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Abstract
The lifetime risk for developing endometrial cancer, the fourth most common malignancy in
women, is approximately 3%. Endometrial cancer is a hormone-driven cancer, with approximately
80% of endometrial cancers arising attributable to either an excess of estrogen or a lack of
progesterone. In the normal endometrium, the proliferative effects of estrogen are normally
countered by progesterone, but the absence of progesterone allows estrogen to induce
oncogenesis, an effect that is amplified in situations of excess estrogen. One of the major
emerging causes of the estrogen/progesterone imbalance is obesity. Obesity is associated with
several hormonal derangements as well as dysregulation of insulin/insulin-like growth factor
activity, which collectively contribute to hyperplasia and carcinogenesis in the endometrium. In
this article, we provide an in-depth description of how obesity mechanistically promotes this
hormone and growth factor imbalance. Given that endometrial cancer is clearly associated with
obesity, we put forth the hypothesis that a large portion of these cancers might be prevented by
treatment with progesterone.

Introduction to Endometrial Cancer
It is generally accepted that all solid tumors rely on the same basic signaling pathways for
survival, and approaches that provide therapeutic benefit in one tumor type should act
similarly in a tumor at another site. However, we are far from “curing cancer,” and 5-year
survival rates for tumors of different origins are vastly different. For example, in the U.S.,
the current 5-year survival rate for breast cancer is >90% and for prostate cancer nearly
100% (American Cancer Society, 2011). By contrast, incidence and mortality associated
with endometrial cancer are on the rise, and survival is significantly worse now than in the
decades of the 1970s (84% survival currently vs. 88% survival in the 1970s) (see discussion
below). Endometrial cancer is the fourth most common malignancy in women with an
estimated 46,470 new cases in 2011. The lifetime risk for developing endometrial cancer is
approximately 3%. These statistics highlight that new methods of prevention and treatment
are urgently needed that distinguish endometrial cancer from other types of solid tumors
(American Cancer Society, 2011).

The vast majority, approximately 80%, of endometrial cancers are likely due to hormonal
imbalances; either due to an excess of estrogen or a lack of progesterone. Estrogen promotes
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endometrial cancer cell growth via direct and indirect regulation of gene transcription.
Estrogen binding to its cognate receptors, estrogen receptors (ER) α and β, promotes
recruitment of transcriptional cofactors to estrogen-responsive genes and corresponding
transcriptional activation. In addition to transcriptional effects, estrogen also acts in the
cytoplasm to regulate signaling. For example, 17-β estradiol activates the
phosphatidylinositol-3 kinase (PI3K) and mitogen-activated protein kinase (MAPK)
proliferative pathways, which are frequently dysregulated in solid tumors (Marino et al.,
2005; 2006).

Whereas progesterone delivers a proliferative signal to the breast, this steroid hormone has a
myriad of growth-inhibitory effects in the normal endometrium, including countering the
estrogen-driven proliferation and inducing glandular differentiation (Yang et al., 2011b).
Indeed, progesterone may be the ultimate endometrial tumor suppressor because, through
activation of its receptor (progesterone receptor, PR), progesterone induces differentiation,
cell cycle arrest, and apoptosis, reduces inflammation, and counters invasion associated with
metastatic disease (Yang et al., 2011b).

One of the main driving forces behind the estrogen/progesterone hormone imbalance is
obesity, which causes several hormonal derangements that potentially contribute to
hyperplasia and carcinogenesis in the endometrium (Figure 1). An example of an early grade
endometrioid adenocarcinoma with PR expression is provided in Figure 2. In this review, we
provide an in-depth description of current knowledge regarding how obesity mechanistically
promotes this deleterious hormone imbalance. The fact that so many diagnosed cancers of
the endometrium are associated with obesity leads us to hypothesize that a large portion of
these cancers might be preventable, and progesterone as a differentiating factor may hold the
key.

