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Abstract | Excess body weight (EBW) is an independent risk factor for many human malignancies, including
cancers throughout the gastrointestinal and hepatobiliary tract from the esophagus to the colorectum. The
relative risk of gastrointestinal cancer in obese individuals is approximately 1.5-2.0 times that for normal
weight individuals, with organ-specific and gender-specific differences for specific cancers. The association
between EBW and risk of premalignant stages of gastrointestinal carcinogenesis, such as colorectal
adenoma and Barrett esophagus, is similar, implying a role for EBW during the early stages of carcinogenesis
that could be relevant to preventative strategies. EBW also impacts negatively on gastrointestinal cancer
outcomes. The mechanistic basis of the association between EBW and carcinogenesis remains incompletely
understood. Postulated mechanisms include increased insulin and insulin-like growth factor signaling and
chronic inflammation (both linked to the metabolic syndrome), as well as signaling via adipokines, such as
leptin. The role of obesity-related changes in the intestinal microbiome in gastrointestinal carcinogenesis
deserves further attention. Whether weight loss leads to reduced future gastrointestinal and liver cancer risk
has yet to be fully explored. There is some support for the idea that weight loss negatively regulates colorectal
carcinogenesis. In addition, data suggest a reduction in risk of several cancers in the first 10 years after

bariatric surgery.

Kant, P & Hull, M. A. Nat. Rev. Gastroenterol. Hepatol. 8, 224-238 (2011); published online 8 March 2011; doi:10.1038/nrgastro.2011.23

Introduction
A large body of epidemiological evidence links excess
body weight (EBW) with an increased risk of many
cancers, including those of the breast, endometrium,
kidney and gastrointestinal tract.? Given the high preva-
lence of EBW and obesity (defined as a BMI >30kg/m?)
in most populations throughout the world, amounting
to an estimated 1.6 billion adults globally,® EBW is now
considered to be an important, potentially preventable
cause of cancer.*® It has been estimated that 3.2% of all
incident cancers in men and 8.6% of all incident cancers
in women in Europe are attributable to EBW.®

Several gastrointestinal and hepatobiliary cancers are
represented in the list of recognized obesity-associated
cancers, including colon, rectal, esophageal (adeno-
carcinoma), gastric, gallbladder, liver (hepatocellular)
and pancreatic cancer (Table 1). Other gastrointestinal
cancers, including small intestinal cancer, may also have
an association with EBW.” Importantly, some gastro-
intestinal cancers develop via a clinically recognized
premalignant precursor phase, such as the colorectal
adenoma (also known as a polyp) and Barrett esophagus.
Evidence is now emerging that EBW is also associated
with increased risk of these premalignant precursor stages
(Table 1).5"" These findings provide an excellent stimu-
lus to intervene with individual and population-level
antiobesity measures prior to malignant change.
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By contrast, current understanding of the effect that
the reduction of EBW has on future gastrointestinal
and hepatobiliary cancer risk is rudimentary despite
the potential importance of this knowledge for cancer
prevention in overweight individuals. Evidence also sug-
gests that EBW can alter gastrointestinal cancer outcomes
after diagnosis.

This Review discusses the association between EBW
and cancer risk in the gastrointestinal and hepatobiliary
tract, with particular emphasis on the premalignant
phases of gastrointestinal and liver carcinogenesis that
are most relevant to cancer prevention. Current under-
standing of the pathophysiological mechanisms linking
EBW and carcinogenesis in the gastrointestinal and
hepatobiliary tract is explored, and existing evidence
that body weight reduction impacts on gastrointestinal
carcinogenesis is summarized. Finally, the current lit-
erature describing the association between EBW and
gastrointestinal cancer outcomes is discussed.

Carcinogenesis associated with EBW
Colorectal carcinogenesis

Colorectal cancer

Considerable observational evidence has established that
EBW is an independent risk factor for colorectal cancer
(CRCQ). In Europe, it is estimated that EBW accounts
for 16% (12,700 incident cases) and 2.6% (3,200 inci-
dent cases) of CRC cases in men and women, respec-
tively.® Similar estimates in the USA suggest that 14.2%
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of all incident CRC cases are attributable to a BMI of
over 25kg/m?.!? A meta-analysis by Moghaddam et al.!
reported an overall age-standardized relative risk (RR) of
CRC of 1.4 (95% CI 1.2-1.5) for obese individuals versus
individuals with normal BMI.! There are gender-specific
and site-specific variations in CRC risk associated with
EBW. A meta-analysis of 29 cohort studies reported that a
step-wise increase in BMI of 5kg/m? is associated with
a RR of colon cancer of 1.2 (1.2-1.3) for men and 1.09
(1.04-1.14) for women.? The RR of rectal cancer was
attenuated and was only increased significantly in obese
men (RR 1.09 [1.06-1.12]), whilst no association between
BMI and rectal cancer was shown in women.

Whereas BMI is a generalized measure of adiposity,
other more specific anthropometric measures of body fat
distribution have led to a more refined appreciation of the
risk associated with CRC. There is a growing apprecia-
tion that the pathophysiological effects of visceral (or
abdominal) adipose tissue (VAT) are more potent than
those of subcutaneous adipose tissue (SAT) during
gastrointestinal carcinogenesis (see Supplementary
Box 1 online). The waist circumference or waist-hip
ratio are generally accepted as simple measures of VAT.
There are currently no globally accepted cut-off values
for waist circumference or waist-hip ratio, although
an NIH report concluded that men and women with
a waist circumference of >102 cm and >88 cm, respec-
tively, should be considered at ‘high risk’ of developing
obesity-related disease.'

Meta-analyses have demonstrated an increased risk of
CRC associated with increasing waist circumference and
waist-hip ratio.”'*!* One pooled meta-analysis observed
a RR of all CRC amongst men and women of 1.5 (1.4-
1.7) for the highest versus the lowest categories of waist
circumference.! When subdivided by gender and site, it
is clear that this relationship is similar to that with BMI.
Each 10 cm increase in waist circumference results in a
33% and 16% increased risk of colon cancer in males
and females, respectively.’* Corresponding estimates for

Key points
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= Excess body weight (EBW) is a potentially preventable cause of several
gastrointestinal and hepatobiliary malignancies, including colorectal,

esophageal, liver and pancreatic cancer

= A positive association between EBW and premalignant conditions, such as
colorectal adenoma and Barrett esophagus, implies that EBW promotes the
early stages of carcinogenesis (which could be relevant for prevention)

= The mechanisms linking excess adiposity (particularly visceral or abdominal
fat) and gastrointestinal carcinogenesis are unclear but may include insulin and
insulin-like growth factor signaling, chronic inflammation, adipokine signaling

and changes to the intestinal microbiome

= Whether weight loss reduces future gastrointestinal and liver cancer risk has

not been addressed fully and requires further study

= EBW is also associated with worse outcomes from gastrointestinal cancer

following diagnosis

each 0.1 unit increase in waist-hip ratio were 43% and
20%." For rectal cancer, the association was only appar-
ent in males (12% increased risk per 0.1 waist-hip ratio
unit increase).'* Evidence that VAT has an important
pathophysiological role comes from a study in which a
twofold increased risk of CRC in men and women with
a waist circumference of >99.1 cm, compared with a waist
circumference of <83.8 cm, persisted despite adjustment
for BML

Colorectal adenoma

The colorectal adenoma is the recognized premalignant
precursor of the majority of CRCs. A positive associa-
tion between EBW and risk of colorectal adenoma would
imply that EBW can drive colorectal tumor initiation and
colorectal adenoma promotion separate from malignant
progression and CRC growth. Several studies have thus
investigated the association between body weight and
risk of colorectal adenoma (Table 2).5'%17-%" It is appar-
ent that there is considerable heterogeneity in study
design and analysis, which makes direct comparison
of individual studies difficult. Unlike CRC, increased

Table 1 | Excess body weight and cancer of the gastrointestinal and hepatobiliary tract

Site

Cancer

Recognized premalignant condition

Increased risk associated
with excess body weight?

