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Abstract

Breast cancer is the most common and second deadliest malignancy in women. With
rising obesity rates and building evidence for a strong association with obesity, the in-
cidence of breast cancer can be expected to increase. Weight loss reduces breast can-
cer risk, the mechanisms of which are still poorly understood. As an effective therapy
for obesity, bariatric surgery may be a powerful tool in breast cancer prevention and
treatment. This review details the potential physiologic mechanisms that may underlie
this association, as well as recently published studies that reinforce the link between
bariatric surgery and a reduction in incident breast cancer. The use of bariatric surgery
as an adjunct therapy in endometrial cancer also raises the potential for similar use in
select breast cancer patients. Despite the expanding potential applications of bariatric

surgery in this field, publications to date have been strictly observational, highlighting

INTRODUCTION

Breast cancer affects 1 in 8 women, making up 25.4% of all new
cancer diagnoses in women (1). In the United States (US), breast
cancer is the most common cancer diagnosed in females, after
nonmelanoma skin cancer, and is the second leading cause of
cancer-related death (2,3). An estimated 325,010 breast can-
cers were diagnosed in 2020, with 42,170 deaths attributable
to breast cancer (2). Worldwide 2.3 million new cases of breast
cancer were diagnosed in 2020, representing 11.7% of all can-
cer cases, making breast cancer the most commonly diagnosed
cancer (4).

Obesity is a chronic, multifactorial disease, defined as abnormal
or excessive accumulation of body fat resulting in decreased health
and life-span (5). The prevalence of obesity continues to rise; in the
US, an expected 50% of adults will have obesity, and 25% will have
severe obesity by 2030 (6). Between 1975 to 2016, the global prev-
alence of obesity quadrupled for men (3% to 12%) and doubled for
women (7% to 16%) (7). These alarming trends have no sign of abat-
ing, as the burden expands to additional populations, including rising
rates of severe obesity in childhood and in low- and middle-income
countries (7).

a need for future clinical trials.

Numerous observational cohort studies have now linked obe-
sity to an increased risk of multiple types of cancer (8,9). In their
landmark study, Calle et al. found that obesity in the US contrib-
uted to 14% to 20% of all cancer deaths (8). Worldwide, it is esti-
mated that 25% of all obesity-related cancers can be attributed to
the increase in BMI between 1982 and 2002, whereas in the US,
this number is a staggering 38% (10). The International Agency for
Research on Cancer attributed “increased body fatness” to 14 dif-
ferent cancers, including breast (11). Obesity increases the risk of
postmenopausal hormone receptor-positive breast cancer by 25%
to 35% (12). Women with obesity are not only more likely to develop
breast cancer, but they also are less likely to undergo screening and
are diagnosed at a later stage (13,14). Unsurprisingly, women with
obesity have worse overall- and breast-cancer-specific survival (15).
Given the interconnected nature of these diseases, if the current
pattern of population weight gain continues, breast cancer inci-
dence and mortality will continue to rise. Innovative approaches to
prevention, diagnosis, and treatment are needed for this growing,
high-risk population.

Bariatric surgery has emerged as the current gold standard treat-
ment for severe obesity. Bariatric surgery is also associated with a
decreased risk of cancer incidence in populations with obesity,
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although several studies have found this relationship was statisti-
cally significant only in women (16-21). Decreased breast cancer in-
cidence is an important contributor to this risk reduction. Thus, in
this review, we aim to clarify the relationship between obesity and
breast cancer and explore the potential role of bariatric surgery in
reducing this risk.

OBESITY AND BREAST CANCER

The association between obesity and elevated breast cancer risk
is well established. The Million Women Study from the UK, for
example, followed 1.2 million women aged 50 to 64 over a mean
of 5.4 years and found that of the 45,037 breast cancers during
that period, women with obesity had a nearly 30% higher risk of
developing postmenopausal breast cancer (risk ratio [RR] 1.29,
95% Cl: 1.22-1.36) than women without obesity (22). Similar re-
sults were seen in a meta-analysis of prospective studies assess-
ing BMI and breast cancer risk, which showed women with BMI
of 25, 30, and 35 kg/m2 had relative risks of breast cancer of
1.02 (95% Cl: 0.98-1.06), 1.12 (95% Cl: 1.01-1.24), and 1.26 (95%
Cl: 1.07-1.50), respectively, as compared with women within the
normal BMI range (23). This elevated risk is largely for postmeno-
pausal hormone receptor-positive breast cancer. There are mixed
results when looking at the link between obesity and premeno-
pausal breast cancer, with one study showing a decreased risk
of developing hormone receptor-positive breast cancer in these
patients (24,25). Other studies suggest premenopausal women
with obesity are at higher risk of developing triple-negative
breast cancer (24,26).