Obesity and Steroid Hormone Imbalance
Obesity is a well-established risk factor for multiple types of cancer, cancer-related death,
and death associated with co-morbidities (Reeves et al., 2007; Bessonova et al., 2011). With
regards to endometrial cancer, a recent meta-analysis found that each 5 kg/m2 increase in
body mass index (BMI) significantly increases a woman’s risk of developing endometrial
cancer (RR=1.59) (Bessonova et al., 2011). Similarly, the Million Women Study in the
United Kingdom revealed that each 10 kg/m2 increase in BMI is associated with an increase
in relative risk of 2.59 (Reeves et al., 2007). These large studies clearly establish a link
between obesity and endometrial cancer, and, in light of the obesity epidemic, may explain
why endometrial cancer incidence and associated deaths are on the rise.

Obesity is thought to cause an increase in endometrial cancer due to abnormal levels of
several hormones, most notably increased estrogen levels. Estrogen is a known endometrial
growth factor, and, after menopause, the primary source of estrogen is peripheral tissues,
including adipose. Adipocytes produce aromatase, which converts androgens to estrone and
estradiol. Aromatase levels increase as a function of age and obesity and, as such, levels
correspond with an increasing BMI in postmenopausal women (Cauley et al., 1989;
Simpson and Mendelson, 1987; Morriset et al., 2006). Accordingly, postmenopausal obese
women have >40% increases in both circulating estrone (E1) and estradiol (E2) as compared
to postmenopausal women with a BMI in the normal range (Cauley et al., 1989). With
increasing adiposity, serum hormone-binding globulin levels are decreased, which serves to
amplify the effects of excess estrogen. Serum hormone-binding globulin binds estrogen and
testosterone, decreasing their activity. In addition, we have observed (KK Leslie,
unpublished observations) that endometrial and breast cancer cell lines contain high levels
of 17-β hydroxysteroid dehydrogenase type I, which converts estrone to estradiol, thus
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serving to increase local estradiol levels (Figure 3). Taken together, these data demonstrate
that obesity influences the biologically active levels of these steroid hormones irrespective
of de novo hormone synthesis (Schmandt et al., 2011).

In addition to excess estrogen, endometrial hyperplasia and carcinogenesis can also stem
from or be exacerbated by a decrease in circulating progesterone levels. In obese women,
lack of progesterone due to anovulation, similar to that observed in polycystic ovarian
syndrome (PCOS), can contribute to endometrial cancer risk. In addition to ligand-mediated
regulation described above, expression and activity of the progesterone receptor are also
modulated by a variety of factors, including microRNAs (miRNAs) and epigenetic factors
that are frequently dysregulated in cancer. We have extensively described the epigenetic
factors controlling loss of PR in endometrial cancer in another recent review article (Yang et
al., 2011a). This loss of PR activity translates to the failure of progestin as a therapeutic
strategy for many endometrial tumors (Yang et al., 2011a; 2011b), highlighting the need to
identify new approaches to maintain PR expression and thereby sensitize tumors to
progesterone-based therapy. Given the role of epigenetic modification in progesterone
insensitivity, use of agents such as histone deacetylase inhibitors and DNA methyl
transferase inhibitors represent the future for endometrial cancer treatment and re-
sensitization to progesterone (Yang et al., 2011a).

Estrogen-independent Effects on Obesity and Endometrial Cancer
Hyperinsulinemia

Several other hormonal imbalances that are caused by obesity and lead to higher risks for
endometrial carcinogenesis represent novel targets for treatment and prevention strategies
(Figure 2). For example, hyperinsulinemia and the insulin-resistant state are associated
closely with obesity, with several studies documenting associations between diabetes,
obesity, and endometrial cancer (Schoff and Newomb, 1998; Weiderpass et al., 2000;
Anderson et al., 2001; Salazar-Martinez et al., 2000; Parazzini et al., 1998). Two
independent studies identified a relationship between insulin resistance and endometrial
cancer risk, with one study finding that low levels of adiponectin, a surrogate marker for
insulin resistance, are also associated with endometrial cancer risk independent of BMI
(Soliman et al., 2006; Cust et al., 2007). These studies implicate insulin resistance as an
independent risk factor for endometrial cancer.

