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Summary

Background: Obesity is a growing global public health problem. More than half the
European and North American population is overweight or obese. Colon and rectum
cancers are still the second leading cause of cancer death worldwide, and epidemio-
logical data support an association between obesity and colorectal cancers (CRCs).
Aim: To review the literature on CRC epidemiology in obese subjects, assessing the
effects of obesity, including childhood or maternal obesity, on CRC, diagnosis, man-
agement, and prognosis, and discussing targeted prophylactic measures.

Method: We searched PubMed for obesity/overweight/metabolic syndrome and
CRC. Other key words included ‘staging’, ‘screening’, ‘treatment’, ‘weight loss’, ‘bari-
atric surgery’ and ‘chemotherapy’.

Results: In Europe, about 11% of CRCs are attributed to overweight and obesity.
Epidemiological data suggest that obesity is associated with a 30%-70% increased
risk of colon cancer in men, the association being less consistent in women. Visceral
fat or abdominal obesity seems to be of greater concern than subcutaneous fat obe-
sity, and any 1 kg/m2 increase in body mass index confers more risk (hazard ratio
1.03). Obesity might increase the likelihood of recurrence or mortality of the pri-
mary cancer and may affect initial management, including accurate staging. The risk
maybe confounded by different factors, including lower adherence to organised CRC
screening programmes. It is unclear whether bariatric surgery helps reduce rectal
cancer risk.

Conclusions: Despite a growing body of evidence linking obesity to CRC, many ques-
tions remain unanswered, including whether we should screen patients with obesity

earlier or propose prophylactic bariatric surgery for certain patients with obesity.
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1 | INTRODUCTION

The World Health Organization (WHO) defines being overweight
and obese as abnormal or excessive fat accumulation in adipose tis-
sue that may impair a person's health (http://www.who.int/media
centre/factsheets/fs311/en/). Persons who are overweight have a
body mass index (BMI, weight/[height in m]?) greater than or equal
to 25 (BMI 225kg/m?), and persons with obesity have a BMI greater
than or equal to 30 (BMI 230 kg/mz).

Worldwide, obesity prevalence quadrupled for men and doubled
for women between 1975 and 2016." Between 1975 and 2016, the
absolute number of obese adults increased almost sevenfold, 100-
671 million.! In the United States, overall age-adjusted prevalence of
obesity in 2014 was 37.7% (35.0% in men; 40.4% in women), trending
towards a linear increase in women, but not in men over the previous
decade.? Obesity prevalence varies widely by region, occupation and
socio-economic level. Obesity is three times as common in the United
States (37.7%) as it is in Europe (12.8%).° Recent data from China
showed that from 1991 to 2015, prevalence of overweight increased
from 4.6% to 21.1%, and obesity prevalence increased from 1.4% to
10.1%. Severe obesity increased from 0.2% to 4.0% (a relative increase
of 1900.0%), as did overweight (relative increase of 358.7%) and obe-
sity (relative increase of 621.4%).* In US children and adolescents,
obesity prevalence is 17.0% and has mainly stabilised since 2005, but
epidemiological studies show an increase in other countries.®

Although BMI correlates strongly with absolute adiposity, there
is a distinction between accumulation of two types of fat (subcuta-
neous and visceral) that play different roles in metabolic syndrome
and colorectal cancer (CRC).”

Not all people with obesity are unhealthy,8 and only about
two-thirds of patients with metabolic syndrome are obese 10
Recommendations to measure waist circumference and waist-to-
height or waist-to-hip ratios instead of BMI acknowledge that ab-
dominal obesity plays a central role in metabolic syndrome, and
that BMI might overestimate obesity.” But no solid epidemiological
or metabolic data support recommendations for specific waist cir-

112 3nd the rela-

cumference cut-offs to define abdominal obesity,
tionship between visceral fat and metabolic syndrome varies across
ethnic groups.*®