Women with obesity also tend to present with more advanced
disease and have worse breast-cancer-specific outcomes. In a sec-
ondary analysis of the Women'’s Health Initiative randomized clin-
ical trials, BMI > 35 was strongly associated with risk for larger
tumors (hazard ratio [HR] 2.12, 95% Cl: 1.67-2.69, p = 0.02), lo-
cally advanced or distant disease (HR 1.94, 95% Cl: 1.52-2.47,
p = 0.05), death related to breast cancer (HR 2.25, 95% ClI: 1.51-
3.36, p < 0.001), and deaths after breast cancer (HR 2.11, 95% Cl:
1.57-2.84, p < 0.001) (27). Similarly, a systematic review and meta-
analysis of 82 studies showed worse disease-specific and over-
all survival for women with obesity. The study included 213,075
women with breast cancer and reported 41,477 deaths overall with
23,182 breast cancer deaths. The relative risk of all-cause mortal-
ity for women with BMI > 30 was 1.41 (95% Cl: 1.29-1.53) and
for breast-cancer-specific mortality was 1.35 (95% Cl 1.24-1.47)
compared with women with BMI 18.5 to 25.0 kg/m2 (28). They also
noted that regardless of when the weight was ascertained, for each
5-kg/m?-increment increase in BMI, the risk of overall and breast-
cancer-specific mortality increased (28). Risk of distant recurrence
is also higher in women with obesity. In a large prospective cohort
study from Denmark, for example, women with obesity had a 46%
increased risk of distant recurrence after 5 to 10 years (HR 1.46,
95% Cl: 1.11-1.92) (29).

Study Importance

What is already known?

» Women with obesity are at increased risk for postmeno-
pausal estrogen receptor-positive breast cancer.

» Bariatric surgery has been associated with decreased
breast cancer risk in observational studies.

What does this review add?

» This review highlights new publications linking bariatric
surgery to decreased breast cancer incidence.

» The article discusses possible consequences of bariatric
surgery on mammography and breast cancer screening.

» Bariatric surgery is proposed as a preventive and adju-

vant therapy for breast cancer.

How might these results change the direction of
research or the focus of clinical practice?

» Providers will be able to better understand the potential
benefit of bariatric surgery for certain individuals, par-
ticularly those at high risk for breast cancer.

» We identify the need for a clearer understanding of the
underlying mechanisms that impact breast cancer risk
after weight loss and bariatric surgery.

» We call for a prospective clinical trial of bariatric surgery
as a risk reduction strategy in breast cancer.

DISPARITIES IN OBESITY AND BREAST
CANCER

Obesity disproportionately affects women, racial and ethnic mi-
norities, and individuals of lower socioeconomic status (30). Obesity
bias is highly prevalent both in the mainstream media and, unfor-
tunately, among medical providers (31). Obesity bias contributes
to individuals with obesity getting less routine medical care and
cancer screening. Breast-cancer-specific outcomes in women with
obesity are affected by a myriad of factors that may start as early
as delays in diagnosis. A retrospective review of women aged 50 to
69 showed that noncompliance with screening mammography was
higher in women with obesity, especially those with the highest BMI
and Caucasian women (32). A meta-analysis of 16 studies also found
that women age 40 and over with BMI > 25 were less likely to have
had a mammogram in the preceding 2 years compared with women
with normal weight (14).

Rates of obesity are highest among non-Hispanic Black women
(33). Non-Hispanic Black women often have higher BMI and higher
waist to hip ratios compared with Caucasian women, as well as el-
evated serum estrogen levels (31,34). Historically, rates of breast
cancer were higher in Caucasian women, but as the rate of estrogen
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receptor-positive (ER+) breast cancer increased, in large part be-
cause of increasing obesity prevalence, this increase was more rapid
in non-Hispanic Black women. This led to a convergence in breast
cancer rates between these two racial groups (35). The burden of
obesity-related breast cancer is amplified in non-Hispanic Black
women, who experience a 40% higher rate of breast cancer mor-
tality (30,36). Even with earlier stage breast cancer, which is highly
treatable, non-Hispanic Black women have more than a 30% higher
risk of dying compared with their white counterparts (36). Although
racial disparities in breast cancer are also multifactorial, one recent
study found that this risk, in part, can be attributed to a higher prev-
alence of obesity and related comorbidities in non-Hispanic Black

women (36).

MECHANISMS IMPLICATED IN OBESITY-
ASSOCIATED BREAST CANCER

Multiple cell mediators and signaling pathways have been investi-
gated in breast carcinogenesis. These mechanisms share a common
theme of systemic metabolic, hormonal, and immune alterations
producing a cellular microenvironment favorable to neoplasm de-
velopment. Researchers have implicated chronic inflammation, adi-
pokine signaling, metabolic dysregulation (hyperlipidemia, diabetes),
microbiome dysbiosis, and, most notably, steroid sex-hormone me-

diators in obesity-associated breast carcinogenesis.