Oral cavity/pharynx
Esophagus

Stomach

Biliary tree

Liver

Pancreas

Small intestine

Colon and rectum

Anus

Squamous cell carcinoma
Adenocarcinoma

Squamous cell carcinoma
Adenocarcinoma

Gallbladder adenocarcinoma
Intrahepatic cholangiocarcinoma

Hepatocellular carcinoma

Adenocarcinoma
Adenocarcinoma
Lymphoma

Adenocarcinoma

Squamous cell carcinoma

Leukoplakia No data
Barrett esophagus Yes

No No
Intestinal metaplasia and gastric atrophy Yes
Adenoma; chronic cholecystitis Yes

No Yes
Nonalcoholic steatohepatitis (nonalcoholic  Yes
fatty liver disease)

No Yes

No Yes

No No data
Adenoma Yes*
No No data

*Gender-specific differences are apparent (risk greater for males than females).
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Table 2 | Summary of studies investigating the risk of colorectal adenoma associated with EBW

Study Country Patient  Number of OR and HR#8 Adjusted analysis
gender adenoma cases*
Neugut et al. (1991)2° USA M+ F 301 (133) 1.4 (0.8-2.5) M Age
2.1 (1.1-4.0) Fl
Bayerdorffer et al. (1993)%7 Germany M+ F 244 (78) 3.2 (1.2-9.0)lf Age
Giovannucci et al. (1995)?? USA M 328 (131) 1.5 (0.9-2.5) Age, other”
Giovannucci et al. (1996)%3 USA F 303 (125) 1.5 (1.0-2.2)! Age, other*
Kono et al. (1996)3 Japan M+F 201 (72) 1.1 (0.6-2.2) Other*
Bird et al. (1998)%*° USA M + F 478 (139) 1.7 (1.0-2.8)! Age, gender, other*
Almendingen et al. (2001)¢ Norway M+F 28 0.6 (0.1-6.1) Other*
Boutron-Renault et al. (2001)%2  France M+ F 363 (208) 1.7 (1.0-3.1) smallll Age, gender, other*
2.1 (1.2-3.5) advanced!
Terry et al. (2002)%* USA M+F 560 (119) 2.0 (1.4-2.9)!l Age, gender, other*
Betes et al. (2003)%° Spain M+ F 259 (259) 2.1 (1.3-3.3)! Age, gender, other*
Lieberman et al. (2005)%° USA M+F 329 (329) 1.1 (0.9-1.2)** Age, other”
Wallace et al. (2005)32 USA M+F 308 (69) 1.1 (0.8-1.4) Age, gender, other*
Larsen et al. (2006)*° Norway M + F 551 (108) 1.3 (1.0-1.8) smallll Age, gender, other*
1.6 (0.8-2.6) advancedss
Wolf et al. (2007)3 USA F 187 (63) 0.8 (0.5-1.3) Age, other”
Anderson et al. (2007)%¢ USA M+ F 2,439 2.4 (1.5-4.7) MFI Age, gender, other*
1.3 (0.5-3.3) M
4.3 (2.0-9.1) Fl
Sedjo et al. (2007)8 USA M+F 136 (38) 1.3 (0.5-3.1) M Age, gender, other*
2.2(1.1-4.1) Fl
Yamaji et al. (2008)%* Japan M+ F 1,650 (502) 1.3 (1.1-1.6)! Age, gender
Wise et al. (2008)* USA F 1,189 1.4 (1.2-1.7)! Other*
Omata et al. (2009)%" Japan M + F 194 1.3 (0.8-2.2)lll No details
Sato et al. (2009)° Japan M+ F 1,590 1.3 (1.2-1.5) Mll Age, gender
1.1 (0.9-1.4)F
Kim & Lee (2009)8 South Korea M+F 165 1.8 (1.0-3.1) Ml Age, other*
1.4 (0.6-3.4) F
Siddiqui et al. (2009)8 USA M+ F 2,903 (2,903) 1.01 (1.0-1.02)l# Age, other*
Morois et al. (2010)?* France F 1,408 (599) 1.6 (1.2-2.0)! Other*

*The number of advanced colorectal adenoma cases (at least one of the following features: size >10 mm diameter, contains villous morphology, high-grade
dysplasia or invasive cancer, multiple [>3] colorectal adenomas) is given in brackets. *Unless indicated, the OR and/or HR is for the combined analysis of both
males and females and for both small and advanced colorectal adenomas. SUnless indicated, the OR and/or HR is for the highest versus lowest BMI category.
lIStatistically significant. TOR for advanced colorectal adenomas only from a subgroup analysis (males in the 3™ and 4™ quintile of age). No association observed
for females, or small colorectal adenomas in either males or females. *Other adjustment includes at least one from the following: diet, exercise, smoking,
alcohol, family history. **0OR and/or HR per 5-unit increase in BMI over 30 kg/m?. ¥*0R and/or HR per 1-unit increase in BMI over 30 kg/m?. $8Included eight
cases of CRC in the advanced adenoma subgroup. lllincluded 19 cases of CRC. Abbreviations: CRC, colorectal cancer; EBW, excess body weight; F, female; HR,

hazard ratio; M, male; OR, odds ratio.

EBW-associated risk in males is not apparent for colo-
rectal adenoma. Neugut et al.?® were the first to describe
the increased prevalence of colorectal adenoma in obese
females (odds ratio [OR] 2.1 [1.1-4.0] for the highest
versus lowest quartile of BMI) but not males. Other
cohort studies,'®? including the largest prospective
study to date of 2,439 adenoma cases,”® have also shown
positive risk associations for females, but not for males.
Morois and colleagues reported a linear association
between colorectal adenoma risk and increasing BMI
in a large-scale, prospective, cross-sectional European
study of 17,391 women,?*! supporting the findings of
previous studies.'”? The converse association has also
been reported in a study in which obese males, but
not obese females, had an increased risk of develop-
ing colorectal adenoma.'®* Reasons for the disparity in

gender association are not clear but may relate to hetero-
geneity of adjustments for other factors such as age and
NSAID use.