The specific effects of hyperinsulinemia on the pathogenesis of obesity-associated cancers
are not well-defined. Lu and colleagues showed that the proliferative effect of estrogen is
enhanced in the endometrium of obese, hyperinsulinemic rats, including a significantly
higher expression of proliferative genes cyclin A and c-myc as compared to lean rats (Zhang
et al., 2009). Conversely, the obese endometrium has pronounced estrogen-induced
suppression of anti-proliferative genes and cell cycle inhibitors (Zhang et al., 2009). This
study demonstrates that obesity may shift the balance between pro- and anti-proliferative
signals to favor endometrial growth. However, these rodent studies should be interpreted
with caution because progesterone has been reported to be pro-proliferative in the rodent
endometrium, whereas it is a differentiating signal in the human tissue (Yang et al., 2011b).

Insulin-like growth factor and obesity
Systemic levels of insulin-like growth factor (IGF) have been shown to be dysregulated in
obesity (Klotz et al., 2002; Hewitt et al., 2010). While increased estrogen production
directly increases IGF-1 synthesis, sustained hyperinsulinemia independent of estrogen
results in the decreased synthesis of IGF binding proteins (IGFBP) 1 and 2, which modulate
IGF activity by interfering with receptor binding. This downregulation of IGFBP1 and 2
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contributes to the increase in IGF activity (Rutanen, 1998; 2000). It is important to
recognize that insulin and IGF activate similar signaling pathways. Specifically, upon ligand
binding, phosphorylation of the insulin receptor substrate-1 results in activation of PI3K/
AKT/mTOR and MAPK pathways, which promote cell survival and proliferation (Pollack,
2008). Thus, the estrogen-independent effects observed with IGF may be replicated by
insulin to induce endometrial proliferation.

Adipokines
Adipose tissue is a complex endocrine organ that secretes a variety of both anti- and
proinflammatory factors classified as adipokines (Schmandt et al., 2011). Tumor necrosis
factor-α (TNF-α) is an adipokine that can disrupt insulin receptor signaling and activate
receptors independent of insulin (Nieto-Vazquez et al., 2008). Leptin, IL-6, and resistin are
also adipokines that are proinflammatory (Cymbaluk et al., 2008; Ferdeghini et al., 1994;
Hlavna et al., 2011). Adiponectin is an anti-inflammatory adipokine that functions to
dampen PI3K/AKT/mTOR signaling via activation of the AMP-activated protein kinase
(AMPK) pathway (Long et al., 2006). Adiponectin has been shown to be decreased in
obesity and may be a marker for endometrial cancer (Salazar-Martinez et al., 2000;
Parazzini et al., 1998; Soliman et al., 2006; Cust et al., 2007). This is an area of active
research. Increased adiposity (and concomitant inflammation) combined with decreased
adiponectin synthesis leads to insulin resistance, which, in turn, causes hyperglycemia and
enhanced insulin production (Schmandt et al., 2011). The elevated insulin leads to decreased
concentrations of IGFBP and subsequent increased IGF bioavailability. As described above,
both insulin and IGF stimulate the AKT/mTOR pathway to induce proliferation in the
endometrium. Simultaneous increases in estrogen independently stimulate the endometrium
and further increase IGF production. These signaling mechanisms provide one explanation
for why obesity and diabetes, independent of BMI, increase the risk for endometrial cancer.