Steroid sex hormones

A strong connection has been established between sex hormones
and postmenopausal breast cancer. Sex hormones are known to
influence behavior of breast tumors, because of the expression of
estrogen and progesterone receptors on the cell surface. Cumulative
estrogen exposure is a key risk factor for breast cancer develop-
ment, featured prominently in several risk prediction models (37).

Excess endogenous estrogen has been strongly implicated in
the link between obesity and breast cancer. Adipose tissue is the
primary extraglandular site of estrogen production as it contains
aromatase, the rate-limiting enzyme in the conversion of androgen
precursors to estrogens. The excess adiposity in individuals with
obesity is associated with increased activity and abundance of this
enzyme, promoting estrogen production (9). This may be particularly
true after menopause, as estrogen production ceases in the ova-
ries and peripheral androgen conversion becomes the predominant
source of endogenous estrogen (38). Estrogen levels are increased
in postmenopausal women with obesity, primarily in the bioavail-
able forms of estradiol and estrone (39). Concurrently, sex hormone
binding globulin (SHBG) is decreased, which contributes to increased
bioavailability (39).

Within the adipose tissue of the breast, sites of increased aroma-
tization have been histologically identified by clusters of dying adipo-
cytes surrounded by macrophages. These entities, called crown-like
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structures, occur with higher frequency in women with obesity (40).
These structures are associated with greater estrogen to androgen
ratios both in tissues and systemically (40). It is thought that by al-
tering local hormone levels, they contribute to pro-inflammatory and
carcinogenic pathways.

Circulating systemic estrogens primarily interact with the estro-
gen receptor (ER) of breast cells. Induction of ER signaling causes
proliferation and reduced apoptosis through multiple cell signaling
pathways involved in tumorigenesis (21,41). Activation of mitochon-
drial genes and intracellular mediation of transcription factors are
also influenced by the ER (41). Thus, estrogens induce not only the
initiation but also the promotion and propagation of carcinogenesis.
Furthermore, unstable quinone adducts are formed during estrogen
metabolism, which cause direct depurination and oxidative damage
to DNA (41).

Endogenous estrogen levels, particularly free estradiol, are as-
sociated with increased risk for postmenopausal breast cancer.
Several studies have examined the mediating effect of estradiol on
the risk of ER+ disease. The studies included women with BM| >25
who were postmenopausal and who had no prior exposure to hor-
mone replacement therapy. Investigators have estimated estradiol
accounts for 12% to 23.8% of the increased risk associated with
obesity (42,43). The association between sex hormone levels and
breast cancer has been reinforced by numerous studies demonstrat-
ing elevated relative risk in patients receiving exogenous hormone
replacement therapy (41).

Other female sex hormones, such as progesterone and pro-
lactin, likely have roles in breast carcinogenesis; however, their
role is not as well characterized, especially as it relates to obesity.
Progesterone increases proliferation of breast tissue. It stimulates
ductal side branching and alveolar formation in mammary epithe-
lium in conjunction with prolactin (44). The progesterone recep-
tor modulates activity of the ER in models of breast cancer (45).
Women who receive exogenous progestin compounds via hormone
replacement therapy are at increased risk of breast cancer, even
when compared with estrogen-only therapies (46). Androgens are
also increased in postmenopausal women with obesity, notably free
testosterone (39). Although elevated androgens are associated with
increased breast cancer risk in postmenopausal women, the effect
of obesity on this relationship has not yet been elucidated in the
literature (37).

Anti-endocrine therapeutics have been developed to mitigate
the pathologic effects of estrogen exposure in high-risk women.
Chemoprevention with use of selective estrogen receptor modu-
lators such as tamoxifen, as well as aromatase inhibitors (Als) such
as exemestane or anastrazole, has been shown to significantly re-
duce the risk of developing breast cancer in these high-risk women
through randomized controlled trials (47). The effects of these med-
ications in breast cancer risk reduction last well beyond the active
treatment period (47,48). Of note, women with obesity can display
resistance to Al medications (49). Aromatase resistance may itself be
potentiated by hyperinsulinemia, as demonstrated in a rodent model
(50).
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Women who are breast cancer gene (BRCA) mutation carriers
have a significantly higher lifetime risk of developing invasive breast
cancer and they are consequentially offered estrogen-reducing pro-
cedures (47). Bilateral risk-reducing mastectomy and bilateral risk-
reducing salpingo-oophorectomy can substantially reduce the risks
of both breast and ovarian cancer (47,48). Studies on prophylactic bi-
lateral risk-reducing salpingo-oophorectomy do not show a definite
benefit in terms of breast cancer risk reduction for postmenopausal
women; rather, it appears to be most beneficial for premenopausal
women with BRCA2 mutations (48). It is possible that premeno-
pausal women benefit most from this procedure as it affords the
greatest reduction in cumulative estrogen exposure for them over
time (48).

