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In sharp contrast to many other cancer types, the incidence and mortality of endometrial cancer
continue to grow. This unfortunate trend is, in no small part, a result of the worldwide obesity
epidemic. More than half of endometrial cancers are currently attributable to obesity, which is
recognized as an independent risk factor for this disease. In this review, we identify the molecular
mechanisms by which obesity and adipose tissue contribute to the pathogenesis of endometrial
cancer. We further discuss the impact of obesity on the clinical management of the disease and
examine the development of rational behavioral and pharmaceutical interventions aimed at reducing
endometrial cancer risk, improving cancer outcomes, and preserving fertility in an increasingly
younger population of patients with endometrial cancer.
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Among women, obesity is more strongly associ-
ated with the development of endometrial cancer
than any other cancer type.' In fact, approxi-
mately 57% of endometrial cancers in the United
States are thought to be attributable to being
overweight and obese.”” This association has
been well established and follows a dose-response
relationship, with the incidence of endometrial
cancer increasing as body mass index (BMI) in-
creases. In a meta-analysis of 26 studies by the
American Institute for Cancer Research, for every
increase of five BMI units, there was a 50% in-
crease in the risk of developing endometrial cancer
(relative risk [RR], 1.50; 95% CI, 1.42 to 1.59).*
Endometrioid endometrial cancer is the histologic
subtype predominantly linked to obesity; however,
the incidence of more aggressive, nonendometrioid
subtypes (such as serous, clear cell, and carcino-
sarcoma) has also recently been found to increase
with increasing BML.

Once diagnosed with endometrial cancer,
being obese portends worse outcomes. Compared
with women with a normal BMI, the RR of disease-
specific mortality for obese women with a BMI of
30 to 34.9 kg/m? is 2.53, and even more strikingly,
for morbidly obese women with a BMI greater than
40 kg/m?, the RR is 6.25.° Furthermore, obesity has
a negative impact on all-cause mortality. In a ret-
rospective study of women with early endometrial

cancer, morbidly obese women had higher mor-
tality rates compared with women with a normal
BMI, and 67% of these deaths were a result of
noncancerous, obesity-related causes.”

As rates of obesity among women continue
to increase,® the incidence of endometrial cancer
is expected to increase. A multivariate linear
regression model, which accounts for expected
changes in obesity, hysterectomy rates, and
smoking tobacco, predicts that by the year 2030,
the incidence of endometrial cancer will reach
42.13 cases per 100,000 women. This represents
a staggering 55% increase over the incidence in
2010

Despite the clear evidence linking endo-
metrial cancer and obesity, there is limited
public awareness of this relationship. In a sur-
vey of 1,545 healthy women, 58% of partici-
pants were not aware that obesity increased
the risk for developing endometrial cancer.'’
Women diagnosed with endometrial cancer or
complex atypical hyperplasia (CAH), a precursor
lesion to endometrial cancer, do not fare much
better. One survey that included 43 women
with endometrial cancer or CAH revealed that
46.5% of the women were unaware that obesity
was a risk factor for their disease.'' Further-
more, oncologists and other health care providers
are often reluctant to counsel patients with en-
dometrial cancer about obesity. In a separate sur-
vey of 108 women with endometrial cancer, only
29% reported being told by their health care
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provider about the link between obesity and developing en-
dometrial cancer. Interestingly, all of the women who were
counseled about obesity by their oncologists attempted to lose
weight.'?

Although the association is not as strong as with endometrial
cancer, it is interesting to note that the risk of developing other
gynecologic malignancies may also be affected by obesity. Although
the data have been mixed in prior studies, in a recent meta-analysis
of 25 studies of more than 15,000 women, for every increase of five
BMI units observed, there was a 6% increased risk in developing
ovarian cancer."” A case-control study in France suggests that
central adiposity (as measured by waist-to-hip circumference) may
be a stronger risk factor for ovarian cancer than obesity as mea-
sured by BMI alone.'* This relationship warrants additional study.

Visceral fat is a complex endocrine organ, composed of adipo-
cytes and preadipocytes, as well as infiltrating macrophages,
stromal, nerve, and stem cells (Fig 1). Together, they secrete an
array of adipokines that exert localized and systemic effects, which
increase endometrial proliferation and promote tumorigene-
sis.">'® Furthermore, adipose tissue is a source of mesenchymal
stem cells, which can be recruited to support tumor growth and
progression.' %’

Unopposed Estrogen and the Relationship Between
Obesity and Endometrial Cancer

In premenopausal women, the cyclic expression of estrogen
by the ovaries drives endometrial proliferation.”! After meno-
pause, peripheral tissues, especially adipose tissue, become the
main site of estrogen synthesis.*> Adipocytes, preadipocytes, and
mesenchymal stem cells within fat tissue are the predominant
source of aromatase, the enzyme responsible for the conversion of
androgens to estrogen.””** Aromatase levels and activity increase
as a function of age and adiposity”>*° and, therefore, contribute
to estrogen-induced endometrial proliferation in the postmeno-
pausal woman.*»*”** Furthermore, sex hormone-binding globulin
(SHBG) levels decrease with increasing adiposity, thereby increasing
the pool of bioactive estrogen, even in the absence of de novo es-
trogen synthesis.””’