Endometrial Cancer Prevention in the Obesity Epidemic
All of hormonal derangements that are direct effects of obesity are thought to lead to one
end result: stimulation of the endometrium. Several prevention strategies for endometrial
cancer have been examined, and include screening, hormonal therapy, antidiabetic agents,
and weight loss through diet and exercise. In one endometrial cancer prevention study, data
were obtained from the SEER database to evaluate four strategies: no intervention, oral
contraceptives, annual endometrial biopsy screening starting at age 30, and biannual
screening starting at age 30. Using a decision analysis model, none of the strategies had
incremental cost-effectiveness ratios of less than $50,000 per year of life saved, and the
authors concluded that oral contraceptives and current screening methods are not cost-
effective (Kwon and Lu, 2008). However, multivariate analysis of the relationship between
obesity-associated factors (i.e., BMI over 30 kg/m2, hyperinsulinemia) and endometrial
cancer incidence in these studies is necessary to fully evaluate the effectiveness of screening
as a preventative strategy.

Oral contraceptives
Multiple studies have demonstrated that women who use combination oral contraceptive
pills (OCP) have as much as a 50% decreased risk of developing endometrial cancer, and
that effect can last up to 20 years (Kaufman et al., 1980; Beral et al., 1988; The Cancer and
Steroid Hormone Study, 1987). However, no current studies have examined the use of OCP
as chemoprevention for endometrial cancer in obese women. It is important to note that
some studies have suggested that obese women have a slightly decreased contraceptive
efficacy compared to thin women. Future studies that do examine chemoprevention in the
obese population should take this into consideration when determining appropriate dosing.
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Hormonal therapy
Synthetic progestins are used commonly for the treatment of menorrhagia. These have also
been studied in the treatment of endometrial hyperplasia and low-grade cancer. A study by
Wheeler et al. (2007) showed a complete remission rate of 67% in women with complex
atypical hyperplasia. Moreover, 42% of women with well-differentiated endometrial cancer
demonstrated complete remission, although 58% had persistent disease over a 12-month
follow-up period.

A case report earlier this year by Brown et al. (2012) described the successful use of a
progestin-releasing intrauterine device (IUD) in an 18-year old nulliparous woman
diagnosed with grade 2 endometrial adenocarcinoma. Risk factors for the development of
cancer in this young woman appeared to be morbid obesity and PCOS, with no evidence for
hereditary syndromes associated with endometrial cancer. Because of the patient’s age and
desire for eventual pregnancy, she was treated with a progestin-containing IUD. Despite the
fact that the tumor was a grade 2, this treatment appeared to completely reverse the tumor,
including the shrinkage of a lymph node. This case represents one of the first attempts to
treat a grade 2 cancer with uterine preservation. This case is important for two additional
reasons: 1) it provides one example that women at a young age who are significantly
overweight and do not ovulate can develop endometrial cancer, and 2) it shows that,
regardless of grade, endometrial tumors have the potential to respond to hormonal therapy.

The levonorgestrel (progestin)-containing IUD is an attractive candidate for endometrial
cancer chemoprevention. The use of IUD alone is associated with a lower risk of
endometrial cancer (Beining et al., 2008), and the progestin-containing IUD may further
protect the endometrium. A few studies have reported its use in the reversal of endometrial
hyperplasia and low-grade cancer. A meta-analysis of six studies utilizing the levonorgestrel
IUD was performed (Somboonporn et al., 2011). Four of the included studies examined its
use for endometrial protection in women using estrogen hormone replacement therapy
(HRT, tamoxifen). The other two included studies examined it for endometrial hyperplasia.
In sum, the IUD was as effective as oral progestin for endometrial protection in the case of
HRT or hyperplasia (Somboonporn et al., 2011). Recent studies attest to the safety of non-
oral progestin therapy by clearly demonstrating that this therapy is not associated with
thrombosis (Sweetland et al., 2012). As with OCP, no studies have been conducted on use of
progestin-containing IUDs in chemoprevention in obese patients.