Insulin resistance, lipids, and metabolic syndrome

Insulin dysregulation is a hallmark of obesity-related metabolic
changes. Epidemiologic evidence suggests that dysregulation of in-
sulin and insulin resistance are linked to increased postmenopausal
breast cancer risk. In one study, women with type 2 diabetes were
found to have a 16% increased risk of breast cancer while control-
ling for BMI (51). In a meta-analysis of nine studies, “metabolic
syndrome” was associated with a 52% increased risk of postmeno-
pausal breast cancer (52). A later cohort study found that of all the
elements of metabolic syndrome, elevated blood glucose was most
strongly associated with increased risk of breast cancer in all women
regardless of menopausal status (HR 1.47, 95% Cl: 1.13-1.91) (53).
Similar results were determined in an analysis of women in the Third
National Health and Nutrition Examination Survey. Breast cancer
mortality was increased in women with enlarged waist circumfer-
ence (2100.9 cm) (HR = 3.5, 95% Cl: 1.14-10.51, p trend = 0.008) and
elevated blood glucose (2101 mg/dL) (HR = 3.2, 95% ClI: 1.11-9.20,
p trend = 0.03) (54). Women carrying a diagnosis of metabolic syn-
drome also have reduced disease-free and overall survival, as well as
increased breast-cancer-specific mortality (54,55).

Insulin and the related insulinlike growth factor (IGF) protein
family have both hormonal and mitogenic effects (56). Insulin is a
powerful growth factor that stimulates protein synthesis, whereas
IGF-1 inhibits apoptosis (56). Both have receptors in mammary tissue
and promote sex hormone synthesis (57). Additionally, IGF-1 inhibits
hepatic synthesis of SHBG, increasing the bioavailability of estrogen
(37).

Hyperinsulinemia is thought to act pathologically on breast can-
cer cells. Insulin is known to generate cell proliferation in breast can-
cer cells in vitro, and insulin levels were positively associated with
breast cancer risk in a large case-cohort study (57,58). High fasting
insulin and C-peptide are associated with worse prognosis in early
stage breast cancer (56,59). This association is stronger in women
with type 2 diabetes and those with ER+ disease (59). However,
mixed results have been found between IGF-1, its related binding
proteins (IGFBP-1, IGFBP-3), and breast cancer (60-62). Krajcik et al.
reported that IGF-1 and IGFBP-3 were associated with increased

risk of breast cancer in premenopausal women (60). Schernhammer
et al. found IGF-1 was associated with premenopausal risk, but not
IGFBP-3 (62). However, a later study by Schernhammer et al. demon-
strated no significant associations with premenopausal breast can-
cer (61). None of the IGF studies has demonstrated increased risks
for postmenopausal patients. Interestingly, expression of the insulin
receptor and activated IGF receptor is each independently associ-
ated with worse survival (63,64).

Lipid dysregulation has also been implicated in breast cancer
risk, although results are mixed. High cholesterol is a risk factor for
the onset of breast cancer and it is associated with poor prognosis
(65). Interestingly, treatment with cholesterol-lowering medications
is not associated with reduced breast cancer risk but it may be pro-
tective against breast cancer recurrence (65). A recent study using
The Surveillance, Epidemiology, and End Results (SEER)-Medicare
database reported that statin use improved breast-cancer-specific
and overall survival in women with triple-negative breast cancer
(66). At least two studies have demonstrated a correlation between
high-density lipoprotein (HDL) and risk of breast cancer, but only
one of them demonstrated the same with low-density lipoprotein
(67,68). Using preoperative serum lipid profiles, Li et al. identified
associations with breast cancer; low triglyceride was associated with
worse disease-free survival and low levels of HDL with worse over-
all survival (69), although the design of this multivariate model was
recently questioned (70). Further investigation is needed to better
elucidate the possible association between serum lipids and breast

cancer.

Chronic inflammation and adipokines

Adipose tissue is an active metabolic and endocrine organ, present
in the breast as well as peripheral and visceral tissue. Adipose tissue
exerts biological effects through its primary cell, the adipocyte (8).
Obesity is thought to cause dysregulated adipocyte activity, which
may promote inflammation as well tumorigenesis (71). Adipocytes
have been shown with both in vitro and in vivo studies to induce pro-
liferation, migration, and invasion of breast cancer cells (24,71-74).

Cellular mediators, known as adipokines, are secreted by adipo-
cytes, and they include various growth factors, hormones, and cyto-
kines (24,75). Adipokines can alter components of gene expression
and apoptosis. Obesity increases certain adipokine levels, notably
leptin, resistin, and visfatin. Leptin has been shown to have pro-
tumorigenic effects and it is associated with increased risk of breast
cancer in multiple studies (76,77). Elevated resistin and visfatin lev-
els also are associated with increased breast cancer risk and worse
survival (78,79). Adiponectin, an adipokine that is downregulated in
obesity, possesses insulin-sensitizing properties and has antiprolif-
erative effects on breast epithelial cells (80). Adiponectin is inversely
associated with breast cancer risk (80).