Once bound to estrogen receptor-o. and/or -, estrogen di-
rectly modulates the transcription of a variety of proproliferative
genes including IGFIR and IGF1.”'? G-protein—coupled estrogen
receptor 1 (GPERI) mediates ligand-dependent nongenomic sig-
naling to stimulate endometrial proliferation via activation of the
MAPK and AKT signaling pathways.

Estrogen acts not only as a mitogen, but also as a mutagen.
Genotoxic metabolites of estrogen react with DNA to form de-
purinating adducts, ultimately producing an accumulation of
double-stranded DNA breaks and contributing to genetic insta-
bility.*° Although the role of estrogen metabolites in the path-
ogenesis of breast cancer is well characterized, their role in the
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Fig 1. Effects of obesity on endometrial proliferation and tumorigenesis. Obesity contributes to the increased risk of endometrial cancer in the postmenopausal uterus by
a variety of mechanisms. Increased adiposity increases aromatase activity, which leads to the conversion of androgens to estrogens, to directly promote endometrial
proliferation and transcription of proproliferative genes. The chronic inflammation associated with visceral adiposity is mediated by proinflammatory adipokines and leads to
hyperinsulinemia, increases in insulin-like growth factor 1 (IGF1), and hyperglycemia, which fuel endometrial proliferation. A concurrent decrease in anti-inflammatory
cytokines is also observed. Inflammation and an increase in estrogen metabolites further contribute to DNA damage and genetic instability. Finally, stem cells can be
recruited from adipose tissue, where they contribute to a supportive tumor microenvironment. ER, estrogen receptor; IGF1R, insulin-like growth factor 1 receptor; IR,
insulin receptor; IRS, insulin receptor substrate; mTOR, mammalian target of rapamycin. (lllustration created by Suety Kwan).
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context of endometrial cancer is not. Approximately a third of
endometrial cancers demonstrate DNA mismatch repair defects, as
a result of somatic methylation of MLH1 or, less frequently, Lynch
syndrome.””*° Therefore, localized exposure of the endometrium to
estrogen metabolites is more likely to produce genetic mutations
contributing to tumorigenesis in the absence of functional DNA
repair systems.

Hyperactivity of Insulin and Insulin-Like Growth Factor 1
Signaling in the Endometrium

Type 2 diabetes is characterized by elevated levels of insulin
and insulin-like growth factor 1 (IGF1) and hyperglycemia, each of
which plays a role in the pathogenesis of endometrial cancer.*'™**
In normal premenopausal women, estrogen-induced cyclic changes
in IGF1 expression and signaling modulate endometrial pro-
liferation during the normal menstrual cycle.**® The positive
association of endometrial cancer with hyperinsulinemia and
type 2 diabetes is well documented.>'”***”*® Increased expression of
insulin and IGF1 receptors is observed in endometrial hyperplasia,
which heightens the responsiveness of these cells to insulin and
IGF1*® and promotes hyperactivity of MAPK and PI3K/AKT/mTOR
signaling frequently observed in endometrial cancer. Proliferative
signaling is further amplified by the loss of the PTEN tumor sup-
pressor gene, which acts in opposition to the PI3K/AKT/mTOR
pathway and is an early event in the pathogenesis of endometrial
cancer. Finally, hyperglycemia, which occurs as consequence of in-
sulin insensitivity, serves to further fuel the growth of metabolically

. . 4! . . . .
active tissue,””° including endometrial hyperplasia and cancer.

