Ovarian Tissue Cryopreservation
Ovarian tissue cryopreservation (OTC) is an experimental FP technique. This pro-

cedure is the only option for pre-pubertal girls who desire fertility preservation,
since they cannot be hormonally stimulated for gamete preservation. OTC is also an
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option for women with inadequate time to complete oocyte stimulation prior to
cancer therapy [60]. The American Society of Reproductive Medicine and the
European Society of Human Reproduction and Embryology consider OTC investi-
gational, but this technique has advanced significantly over the last few decades.
The first successful live birth following fresh ovarian tissue cortical graft placement
occurred in monozygotic twins discordant for premature ovarian failure [61].
Around the same time, the first cryopreserved ovarian transplant was performed for
fertility preservation following cancer treatment [62]. To date, worldwide there have
been over 70 live births following ovarian tissue transplantation, and many of these
pregnancies occurred spontaneously after tissue transplant without requiring ovar-
ian stimulation [63].

Ideally, ovarian tissue is removed prior to gonadotoxic treatment, with the excep-
tion of leukemia [64]. In leukemia patients, the ideal time for ovarian tissue excision
and cryopreservation is after remission in order to decrease the likelihood of resid-
ual malignancy in the tissue [65]. Ovarian tissue is usually removed laparoscopi-
cally. Oocytes are located within the follicles of the ovarian cortex, and both cortical
strip and whole ovary transplantation have resulted in successful live births.
Advantages of removing the entire ovary and vascular pedicle include an immediate
blood supply for the graft and a larger volume of oocytes at the time of transplanta-
tion; however, whole ovary transplantation is also associated with increased opera-
tive time, possible vascular pedicle ischemia, and increased technical challenges
during cryopreservation. Given these potential disadvantages, many providers have
investigated partitioning the ovary into 0.3—2 mm sections to cryopreserve ovarian
cortical strips [60].

Ovarian tissue can be cryopreserved with slow freeze or vitrification protocols.
Both techniques have similar outcomes on the morphologic integrity of ovarian spec-
imens, but vitrification is associated with less laboratory processing time and finan-
cial burden [66]. When the patient has completed gonadotoxic therapy and desires
fertility, cryopreserved ovarian tissue can be warmed and transplanted into an ortho-
topic or he