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The obesity pandemic continues to contribute to a worsening burden of disease
worldwide. The link between obesity and diseases such as diabetes,
cardiovascular disease, and cancer has been well established, yet most patients
living with obesity remain untreated or undertreated. Metabolic and bariatric
surgery is the most effective and durable treatment for obesity, is safe, and may
have a protective benefit with respect to cancer incidence. In this review, an
overview of the link between obesity, metabolic surgery, and cancer is discussed
with emphasis on indications for endometrial cancer, the malignancy most
strongly associated with obesity. Considerable evidence from retrospective and
prospective cohort studies supports a decreased risk of endometrial cancer in
patients with obesity who undergo bariatric surgery compared with nonsurgical
controls. Survivors of endometrial cancer are at increased risk of poor health
outcomes associated with obesity, and women with endometrial cancer are
more likely to die of cardiovascular disease and other obesity-related illnesses
than of the malignancy itself. Recent advances in anticancer drug therapies have
targeted pathways that may also be therapeutically altered with metabolic
surgery. Metabolic surgery has significant potential to enter the treatment
paradigm for endometrial cancer, and gynecologic oncologist visits present an
opportunity to identify patients who may benefit the most.
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Introduction: obesity, cancer, and bariatric surgery

Obesity, defined by the World Health Organization as excess or abnormal fat that

causes a deterioration in health, has surpassed epidemic proportions worldwide and

continues to contribute to a worsening burden of diseases like diabetes and

cardiovascular disease (1). Aside from its significant financial impact, patients with a
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BMI >30 kg/m2 have been associated with a decreased quality of

life and a 25% reduction of disease-free life years (2). Although

the link to cardiovascular mortality is long-established, a BMI

>30 kg/m2 has more recently been linked to cancer (3, 4).

Despite this evidence of the association of obesity with

cardiovascular disease and cancer, most patients living with

obesity remain untreated or undertreated (5).

Metabolic and bariatric surgery is by far the most effective

and durable treatment for obesity but remains grossly

underutilized. Various benefits of bariatric surgery have been

demonstrated in numerous clinical studies that have

uniformly identified surgical obesity treatment with increased

longevity (6), improved quality of life (7), and decreased

cardiovascular morbidity and mortality (8–12). In addition to

the studies identifying weight loss in general with cancer-

specific benefits (13), bariatric surgery may also have a

protective benefit with respect to cancer incidence (14). Thus,

recent scientific interest has shifted focus to the potential

mechanisms underlying these clinical benefits.

In the following, a general overview of the link between

obesity and cancer is reviewed, as well as a focus on the

potential for cancer protection following bariatric surgery,

specifically with respect to endometrial cancer—the leading

malignancy most strongly associated with obesity. We then

explore the promise and potential for bariatric surgery to fit

into the treatment algorithm for endometrial cancer.
Obesity and cancer

The link between a BMI >30 kg/m2 and cancer is well

established. Globally, an estimated 3.6% of all cancers and

12.8% of obesity-related cancers are associated with increasing

BMI (15). In general, the effect of obesity on cancer

physiology varies depending on the malignancy. As the

second and third leading causes of death in the United States,

obesity has been implicated as a causal factor in colorectal

cancer (16, 17) as well as pancreatic cancer (18, 19). There

are 13 types of cancer in the organs strongly related to

obesity, namely, esophageal (esophagus), gastric (stomach),

colorectal (colon), liver, gallbladder, pancreatic (pancreas),

kidney, prostate, breast, ovary, endometrial (endometrium),

cervical (cervix), and the hematopoietic system (4). This

obesity-cancer link has been demonstrated and confirmed by

numerous reviews and meta-analyses, specifically that for

every 5 kg/m2 increase in BMI >30 kg/m2, there is an

associated increased risk of developing cancer. This obesity-

cancer risk ranges from as low as 9% increased risk for

colorectal cancer to as high as a 56% increase of biliary

cancers (20). For endometrial cancer, every 10% increase in

the waist-to-hip ratio increases endometrial cancer risk by

21% (20). Overall, data continue to mount demonstrating
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significant proclivity of cancer development in preclinical and

clinical obesity studies (21–26).

