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Abstract: Obesity is second only to tobacco as a preventable cause of cancer in the US. By multifactorial 
and often additive mechanisms, obesity leads to the development and promotion of 40% of the cancers 
diagnosed in this country, including post-menopausal breast, endometrial, colorectal, kidney, liver and 
pancreatic cancers, among others. Though prevention of obesity should be the ultimate goal of thoughtful 
and effective healthcare practices, it remains a highly prevalent condition, and morbid obesity (BMI 
≥40 Kg/m2) can be refractory to lifestyle interventions in many cases. Currently bariatric surgery is an 
effective treatment strategy for individuals who suffer from morbid obesity or obesity with associated co-
morbidities and fail to lose weight under a medically supervised diet and exercise program. The current 
review addresses seminal studies that have investigated the potential cancer prevention effects of bariatric 
surgery, demonstrating a positive impact mostly in post-menopausal breast and endometrial cancers. The 
controversial association between bariatric surgery and increased colorectal cancer (CRC) risk is also 
recognized and discussed. Finally, while bariatric surgery should not be routinely recommended as a cancer 
prevention strategy, it has the potential to decrease the risk for certain types of cancers as a collateral 
beneficial effect. 
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Introduction

The obesity pandemic continues to expand on a worldwide 
basis, bringing with it multiple comorbidities including 
metabolic syndrome, type 2 diabetes mellitus (T2DM), 
cardiovascular disease and multiple forms of cancer. The 
International Agency for Research on Cancer has recently 
identified 13 malignancies with sufficient evidence for them 
to be identified as obesity associated cancers (OACs) (1). 
These OACs include post-menopausal breast, colorectal, 
kidney, endometrial, thyroid, pancreas, liver, gastric cardia, 
meningioma, ovary, esophageal adenocarcinoma, gall 
bladder and myeloma. Several other malignancies including 
high-risk prostate cancer, especially in African American  

men (2) non-Hodgkin’s lymphoma and melanoma have also 
been associated with obesity (3). 

On a world-wide basis, obesity affects more than  
110 million children and 640 million adults (4,5). When 
combined with its precursor, overweight and obesity are 
estimated to affect two billion people around the world (6). 
If current trends continue, the world-wide prevalence of 
obesity is predicted to reach 18% in men and exceed 21% 
in women by 2025 (4). 

The U.S. Center for Disease Control and Prevention 
(CDC) has indicated 40% of cancers diagnosed in the US 
since 2014 were associated with overweight and obesity. 
Obesity is responsible for 20% cancer deaths in women and 
14% in men (3). In addition, recent studies indicate that 
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obesity and obesogenic diets accelerate the development 
of OACs, contributing to their alarming increase in young 
adults less than 50 years of age (7) and a shift in cancer 
burden and financial hardship in patients under 65 (8,9).

Mechanisms by which obesity promotes cancer

Obesity promotes and accelerates cancer development and 
growth by multiple mechanisms (10,11) (Figure 1). While 
adipose tissue was once considered to simply provide storage 
for energy rich lipid reserves, to be released in time of 
energy needs, it has become clear it can actually function as 
a mediator of multiple metabolic and inflammatory signals 
(12,13). Expanding adipose tissue contributes to increased 
circulating adipokines, including leptin, retinol binding 
protein 4, resistin and visfatin (14), each of which has been 
shown to stimulate tumor growth. Adipokines released from 
adipose tissue contribute also to metabolic syndrome and 
T2DM leading to increased insulin and IGF-1, which in 
turn, promote tumor growth (14). The enzyme aromatase, 
responsible for converting androgens to estrogens, resides 
in adipose tissue and is increased in obesity, thereby 
increasing circulating estrogen levels (15). Expanding 

adipose tissue has been noted to harbor increased crown-
like structures, composed of dying adipocytes surrounded 
by inflammatory cells, which are responsible for elevated 
levels of inflammatory cytokines, including IL-1, IL-6,  
IL-8, TNFα, and others, all of which, can contribute to 
cancer pathogenesis. Adipose tissue inflammation promotes 
generation of reactive oxygen species, which may contribute 
to mutagenic changes. Obesity and obesogenic diets 
also foster changes in intestinal microbiota, which may 
contribute to tumor promoting metabolites. Moreover, 
recent studies have demonstrated that obesity induces 
epigenetic changes that may have long-lasting cancer 
promoting effects (16,17). 

The multiple pathways by which obesity promotes 
cancer, contributes to the great difficulty in disrupting the 
obesity-cancer linkage with a single or focused targeted 
approach (10). Accordingly, maintenance of normal weight 
or weight reduction in overweight/obese individuals is 
required to reduce the cancer promoting impact of obesity.

Lifestyle modification to affect intentional weight loss 
reduction in morbidly obese patients, has been shown 
to normalize circulating cancer risk factors including 
estrogens, insulins, IGF-1 and inflammatory cytokines 

Figure 1 Mechanisms of cancer promotion by obesity.  