Increasing evidence suggests that obesity may also
increase colorectal adenoma growth. Screening studies
have demonstrated that obese individuals have a higher
risk estimate for ‘advanced’ (usually defined as size >1 cm
in diameter and/or with villous architecture and/or high-
grade dysplasia) compared with ‘nonadvanced’ colorectal
adenomas (Table 2). Among 2,260 prospectively screened
patients, Betes et al.*® demonstrated that obese indivi-
duals have an OR of 2.1 (1.3-3.3) for advanced colorectal
adenomas compared with individuals who have a normal
BMI. Conversely, in a Norwegian study of 3,998 prospec-
tively screened patients, the presence of small (<1 cm
diameter), but not advanced, colorectal adenomas was
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predicted by obesity.”” There is also a linear relationship
between EBW and advanced colorectal adenoma risk
in one large retrospective study, in which over 2,900 US
male veterans had a 1% increased risk of advanced colo-
rectal adenoma for every 1-unit increase in BMI above
30 kg/m? after adjustment for age, NSAID usage and
family history of CRC.?

The stronger relationship of VAT, as opposed to SAT,
with CRC risk seems to be mirrored by the relationship
between VAT and risk of colorectal adenoma. In a case—
control study of 530 Koreans, increased waist circum-
ference or waist-hip ratio was significantly associated
with risk of colorectal adenoma independently of BMI.?
Another larger Korean case—control study of 2,244
patients undergoing screening demonstrated a threefold
(OR 3.1 [2.2-4.4]) increased risk of colorectal adenoma
between the highest and lowest quintiles of VAT as
measured by CT.*

The presence of the metabolic syndrome carries an RR
of 1.5 [1.2-1.9] for the prevalence of all types of colorectal
adenomas and a twofold higher risk of advanced colo-
rectal adenomas.* The Korean studies have also reported
that colorectal adenoma multiplicity, as well as individual
colorectal adenoma risk, is significantly associated with
abdominal obesity.**°

Obesity may also increase adenoma recurrence. Data
from a pooled analysis of seven studies demonstrated
that BMI is associated with an increased risk of colo-
rectal adenoma recurrence in men (but not women)
who have a previous history of colorectal adenoma,
which included both advanced and nonadvanced
colorectal adenomas.*

There may also be a role for EBW at the earliest stages
of colorectal carcinogenesis (prior to tumor initia-
tion and colorectal adenoma growth) as emerging data
suggest that putative mucosal biomarkers of future CRC
risk, including increased epithelial cell mitosis frequency,
are increased in obese and morbidly obese patients
compared with normal-weight controls.*

Other factors contributing to increased risk of CRC

In addition to the probable direct effects of EBW on the
biology of colorectal carcinogenesis, other factors may
impact on increased CRC risk in obese patients. Two
studies have reported that CRC screening uptake in both
fecal occult blood and endoscopy programs, is lower in
obese compared with normal weight individuals.***
Moreover, increased BMI has been linked to reduced
quality of bowel preparation, which could increase the
miss-rate for colorectal neoplasia prior to presentation
with CRC.*

Esophageal cancer and Barrett esophagus
Esophageal adenocarcinoma

Obesity is a risk factor for the development of esopha-
geal adenocarcinoma but not squamous cell carci-
noma. The incidence of esophageal adenocarcinoma in
Western populations has risen more than fivefold in the
past three decades*® and GERD has been strongly impli-
cated as a primary causative factor.”” A concomitant

increase in obesity prevalence over a similar period
has prompted investigation of the link between EBW
and esophageal adenocarcinoma in population-based
case—control and cohort studies. In a meta-analysis
of six studies, the pooled adjusted OR for esophageal
adenocarcinoma for overweight individuals was 1.5
(1.2-2.0) and for obese individuals was 2.9 (1.9-4.2).8
Unlike CRC, there does not seem to be any gender
difference in the relationship between EBW and risk of
esophageal adenocarcinoma.’

EBW is a known moderate risk factor (RR 1.5-2.0) for
developing GERD symptoms,* and abdominal obesity
(as measured by waist circumference) can predict GERD
severity independently of BMI.* One hypothesis, there-
fore, is that EBW increases risk of esophageal adeno-
carcinoma solely via promotion of GERD. However,
EBW may drive esophageal carcinogenesis independently
of promotion of GERD. Whiteman et al. have demon-
strated that in patients reporting at least one episode of
symptomatic GERD per week, obese individuals had a
considerably higher risk of esophageal adenocarcinoma
(OR 16.5 [8.9-30.6]) than people without obesity (OR
5.6 [2.8-11.3]).%

Barrett esophagus

Barrett esophagus (or columnar-lined esophagus) occurs
secondary to GERD and is considered to be the pre-
malignant precursor to esophageal adenocarcinoma.
Patients with Barrett esophagus have an individual life-
time risk of progression to esophageal adenocarcinoma
of approximately 0.5-1.0% per year.>*

Given the relationship between EBW, GERD and
esophageal adenocarcinoma, one might expect a similar,
consistent relationship between EBW, GERD and Barrett
esophagus. However, the current literature on this topic
are conflicting. One meta-analysis, with selection cri-
teria based on endoscopic appearance, concluded that
increased BMI was not associated with an increased risk
of Barrett esophagus compared with controls matched
for the degree of GERD. However, increased BMI was
significantly associated with Barrett esophagus in com-
parison with population-based controls, which implies
a link via indirect effects of GERD, rather than EBW
itself."" A subsequent unadjusted meta-analysis of studies
of histologically confirmed Barrett esophagus con-
cluded that there was an OR of 1.5 (1.2-1.8) for Barrett
esophagus among individuals with a BMI of >25 kg/m?
compared with normal-weight controls.”

Another study attempted to investigate the effect of
EBW on risk of Barrett esophagus in female nurses by
adjusting for reflux symptoms and the use of antireflux
medication.’ In this study, obesity, but not overweight, was
associated with Barrett esophagus, even after adjusting
for GERD.

Consistent with the data on colorectal neoplasia, two
case—control studies have demonstrated an increased risk
of Barrett esophagus in individuals who have increased
abdominal obesity, as measured by waist-hip ratio® or
waist circumference,” independently of BMI. However,
a separate study failed to detect an association between
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Barrett esophagus and either waist-hip ratio or waist
circumference in women.’

Only one observational study has investigated whether
EBW influences malignant progression in Barrett esopha-
gus; no association was observed between BMI and
progression to low-grade dysplasia.*

Pancreatic cancer

Data from a large pooled analysis of 2,170 cases have
demonstrated positive associations between several
anthropometric measures and pancreatic cancer risk fol-
lowing adjustment for age, smoking and diabetes.”” BMI
was a significant risk predictor in females, with those
with the highest quartile of BMI having an OR of 1.5
(1.1-2.1) compared with those in the lowest quartile. In
the fully adjusted model, the association was not signifi-
cant in men (1.3 [0.8-1.8]). Abdominal adiposity was also
a strong predictor of pancreatic cancer risk in women
only, with an adjusted OR of 1.9 (1.3-2.7) for the highest
versus lowest quintile of waist-hip ratio.” Furthermore,
ameta-analysis of prospective studies that included more
than 8,000 cases of pancreatic cancer demonstrated a
step-wise increase in pancreatic cancer risk of 1.2 (1.1-
1.3) in men and 1.1 (1.0-1.2) in women with each 5kg/m?
increase in BML.*® There is also evidence that onset of
an overweight or obese state at a young age (20-49 years
old) is associated with diagnosis of pancreatic cancer at
an earlier age compared with normal-weight controls.*
Type 2 diabetes mellitus (T2DM), which is often linked
to obesity and the metabolic syndrome, is associated with
an RR of 1.8 (1.7-2.0) for pancreatic cancer.® However,
reverse causation bias is likely in this study as the risk
was greater for those patients with a short history of
diabetes (less than 5 years) compared with individuals
who had a longer duration of diabetes,* particularly as
insulin sensitivity and diabetic control improve following
pancreatic resection.®!