The overarching question then focuses on “why” obesity is

associated with such a proclivity for cancer development.

Although there may be unique factors that trigger the

development of some malignancies greater than others,

general changes associated with obesity and the excess

adiposity likely contribute to an increased overall propensity

toward cancer growth. Obesity has been described as a

chronic inflammatory state, and potentially a state of

immunoparalysis (27), which is associated with numerous

circulating inflammatory mediators and other growth factors

that are elevated relative to a normal weight individual.

Insulin, predominately known for its effects on regulating

glycemia, is also a strong growth factor proposed to be a

driver of carcinogenic pathways. Obesity and insulin

resistance are associated with increasing concentrations of

circulating insulin that parallel elevated body weight and

excess fat mass. This relationship of insulin has been

demonstrated in breast cancer studies, as well as other

circulating mediators that originate from excess adipose tissue

production of other inflammatory mediators (i.e., IL-6, TNF-

alpha). Increased obesity and excess adipose tissue provide a

feed-forward mechanism that worsens insulin resistance and

subsequently further increases insulin secretion from the

pancreatic beta cells. This continued worsening of insulin

resistance drives excess fatty acid release from adipocytes, as a

driver of breast cancer proliferation and migration (28, 29).

Increased adipose tissue release of fatty acids is also associated

with hepatic insulin resistance and excess hepatic glucose

production that can worsen glycemia and drive a further

worsening of insulin resistance peripherally (29). Collectively,

these inflammatory mediators and the worsening

hyperinsulinemia also increase the release of insulin growth

factor-1 (IGF-1), a driver of cell growth and proliferation (30),

culminating in a milieu of inflammatory and proliferative

signals.
Metabolic and bariatric surgery

Metabolic and bariatric surgery provides the most

substantial and durable treatment for obesity (6, 31, 32).

Typical patients undergoing metabolic surgery are women

(80%) between 35 and 54 years of age (33). In terms of

operations (Figure 1), vertical sleeve gastrectomy (VSG)

accounts for approximately two-thirds of procedures in the

USA. Roux-en-Y gastric bypass (RYGB) accounts for most of

the remaining operations, with biliopancreatic diversion with

duodenal switch (BPD/DS) making up the remaining primary

surgical procedures (34). Bariatric operations successfully treat

the disease of obesity through biological mechanisms, many of

them remain to be completely elucidated (35–37).
frontiersin.org

https://doi.org/10.3389/fsurg.2022.943544
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/


FIGURE 1

Metabolic/bariatric operations.
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Compared with intensive medical therapy alone, metabolic

surgery is associated with more robust weight loss, decreased

glycated hemoglobin levels, better glycemic control, decreased

requirement for glucose-lowering medications, decreased

triglyceride levels, increased HDL cholesterol levels, decreased

urinary albumin to creatinine ratio, and an improvement in the

quality of life in patients with BMI ≥27 kg/m2 (34, 38). A meta-

analysis of 17 studies including 174,772 matched participants

showed a 49.2% reduction in the hazard rate of death and an

increase of 6.1 years of life expectancy in those who underwent

metabolic–bariatric surgery compared with usual care (39).

Aside from this remarkable clinical efficacy, metabolic surgery

is safe and has a lower 30-day postoperative mortality rate than

laparoscopic appendectomy or cholecystectomy (0.3% vs. 0.5%

and 0.7%, respectively) and a complication rate similar to that

of laparoscopic hysterectomy (3.4% vs. 3.5%) (40). These safety

measures have been documented in large retrospective studies

(41, 42) and confirmed by prospective clinical trials (43, 44).