M

M

M

C
C

C

G
G

G
T

T

A

A

Inflammatory cells

Adipocytes

 Leptin

 Retinol Binding Protein 4

 Resistin

 Visfatin

Insulin 

IGF 1

Epigenetic

changes

IL-1

IL-6

IL-8

TNF-a

Reactive oxygen species

Dying adipocytes

Aromatase
Androgens Estrogens

Adipocytes

Intestinal Microbiota

Type 2 DM 

Cancer 



Annals of Translational Medicine, Vol 8, Suppl 1 March 2020 Page 3 of 15

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2020;8(Suppl 1):S13 | http://dx.doi.org/10.21037/atm.2019.09.26

Table 1 Current relevant bariatric surgical interventions

Procedure Intervention type Pros Cons

Laparoscopic  
sleeve vertical  
gastrectomy (LSVG)

Restrictive Rapid and significant weight loss (up to 70%) 
—better than LAGB but less than RYGB

Irreversible 

Improvement of most metabolic and  
cardiovascular disorders (Type 2 DM and  
hypertension)

Staple line leaks can occur and  
complicate with infections

May be used as the first of a 2-step procedure in the 
“super obese”

High rates of weight regain 

No significant nutritional deficiencies Dyspepsia and gastroesophageal reflux 
(GERD)

Roux-en-Y gastric 
bypass (RYGB)

Restrictive/ 
malabsorptive

Steady and dramatic weight loss Irreversible 

Ameliorates/corrects all metabolic and  
cardiovascular complications from obesity

High post-operative complications rate 

Sustained long-term weight loss with most  
patients maintaining 50% initial weight loss

Staple line leaks can occur and lead to 
infection

Malabsorption of vitamins and minerals 
leading to anemia, osteoporosis

Protein malnutrition

Dumping syndrome when eating high  
sugary/refined carbohydrates 

Gallstones due to rapid weight loss

Table 1 (continued)

(18,19). Behavioral modification to decrease energy intake 
through diet control and increase energy expenditure 
through exercise seem to be simple solutions to the 
problem. Nonetheless, there have been limited controlled 
trials to demonstrate whether behavioral modification 
can reduce cancer risk. In fact, the continued increase 
in obese individuals on a worldwide basis demonstrate 
the refractoriness of this problem. Use of pharmacologic 
interventions have also not resulted in meaningful obesity 
control on an individual or population basis (20). In 
contrast, bariatric surgery has been shown to be the most 
effective approach to achieve significant and sustained 
weight loss (21,22). 

Bariatric surgery criteria and approaches

To qualify for bariatric surgery and receive healthcare 
coverage, patients are generally expected to meet the 
following criteria (23,24): 

(I)	 BMI ≥40 kg/m2;
(II)	 BMI ≥35 kg/m2 or 100 pounds overweight, with 

at least one or more obesity-related comorbidities. 
These may include T2DM, hypertension, non-
alcoholic fatty liver disease, cardiovascular diseases 
and/or others. However, patients with OACs as 
well as non-OACs are generally excluded;

(III)	 inability to achieve weight reduction, despite a 
medically supervised program of diet and exercise;

(IV)	 elimination of other treatable medical causes 
of obesity, such as adrenal, pituitary or thyroid 
disorders.

Types of bariatric surgery

There are currently many different types of weight loss 
surgical procedures available. In Table 1 and Figure 2 we 
provide an “at-a-glance” description of the most commonly 
performed surgeries, their advantages and complications. 
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Table 1 (continued)

Procedure Intervention type Pros Cons

Laparoscopic 
adjustable gastric 
banding (LAGB)

Restrictive Least invasive Higher failure rates

Low morbidity, quick recovery Less weight loss

Potential same-day discharge Requires placement of foreign device

Reversible Band slippage, erosion and port infec-
tion are potential complications

Reasonable option for obese adolescents 

Lowest risk for vitamin and mineral deficiencies Overeating can lead to iatrogenic  
pseudoachalasia 

Can improve metabolic and CV parameters Highest rate of re-operation 

Biliopancreatic  
diversion with  
duodenal switch 
(BPD/DS)

Restrictive/ 
malabsorptive

Used for BMI >50 (“super-obese”) Irreversible

Excess weight can be reduced by up to 80% Most technically challenging 

Ameliorates/corrects all metabolic and CV  
complications from obesity

Highest post-operative complications 
rate

Patients most likely return to normal meals after  
recovery 

Staple line leaks can occur and lead to 
infection

Malabsorption of vitamins and minerals 
leading to anemia, osteoporosis, etc.

Dumping syndrome when eating high  
sugary/refined carbohydrates 

Gallstones due to rapid weight loss

Staple line leaks can occur and lead to 
infections

Intragastric balloon 
(IGB)

Restrictive Reversible Temporary 

Temporary Leads to minimal weight loss

Does not involve incisions or surgery Balloon can leak, burst and cause  
bowel obstruction 

GERD

Omega-loop gastric 
bypass (OLGB)

Restrictive/ 
malabsorptive

Excess weight can be reduced by approximately 80% Irreversible

No second anastomosis of the biliopancreatic limb 
(reason why called “mini-gastric bypass”

Liver enzyme elevation

Ameliorates/corrects all metabolic and CV  
complications from obesity 

GERD

Malabsorption of vitamins and minerals 
leading to anemia, osteoporosis

Bariatric surgery for weight loss, metabolic & 
cardiovascular disorders

Bariatric surgery has now been demonstrated to be a highly 
successful and cost effective approach for control of morbid 
obesity and many of its consequences. It is however major 

surgery and requires a lifelong commitment to post-surgical 
management. Nonetheless, it is estimated that more than 
228,000 bariatric surgical procedures are performed on an 
annual basis in the US and more than 580,000 in the world 
(25,26). 