Unlike CRC and esophageal adenocarcinoma, no
clinically relevant premalignant precursor lesion is
recognized for pancreatic cancer. Chronic pancreatitis
is associated with an increased risk of pancreatic cancer
with a cumulative risk of 4.0% at 20 years.®* However,
there is currently no evidence linking EBW and
chronic pancreatitis.

Gastric carcinogenesis

Stomach cancer

The link between EBW and the incidence of stomach
cancer is unclear, with conflicting data from two inde-
pendent meta-analyses. A meta-analysis of 10 cohort
studies reported a summary hazard ratio (HR) of 1.2
(1.1-1.4) for overweight and obese individuals compared
with those with a normal BMIL.* This association held for
males only, with significant associations only apparent
for non-Asian populations. The null effect observed
in Asian populations may partly be explained by more
widespread surveillance and early detection of gastric
neoplasia in these populations.®* However, the summary
HR estimate in this analysis was strongly driven by two
studies with evidence of considerable heterogeneity

(I’=81%).%* One of these two studies was reported to
have a risk estimate of 1.7, although the paper itself
reported that no association was found (HR 1.1 [0.7-
1.8]), and the other study included fatal gastric cancer
cases only. By contrast, a meta-analysis of four cohort
studies by Renehan et al.? did not find any association
between increasing BMI and gastric cancer risk.

There are biological differences between cardia and
noncardia stomach cancer, which may be reflected in the
association with EBW.®* Only cardia cancer risk seems to
be increased in obese individuals.®* Observational studies
of gastric cancer risk are also probably hampered by con-
founding owing to the difficulty in determining the true
nature of tumors at the gastro-esophageal junction as
either esophageal or gastric in origin.

Chronic gastritis and intestinal metaplasia

Gastric carcinogenesis is a multistage process, which
involves distinct histological stages from chronic gastri-
tis through to gastric atrophy and intestinal metaplasia.
Multiple risk factors for gastric carcinogenesis are recog-
nized, including Helicobacter pylori infection, smoking,
alcohol consumption and dietary factors.® However, the
relationship between body size and premalignant stages
of gastric carcinogenesis has yet to be explored.

Gallbladder carcinogenesis

Gallbladder cancer

Gallbladder cancer is rare in the Western world but is
more common elsewhere, particularly in South American
countries. It is known to arise on a background of gall-
stone disease or chronic cholecystitis,*” and it has been
estimated that up to 14% of incident cases of gallbladder
cancer in Europe may be attributable to obesity.® In a
large-scale, population-based study in Norway includ-
ing 1,715 cases of gallbladder cancer, obesity was associ-
ated with an RR of gallbladder cancer of 1.4 (1.0-1.9) in
men and 1.9 (1.6-2.2) in women compared with indivi-
duals with normal BMI.® A meta-analysis of four cross-
sectional studies concluded that a moderate association
between risk of gallbladder cancer and EBW existed in
women only, with an HR of 1.6 (1.0-2.5), as opposed to
men (1.1 [1.0-1.2]), for each 5kg/m? increase in BMIL.> A
subsequent large Chinese case—control study in a mixed-
sex population has shown that increased waist-hip ratio
was a strong predictor of risk of gallbladder cancer
compared with cancer-free controls.*

EBW is a risk factor for gallstones, with an approxi-
mate sixfold to sevenfold increase in gallstone preva-
lence in obese individuals compared with individuals
who have a normal BML”° Gallstones are believed to be
an age-independent risk factor for gallbladder cancer on
the basis of a number of epidemiological studies con-
cerning the presence,” size” and duration of stones.”
However, the strength of any causal relationship remains
controversial owing to the wide geographical variation
in incidence of gallbladder cancer despite equivalent
gallstone prevalence rates.”* This discrepancy may be
explained by variable rates of cholecystectomy in certain
areas.”” EBW might also increase the risk of gallbladder
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cancer independently of the presence of gallstones. In
the Chinese case—control study, the association between
EBW and gallbladder cancer incidence was maintained
even after adjustment for the presence of gallstones.®

Benign conditions linked to gallbladder cancer

The gallbladder adenoma (or polyp) is recognized to
have malignant potential’® and might be associated with
EBW. In a large series of 264 gallbladder polyps, presence
of the metabolic syndrome and increased waist circum-
ference were independently associated with gallbladder
polyp incidence.”” Other studies have suggested that
BMI might also be a risk factor for gallbladder polyposis,
particularly in males.”

There is a paucity of data linking EBW with other
likely histological precursors of gallbladder cancer, such
as chronic cholecystitis and gastric metaplasia, although
these entities are common in obese patients. In a study
of 199 morbidly obese Taiwanese patients undergoing
cholecystectomy at the same time as bariatric surgery, all
had chronic inflammatory cell infiltration and 27% had
gastric metaplasia, although only 10% had gallstones.”

Cholangiocarcinoma

EBW may also increase the risk of cholangiocarcinoma,
which is a relatively rare cancer that has been increasing
in incidence over recent decades.®® One large UK-based
case—control study of 372 cholangiocarcinoma cases esti-
mated an OR of 1.5 (1.0-2.2) for obese patients versus
those with a normal BML#' Another retrospective case—
control study of patients with cholangiocarcinoma
identified from the Surveillance, Epidemiology and
End Results (SEER) database in the USA, reported that
obesity was a significant risk factor for intrahepatic,
but not extrahepatic, cholangiocarcinoma.® However,
there may be regional differences as a similar study in
Denmark failed to show any significant increased risk of
cholangiocarcinoma with increased BMI.*

Hepatic carcinogenesis
There is strong evidence that obesity is associated with an
increased risk of hepatocellular cancer (HCC). Changes
in HCC incidence and obesity prevalence have both fol-
lowed a similar upward pattern, suggesting that obesity
may account for a significant proportion of HCC cases
over and above better recognized risk factors, such as
viral hepatitis and alcohol.** Data from the UK Million
Women Study showed that the risk of developing cirrho-
sis (a condition known to predispose to HCC) was linked
to increasing BMI in a dose-response manner.%
Obesity is associated with nonalcoholic fatty liver
disease (NAFLD), which is recognized as the hepatic
manifestation of the metabolic syndrome. NAFLD
encompasses a spectrum of histological states from
isolated steatosis (fatty liver) and nonalcoholic steato-
hepatitis (NASH), through to fibrosis and cirrho-
sis. Population-based estimates for the prevalence of
NAFLD range from 13% in nations where the preva-
lence of obesity is low, such as Japan,® to approximately
30% in the USA.¥ This figure rises to more than 90%

in patients who are morbidly obese.* The epidemiology
of the link between EBW, NAFLD and HCC has been
the subject of a recent systematic review and meta-
analysis.®”®" In addition, current understanding of the
mechanistic link between obesity, NAFLD and hepatic
carcinogenesis has been reviewed in detail elsewhere.®
Therefore, only a brief summary of a large body of data is
provided below.