Even in patients who might be at increased risk secondary to

organ failure (heart, lung, kidney failure), the potential benefit

of weight loss surgery as a bridge to transplantation has been

shown to be remarkably safe and effective (45–48).
Metabolic surgery and cancer

As the link between obesity and cancer continues to be

defined, it remains to be conclusively identified how and to

what extent metabolic surgery might modify an individual’s

cancer risk or even response to cancer treatment. Patients

with obesity who undergo bariatric surgery have reduced

overall cancer risk compared with controls (49–53), which

may be more pronounced in women than in men for reasons

not fully understood yet (14). Cancer mortality also decreases,

suggesting that metabolic surgery not only protects against
Frontiers in Surgery 03
developing cancer but also improves patient outcomes after

cancer development (52). Individuals who have already

developed comorbidities associated with increased cancer risk

may also benefit from bariatric surgery. Patients with

nonalcoholic fatty liver disease (NAFLD) and a BMI ≥40 kg/
m2 who undergo bariatric surgery are 16% less likely to

develop any cancer and 35% less likely to develop obesity-

related cancers than their nonsurgical counterparts (54). In

one of the longest studies looking at bariatric surgery and

cancer to date with a median follow-up of 21.3 years, Sjoholm

et al. reported data from the Swedish Obese Subjects (SOS)

study on the effect of bariatric surgery on cancer risk.

Incidence of all cancer types was 9.1 per 1,000 person-years in

patients who underwent bariatric surgery and 14.1 per 1,000

person-years in the control group (Adjusted HR 0.63, 95% CI

0.43–0.84, P = 0.008) (55). The benefits of metabolic surgery

on long-term cancer risk are significant, though they remain

to be definitively proven through prospective, randomized

clinical trials.

Responses to different types of malignancy following

bariatric surgery have been increasingly reported as the overall

effect of bariatric surgery on cancer development has been

identified (Table 1). Although squamous cell carcinoma of the

skin has been suggested to have an inverse relationship with

obesity and melanoma has had little evidence of any

correlation to obesity (56), reported data from the SOS study

showed a decreased incidence of both types of skin cancer in

patients with obesity who underwent bariatric surgery when

compared with nonsurgical matched controls (57). Obesity

increases the risk of developing pancreatic cancer, but

conclusive data on bariatric surgery patients and ongoing risk

reduction are limited (48, 52, 53, 58). Similarly, the

relationship of bariatric surgery and colorectal cancer has had

conflicting evidence, with some studies demonstrating

decreased risk (53, 59, 60), while others showing no change
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TABLE 1 Selected studies examining metabolic/bariatric surgery and cancer response.

Study Year Study type Mean follow-up
(years)

Surgery Control HR or
OR

95% CI Cancer type

Events Total Events Total

Christou 2008 Retrospective cohort 5 21 1,035 487 5,746 0.22 0.14–0.35 Any

McCawley 2009 Retrospective cohort ── 53 1,482 203 3,495 0.62 0.45–0.84 Any

Adams 2009 Retrospective cohort 12.5 254 6,596 477 9,442 0.76 0.65–0.89 Any

Sjostrom 2009 Prospective cohort 10.9 117 2,006 169 2,036 0.67 0.53–0.85 Any

Buchwald 2010 Retrospective cohort 25 38 421 46 414 0.81 0.52–1.27 Any cancer mortality

Ostlund 2010 Retrospective cohort 9 296 13,123 a a a a Any

Derogar 2013 Retrospective cohort 7 control, 10 surgery 70 15,095 373 62,016 b b Colorectal

Ward 2014 Retrospective cohort ── 408 100,000 1,409 100,000 0.29 0.26–0.32 Uterine

Douglas 2015 Retrospective cohort 3.4 130 3,603 142 3,640 0.91 0.72–1.16 Any

Davidson 2016 Retrospective cohort 7.2 31 7,925 75 7,925 0.4 0.25–0.64 Any cancer mortality

Gribsholt 2017 Retrospective cohort 4.2 17 9,895 983 247,366 0.43 0.27–0.70 Any

Maret-Ouda 2017 Retrospective cohort 3.5 control, 3.7 surgery 8 34,437 53 123,695 0.9 0.4–1.9 Esophageal adenocarcinoma