In  the Swedish Obese Subjects  (SOS) Tria l ,  a 
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prospectively matched surgical intervention study, 2,010 
obese patients (1,420 women, 590 men) who underwent 
bariatric surgery were compared prospectively to 2,037 
controls (1,447 women, 590 men) who received conservative 
medical treatment (21,27). Bariatric surgery consisted 
of either banding (adjustable or non-adjustable), vertical 
banded gastroplasty or gastric bypass. The surgical patients 
showed superior results for maximal weight loss achieved 
over first 2 years and sustained weight reduction maintained 
over 15–20 years. Both initial and sustained weight loss was 
greatest for gastric bypass. Patients undergoing bariatric 
surgery compared to non-surgical controls had higher 
remission rates for T2DM, were less likely to develop  
de novo T2DM, experienced fewer first time cardiovascular 
events and showed reduced cardiovascular deaths. As further 
discussed below, the incidence of first time cancers in the 
surgery group was lower than in the controls. Interestingly, 
the favorable effects of bariatric surgery on cardiovascular 
disease, cancer incidence and overall mortality could not be 
associated with weight loss (21,27). 

A recent report of the 5-year outcome results for the 
Surgical Treatment and Medications Potentially Eradicate 
Diabetes Efficiently (STAMPEDE) Trial, a prospective 
randomized control trial, compared medical therapy 

to bariatric surgery in 150 obese patients with T2DM. 
Bariatric surgery included either Roux-en-Y gastric bypass 
or sleeve gastrectomy (22). During 5-year follow-up, 
bariatric surgery patients compared to medically managed 
controls showed greater weight loss, more normalization 
of glycated hemoglobin and superior outcomes relative 
to reduction of triglyceride levels, increased high density 
lipoprotein cholesterol levels and reduced use of insulin 
and other anti-diabetic agents. In addition, bariatric surgery 
patients showed reduced use of lipid lowering or anti-
hypertensive agents. There were no cases of cancer reported 
in either study arm (22).

As described in the prospective studies outlined above and 
many others, bariatric surgery is clearly the most effective 
approach for obese individuals to achieve significant and 
sustained weight loss along with improvement of T2DM, 
metabolic syndrome, cardiovascular events, other obesity-
associated comorbidities and overall survival (21,22). 

Bariatric surgery for cancer prevention

Although several trials, including the Swedish Obese 
Subjects Trial, discussed above, reported a decreased 
cancer incidence in bariatric surgery patients compared 

Figure 2 Commonly performed bariatric surgery procedures. 
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Table 2 Summary of studies assessing the impact of bariatric surgery in cancer risk 

Author Study design 
Number of  
subjects

Overall, CA risk 
or rate

OAC risk or rate CA risk by gender Procedures 

Sjostrom et al. 
(27); SOS

Prospective  
population-based 
matched cohort 

S =2,010;  
C =2,037;  
W =2,867;  
M =1,180

HR =0.67 
(P=0.0009)

Melanoma, HR = ND 
(P=0.0055)

Women: HR =0.58 
(P=0.0001) 

LGB, HR =0.54 
(P=0.026) - W only

Hematologic, HR =0.16 
(P=0.015)

Men: HR =0.97 
(P=0.90)

VBG, HR = 0.60 
(P=0.0012) - W only

Other origin, HR =0.40 
(P=0.04)

RYGB, HR =0.54 
(P=0.11) - W only 

Schauer et al. 
(28); Kaiser  
Permanente

Retrospective, 
matched cohort 

S =22,198;  
C =66,427;  
over 80% 
women 

HR =0.67 
(P<0.001)

HR =0.59 (P<.001) Women: HR =0.64 
(P<0.001)

RYGB (61%), SG 
(27.2%), LGB (5.6%) 
all performed

Colon, HR =0.59 (P=0.04) OAC, HR =0.58 
(P<0.001)

Outcomes per  
procedure not  
reported 

Endometrial, HR =0.50 
(P<0.001)

Not OAC, HR =0.74 
(P=0.001)

Post-menopausal Breast, 
HR =0.58 (P<0.001)

Men: HR =0.79 
(P=0.054) 

Pancreatic, HR =0.46 
(P=0.04)

OAC, HR =0.70 
(P=0.1)

Adams et al.  
(29); Utah  
Series

Retrospective, 
population-based 
matched cohort 

S =9,949;  
C =9,628; over 
80% women 

HR = 0.76 
(P=0.0006);  
overall CA  
mortality, HR 
=0.54 (P=0.001)

HR =0.62 (P<0.0001); 
Endometrial, HR =0.22 
(P<0.0001); OAC mortality, 
HR =0.54 (P=0.02)

Women: HR =0.73 
(P=0.0004)

Only RYGB 

Men: HR =1.02 
(0.91)

Christou et al. 
(33); McGill  
University 

Retrospective, 
matched cohort 

S =1,035;  
C =5,746;

RR =0.22 
(P=0.001)

Breast, RR =0.17 (P=0.001) Not reported RYGB (81.3%); VBG 
(18.7)

65.6%  
Women in S 
group and 
64% in C 
group 

Outcomes per  
procedure not  
reported 

CRC, RR =0.32 (P=0.063)

Ward et al. (34); 
US - University 
Health System 
Consortium

Retrospective 
cohort 

44,345  
cases of  
Endometrial 
CA

N/A Endometrial, RR =0.19 N/A Outcomes per  
procedure not  
reported

Tee et al. (35) Meta-analysis
6 studies  
(2 prospective and 
4 retrospective)