Hepatocellular cancer

In a systematic review, seven out of 10 cohort studies
reported significantly positive associations between BMI
and HCC risk,* with the risk being greater for men than
women. In a separate meta-analysis, which included
eight of the above cohort studies, plus two other cohort
studies, obesity was associated with an RR of HCC of 1.9
(1.5-2.4) compared with a normal BMI; a similar gender
difference was apparent (male RR 2.4 [1.8-3.2]; female
RR 1.7 [1.4-2.0]).° On the basis of prevalence data from
the USA, it is estimated that 28% and 27% of cases of
HCC in men and women, respectively, are attributable
to EBW.

EBW seems to be an independent risk factor for HCC
separate from other causes of HCC. For example, in a
study of 781,283 men from Korea, a region in which there
is a high incidence of chronic HBV infection, obesity-
associated HCC risk was maintained after controlling for
HBYV infection.”! In a separate study of 19,271 patients
with cirrhosis who were listed for liver transplantation,
obesity was found to be an independent predictor of
HCC in patients with alcohol-related cirrhosis (OR 3.2),
but not in patients with cirrhosis resulting from viral or
autoimmune hepatitis.”? Another study of patients with
HCV reported an HR of 1.9 (1.1-3.2) for overweight
and 3.1 (1.4-6.8) for obese patients compared with their
underweight counterparts.®

NASH

NASH is considered to be the predisposing state of
NAFLD for hepatic carcinogenesis. This is consistent
with the close link between carcinogenesis and local
inflammation throughout the gastrointestinal tract.
Mechanistically, genetic and diet-induced obesity has
been demonstrated to drive HCC development via
chronic inflammation in mice.”

However, the relative contribution of NASH, as
opposed to protumorigenic mechanisms linked to cir-
rhosis, during hepatic carcinogenesis requires further
investigation. There are case reports of HCC in patients
with noncirrhotic NASH,*** which implies that EBW can
drive hepatic carcinogenesis via NASH independently of
cirrhotic change. However, this may be a rare event as
longitudinal studies have reported the incidence of HCC
in patients with noncirrhotic NASH to be as low as 1-2%,
whereas between 4-27% of cases of NASH transform to
HCC following the development of cirrhosis.®

How does EBW drive carcinogenesis?
How EBW promotes carcinogenesis in different
tissues, including several parts of the gastrointestinal
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Figure 1 | Mechanisms linking excess adiposity in overweight and obese states with gastrointestinal and hepatobiliary
carcinogenesis. This schematic outlines the putative mechanisms that link adipose tissue in excess body weight with the
cellular and molecular mechanisms that are critical for carcinogenesis. (1) Excess adiposity is associated with innate and
acquired immune activation. (2) Some gastrointestinal cancers are linked to local mucosal inflammation and/or irritation
secondary to obesity-related pathologies, such as GERD or gallstones. (3) Alternatively, obesity may drive gastrointestinal
carcinogenesis directly via several interlinked mechanisms leading to exposure to protumorigenic cytokines, growth
factors and adipokines, as well as increased substrate availability to neoplastic cells. (4) Diet composition and physical
activity are closely linked to excess body weight and may modify the effect of excess adiposity on carcinogenesis at
several levels, including reduced adipose tissue mass, modulation of chronic inflammation separate from changes in
adipose tissue mass, and other direct effects on target cells, particularly genotoxicity by dietary carcinogens.
Abbreviations: FFA, free fatty acid; IGF-1, insulin-like growth factor 1; IL-6, interleukin 6; MIF, macrophage migration

inhibitory factor; TNF, tumor necrosis factor.

and hepatobiliary tract, is still not understood but it
is almost certainly a multifactorial process (Figure 1).
A simple classification divides potential mechanisms
into either indirect (for example EBW promotes
GERD and gallstone formation, which then drive local
inflammation-driven carcinogenesis), or direct, in which
protumorigenic cell signaling occurs as a direct conse-
quence of excess adiposity. Proposed direct mechanisms
probably exhibit complex inter-relationships (Figure 1);
for example, chronic inflammation and insulin resis-
tance co-exist as part of the metabolic syndrome, with
proinflammatory signaling causally related to target cell
insulin resistance.”

Increased estradiol production is believed to contrib-
ute to the increased risk of postmenopausal breast cancer
and endometrial cancer that is associated with EBW.?
Moreover, therapeutic manipulation of sex hormone
levels alters CRC risk in men and women.”” However,
whether differences in sex hormone metabolism between
males and females contribute to gender-specific differ-
ences in gastrointestinal and liver cancer risk associated
with EBW or whether gender differences are explained
by differences in the distribution and biology of VAT and
SAT between the sexes is not known. For the purpose
of this Review, we consider sex hormones most likely
to modify EBW-related gastrointestinal and liver cancer
risk rather than representing a direct mechanistic link

between excess adiposity and carcinogenesis in the
gastrointestinal tract.

Great interest has been shown in the role of the intesti-
nal microbiome in control of body weight.!® Therefore,
the luminal microflora can be considered to be an
etiological factor acting indirectly via modulation of
body weight.!” In addition, luminal microflora could
have a direct protumorigenic role during colorectal
carcinogenesis.

Putative molecular mechanisms linking obesity and
carcinogenesis have previously been reviewed exten-
sively.”®19213 Therefore, only recent data relevant to the
gastrointestinal tract is reviewed in detail here.

Insulin and insulin-like growth factor signaling
A well-established hypothesis linking EBW and gastro-
intestinal carcinogenesis, particularly CRC and pan-
creatic cancer, is that insulin resistance leads to direct
mitogenic and antiapoptotic signaling by insulin and
the insulin-like growth factor (IGF) axis (Figure 1).1%
This hypothesis is supported by clinical observations,
clinical biomarker data and mechanistic cell studies,
but, as yet, few in vivo data have confirmed the rele-
vance of protumorigenic insulin and IGF signaling
in humans.

Increased CRC risk in patients with acromegaly,
as well as increased CRC and pancreatic cancer risk
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in patients with T2DM and the metabolic syndrome,
suggests that insulin and IGF signaling contributes
to EBW-related cancer risk.®*'%% Hyperinsulinemia
in T2DM results in reduced hepatic synthesis of IGF
binding protein (IGFBP) 1 and 2, which in turn leads
to an increase in the circulating levels of bioactive,
or ‘free’ IGF-1. Insulin, IGF-1 and IGF-2 activate the
insulin, IGF-1 and IGF-2 receptors, triggering an intra-
cellular cascade, which stimulates the proliferation
of CRC cells'” and promotion of tumor growth and
metastasis.'?®1%1% Downstream targets of these recep-
tors include extracellular-signal-regulated kinase (ERK)
and phosphatidylinositol 3 kinase (PI3K) pathways that
mediate mitogenic cell signals.’® One critical down-
stream effector that has generated great interest is mam-
malian target of rapamycin (mTOR) and its downstream
effector, S6 kinase 1, which both have a critical role in
cellular nutrient sensing."'’ Metformin, which is widely
used in the treatment of T2DM, has shown potential for
CRC chemoprevention in mouse models of colorectal
carcinogenesis''>!'"* through a mechanism believed
to include direct inhibition of mTOR by adenosine
monophosphate kinase (AMPK).