Anveden 2017 Prospective cohort 18.1 97 1,420 135 1,447 0.71 0.59–0.85 Female-specific cancers

Njei 2018 Cross-sectional ── <10 230,956 18 230,956 0.11 0.03–0.48 Hepatocellular

Mackenzie 2018 Retrospective cohort 4.6 89 8,794 350 8,794 0.23 0.18–0.30 Endometrial, breast, prostate

Pontiroli 2018 Retrospective cohort 17 10 385 35 681 0.49 0.24–1.01 All

Ceriani 2019 Retrospective cohort ── 7 472 96 1,405 0.21 0.09–0.45 Any cancer mortality

Hassinger 2019 Retrospective cohort 5.7 17 2,430 32 2,430 0.53 0.29–0.95 Breast

Kauppila 2019 Retrospective cohort ── 422 49,977 13,880 494,842 0.84 0.76–0.93 Any cancer mortality

Liakopoulos 2019 Retrospective cohort 4.5 153c 5,321 188c 5,321 0.78 0.63–0.97 Any cancer mortality

Schauer 2019 Retrospective cohort 3.5 488 22,198 2,055 66,427 0.59 0.36–0.97 Any

Tsui 2020 Retrospective cohort ── 1,448 71,000 7,695 323,197 0.87 0.82–0.92 Any

Feigelson 2020 Retrospective cohort 3.4 control, 4 surgery 133 17,998 567 53,889 0.63 0.52–0.76 Breast

Tao 2020 Retrospective cohort ── 1,314 49,096 24,565 433,476 0.89 0.83–0.94 Any

Taube 2020 Prospective cohort 18.1 23 2,007 45 2,040 0.59 0.35–0.99 Melanoma and squamous cell

Tsui 2021 Retrospective cohort ── 1,164 55,781 6,648 247,102 0.78 0.73–0.83 Female-specific cancers

Rustgi 2021 Retrospective cohort 1.9 925 33,435 1,898 64,655 0.84 0.77–0.91 Any

Sjoholm 2022 Prospective cohort 21.3 68 393 74 308 0.63 0.43–0.84 Any

Aminian 2022 Retrospective cohort 6.1 96 5,053 780 25,265 0.68 0.53–0.87 Obesity related

aSurgical cohort compared with background population data, Standardized Incidence Ratio (SIR) = 0.98 (95% CI 0.90–1.07).
bSIR = 1.60 (95% CI 1.25–2.02) in a surgical cohort, 1.26 (95% CI 1.14–1.40) in a nonsurgical cohort.
cPer 10,000 person-years.
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(52, 61) or even a possible increased risk with some but not all

procedures (62, 63). Large, prospective clinical trials are

necessary to fully identify these effects and whether there may

be procedure-specific differences.

Above all other cancers, endometrial cancer has the

strongest association with obesity, and data suggest that

significant weight loss may even lead to a regression of

premalignant pathology (64–66). A decreased incidence of

endometrial, breast, and prostate cancer (hormonally

responsive cancers) has been associated with RYGB, gastric

banding, and VSG (63). The largest reduction in the risk of

hormone-related cancers, however, is seen in gastric bypass,

suggesting a possible alternative mechanism or variable effect
Frontiers in Surgery 04
on an underlying mechanism of risk reduction among

different types of bariatric surgery (63). A decreased risk of

breast cancer has been independently associated with patients

who have undergone bariatric surgery compared with

nonsurgical controls (52, 67–69). Bariatric surgery has also

been associated with a 53% decreased risk of ovarian cancer

in women living with obesity (67).

Considerable evidence from retrospective and prospective

cohort studies supports a decreased risk of endometrial cancer

in patients with obesity who undergo bariatric surgery

compared with nonsurgical matched controls (52, 53, 67, 70–

72). A prospective pilot study of the effects of bariatric

surgery on the risk of endometrial pathology in women
frontiersin.org
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undergoing laparoscopic RYGB identified a 6.8% preoperative

prevalence of occult hyperplastic endometrium, considered a

precursor lesion for endometrial cancer, upon biopsy. At one-

year follow-up, half of the patients with identified endometrial

hyperplasia had resolution (66).