S=21,058;  
C =30,682

RR =0.55 
(P<0.0001)

No statistically significant 
effect on different CA types 
(breast, melanoma, CRC, 
NHL, pancreatic)

Women: RR =0.68 
(P<0.0001)

Not reported 

Men: RR =0.99 
(P=0.937)

Table 2 (continued)
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Table 2 (continued)

Author Study design 
Number of  
subjects

Overall, CA risk 
or rate

OAC risk or rate CA risk by gender Procedures 

Ostlund et al. 
(31); Swedish 
National Patient 
Register

Retrospective, 
population-based 
observational  
cohort 

S =13,123; 
77% women 

SIR =1.04 
(0.93–1.17)

Breast, SIR =0.55 (0.44–
0.68)

Women: SIR =0.97 
(0.85–1.11)

GB, SIR =1.05  
(0.87–1.27)

Endometrial, SIR =2.15 
(1.62–2.81) 

Men: SIR =1.41 
(1.09–1.81)

VBG, SIR =1.05  
(0.89–1.24)

Kidney, SIR =2.68 (1.71–
3.98)

RYGB, SIR =1.01  
(0.70–1.42)

CRC, SIR =2.14 (1.33–3.22)

Aravani et al. 
(32); English 
National Health 
Service 

Retrospective, 
population-based 
observational  
cohort 

S =39,747; 
C =962,860; 
76.6% women 
in S; 62.9% in 
C

Not reported CRC, SIR =1.26 (0.92–1.71) 
for S and SIR =1.12 (1.08–
1.16) for C 

Women: CRC, SIR 
=1.19 (0.79–1.74)  
for S and SIR =1.02 
(0.97–1.08) for C

Restrictive surgery,  
SIR =1.41  
(0.94–2.02)

CRC, SIR =1.47 (1.02–2.06) 
for S ≥50 y/o and SIR =1.11 
(1.07–1.15) for C, ≥50 y/o

Men: CRC, SIR 
=1.41 (0.81–2.29)  
for S and SIR =1.21 
(1.15–1.26) for C

Restrictive and  
malabsorptive 
surgery, SIR =1.05 
(0.57–1.76) 

Breast, SIR =0.76 (0.62–
0.92)

Endometrial, SIR = 2.98 
(2.25–3.90) for S and SIR = 
2.60 (2.48–2.73) for C

Kidney, SIR =3.06 (2.08–
4.34) for S and SIR =1.78 
(1.68–1.89) for C

Mackenzie et al.  
(36); Hospital 
Episode  
Statistics  
Database in 
England 

Retrospective, 
population-based 
matched cohort

S =8,794; 
C =8,794; 
80.3%  
women 

Not reported Breast, OR =0.25  
(0.19–0.33)

Women: CRC, OR 
=2.61 (1.26–5.41)

RYGB: OR =0.16  
(0.11–0.24), overall  
hormone-related  
cancers 

Endometrial, OR =0.21 
(0.13–0.35)

Men: CRC, OR 
=1.50 (0.53–4.23)

CRC, OR =2.63  
(1.17–5.95)

Prostate, OR =0.33 (0.17–
0.76)

LGB: OR =0.34  
(0.23–0.48), overall  
hormone-related CA

CRC, OR =2.19  
(1.21–3.96)

SG: OR =0.21  
(0.07–0.61)

SOS, Swedish Obese Study; S, study subjects; C, controls; W, women; M, men; LGB, laparoscopic gastric banding; GB, gastric banding;  
VBG, vertical banded gastrectomy; RYGB, Roux-en-Y gastric bypass; SG, sleeve gastrectomy; ND, not determined; CRC, colorectal  
cancer; RR, risk reduction; N/A, not applicable; CRC, colorectal cancer; NHL, non-Hodgkin’s lymphoma; SIR, standardized incidence ratio. 
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to controls, other studies have reported the opposite 
(21,28-32) (Table 2). This controversy is due, in part, 
to the difficulty in performing long-term prospective 
controlled cancer prevention studies as compared 
to their more successful use for evaluation of weight 
loss, metabolic and cardiovascular benefits of bariatric 
surgery. In the SOS Trial, patients were 37–60 years  
old with a BMI ≥34 kg/m2 for men and ≥38 kg/m2 for 
women, at time of study entrance and were followed for 
10.9 years (0–18.1) years. Women who underwent surgery 
showed a reduced incidence of new cancers compared 
to controls with significant differences for malignant 
melanoma and hematologic malignancies. Overall, bariatric 
surgery reduced cancer risk by 42% (HR 0.58, 0.44–0.77) 
in women, while in men there was no cancer risk reduction 
observed (HR 0.97, 0.62–1.52). In men, none of the 
procedures decreased cancer incidence, whereas in women, 
the benefits of banding and vertical banded gastroplasty 
were similar. In women, undergoing surgery was a 
significant predictor of lower cancer incidence, HR 0.38 
(0.20–0.73), while change in body weight was not (21,27). 