The relationships between components of the insulin—
IGF system and EBW are complex. In humans, although
not all associations with BMI are linear, plasma levels
of insulin and free IGF-1 are higher in obesity, whilst
IGFBP-1 and IGFBP-2 levels are reduced.'* Total IGF-1
levels peak at a BMI of approximately 28 kg/m? before
reducing further in individuals with a BMI >28 kg/m?
A meta-analysis of five cohort studies revealed that the
total IGF-1 level predicts the RR of CRC."* The associa-
tion between colorectal adenoma risk and IGF biomarker
levels is inconsistent. One study demonstrated a posi-
tive association between levels of serum insulin and the
IGF-1:IGFBP-3 ratio and colorectal adenoma risk,'*
whilst another found a similar association only for
‘high-risk’ adenomas.!!® Another study failed to detect
any association between risk of colorectal adenoma and
IGF biomarker levels.'”

In addition to colorectal neoplasia, decreased IGFBP-1
levels have been demonstrated to predict increased
risk of pancreatic cancer.'”® IGF-1 is overexpressed
in pancreatic cancer cells compared with normal
pancreatic acini.'"®

Insulin and IGF signaling may also have a role in
esophageal carcinogenesis. Genetic polymorphisms
in the genes encoding the IGF-1 receptor'? and IGF-2
receptor,'* which are known to increase expression of
these receptors in tumor tissue compared with matched
normal epithelium, are associated with an increased risk
of developing esophageal adenocarcinoma. Furthermore,
IGF-1 gene polymorphisms have also been shown to be
associated with risk of Barrett esophagus.'?

Alternatively, it has been proposed that insulin resis-
tance may lead to increased energy substrate (glucose,
triglycerides and free fatty acids) availability to mucosal
cells in the gastrointestinal tract, promoting tumor
growth directly and/or increasing oxidative stress and
DNA mutagenesis (Figure 1).

Chronic inflammation

EBW can be considered to be a state of chronic low-grade
inflammation, as demonstrated by increased systemic
levels of proinflammatory markers and cytokines, such
as C-reactive protein (CRP) and interleukin (IL)-6.'%
Numerous proinflammatory cytokines, chemokines and
other acute phase proteins, such as plasminogen activa-
tor inhibitor 1 and fibrinogen, are released from adipose
tissue, which consists not only of adipocytes, but also
immune cells, including macrophages (Figure 1).'* In the
lean state, adipose tissue contains CD4" T lymphocytes
with a T-helper-2 (T,2) profile and a proportionately
higher population of regulatory CD4* T lymphocytes
(Typ) in relation to effector CD8* T lymphocytes.'?
Obesity is associated with innate immune activation
involving classic (M1) macrophage activation and a
switch towards a T ;1 profile and dominant effector
CD8* T lymphocytes,'* believed to be necessary for
persistent adipose tissue inflammation.'*® The precise
mechanism(s) underlying immune activation associated
with excess adiposity are not understood although some
evidence supports the idea that Toll-like receptor (TLR)
activation by free fatty acids and/or lipopolysaccharide
(LPS) drives immune activation in adipose tissue.'?’

Many of the ‘classic’ cytokines and growth factors
that are synthesized and released by adipose tissue, such
as IL-6, tumor necrosis factor (TNF) and macrophage
migration inhibitory factor (MIF), are believed to have
direct protumorigenic properties in the gastrointestinal
and hepatobiliary tract (Figure 1).'?® However, it is
not known whether increased systemic levels of pro-
tumorigenic factors act directly on gastrointestinal
mucosal cells in an endocrine manner and/or whether
a persistent systemic inflammatory state can drive
induction of local tissue inflammation and subsequent
production of the same factors, which then act in a para-
crine manner. In an interesting study, Poullis et al.'®
demonstrated a positive relationship between levels of
fecal calprotectin (a marker of local intestinal inflamma-
tion) and obesity in healthy volunteers, independent of
the serum CRP level, which suggests that local intesti-
nal inflammation may occur in individuals with EBW
independently of overt gastrointestinal disease. NASH
is the paradigm for the causal relationship between
local tissue inflammation and carcinogenesis associated
with EBW. A study has demonstrated that 10% diet-
induced weight loss is associated with a 25-50% reduc-
tion in proinflammatory gene expression (including
TNF and IL-8) in human colorectal mucosa.'*® Further
studies are required to confirm that weight loss reduces
colorectal mucosal inflammation separate from the pos-
sible effects of increased physical exercise' and dietary
change per se.

A close causal relationship is believed to exist between
chronic inflammation and insulin resistance in the meta-
bolic syndrome. One mechanism that has been proposed
is nuclear factor kB (NFkB)-dependent inhibition of
signaling downstream of the insulin receptor.'*?

There is some literature on the association between
biomarkers of inflammation (particularly CRP) and
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gastrointestinal cancer risk. In a meta-analysis of eight
case—control studies, serum CRP level was demonstrated
to be independently associated with an increased risk
of CRC (RR 1.1 [1.0-1.3]). This relationship was only
significant for men and for colon cancer, rather than
for rectal cancer.”** However, one case—control study'**
and another cross-sectional study'** have demonstrated
no relationship between CRP levels and risk of colo-
rectal adenoma, although in the latter study a positive
association with risk of colorectal adenoma was evident
for serum IL-6 and TNF levels."** To date, no prospec-
tive study has investigated the association between
increased levels of inflammatory biomarkers and future
gastrointestinal and liver cancer risk.

Adipokines

Adipose tissue is an active endocrine organ that produces
a range of hormones, collectively termed adipokines.'?®
Leptin and adiponectin are the adipokines that have
been studied in the greatest depth (Figure 1). Similar
to the insulin-IGF signaling hypothesis, there are con-
vincing clinical biomarker data linking adipokine levels
with increased gastrointestinal and liver cancer risk,
and there are some functional preclinical data from
animal models (see below), but there is a paucity of evi-
dence confirming the precise role that these proteins
play at different stages of human gastrointestinal and
hepatobiliary carcinogenesis.

Leptin

Serum leptin levels are increased in obesity."** The leptin
receptor is overexpressed in CRC."” Leptin has mitogenic
activity in intestinal epithelial cells,"*® reduces apoptosis
in CRC cell lines'* and has also been shown to promote
growth of azoxymethane-induced colorectal tumors in
mice."*® Leptin is also implicated in esophageal carcino-
genesis; mitogenic and antiapoptotic effects of leptin
have been reported in esophageal adenocarcinoma cells
in vitro.!*!