Information about bariatric or metabolic surgery and cancer

has primarily been confined to retrospective or prospective

cohort studies. Although attempts have been made to parse

out cancer outcomes after bariatric surgery from randomized

controlled trials, the relative rarity of these studies, combined

with small sample sizes and short follow-up periods, has

limited their usefulness (73). Thus, a better understanding of

endometrial and other hormonally sensitive cancers, including

breast and prostate, is needed.
Bariatric surgery as a component of
endometrial cancer survivorship

More than half of women diagnosed with endometrial

cancer in the United States have a BMI >25 kg/m2 (74). It is

not surprising, therefore, that endometrial cancer survivors

are at risk for experiencing poor health outcomes such as type

2 diabetes mellitus, dyslipidemia, obstructive sleep apnea, and

cardiovascular morbidity and mortality (75). In women who

fail nonsurgical weight loss approaches, bariatric surgery has

been shown to reduce the incidence of obesity-related disease

and long-term all-cause mortality (76). Because of the

excellent cancer-specific outcomes and preponderance of

obesity-related complications, women with endometrial cancer

are more likely to die of cardiovascular disease and other

obesity-related illnesses than endometrial cancer itself (77).

This makes an endometrial cancer diagnosis a critical

teachable moment and emphasizes the importance of actively

managing the underlying issue of obesity in the endometrial

cancer survivorship period.

The endometrial cancer survivorship period begins at the

time of diagnosis and includes cancer treatment, management

of chronic or intermittent disease, and addressing end-of-life

care as needed. During this period, patients with endometrial

cancer develop close relationships with their gynecologist

oncologists. Therefore, it is an opportune time to address

approaches to weight loss as patients typically see their

oncologist on average at least every 3–12 months.

Endometrial cancer survivors report that it is acceptable for

their gynecologic oncologist to discuss weight loss strategies

(75). However, there are gaps in gynecologic oncologists’

practice patterns as it relates to weight loss counseling. Only

60% of gynecologic oncologists report feeling adequately

prepared to provide weight loss counseling and only 50%

actually provide it (78, 79). Furthermore, only 10% of

gynecologic oncologists report receiving formal training in

obesity management (78, 79). Importantly, women are more
Frontiers in Surgery 05
likely to accept a bariatric referral when it is offered early in

the course of endometrial cancer survivorship (75). Thus,

gynecologic oncologist visits offer an opportune juncture for

interventions focused on correction of metabolic disease,

and bariatric referrals are most likely to be acted upon when

offered early in the course of cancer care and treatment.
Bariatric surgery and endometrial
cancer treatment

As noted above, obesity plays a crucial role in endometrial

carcinogenesis, and an effective intervention has tremendous

potential for improving the overall health of endometrial

cancer survivors living with obesity. The standard treatment

for most early-stage endometrial cancers is hysterectomy,

using minimally invasive approaches when possible. This is

followed by adjuvant radiotherapy and/or chemotherapy as

needed. Unlike women who have healthy weight, women

with obesity experience significant intraoperative challenges

such as difficulty with optimal positioning, abdominal

insufflation, initial abdominal access, and tolerating steep

positioning (80). Thus, women with obesity are less likely to

undergo minimally invasive approaches and are at a much

higher risk for developing postoperative complications (e.g.,

wound infection, venous thromboses, and prolonged length

of stay (81)). As obesity rates continue to rise and

childbearing is increasingly deferred, growing numbers of

endometrial cancer may be found in women desiring

uterine preservation and progestin based therapies may be

appropriate (82). Bariatric surgery is effective in achieving

weight loss, restoring the hypothalamic–pituitary axis which

is deranged in many of these women, and optimizing

pregnancy outcomes (83). With the ability to use

conservative measures, like the levonorgestrel-releasing

intrauterine device (IUD) to buy time, there is tremendous

interest in utilizing bariatric surgery to help women lose

weight and reach their goals, whether that be candidacy for

a safer minimally invasive hysterectomy or optimizing their

chances at fertility and healthy pregnancy outcomes.