Adipokine mediation and cell signaling are affected by chronicin-
flammation secondary to obesity. Excess energy intake leads to adi-
pocyte hypertrophy and hyperplasia, which cause mechanical stress
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and relative hypoxia, resulting in an increased inflammatory milieu
(81). Breast cancer patients with obesity have been shown to have
raised levels of tumor necrosis factor-alpha (TNF-a), IL-6, and IL-18,
associated with worsened outcomes (24,82-84). TNF-a is correlated
with stage of disease and lymph node metastases (84). Although IL-6
has several complex roles in the tumor microenvironment, systemic
levels are thought to be reflective of tumor burden and to correlate
with clinical disease stage, nodal metastases, and poor prognosis in
these patients (82,84). Elevated IL-1p was found in 90% of invasive
breast carcinomas, and levels were significantly higher when com-

pared with ductal carcinoma in situ and benign lesions (83).

Microbiome dysbiosis

The human body is host to trillions of microbial cells, termed the
microbiome, the vast majority of which reside in the gastrointestinal
tract. With the introduction of advanced sequencing techniques sci-
entists are increasingly able to characterize the human microbiome,
which is implicated in disease, including cancer. Obesity is associated
with an altered microbiome, with decreased microbial diversity and
increased pathologic species, often termed “microbiome dysbiosis”
(85). The obesity-associated changes in the gut microbiome are im-
plicated in multiple cancers (86). The microbiome can fuel carcino-
genesis by stimulating host cells to proliferate, disturbing apoptosis,
modulating the immune response, and altering the metabolism of
ingested nutrients (87).

There is evidence that breast cancer is associated with microbi-
ome dysbiosis. Studies of the fecal microbiota of women with cancer
compared with healthy controls have demonstrated altered compo-
sition and reduced diversity (88). One of the vital functions of the
microbiome is to regulate the level of steroid hormones in the body,
notably estrogen excretion and reabsorption via bacteria enzymatic
activity. Deconjugation of estrogen and its metabolites by specific
bacterial enzymes allows for increased resorption of estrogen via
enterohepatic circulation (86). Flores et al. found that fecal micro-
biome richness was strongly correlated with systemic estrogens
and that it could be attributed to specific microbial taxa (89). Thus,
the altered microbiome composition seen with obesity may play a
role in elevated systemic estrogen levels based on altered estro-
gen metabolism and resorption. The microbiome is a rapidly evolv-
ing field, which may prove to have both diagnostic and therapeutic

implications.

WEIGHT LOSS AND BREAST CANCER RISK

The biological mechanisms associated with increased breast cancer
risk in populations with obesity are potentially modifiable by weight
loss. The association between weight change and breast cancer has
been extensively reported in the literature. Obesity and weight gain
in adulthood are associated with higher incidence of postmenopau-
sal breast cancer (90). Studies of weight loss and overall cancer risk
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have had mixed results. In the Look AHEAD trial, the largest rand-
omized trial of an intensive behavioral modification for weight loss
in diabetes, after 8 years of follow-up, the intervention group lost
4.7%, and the usual care group lost 2.1% (91). A secondary analysis
of this study found a trend toward decreased cancer risk, but the
difference was not statistically significant (92). The lack of difference
may reflect a small effect size as both groups lost weight, but the dif-
ference in weight loss was small.

Other epidemiologic cohort studies of weight loss have indeed
reported decreased risk of breast cancer in postmenopausal women
with decreased weight or with weight maintenance during adulthood
(93,94). This benefit can be seen with even 5 Ib of weight loss. The
Pooling Project of Prospective Studies of Diet and Cancer (DCPP)
evaluated survey data from 180,885 women with mean follow-up of
8.3 years. A linear relationship was found between weight loss and
decreased breast cancer risk (>2 to 4.5 kg HR = 0.82, 95% Cl: 0.70-
0.96; >4.5 to <9 kg HR = 0.75, 95% Cl: 0.63-0.90; 29 kg HR = 0.68,
95% Cl: 0.50-0.93) (94). Of note, this study did not include a weight
loss intervention.

In postmenopausal women with BMI >25 kg/m?, weight loss
is associated with changes in serum biomarkers that may reflect
decreased cancer risk. Levels of estradiol, testosterone, insulin, C-
reactive protein, and leptin are reduced, whereas serum adiponectin
and SHBG are increased (95,96). Characterization of the metabolic
and hormonal changes seen in patients with breast cancer and obe-

sity may aid early detection strategies.