In a colonoscopy study in men, those with the highest
tertile of circulating leptin levels had a BMI-adjusted 3.3-
fold greater risk of colorectal adenoma than those with
lowest tertile leptin levels.'** The association between
serum leptin levels and CRC is less clear although two
prospective studies have shown positive associations
with CRC in men.'*3*

In a prospective study, there was a threefold increased
risk of Barrett esophagus among men, but not women,
in the highest quartile of serum leptin levels compared
with the lowest, after adjustment for GERD symptoms.'*
Leptin also has mitogenic activity in HCC."¢

Adiponectin

Adiponectin can be considered to be an insulin-
sensitizing hormone, levels of which negatively cor-
relate with BMIL.'"” Adiponectin inhibits CRC cell
growth, partly via modulation of AMPK activity and
negative regulation of mTOR signaling.'*® Exogenous
administration of adiponectin reduces growth of
small intestinal polyps in the Apc™™* mouse model

of intestinal tumorigenesis,'* while an inverse associa-

tion between rectal dyplastic aberrant crypt focus
number in humans and plasma adiponectin has been
reported.” A number of studies have reported plasma
adiponectin levels to be inversely associated with the
presence and multiplicity of colorectal adenomas!*'-'>3
and early CRC (defined as stage pT1 or below), following
adjustment for BMI.'**

Two case-control studies have demonstrated a nega-
tive relationship of adiponectin and adiponectin recep-
tors with gastric cancer, including noncardia gastric
cancers.'*>"*¢ Adiponectin may also have an inhibitory
effect in esophageal carcinogenesis. In Barrett esopha-
gus, expression of adiponectin receptors (Adipo-R1 and
Adipo-R2) is downregulated. Adiponectin has been
demonstrated to have antiproliferative properties in
esophageal adenocarcinoma cell lines.'”” There is evi-
dence that adiponectin antagonizes leptin activity during
hepatic carcinogenesis.'*®

The intestinal microbiome

The intestinal microbiome in obese individuals is differ-
ent from that in normal weight individuals, and there is
growing appreciation of the role of gut ecology in the
promotion of obesity.!?>!*%1€ A lesser relative abun-
dance of Bacteroides species is found in obese versus
lean individuals and the proportion of Bacteroidetes
increases and Firmicutes decreases in association with
diet-induced weight loss.'® This alteration in gut ecology
is also a consistent feature of weight reduction after bari-
atric surgery.'" A case-control study determined that
people with screening-detected colorectal adenoma had
a significantly lower relative abundance of Bacteroidetes
than controls, although mean body weight data from the
two groups were not presented.'®

Emerging data demonstrate that gut bacteria may be
involved in colorectal carcinogenesis. In a rat model of
azoxymethane-induced tumors, germ-free rats devel-
oped smaller and fewer tumors than conventionally
colonized littermates.'®® There is also some evidence
that levels of intramucosal and mucosal adherent bac-
teria are increased in patients with CRC.'**!®° It is pos-
sible, therefore, that the altered intestinal microbiome in
individuals with EBW could drive carcinogenesis directly
in the lower gastrointestinal tract.

One postulated mechanism linking the intestinal
microbiome and EBW-driven chronic inflammation
is systemic exposure to bacterial LPS secondary to
changes in bacterial load and/or changes in gut perme-
ability. In animal models, circulating LPS levels increase
under high-fat-diet conditions and also cause metabolic
perturbations resulting in insulin resistance.'®®

Does weight loss decrease future cancer risk?
A logical progression from the concept that EBW
increases gastrointestinal and hepatobiliary cancer risk
is that weight reduction should reduce subsequent cancer
risk. Proof of the anticancer benefit of weight loss clearly
has enormous public health consequences. However, to
date, little evidence has accumulated to confirm or refute

232 | APRIL 2011 | VOLUME 8

www.nature.com/nrgastro

© 2011 Macmillan Publishers Limited. All rights reserved



the hypothesis that weight reduction negatively regulates
gastrointestinal and hepatobiliary carcinogenesis.

The lack of data almost certainly reflects challenges
in the design of observational studies in this field.
Retrospective studies are subject to reverse causation
bias, as weight reduction may be attributable to undiag-
nosed malignancy. Moreover, significant recall bias for
self-reported weight is likely. Variation in individual
weight over time is an important potential confounder
in longitudinal cohort studies, with sustained weight
loss rarely being achieved. The design of prospective
studies of weight loss is also problematic. Investigation
of CRC incidence requires long-term follow-up given
the natural history of colorectal carcinogenesis over
10-15 years. Moreover, detection and removal of colo-
rectal adenomas during follow-up is a significant con-
founder in longitudinal studies. The low incidence of
esophageal adenocarcinoma progression in Barrett
esophagus means that the size and duration of a study
using esophageal adenocarcinoma as an end point would
be unfeasibly large and lengthy. Similar methodologi-
cal problems are likely to blight studies of patients with
NAFLD, combined with the relative inaccessibility of the
liver for tissue analysis.

Weight loss by behavioral changes

The Iowa Women’s Health Study is the only major study
that has prospectively investigated intentional dietary
weight loss and CRC risk.'”” In this study of more than
20,000 healthy postmenopausal women, individuals who
self-reported an intentional weight loss of at least 201b
(approximately 9kg) or more, at some point in their lives,
had a nonsignificant 18% decrease in CRC incidence
compared with weight-stable controls.'” In a separate
large cohort study of 65,000 Austrian adults with a mean
follow-up of 8 years, neither weight loss nor weight gain
was clearly associated with cancer incidence in the whole
population, although a reduction in BMI of more than
0.1kg/m? per year was associated with a halving (HR 0.5
[0.3-0.9]) of the future risk of CRC in men when compared
with men whose weight remained unchanged.'¢®

Use of colorectal adenoma recurrence as a biomarker
of CRC risk offers the opportunity to perform short-term
studies. One Japanese study of screening colonoscopy
demonstrated that individuals (who predominantly had
normal BMI) who lost more than 5% of their initial body
weight had lower rates of colorectal adenoma after 1 year
compared with those whose weight was either unchanged
or increased by 5%.%

There is evidence that behavioral change leading to
weight loss reduces the severity of NASH.' We are not
aware of any reported investigation of the consequences
of intentional weight loss for future HCC risk.

Weight loss, physical activity and dietary change

It is self-evident that body weight, diet and physical
activity are inter-related factors. A simple line of reason-
ing is that reduction in calorific intake and increased
physical activity could reduce future cancer risk via
a reduction in EBW. However, there is evidence that

dietary composition and physical exercise can modulate
chronic inflammation independently of changes in the
mass of adipose tissue.'”*!”! Moreover, calorie restriction
has direct antineoplastic activity in preclinical models.'”
Increased physical activity, independent of change in
body weight, has been shown to reduce biomarkers of
NAFLD in short-term clinical studies.'”

Further study of the inter-relationship between EBW,
diet and level of physical activity is required in order
to inform future health education programs. A large
prospective cohort study from Denmark'’* demonstrated
that compliance with ‘healthy’ lifestyle factors, includ-
ing maintenance of a waist circumference of <88 cm in
men, was associated with a significant reduction (RR 0.8
[0.7-1.0]) in colon cancer in men during follow-up of
almost 10 years.