There is tremendous enthusiasm for employing bariatric

surgery early during cancer care. This has been

demonstrated to be feasible as a component of delayed

hysterectomy as women either pursue pregnancy or weight

loss to optimize themselves for a minimally invasive

hysterectomy (27). In one case, an adolescent patient

treated with the levonorgestrel-releasing IUD for fertility

preservation, bariatric surgery with sleeve gastrectomy was

employed and she subsequently reached normal body

weight and showed complete response to the IUD (84).

Another patient with obesity underwent bariatric surgery to

become eligible for hysterectomy after failing hormonal

treatment with the levonorgestrel-releasing IUD. She
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successfully lost ∼18% of her total body weight within 8

weeks of her laparoscopic sleeve gastrectomy and was able

to have an uncomplicated hysterectomy and bilateral

salpingo-oophorectomy for stage IA grade 1 endometrial

cancer (85). In a compelling series by Dyck et al., 6/9

women with endometrial cancer treated with VSG

experienced a regression of the tumor, suggesting that there

may be a therapeutic benefit to surgical weight loss (27).

Concurrent Roux-en-Y with a robotic hysterectomy,

bilateral salpingo-oophorectomy, and bilateral sentinel

lymph node biopsies in the setting of early-stage

endometrial cancer treatment has been reported; the

woman experienced a subsequent 30% total weight loss as

well as reduction in antihypertensive and antidiabetic

medication requirements (86). Coordination of these cases

is complex and requires both a multidisciplinary team and

a well-counseled and well-informed patient. Criteria for

optimal patient selection and long-term outcomes in larger

patient cohorts remain to be described.
FIGURE 2

Pembrolizumab mechanism of action. Pembrolizumab prevents PD-
1 binding and blocking T-cell and tumor cell interaction, allowing for
immune-mediated tumor cell destruction.
Bariatric surgery and novel
endometrial cancer therapies

Tremendous strides have been made in recent years with

regard to the treatment of advanced and recurrent

endometrial cancers, with new drug approvals and

therapeutic approaches in the immunotherapy, targeted

therapy, and hormonal therapy spaces. While enthusiasm

for bariatric surgery is likely to be limited to women with

early-stage disease with expected excellent cancer-specific

outcomes, this wealth of new information in the advanced

disease space offers the opportunity to refine our approach

to early-stage endometrial cancer. Many novel therapeutics

work on the same pathways that are altered with obesity

and surgical weight loss, which presents the possibility of

pivoting off these advances to improve an understanding

of how bariatric surgery might benefit women with

endometrial cancer.

KEYNOTE 158 showed a robust and durable response to

pembrolizumab for advanced mismatch repair deficient or

microsatellite instable endometrial cancer, and the FDA has

subsequently granted approval for treatment in this setting

(87, 88). Pembrolizumab is a humanized monoclonal antibody

that binds PD1 on T cells. Ligands on tumor cells interact

with PD1 to downregulate the immune response to the

tumor, but with immune checkpoint inhibition, this

interaction is blocked, resulting in T-cell recognition of the

tumor cell as “foreign” and subsequent antitumor immune

response (Figure 2) (89). Importantly, of the four molecular

types of endometrial cancers (POLE, mismatch repair

deficient, p53 abnormal, or no specific molecular profile),

most obese women are likely to be no specific molecular
Frontiers in Surgery 06
profile. These mismatch repair proficient endometrial cancers

do not show the same robust response to single-agent

immune checkpoint inhibition. However, pembrolizumab, in

combination with lenvatinib, a multiple tyrosine kinase

inhibitor, has activity and is an approved second-line therapy

in this setting (90). Everolimus is an mTOR kinase inhibitor.