In a retrospective matched cohort observational study 
conducted among participants in the Kaiser Permanente 
Health Insurance and Care Delivery System, 22,198 
subjects who underwent bariatric surgery and 66,427 
matched non-surgical subjects, age 18–79, mean age 45±11 
years were followed up to 10 years, mean 3.5 years. Women 
who underwent bariatric surgery compared to controls 
had a significant reduction in cancer incidence HR 0.64 
(0.57–0.72), whereas there were no statistically significant 
reductions in cancer risk among men. The reduction in 
cancer incidence for women was noted for OAC’s at HR 0.58 
(0.49–0.67) compared to non-OAC’s HR 0.74 (0.62–0.89).  
OAC’s that showed significant reduction in bariatric 
surgery treated women, included post-menopausal breast, 
colon, endometrial and pancreatic. While the rates of liver, 
gallbladder, multiple myeloma, ovarian, rectal and thyroid 
cancers were also decreased, these effects did not reach 
statistical significance. In this study, cancer risk reduction 
was correlated with weight loss after 1 year with 14% 
reduction in cancer risk associated with each 10% reduction 
in weight (28,37). 

In another retrospective cohort registry study, a single 
group of bariatric surgeons in Utah compared 6,596 Roux-
en-Y bariatric surgery patients with 9,442 controls. The 
surgical group consisted of 86% women, 14% men. They 
were matched for BMI at time of surgery with state of 
Utah driver’s license applicants. Over a 24-year period 

(mean 12.5 years), bariatric surgery patients compared to 
controls showed reduction in total cancer incidence HR 0.76 
(0.65–0.89) and in OAC incidence HR 0.62 (0.49–0.78), but 
not in non-OACs HR 0.91 (0.73–1.12). Risk reduction was 
restricted to women HR 0.73 (0.62–0.87), with HR 1.02 
(0.69–1.12) observed in men. In this study the differential 
effects on OACs however, is somewhat distorted since 
assignment to OAC vs. non-OAC’s does not comport 
with recent designations (1). For example, Non-Hodgkin 
lymphoma and leukemia are included as OAC’s whereas 
thyroid is not. Notably however, uterine cancer, which is 
an OAC, achieved the greatest significance for differences 
between surgical vs. controls (0.17/1,000 vs. 0.88/1,000 
person-years; P<0.0001). Total cancer death rate in the 
bariatric surgery group was 41/6,596 patients or HR 0.50 
per 1,000 person-years compared to 107/9,492 or 0.94 per 
1,000 person-years leading to HR 0.54 (0.37–0.78), P=0.01 
for surgery compared to controls. Interestingly, the death 
rate for surgical patients who developed cancer was 16.14% 
compared to 22.4% for controls who developed cancer 
(29,30,38).

In a Canadian observational two cohort study at McGill 
University, comparing 1,035 morbidly obese patients who 
underwent bariatric surgery to 5,746 patients matched for 
age, sex, morbid obesity, over a 5-year follow-up period, 
there was 2% cancer development in the surgical group vs. 
8.45% in controls for relative risk, RR, of 0.2. The most 
common procedure was Roux-en-Y gastric bypass (73.4%), 
followed by vertical banded gastroplasty (18.7%). However, 
no results comparing surgical procedures on weight loss 
were reported relative to the procedures. Although the 
surgery and control groups were 34.1% and 36% male 
respectively, there was no difference of cancer incidence 
by sex. Moreover, no outcomes were noted according to 
ethnic background. While all cancer types were reduced in 
the survival groups, most significantly reduced was breast, 
which occurred at 1.16% in surgery group compared to 
6.31% in controls, relative risk (RR) 0.17 (0.098–0.311) (33).

Focusing on uterine malignancy, a retrospective study 
of women registered in the US University Health System 
Consortium with data contributed by 116 US academic 
medical centers and 278 affiliated hospitals, 44,345 
diagnosis of uterine malignancy were identified of which 
408/100,000 occurred among women who had previously 
undergone bariatric surgery for obesity, whereas 1,409 
cases/100,000 occurred among obese women who had not 
undergone bariatric surgery. For obese women who had 
undergone bariatric surgery compared to non-surgical 
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controls, the RR for uterine malignancy was 0.19. The 
RR was further reduced to 0.17 for these women who 
had undergone bariatric surgery and maintained normal  
weight (34). In this study the authors did not discriminate 
between types of bariatric procedures.

In a meta-analysis of six bariatric surgery studies  
(2 prospective and 4 retrospective) with intervention and 
comparison control groups, using both restrictive and 
malabsorptive techniques, 51,740 obese patients were 
followed for cancer incidence, risk or cancer related 
mortality for mean of 5 to 16 years. Comparison of cancer 
incidence, diagnosis or mortality among 21,058 surgery 
patients compared to 30,682 controls demonstrated overall 
benefit for surgery. Overall, cancer RR for the bariatric 
surgery group was 0.55 (0.41–0.73). Bariatric surgery was 
protective for women, RR 0.68 (0.60–0.77), but not men 
RR 0.99 (0.74–1.32). There were no statistically significant 
risk reductions for any specific cancer subtype (35). 