Inflammation and the Role of Adipokines

Adipose tissue is a rich source of secreted polypeptides
known as adipokines, which regulate metabolism and modulate
the chronic inflammatory state associated with visceral adiposity.
Obesity-associated proinflammatory adipokines, such as leptin,
interleukin-6, and tumor necrosis factor a, suppress normal
insulin signaling and contribute to insulin resistance,'>**' and
also promote endometrial proliferation, as previously discussed.
Adipokines also regulate the expression of SHBG, thereby influ-
encing systemic levels of bioavailable estrogen. Adiponectin, a potent
anti-inflammatory adipokine, induces SHBG synthesis and de-
creases estrogen bioavailabilty,”> whereas obesity-induced, pro-
inflammatory cytokines, such as tumor necrosis factor «, are
associated with low plasma levels of SHBG and contribute to
increased endometrial cancer risk.”” Furthermore, in the context
of adipokine-mediated chronic inflammation, cellular stress is
associated with enhanced genetic instability and DNA damage.
Mitochondrial reactive oxygen species produced by inflammatory
cells can produce DNA strand breaks. Under these conditions,
endometrial tissues with DNA mismatch repair defects are likely
to accumulate deleterious genetic mutations, leading to endo-
metrial hyperplasia and cancer.

Given our knowledge of the pathways involved in obesity-associated
endometrial cancer, there are multiple rational interventions for the
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prevention of endometrial cancer. These include potential lifestyle
interventions and surgical procedures that decrease visceral adi-
posity, as well as medications that aim to interrupt or reverse the
hormonal and metabolic derangements associated with obesity and
insulin resistance.

Potential Lifestyle Interventions

Public health interventions that decrease the overall prevalence
of obesity may have the greatest impact on decreasing endometrial
cancer rates in the population. On an individual basis, however,
although lifestyle interventions for weight loss may theoretically
reduce a woman’s risk for developing endometrial cancer, the data to
support this are still lacking. There are a limited number of studies
evaluating the effect of diet on endometrial cancer risk, and the
findings have been mixed at best. Two large meta-analyses have
shown that diets with a high glycemic load significantly increase the
risk of developing endometrial cancer,”* and a review of three
case-control studies suggests that a Mediterranean diet may be
associated with a decreased risk of endometrial cancer.” However,
a recent prospective analysis of participants in the Women’s Health
Initiative showed that quality of diet (as measured by four diet
quality indices) had no impact on the development of endometrial
cancer.”® Two additional analyses examining the healthy eating index
(based on the Dietary Guidelines for Americans) and the Recom-
mended Foods Score showed no association between adhering to
these diets and developing endometrial cancer.”’””® There are even
fewer studies examining the relationship between exercise and
ovarian cancer risk. High-quality prospective studies are needed to
better understand the role of these potential lifestyle interventions
on the risk of developing ovarian cancer.

Surgical Procedures

Bariatric surgery can lead to dramatic, sustainable weight loss.
A recent meta-analysis of six observational studies showed a 60%
reduction in the risk of developing endometrial cancer among those
who underwent bariatric surgery compared with obese controls
(pooled RR, 0.40; 95% CI, 0.20 to 0.79).° Among obese women
diagnosed with CAH or early-stage endometrial cancer, referral to
a bariatric surgeon tends to be well received, with approximately
17% going on to pursue surgical intervention and 59% subsequently
attempting weight loss.*

Medications

Progestin-based medical therapies counteract the proliferative
effect of estrogen on the endometrium. Oral contraceptive pills
containing progestins have long been known to be protective
against endometrial cancer. A recent meta-analysis of 36 epide-
miologic studies demonstrated that for every 5 years women used
oral contraceptive pills, there was a 24% reduction in the risk of
developing endometrial cancer (RR, 0.76; 95% CI, 0.73 to 0.78;
P < .001). This effect was durable, persisting for more than 30
years after stopping oral contraceptive use.®' The use of intra-
uterine devices (IUDs), including those without embedded pro-
gestins, has also been found to be protective, with a 19% decrease
in risk among women who have ever used an IUD compared with
those who have never used one. The reduction in risk was even
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greater when the IUD was used for = 10 years (odds ratio, 0.61;
95% CI, 0.52 to 0.71).%

Metformin is another potential chemopreventive medication
that is currently under investigation. It increases insulin sensitivity
and activates the AMPK pathway, thereby counteracting the PI3K/
AKT/mTOR signaling pathway, which promotes endometrial
proliferation.>®* Additional research is needed before its use in
primary chemoprevention.