BARIATRIC SURGERY AND BREAST CANCER
RISK

Multiple bariatric surgery cohorts have demonstrated a reduced risk
of cancer compared with control groups with obesity (Table 1). In
multiple studies, this effect has been statistically significant only in
women. Of note, one of the most common cancers observed in these
studies was breast cancer, and bariatric surgery has been associated
with reduced breast cancer risk in several studies (17,21,97-102).
Christou et al. was one of the first studies to describe a re-
duced cancer risk after bariatric surgery (17). Breast cancer was
the most common cancer and it was reduced in the post-bariatric
surgery group by more than 80% compared with the control group
(OR -0.17, 95% Cl: 0.098-0.311, p < 0.001) (17). Schauer et al.
conducted the largest cohort study of cancer risk and bariatric
surgery, examining 22,198 surgical patients and 66,427 matched
nonsurgical controls using multi-institutional data from the Kaiser
Health system. They reported a 40% reduction in breast cancer
in the bariatric surgical group compared with controls (HR 0.58,
95% Cl: 0.44-0.77, p < 0.001) (18). Two studies using a national
population-based cohort in the UK have found significant re-
ductions in breast cancer risk among women who had bariatric
surgery (97,100). Of note, two other important bariatric surgery
studies examining cancer incidence have found a nonsignificant

reduction in breast cancer. The Swedish Obese Subject Study
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BARIATRIC SURGERY AND BREAST CANCER

(SOS), the longest prospective, long-term study of bariatric sur-
gery, unexpectedly found cancer was the most common cause of
death, despite the fact that cancer was not a predefined end point.
Breast cancer incidence was reduced in the post-bariatric group,
but the result was not statistically significant (HR 0.75, 95% ClI:
0.51-1.10) (103). In a retrospective cohort study of patients who
underwent Roux-en-Y gastric bypass (RYGB) in Utah, breast can-
cer was the most commonly reported cancer, but there was not a
statistically significant difference in incidence between the sur-
gery and control group (16).

Tsui et al. recently published the incidence of female-specific
(breast, endometrial, ovarian) cancers from the New York
Statewide Planning and Research Cooperative System database
(21). The surgical group consisted of 55,781 female bariatric sur-
gery patients and it was matched with 247,102 nonsurgical con-
trols. Incidence of breast cancer was lower in the surgical group
(834 [1.50%] vs. 4,313 [1.75%], p < 0.0001). When stratified by
operation, incidence after gastric band was 1.37%, RYGB 1.02%,
and sleeve gastrectomy (SG) 0.82% (p = 0.0003) (21). An import-
ant limitation of this database study is the inability to determine
menopausal status.

Systematic reviews and meta-analyses evaluating the risk of
breast cancer after bariatric surgery have reported similar find-
ings. Lovrics et al. pooled results from a total of 11 studies, includ-
ing 1,106,939 patients, and found a 50% reduced risk of breast
cancer following bariatric surgery (RR 0.50, 95% Cl: 0.37-0.67)
(104). Interestingly, the risk reduction was predominately in higher
stage groups (Il to 1V), and bariatric surgery patients had higher
risk of stage | disease (RR 1.23, 95% Cl: 1.06-1.44), suggesting a
tendency for diagnosis at an earlier stage in the surgical group
(104). Earlier stage disease in the surgical group could suggest
that women in bariatric surgery programs may receive more pre-
ventive health screening. The results were unchanged in several
sensitivity analyses, including when controlling for age. In their
systematic review, Winder et al. found bariatric surgery reduced
the incidence of breast cancer by 44% including data from eight
different studies (OR 0.564, 95% Cl: 0.453-0.702) (105). However,
the authors concluded that because of heterogeneity, their ran-
dom effects model was more appropriate and did not reach statis-
tical significance. A systematic review by Ishihara et al. of breast,
ovarian, and endometrial cancers, which included seven studies,
found that breast cancer risk was reduced by 49% in patients who
had bariatric surgery (106).

In the case of premenopausal breast cancer, the effect of
obesity is somewhat more controversial. Epidemiology studies
suggest that obesity is associated with a reduced risk of premeno-
pausal breast cancer (107,108). However, bariatric surgery cohorts
challenge this theory. The Kaiser Health research team conducted
a breast-cancer-specific analysis of their large, matched cohort
(109). They identified 700 women with breast cancer, and those
who had bariatric surgery had a 37% reduced risk compared with
the nonsurgical group (HR 0.63, 95% CIl: 0.52-0.76, p < 0.001).
Interestingly, among both pre- and postmenopausal women,
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bariatric surgery was associated with a reduced risk of breast can-
cer. Premenopausal women had approximately a 30% reduced risk
of breast cancer (HR 0.72, 95% Cl: 0.54-0.94, p = 0.02), and post-
menopausal women had a nearly 50% reduced breast cancer risk
(HR 0.55, 95% Cl: 0.42-0.72, p < 0.001). The risk reduction was
even greater when only postmenopausal ER+ cases (HR 0.52, 95%
Cl: 0.39-0.70, p < 0.001) and premenopausal ER- cases (HR 0.36,
95% Cl: 0.16-0.79, p = 0.01) were considered.