In contrast to the primary studies and meta-analysis 
reported above, a Swedish nationwide retrospective 
population register-based study spanning 1980–2006 found 
no overall decrease in the standardized incidence ratios (SIRs) 
of cancer associated with bariatric surgery over time (31).  
However, the authors suggested that there was an increase 
in colorectal cancer (CRC) SIRs following bariatric surgery. 
In subsequent follow-up (39) using extended data, 1980–
2009, the same group identified 70 CRC among 15,095 
bariatric surgery patients (approximately 2/3 female) and 
373 CRC among 62,016 obese controls. These results 
are reported as showing a cumulative CRC incidence in 
the bariatric surgery group of 48/100,000 person-years 
compared to 91/100,000 person-years in the obese non-
surgery group. Adjusting this incidence data to SIRs in 
which observed numbers are expressed relative to expected 
numbers for that group, the authors derived a total CRC 
SIR of 1.6 for bariatric surgery cohort, compared to 1.26 for 
non-surgical cohort. Based on these adjusted calculations, 
they suggest that those undergoing bariatric surgery had 
a higher SIR for CRC post intervention. The increased 
risk for CRC in obesity surgery patients occurred in both 
men and women and reached statistical significance in the 
two most commonly performed procedures in the surgical 
cohort (vertical banded gastrectomy and adjustable gastric 
banding).

To determine impact of prior bariatric surgery on 
outcome of patients who develop cancer, the Swedish 
Patient Registry study, followed from 1980–2012, was 
further analyzed to show that obesity surgery patients 

who subsequently developed CRC had reduced disease 
specific survival compared to non-surgical obesity patients. 
The bariatric cohort had undergone similar rates of 
RYGB (26%), gastric banding (33%) and vertical banded 
gastroplasty (36%). A minority of patients (5%) underwent 
a malabsorptive procedure otherwise not specified. The 
decreased survival in CRC patients was reported as being 
primarily due to greater than three-fold increase in risk 
associated with rectal cancer patients (40). Though numbers 
were small, there was a borderline correlation between 
CRC-specific mortality and restrictive procedures, which 
accounted for the majority of interventions in this cohort. 

In a subsequent national population-based retrospective 
observation study, some of the same investigators queried 
patients seen at English NHS hospitals using the English 
Hospital Episode Statistics dataset covering the period 
1997–2012, to identify 43 diagnosis of CRC among 39,747 
bariatric surgery patients (76.6% female) compared to 
diagnosis of 3,237 cases CRC among 962,860 (62.9% 
female) obese non-surgical patients. Notably these two 
groups were not compared directly, but each was compared 
to the English background population. Cumulative incidence 
CRC in the bariatric surgery group was 30/100,000 patient-
years, while in the obesity control group, it was 91/100,000 
patient-years. And while overall SIR for CRC was not 
significantly increased in the surgical group, a higher risk 
for CRC was reported for bariatric surgery patients age 50 
or older (SIR: 1.47; 95% CI, 1.02–2.06), with no differences 
noted between surgical procedure types. The non-surgical 
group has a slightly increased risk for CRC when compared 
to the background population (SIR: 1.21; 95% CI,  
1.15–1.26), and was increased in males (32). 

In yet another analysis of an English population-
based patient cohort using the Hospital Episode Statistics 
database, 8,794 bariatric surgery patients were compared to 
the same number propensity matched controls with median 
follow-up of 55.5 months. In this study, time was measured 
from first diagnosis of obesity rather than from time of 
surgery. The same author group reported that compared 
to non-surgical control, obese patients that underwent 
bariatric surgery showed decreased risk for breast cancer 
odds ratio (OR) 0.25 (0.19–0.33), endometrial cancer OR 
0.21 (0.13–0.35) and prostate cancer OR 0.37 (0.17–0.76) 
with gastric bypass constituting the most effective approach 
to reducing incidence of these hormone related cancers 
(OR 0.16). Gastric banding and sleeve gastrectomy 
were also protective (OR 0.34 and 0.21, respectively). In 
contrast, bariatric surgery was associated with an increased 
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risk of CRC in both men and women who underwent 
gastric bypass (OR 2.63) but not gastric banding. In these 
studies, the occurrence of CRC in obesity surgery patients 
continued to increase with progressive time following 
surgery (36). 

Bariatric surgery and CRC risk

In each of these last eight reports, two from Sweden, three 
from the US, two from England, and one from Canada, 
the absolute CRC incidence in the obesity surgery group 
was less than in the obesity non-surgical group. However, 
in those studies where data was adjusted to reflect SIRs, 
and/or use of propensity-matched controls, there was a 
suggestion of greater risk for CRC in the bariatric surgery 
group. Although the latter approach was designed to 
provide a more relevant reference population, questions 
remain regarding appropriateness of factors included and/or 
omitted in identifying these comparisons.  

These reports suggesting that obesity surgery may 
result in increased risk of CRC are complicated and 
controversial. The confusion stems, in part from the 
difficulty in conducting real time randomized controls 
with comparable follow-up and the resultant use of heavily 
and variably derived comparative groups and statistical 
manipulation. Thus, controls are usually not standardized 
for weight changes, dietary differences, physical activity or 
medications, such as aspirin, insulin and hormones, all of 
which can profoundly impact CRC incidence. 

It is noteworthy that bariatric surgery patients, 
undergoing successful weight loss and metabolic change, 
require decreased lipid lowering agents (22). Thus, 
reductions in statin usage, which has been shown to have 
a cancer preventive effect, could remove a potentially 
protective intervention (41,42). These issues have previously 
been extensively discussed but not resolved (43-47). 