Effects of Obesity on Surgical Management

Once diagnosed with endometrial cancer, the effects of
obesity can complicate clinical management strategies. The primary
treatment of early-stage endometrial cancer involves a total hys-
terectomy with bilateral salpingo-oophorectomy and often includes
lymph node evaluation. Obese patients are often more difficult to
operate on than normal-weight counterparts because of technical
aspects of the surgery that can be affected by body habitus, such as
poor visualization. Obese patients are also more likely to have
obesity-related medical comorbidities, which put them at a higher
risk of perioperative complications. In a recent systematic review of
women undergoing surgery for endometrial cancer, increasing BMI
was associated with longer operating times and an increased risk of
postoperative morbidity. The total number of surgical complica-
tions was highest among morbidly obese patients who underwent
laparotomy.®®

Robotic surgery may offer advantages over traditional lapa-
roscopy in this patient population. One prospective study of obese
women undergoing minimally invasive surgery for endometrial cancer
demonstrated lower rates of conversion to laparotomy, shorter op-
erative times, increased lymph node retrieval, and shorter hospital
stays with robotic surgery compared with laparoscopy.®®

It is estimated that approximately 10% of patients with early-
stage endometrial cancer are medically inoperable as a result of
obesity-related medical comorbidities, such as cardiovascular
disease and diabetes-related end-organ damage.®” These patients
can be managed with primary radiation therapy. A recent consensus
statement from the American Brachytherapy Society recommends
that women with inoperable clinical stage I endometrial cancer
undergo imaging with magnetic resonance imaging (MRI). Women
with no apparent lymph node involvement or deep myometrial
invasion on MRI may be managed with brachytherapy alone. If these
factors are present or no MRI imaging is performed, a combined
approach with external-beam radiation and brachytherapy should
be considered.*®

Premenopausal Patients With Endometrial Cancer

As obesity among young women continues to increase, on-
cologists are seeing younger women with endometrial cancer. This
impacts clinical management in terms of consideration for ovarian
conservation at the time of surgery and the use of fertility-sparing
treatments. Multiple studies have suggested that young women
with early clinical stage disease can be safely managed with fertility-
sparing therapy. A meta-analysis of 34 observational studies
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including 408 women with endometrial cancer evaluated the safety
and efficacy of fertility-sparing treatment. Of these, 386 women
had grade 1 tumors and 22 had grade 2 or 3 tumors. In most
studies, imaging was performed to evaluate for myometrial in-
vasion or distant disease. Women were treated with hormonal
therapies such as oral progestins or the progesterone-releasing
IUD. In this meta-analysis, 76.2% of women had regression of their
tumors, and after initial regression of endometrial cancer, 40.6%
experienced disease relapse. Ten women were diagnosed with at
least stage II endometrial cancer after experiencing treatment
failure with their initial treatment. Two women died as a result of
fertility-sparing treatment, both of whom were found to have
synchronous ovarian cancers at the time of recurrence. Twenty-
eight percent of women achieved at least one live birth, with 41%
using assisted reproductive therapy.®” From a clinical standpoint,
proper patient selection is critical in fertility-sparing management.
Preoperative imaging with MRI to rule out tumor invasion of the
myometrium as well as rule out a synchronous ovarian tumor is
important. Consultation with a reproductive endocrinologist can
be helpful, especially given that obese women are frequently an-
ovulatory. Areas of controversy include the use of fertility-sparing
treatments in women with grade 2 tumors and the efficacy of oral
progestin versus the progestin-releasing IUD. Nevertheless, the use
of fertility-sparing treatment for early endometrial cancer is a rea-
sonable option for young obese women who are properly counseled
about the benefits and potential risks.

Even for women who no longer desire fertility, there are data
to support consideration of ovarian conservation among premen-
opausal women with endometrial cancer. A retrospective review of
the SEER database compared outcomes between premenopausal
women with stage I endometrial cancer who had ovarian conser-
vation and women who underwent bilateral salpingo-oophorectomy
at the time of hysterectomy. There was no impact of ovarian
conservation on cancer-specific survival or all-cause mortal-
ity.”® Despite this evidence, rates of ovarian conservation are
relatively low (7.2%).7

In conclusion, the obesity epidemic has had a dramatic impact
on endometrial cancer incidence in the United States. Oncologists
are seeing more young obese women affected by endometrial
cancer who desire maintaining future fertility. Among older pa-
tients with endometrial cancer, the severity of obesity is becoming
worse, with many women having a BMI > 40 kg/m?* and multiple
medical comorbidities. There is a critical need to refine options for
conservative, nonsurgical management for both of these groups of
women. Our institution is conducting an ongoing clinical trial
adding everolimus for women with progestin-refractory endo-
metrial cancer as a strategy for conservative management. Addi-
tional strategies should continue to be explored.

The role of weight loss, diet, and exercise to improve disease-
specific and overall survival among survivors of endometrial
cancer also needs to be better defined. Rigorous studies are
needed to guide interventions to improve clinical outcomes for
this population.

Ultimately, there needs to be greater public awareness about the
association between obesity and endometrial cancer. Public health
efforts involving education and obesity prevention are critical to
improving outcomes for patients with endometrial cancer in the
years ahead.
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