Male patients are notably absent in the literature on bariatric sur-
gery in breast cancer. Although the pathophysiology of male breast
cancer is less well understood, a sex hormone imbalance is thought
to exist. Tumors in male patients are most often hormone receptor-
positive (110). Bariatric surgery may be uniquely advantageous in
this population. Male estrogen production is predominantly from
the conversion of androgens by aromatase (111). Thus, reduction in
adipose tissue after bariatric surgery may aid in reducing estrogen
levels as is posited with postmenopausal breast cancer in females.
Further investigation is warranted to determine the utility of bar-
iatric surgery in male patients with increased risk for breast cancer,
such as those who carry BRCA2 mutations. Also, surgical interven-
tion may be preferable to therapies like tamoxifen and Als, which
have unfavorable adverse effects in male patients. Als secondarily
alter androgen levels, and tamoxifen is associated with decreased
libido, erectile dysfunction, and cardiovascular disorders in male
breast cancer patients (111).

Studies specifically evaluating breast cancer incidence after bar-
iatric surgery have consistently demonstrated an association but not
causation. Taken together though, these studies do satisfy several of
Bradford Hill’s criteria for causality, including biological plausibility,
strength of association, temporality, and consistency across multi-
ple studies. However, these studies have limitations. First, they are
observational in nature, and most are retrospective. Studies using
large databases may not include important clinical information, such
as menopausal status or type of breast cancer. Finally, there may be
selection bias, in which healthier patients are more often referred
for bariatric surgery. The retrospective, observational nature of prior
studies makes it difficult to elucidate the physiologic mechanisms
underlying decreased breast cancer risk.

Discovering a possible causative effect for reduced breast cancer
incidence after bariatric surgery requires additional research. To de-
termine if there is an independent effect of surgery beyond weight
loss, there is a need for prospective studies of breast cancer risk
comparing women with obesity who undergo either bariatric sur-
gery or medical weight management. It will be important to assess
whether there is a threshold effect or dose-response relationship
between breast cancer risk reduction and weight loss. Moreover, de-
termining if different bariatric surgery procedures affect breast can-
cer risk independent of weight loss will be integral. Biological studies
evaluating changes in serum sex hormones, hyperinsulinemia, in-
flammatory markers, and gut microbiome after bariatric surgery are
needed to better understand how physiologic alterations induced by
surgery might affect cancer risk. Animal models of bariatric surgery
represent an untapped resource in the study of obesity-associated
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cancer. Ultimately, for women with obesity at increased risk of
breast cancer, development of a reliable noninvasive biomarker(s)
would be paramount for early detection, comparing interventions,

and measuring treatment effects.

BARIATRIC SURGERY AS AN ADJUNCT
THERAPY IN BREAST CANCER

Aside from its potential for reducing therisk of incident breast cancer,
bariatric surgery has been hypothesized to be a favorable adjuvant
treatment modality. Obesity management is an important considera-
tion in the adjuvant setting, given an association with higher rates
of metastatic disease, recurrence, and mortality (15,112). There are
several possible causes for these associations. First, women with
obesity may present with more advanced disease, given that they
are less likely to undergo mammographic screening (14). Second,
women with obesity and ER+ tumors are also more likely to have
a second primary breast cancer (113). Additionally, upregulation of
obesity-related hormones may lead to a more biologically aggressive
tumor. In one study, breast cancer patients with obesity were 46%
more likely to develop distant metastases and 38% more likely to
die of their disease (29). Finally, patients with obesity are more likely
to be underdosed with traditional chemotherapy agents and be re-
sistant to Al therapy (49,114). In some cases, they may be unable
to receive chemotherapy in the first place because of preexisting
comorbidities (15).

The favorable metabolic changes following bariatric surgery may
conceivably enhance long-term outcomes. A recent retrospective
study from Minnesota evaluated 13 patients who underwent lapa-
roscopic RYGB or laparoscopic SG after being diagnosed with early
stage (I/11) breast cancer (112). Median follow-up was 11.7 years fol-
lowing their cancer diagnosis and 5.3 years after bariatric surgery.
Only 1 patient (7.7%) experienced a recurrence in this interval, which
the authors note is lower than would be expected. The authors do
note that the single recurrence happened within a month of bariatric
surgery and was associated with a BRCA2 mutation, commenting
that it is unlikely that weight loss would have been beneficial in this
scenario. This study is limited by a small sample size, lack of ad-
vanced stage disease, and no comparator group. Nevertheless, it is
suggestive of a possible therapeutic role for bariatric surgery in the
adjuvant setting. How a possible risk reduction from surgery may
compare with current adjuvant therapies is not yet known. Women
receiving a selective estrogen receptor modulator in the adjuvant
setting experience an estimated 31% reduction in mortality (115).