It is believed that resistance to hormonal therapy for women

with endometrial cancer may be secondary to PI3Kinase

pathway activation and that mTOR kinase inhibition may

help overcome endocrine resistance. In fact, the combination

of everolimus and letrozole has yielded promising results in

women with advanced endometrial cancer (91). The addition

of metformin to everolimus and letrozole has also

demonstrated promise in this setting (92). Furthermore,

CDK4/6 inhibitors are being avidly explored in combination

with aromatase inhibitors in ER+ endometrial cancer with

some preliminary success (93).

Obesity is also associated with T-cell anergy and a state of

“inflammaging”, which is characterized by marked chronic

inflammation with an impaired immune response (94–97).

Some reports suggest an enhanced immune checkpoint

inhibition in patients with cancer and obesity (98),

suggesting that this immune dysfunction may be uniquely

targetable in this population. Bariatric surgery alters

immune cell counts, lipids, and oxidation products,
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FIGURE 3

Tyrosine kinase receptors involved in angiogenesis and cell
proliferation. Obesity promotes proangiogenic factors that act at
the receptor level. Cancer cells that are able to evade hormonal
resistance are proposed to do so through an activation of the PI3K
pathway, but MTOR inhibition can be used to overcome this.

FIGURE 4

Bariatric surgery as a targeted therapy for endometrial cancer ameliorati
endometrial cancer highlight critical pathways that may be in kind targeted e

Ross et al. 10.3389/fsurg.2022.943544
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generally shifting from a pro-inflammatory to an anti-

inflammatory phenotype (99, 100). In the series by Dyck

et al. that demonstrated a 66.6% rate of regression of

endometrial cancer after bariatric surgery, the authors also

reported that BMI was negatively correlated with CD8 T-cell

infiltration of the tumor (27). Furthermore, the addition of

lenvatinib seems to enhance the efficacy of immune

checkpoint inhibition, especially in the DNA mismatch

repair proficient population. Lenvatinib works as a multiple

kinase inhibitor acting on VEGFR 1–3 and FDGFR 1–4

among other receptors (Figure 3). One primary effect is the

inhibition of angiogenesis, the markers of which are also

reduced in bariatric surgery, variable with the amount of

weight lost (101). Obesity and chronic states of excess

insulin are implicated in carcinogenesis through the

PI3Kinase pathway and excess unopposed estrogen (102,

103). Increases in estrogen and insulin seen in women with

obesity lead to an activation of downstream PI3Kinase and

MAPKinase pathways through a phosphorylation of AKT

and ERK leading to increased cell proliferation and

inhibited apoptosis (104). Successful weight loss after

bariatric surgery is associated with reductions in aromatase

conversion of androgens to estrogen as well as alterations in

the mTOR and PI3K pathways (74, 105–108) (Figure 4).
on. Several novel advancements in targeted therapy for advanced
ffectively by bariatric surgery and successful weight loss.
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Conclusion

The link between obesity and endometrial cancer is clear

and obesity complicates and confounds our ability to offer the

best anticancer therapies to such patients. Most women with

endometrial cancer will do well from a cancer standpoint but

are at a very high risk of poor outcomes due to their obesity-

related complications. Recent advances in anticancer therapies

highlight actionable pathways such as T-cell response, anti-

estrogen, and mTOR manipulation and angiogenesis; these

very pathways may be therapeutically altered with bariatric

surgery and weight loss. Bariatric surgery is a safe and

effective treatment for obesity. We are therefore challenged to

consider and explore how and where bariatric surgery might

fit into the cancer treatment paradigm, particularly for early-

stage patients. We may be able to harness this powerful

intervention to prevent a progression of premalignant lesions

to cancer, bridge patients to a better endometrial cancer

surgery, effect better reproductive outcomes, prevent

secondary malignancies, lead to healthier survivorship, or

even produce swifter response or more durable endometrial

cancer outcomes. Early metabolic surgery, particularly gastric

bypass as it demonstrates the greatest risk reduction in

hormonal cancers, may represent a powerful targeted therapy

for patients with obesity and endometrial cancer. Well-

designed, prospective, and mechanistic studies are needed to

clarify the most appropriate candidates and time for bariatric

surgery in this population.
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