Moreover, another area of increasing interest is the 
gut microbiome’s role not only in the pathogenesis of  
obesity (48) and its metabolic complications but also in that 
of malignancies and their response to treatments (49,50). We 
now understand that obesity correlates with poor diversity 
of the gut microbiome, and that more homogeneous gut 
floras have a “pro-inflammatory” phenotype (51) compared 
to the healthier and diverse gut signatures. Several studies in 
both animals and humans have demonstrated changes in the 
composition of the gut microbiome after bariatric surgery, 
particularly the ones that alter the luminal tract extent and 
its connections with the biliopancreatic system (such as 

RYGB) (52,53). Fecal profiles post-RYGB in animal studies 
disclose an expected decrease in bile acid composition and 
a shift from protein degradation to protein putrefaction 
phenotype (52). To what extent such changes could promote 
colonic malignancies is unclear. 

A very interesting hypothesis generating prospective 
study has looked into colonic epithelial cell proliferation 
of 24 subjects undergoing RYGB surgery. Biopsies were 
obtained on the day of surgery and 6 months after. 
Serum and colonic mucosa levels of pro-inflammatory 
cytokines such as IL-6 and TNF-alpha were reduced after 
RYGB procedure. However, the investigators noted a 
significant increase in the mitotic activity of colonic cells 
following surgery as well as increased expression of the 
pro-inflammatory and tumorigenic COX-1 and COX-2 
molecules (54). 

It is also important to shed light into the fact that 
patients who undergo bariatric surgery are encouraged to 
promote radical dietary changes not only to continue to 
achieve success from the intervention but also to be able 
to keep an adequate caloric intake. The intake of dietary 
fiber not only has been associated with decreased risk of 
CRC (55) but also with better prognosis after a diagnosis 
of non-metastatic CRC (56). Following bariatric surgery, 
the intake of raw vegetables and fruits, for instance, may be 
limited and to what extent this lower fiber intake could lead 
to increased CRC risk is unknown. Clearly, more research 
is needed, both at the mechanistic level and preventive 
controlled clinical trials with long-term follow-up.

Bariatric surgery to prevent cancer progression, 
recurrence and mortality

The impact of obesity on cancer progression, recurrence and 
mortality can be considered to be mediated by both direct 
and indirect pathways. The direct pathway is attributed 
to adipose tissue derived adipokines and cytokines which 
directly promote tumor growth and metabolites (10,11). 
The indirect pathway may be mediated by metabolic 
consequences of obesity, such as T2DM with accompanying 
high levels of tumor promoters such as insulin and IGF-1.  
The use of bariatric surgery for primary prevention of 
cancer is predicated on disrupting both of these pathways 
as well as preventing other possible mechanisms including 
epigenetic effects and changes in microbiota. There is clear 
evidence that obesity and abnormal glucose metabolism is 
associated with worse prognosis in patients with established 
cancer (13). Bariatric surgery has already been shown to 
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successfully achieve weight loss among cancer survivors (57) 
but long-term effects have not been reported. In addition 
to weight loss, the rapid metabolic changes following 
bariatric surgery, especially decreased T2DM and lowered 
insulin levels could provide rapid reduction in major cancer 
promoting factors. In consideration of these potential 
benefits, bariatric surgery in obese patients following a 
diagnosis and/or accompanying cancer treatment has 
previously been considered (58). However, since bariatric 
surgery is generally contraindicated in patients with recent 
onset cancer, this approach has not been systematically 
evaluated. Randomized control trials to determine beneficial 
effects of bariatric surgery in obese women with breast or 
endometrial cancer, as an adjunct to primary therapy seems 
to be a reasonable approach for multiple reasons:

(I)	 sustained weight loss using behavioral modifications 
in obese patients with breast or uterine cancer has 
been difficult to achieve; 

(II)	 bariatric surgery has been shown to successfully 
achieve weight control in obese patients after 
diagnosis of cancer (59); 

(III)	 bariatric surgery for cancer prevention is more 
effective in women compared to men and is 
particularly effective in breast and endometrial 
cancers; 

(IV)	 women with breast cancer in its early stages do not 
have metastatic abdominal disease; 

(V)	 studies in endometrial cancer are warranted since 
it is the tumor in women with worse prognostic 
effects due to obesity (60).

Factors affecting bariatric cancer prevention

Ethnicity

The prevalence of obesity and associated comorbidities in 
the African American population is reported to be greater 
than any other racial, ethnic group (61). However, it is 
difficult to assess the impact of ethnic differences on use of 
bariatric surgery to prevent cancer since the demographics 
are rarely provided in the bariatric surgery literature, 
and even when they are, their relation to outcomes 
are usually not discussed. This lack of information is 
probably multifactorial including differences in frequency 
that bariatric surgery is recommended, cultural lack of 
stigma and acceptability of large body size, concern about 
consequences and perception that bariatric surgery is 
the last resort (62-64). In a limited retrospective study 

comparing 9 African Americans to 41 Whites, 1 year after 
gastric bypass surgery, the African Americans showed 26% 
weight loss, while Whites lost 38% (65). Feasibility and 
success of bariatric surgery in African American patients 
has more recently been demonstrated with report of a 
retrospective review of 87 black patients with super morbid 
obesity, BMI =56.7±6.4 kg/m2 who after 1 year follow-up 
had achieved BMI 40.1±7.7 kg/m2. These patients showed 
significant improvement in hypertension, T2DM and 
hyperlipidemia. Changes in cancer occurrence or deaths 
were not reported (66).