Bariatric surgery has already been explored as an adjunct for
patients with endometrial cancer. Similar to breast cancer, there is
a strong association between obesity and risk of endometrial car-
cinoma (116). Bariatric surgery has been shown to dramatically re-
duce the risk of the disease and also reverse atypical hyperplasia
(117). Although it is unclear if bariatric surgery could have a similar
benefit for premalignant lesions in breast cancer, this remains an

intriguing hypothesis. Endometrial cancer is often diagnosed at an

early stage and associated with favorable prognosis to such an ex-
tent that comorbidities drive survival. Thus, a recent case report de-
tails a robotic-assisted hysterectomy with concurrent laparoscopic
RYGB in an effort to increase long-term survival (118). Another case
report describes a young female with BMI 95 kg/m? who was diag-
nosed with endometrial cancer but was thought to be unsuitable for
surgical management. Instead, she underwent laparoscopic SG with
substantial resultant weight loss and was later able to successfully
have her definitive cancer operation (119). Future investigations are
warranted to determine if there should be analogous roles for bariat-
ric procedures in breast cancer.

National quality and patient safety efforts have drastically im-
proved safety and effectiveness of bariatric surgery. With less than
1% of eligible patients being referred for surgery, it is important to
increase awareness of this effective therapy. Bariatric surgery has
therapeutic potential, both as a prophylactic and adjuvant therapy,
in women with obesity who are at higher risk for breast cancer de-
velopment and worse breast cancer outcomes. Future research is
needed to determine which patients would benefit most from bar-

iatric surgery in the prevention and treatment of breast malignancy.

MAMMOGRAPHY IN BARIATRIC SURGERY
PATIENTS

Women with obesity are known to be less likely to undergo breast
cancer screening than women of normal weight (13,14). Being en-
rolled in a bariatric program may improve breast cancer screening, as
preoperative age-appropriate cancer screening is recommended by
the American Society for Metabolic and Bariatric Surgery (120). By
identifying previously undetected lesions or even initiating surveil-
lance for radiographically suspicious lesions, women have an oppor-
tunity for earlier recognition and treatment.

As many bariatric surgery practitioners encourage breast cancer
screening for their patients preoperatively, selection bias may be in-
troduced when evaluating the protective effect of these procedures
on breast cancer risk. Patients who have a breast cancer detected
during preoperative screening may then not undergo bariatric sur-
gery, leading observational studies to detect fewer breast cancers
in surgery groups. However, certain evidence offsets this bias. First,
there is room for improvement in preoperative screening policies.
In response to a survey of preoperative screening practices, 49% of
surgeons (n = 274) did not require mammograms prior to surgery
(121). Second, society guidelines for preoperative screening mam-
mography have been more recent (2020), and these historic cohorts
are unlikely to have been impacted by such practices, as practice
patterns assuredly lag behind policy (120). These observations un-
derscore the need for prospective studies that control for screening
practices.

The effects of bariatric surgery and weight loss on the efficacy
of mammograms is less clear. Increased breast density decreases the
sensitivity of mammography, reducing neoplasm detection (122).
Obesity and breast density are both independent risk factors for
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breast cancer; however, obesity is inversely related to breast den-
sity (123). Following the weight loss seen in bariatric surgery, the
decrease in breast adipose volume has been shown to be more
substantial than that of fibroglandular volume, leading to an overall
increase in volumetric breast density (98). Despite this quantitative
difference, there was no difference in Breast Imaging Reporting and
Data System score before and after bariatric surgery. Potential in-
creases in breast density would be thought to confer a paradoxically
greater risk of breast cancer for bariatric surgery patients. However,
the authors comment that absolute decreases in fibroglandular
volume may be responsible for risk reduction after weight loss, as
proliferation of glandular tissue is hormonally mediated and breast
cancer is a neoplastic process of the mammary glands rather than

adipose tissue.

CONCLUSION

The incidence of obesity is increasing both in the US and globally.
Breast cancer is the most frequently diagnosed cancer, and obe-
sity is a well-established risk factor. As the public health burden of
obesity grows, strategies to mitigate the risk and alleviate the con-
sequences of breast cancer are imperative. Bariatric surgery is an
efficacious weight loss treatment and it has been associated with
decreased risk of breast cancer in several recent studies. The under-
lying mechanism of reduced breast cancer risk after bariatric surgery
remains an unanswered question. Ideally, future treatment of obe-
sity would focus on individual risk profiles and expected response to
treatment. Bariatric surgery as a risk mitigation strategy in women
at high risk for breast cancer and surgical weight loss to improve
survivorship in women with obesity and breast cancer are important
research targets. Future investigations are needed to better eluci-
date the role for bariatric surgery in the prevention and treatment

of breast cancer.O
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