Weight loss following bariatric surgery

The consistent, significant degree of weight loss after
bariatric surgery provides an excellent opportunity to
determine whether weight loss alters future gastro-
intestinal cancer risk, with the obvious caveats that
physiological changes following surgery may confound
weight-loss-associated outcomes and that lengthy fol-
low-up is still required. Three reports have described
reduced cancer risks up to 10 years after bariatric
surgery, with the largest risk reductions for hormone-
responsive endometrial and postmenopausal breast
cancer, but also evident for CRC.'7>"”7 By contrast, in
a more-recent, population-based, case—control study of
more than 13,000 patients undergoing bariatric surgery,
there was no overall decrease in standardized incidence
ratio for either breast or endometrial cancer, while the
risk of CRC actually increased with time so that there
was a twofold increase in risk after more than 10 years
post-surgery.'’® Short-term reductions in cancer risk
after bariatric surgery may be unexpected given the
long natural history of gastrointestinal carcinogenesis,
and could be explained by earlier diagnosis after bari-
atric surgery or a true biological effect of weight loss on
existing tumor growth and/or progression. The possible
increased risk of CRC beyond 10 years after surgery
requires further investigation.

Does EBW alter cancer outcomes?

EBW also adversely affects short-term and long-term
outcomes after diagnosis of gastrointestinal cancer.
This is almost certainly multifactorial and is explained
by effects of EBW on treatment efficacy and safety, as
well as likely effects on disease progression, particularly
metastatic potential.

Colorectal cancer

EBW adversely affects long-term survival following CRC
diagnosis. The Iowa Women’s Health Study investigated
the prognostic influence of baseline anthropometric
measures on CRC outcomes during a 20-year follow-up
period.'” After adjusting for age at diagnosis, smoking
and stage of CRC at diagnosis, central adiposity, but
not BMI, was a predictor of survival; women with the
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highest tertile for waist-hip ratio had an HR of 1.37
(1.02-1.85) of CRC-related death compared with women
with the lowest tertile waist-hip ratio.'”” In a prospec-
tive Australian cohort study of 528 incident CRC cases,
each 10 cm increase in waist circumference was associ-
ated with a 20% (5-37%) reduction in CRC-specific
survival."® Additionally, increasing body weight and a
greater percentage of body fat, but not BMI, were signifi-
cantly associated with increased CRC-related mortality
during a median follow-up of 5.5 years after CRC diag-
nosis.'® There is already preclinical evidence that obesity
promotes liver tumor growth in mouse models of CRC
liver metastasis.'*>'82 However, we are unaware of any
human observational study that has investigated the
association between pre-morbid weight, post-diagnosis
weight change and CRC recurrence.

In the short-term, a BMI >30kg/m? and increased
waist-hip ratio are associated with worse CRC resec-
tion outcomes.'”’ Increased complication rates relate
to rectal rather than colonic surgery and in men rather
than women, and are explained by anastamotic leakage,
increased blood transfusion requirements, longer
surgery time and increased intra-abdominal collections
in these patients.'®® Further studies have shown reduced
sphincter-sparing outcomes, increased permanent colo-
stomy rates following abdomino-perineal resection and a
higher chance of local recurrence in men with obesity.'*
These data are likely to be also partly explained by the
less challenging anatomy of the wider female pelvis, but
also by the hindrance of increased abdominal adipose
tissue in men.'®>

There is also increasing evidence that efficacy of
chemotherapy is modulated by body size. Randomized
controlled trials of adjuvant chemotherapy with
5-flurouracil-based regimens in patients with Dukes’ B
and C colon cancer have shown significantly worse
overall survival and increased CRC recurrence rates
in obese individuals compared with those who have a
normal BMIL.*¥¢1% Further evidence of chemoresistance
in obesity was demonstrated in a study by Guiu and
colleagues,'® in which patients receiving treatment for
metastatic CRC with bevacizumab who had increased
VAT had reduced time to progression and overall
survival, independent of BMIL

Esophageal cancer

The effect of obesity on esophageal adenocarcinoma
outcomes has been harder to assess due to the negative
energy balance and weight loss related to dysphagia prior
to diagnosis. Consequently, the prevalence of obesity at
diagnosis is lower than for CRC and there is a paucity of
studies evaluating the impact of overweight and obesity
on surgically-resectable esophageal adenocarcinoma.
Data from a large cohort study show that obesity
increases the rate of anastomotic leakage and increases
blood transfusion requirements, but does not result in
significant differences in overall morbidity, in-hospital
mortality, or in overall and disease-free 5-year survival
rates.'® The occurrence of other intraoperative complica-
tions, such as recurrent laryngeal nerve paralysis and

respiratory complications, is variable between studies
and depends on whether the trans-hiatal or transthoracic
approach is favored.”?”!*! Other investigators have
not shown any difference in the number of harvested
lymph nodes or rates of negative resection margins in
obese patients.'”

Stomach cancer

No studies have specifically investigated outcomes from
gastric cardia cancer. However, one study did examine
‘proximal’ gastric cancer surgical outcomes in a Korean
population; the results demonstrated similar short-term
complications, as well as similar recurrence and sur-
vival rates in obese versus normal weight patients.'” In
the largest study of its kind, including more than 7,900
Japanese patients with all forms of gastric cancer, over-
weight status was associated with an improved 5-year
survival.'”* However, these data may not be generalizable
to Western populations, in which obesity rates have been
traditionally substantially higher than in Asia.

Pancreatic cancer

Evidence determining whether body size impacts on
pancreatic cancer outcome is inconsistent. In one mouse
model, obese mice that were injected with pancreatic
cancer cells developed larger tumors, had more frequent
metastasis and had decreased survival compared with
lean mice.’® In patients with pancreatic cancer, two
studies have shown that increasing BMI is associated with
increased pancreatic fistula formation and prolonged
hospital stay,'*®'?” although a similarly designed study
previously showed no difference in fistula complica-
tions.'”® Increasing BMI also seems to increase the
probability of lymph-node positivity from pancreatico-
duodenal resections.’ It has been suggested that BMI
may be a poor discriminator of cancer outcome as one
study showed that measures of VAT were superior in pre-
dicting higher wound and fistula complications. There
are further inconsistencies in the effect of obesity on
long-term survival from pancreatic cancer; studies have
shown both improved®® and worsened® 5-year survival
following similar adjustments for disease stage.

Conclusion
EBW is a risk factor for multiple gastrointestinal and
hepatobiliary cancers from the earliest, clinically appar-
ent, premalignant phases of carcinogenesis and seems to
also adversely affect cancer outcomes after diagnosis.

As obesity prevalence continues on an upward trajec-
tory globally, the cancer burden related to EBW will rise.
The epidemiological link between EBW and increased
cancer risk is established but further work is required to
strengthen the argument that EBW is a preventable and/
or treatable factor for cancer prevention by weight loss.
A recent model has highlighted the potential reduction
in colon cancer incidence that is possible if ideal body
weight is obtained at a population level !

Further insights into the mechanistic basis of the link
between EBW and carcinogenesis may lead to targeted
chemoprevention strategies for obese individuals. In
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particular, the role of the obesity-associated intestinal
microbiome in driving the systemic chronic inflamma-
tory response in obesity and in mucosal protumorigenic

signaling deserves further attention.
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