Sex

Several large studies have now shown that bariatric surgery 
reduces cancer incidence in women but not men. The 
mechanism(s) of this difference has not been explained. 
Nonetheless, the predominant reduction in cancer incidence 
in women occurs with hormone dependent cancers, including 
post-menopausal breast and endometrial, but also, with 
melanoma, and hematological malignancies. While some 
series indicate that men derive no cancer preventive benefit 
from bariatric surgery, others indicate significant decreased 
incidence in prostate cancer (36). Differences in these studies 
may be associated with relatively lower numbers of men in 
most bariatric surgery trials. In addition, since prostate cancer 
is commonly diagnosed in older men, these studies may 
require longer follow-up before prostate cancer differences 
become apparent. Finally, it should be noted that the relation 
of prostate cancer with obesity is associated with high-risk 
disease, which is more common in African American men 
than Caucasians (2). However, most bariatric surgery trials 
report limited numbers of African Americans. 

Weight loss

It is interesting that some studies report that the cancer 
preventive effect of bariatric surgery is not associated with 
weight loss (21,27) whereas others report a clear association 
with each 10% loss in weight resulting in 14% reduction in 
cancer risk (28,37). The controversy over whether cancer 
prevention is associated with weight loss is important but 
unresolved.

Procedure types

A protective effect of bariatric surgery has been attributed 
to both restrictive and combined restrictive/malabsorptive 
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procedures in the few studies that compared the impact of 
individual interventions in OAC risk reduction (27,36,38). 
The majority of studies that have looked at the impact of 
bariatric surgery in CA risk reduction, however, are either not 
able to provide specifics on the types of procedure performed 
or do not specify associations based on procedure types. 

Most studies that have associated bariatric surgery to an 
increased CRC risk have also not discriminated between 
different operations and deleterious effects (32,40). The 
group that demonstrated increased SIR for CRC in the 
retrospective Swedish registry, saw a negative impact for 
the 2 most commonly performed procedures in the surgical 
cohort: vertical banded gastroplasty and adjustable gastric 
banding (39), but not with RYGB. Another study looking 
at an English cohort described an association only with 
RYGB but not with the purely restrictive gastric banding 
surgery (36). Therefore, it seems there is insufficient data 
to recommend one procedure versus another in terms of its 
protective OAC effects.

Mechanisms

Despite clearly demonstrated multiple pathways by 
which obesity impacts cancer (10,11), studies focused on 
mechanism(s) by which bariatric surgery affects cancer 
incidence are limited. However, some have examined effects 
of bariatric surgery on potential biomarkers and mediators 
of the obesity-cancer linkage. 

In one study of 72 women with obesity >40 kg/m2, 
gastric bypass or sleeve gastrectomy resulted in weight loss 
and reduction of endometrial proliferation markers (Ki67, 
oncogene signaling pAKT, with restriction of glandular 
PTEN expression) (67). The series was also remarkable for 
detection of endometrial carcinoma or atypical hyperplasia 
(AH) in 10 women (14%) at baseline endometrial biopsy. 
Interestingly, in most cases (5/6) AH resolved after bariatric 
surgery or intrauterine progesterone.

The possibility that CRC is the only malignancy reported 
to increase after bariatric surgery has been attributed to 
unique changes in the terminal GI tract after bariatric 
surgery, including rectal mucosal hyper-proliferation, 
increased expression of macrophage migration inhibitory 
factor and change in intestinal microbiota (39,44,68), as we 
previously discussed. 

Conclusions

In summary, bariatric surgery is most useful for weight 

control and especially T2DM, as well as, cardiovascular 
consequences of obesity. Other comorbidities that have 
been shown to respond to bariatric surgery include 
metabolic syndrome, dyslipidemia, hypertension and others. 
While controversy exists regarding the incidence of cancer 
following bariatric surgery, most trials indicate that bariatric 
surgery reduces overall risk of cancer development. This 
risk reduction is predominantly in women compared to men 
and most significantly for breast and endometrial cancers. 

While a high percentage of obese patients undergoing 
bariatric surgery show early and sustained weight reduction 
and T2DM control (21,22), the preventive effects of 
bariatric surgery on cancer incidence has been estimated to 
require 71 gastric bypass procedures to prevent one incident 
case of cancer. Given this level of effect and since bariatric 
procedures are major surgery that require intense follow-
up, it is difficult to recommend bariatric surgery as a cancer 
preventive approach in obese patients. However, when 
bariatric surgery is recommended for control of obesity 
and other comorbidities, its cancer preventive effects 
should be noted as an added benefit. Evidence that bariatric 
surgery increases risk for CRC has not been substantiated 
in multiple studies and should not be considered a 
contraindication to surgery when recommended for weight 
loss or control of metabolic diseases. Nonetheless, the 
controversy requires continued follow-up and further 
research on potential mechanisms. 

With growing evidence that obesity promotion of 
cancer may be epigenetically determined (16,17), with long 
latent periods, it is possible that bariatric surgery during 
middle age years may already be too late to prevent cancer. 
Accordingly, it is possible that preventive strategies for 
cancer, as well as prevention of metabolic and cardiovascular 
comorbidities of obesity will need to be considered at 
younger ages.

It is important to note that patients undergoing bariatric 
surgery for weight loss, should not expect to have their cancer 
risk eliminated or reduced beyond that of the non-obese, 
normal weight population. Rather, if successful, it is expected 
that bariatric surgery may reduce the risk of OAC to that of a 
healthy normal weight person. Accordingly, individuals who 
undergo bariatric surgery should at least, follow all standard 
age-appropriate cancer prevention recommendations and 
screening guidelines, especially those for CRC. 
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