Antidiabetic agents
With all of the abnormalities that obesity causes in insulin and IGF and their relation to
endometrial cancer, anti-diabetic agents seem to be a logical choice for endometrial cancer
prevention. Metformin is an oral antihyperglycemic agent that lowers blood glucose by
inhibiting gluconeogenesis and increasing peripheral glucose uptake. Epidemiologic studies
have shown that diabetic patients who took metformin have a lower risk of pancreatic cancer
than their counterparts who did not, and diabetic patients with breast cancer who took
metformin showed a greater rate of pathologic complete response to neoadjuvant
chemotherapy (Jiralerspong et al., 2009). Preclinical studies suggest that metformin’s
therapeutic benefits are mediated through activation of the growth inhibitory AMPK
pathway (action similar to adiponectin), thereby counteracting PI3K/AKT/mTOR
proliferative signaling (Zhou et al., 2001; Jalving et al., 2010). Metformin has also been
shown to inhibit aromatase expression in vitro and increase PR expression in endometrial
cancer cell lines (Brown et al., 2010; Xie et al., 2011). Based on the latter preclinical data,
the Gynecologic Oncology Group is considering examination of metformin for the treatment
of endometrial cancer.
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Diet and exercise
Use of diet and exercise to reduce BMI is an obvious non-pharmacologic strategy to reduce
the risk of endometrial cancer as well as some other types of cancers. A recent study of
42,672 postmenopausal women who were enrolled in the American Cancer Society Cancer
Prevention Study II Nutrition Cohort evaluated the incidence of endometrial cancer in
relation to physical activity and BMI (Patel et al., 2008). Moderate physical activity was
associated with a 33% lower endometrial cancer risk, and, not surprisingly, the effect was
even more pronounced among women who were overweight or obese. The benefits are
likely due to modulation of estrogen levels and IGF/insulin signaling. For example,
circulating estrogen levels correlate with increasing BMI, and weight loss is associated with
a decrease in estrogen synthesis. Weight loss is also known to reverse insulin resistance and
decrease IGF-1 levels. Furthermore, a 10% weight loss results in a decrease in a variety of
cytokines (i.e., TNF-α, IL-6, IL-8), which in turn reduces serum glucose and cholesterol
(Pendyala et al., 2011). Therefore, weight loss reduces the risk of developing cancer by
decreasing the proinflammatory environment and abrogating oncogenic signaling pathways
(Schmandt et al., 2011).

Conclusion and Future Directions
We put forth the idea that endometrial cancer is a potentially preventable disease in obese
women. It is clear that most of these women are progesterone deficient, at least relative to
circulating estrogen levels and increased IGF1/insulin signaling. Weight loss will likely
reverse the hormonal imbalances and dysregulation of the IGF/insulin pathway.
Unfortunately, most patients are unsuccessful in their weight loss endeavors, and, for those
that are successful, the beneficial effects of weight loss on hormone levels may take a year
or more to be realized. These individuals need help to protect their endometrium while they
are in the process of lifestyle changes in order to lose weight. We propose that a simple
intervention is the progestin-containing IUD. Widespread use of progestin-containing IUDs
for women at risk could, for the first time in over 30 years, substantially reduce the
incidence of this potentially preventable disease.
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Figure 1.
Progesterone receptor levels in an early-grade endometrioid adenocarcinoma. Note the well-
differentiated nature of the tumor, with obvious glands and stroma.
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Figure 2.
Proposed model in which an imbalance in hormones and growth factors induces endometrial
cancer. Obesity also promotes many of these same imbalances. We propose that endometrial
cancer can be prevented in the obese population by treatment with progesterone, which
counters the effects of excess estrogen. Additional preventative measures to decrease BMI
may serve to further reduce the incidence of endometrial cancer in the obese population.
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Figure 3.
Schematic of estrogen production in postmenopausal women. (A) In premenopausal women,
estradiol (E2) is produced primarily by the ovary during the secretory and proliferative
phases. Progesterone (P4) is also produced by the ovary during the secretory phase. After
menopause, a majority of estradiol is produced by adipocytes, which contain aromatase that
converts androgen (A) to estrone (E1). (B) Estrone (E1) is converted to estradiol (E2) by 17-
β hydroxysteroid dehydrogenase type I in the endometrium, thereby increasing local E2
levels, activating estrogen receptor (ER) transcriptional activity, and promoting cell
proliferation.
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