CRC, the third most incident cancer worldwide, makes up 10.0%
of total cases and is the second most common cause of cancer-
related death (9.4% of all cancer deaths).®* In the United States,
cumulative lifetime risk of developing a CRC is 5% in the general
population.’® Obesity has been associated with 13 cancers, includ-
ing CRC and liver cancer,'® with three cancers sites (endometrium,
post-menopausal breast cancer and CRC) accounting for two-thirds
of cancers attributable to excess BMI attributable cancers.?” About
3.6% of cancers (481,000 new cases a year) are attributable to ex-
cess BMI, his association being higher in countries with very high and
high human development index (5.3% and 4.8%, respectively) than
in low human development index countries (1.6%).Y Relative risk of
colon cancer attributable to obesity is 1.24 for men overall, ranging
between 1.04 and 1.13 across countries.® Of the 1,347,000 new
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CRC cases diagnosed worldwide in 2012, in men 42,300/736,000
(5,8%) and in women 42,300/60,700 (7.0%) were attributable to high
BMLI.Y Similar estimates were reported for 384,402 incident can-
cers in France in 2015; of these 3380/43,000 incident CRC were
attributed to obesity.?°

In this article, we analyse epidemiological data on CRC in obese
subjects, discuss the effects of obesity on CRC management and
prognosis and consider measures designed to reduce CRC risk in this

population.

2 | METHODS
2.1 | Search strategy

We performed our review by searching EMBASE, MEDLINE, ISI Web
of Knowledge and PubMed. We employed a sensitive search strat-
egy to identify reports by combining controlled vocabulary and free
text terms related to (1) colon cancer or CRC (neoplasia, carcinoma,
tumour, metastasis, malignancy) and (2) obesity and overweight. We
conducted recursive searches and used the “similar articles” function
to identify and cross-reference articles. We also hand searched for
articles in the references of articles we identified. We performed
a review of the literature including adult human studies in French
or English, published between June 2012 and January 2022. In
this review we have chosen not to detail the pathophysiological
mechanisms involved in the increased risk of CRC in obese patients.
However, Figure 1, adapted from a previous publication,?! summa-
rises the main mechanisms involved in altering the risk of CRC in
obese people and more pathophysiological insight can be found in

other publications on this topic.?*2*

2.2 | Inclusion criteria

We identified meta-analyses, other systematic reviews, case-
control, cohort and observational studies that assessed colon, rectal
or CRC prevalence in obese persons and compared them to preva-
lence in non-obese subjects. We adopted the WHO BMI definition
of obesity 230kg/m? and also included studies in which BMI was

defined as 225kg/m? for Asian populations.?®

3 | OBESITY AND COLORECTAL CANCER

3.1 | Epidemiological data that support a
relationship between obesity and colorectal cancer

3.1.1 | Obesity is associated with increased
incidence of colorectal cancer

Many studies and meta-analyses support an increased incidence

of CRC in patients with obesity. Parameters to define obesity vary,


http://www.who.int/mediacentre/factsheets/fs311/en/
http://www.who.int/mediacentre/factsheets/fs311/en/
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FIGURE 1 Summary of potential factors that are believed to relate obesity and colorectal cancer. Blue arrows indicate the metabolic
consequences of obesity. Black arrows are for some of the suspected consequences of dysbiotic microbiota. Purple arrows are for the
cellular events induced by obesity-related metabolic changes. Red arrows locate these cellular events in the carcinogenic process. Green
arrows suggest the stage of the normal epithelium-to-carcinoma sequence where the different biological factors might start to act. And
finally, orange lines are for suggested inhibitory effect which may be beneficial, as for positive effects of bariatric surgery, or detrimental

for some confounding factors such as reduced adherence to screening or physical activity. Apc, adenomatous polyposis coli; Cox-2,
cycclooxygenase-2; DCC, deleted in colorectal carcinoma; DPC4, deleted in pancreatic carcinoma; FFAs, free fatty acids; IGF-1, insulin-like
growth factor-1; IL-6, interleukin; KRA, Kirsten rat sarcoma; MIF, macrophage migration inhibitory factor; MSI, microsatellite instability; TNF,

tumour necrosis factor; VEGF, vascular endothelial growth factor.

but a recent study found waist circumference a better predictor of
advanced colorectal neoplasia than BMI because it more accurately
reflected visceral obesity, which is the most pro-carcinogenic.26

.7 conducted an umbrella meta-analysis to sum-

Kyrgiou et a
marise evidence of links between obesity and 36 cancers. The link
between CRC and obesity was graded “strong” (among several sta-
tistic criteria, the association of: p-value in random effects meta-
analysis <107%, more than 1000 included in the meta-analysis, 12
heterogeneity <50%, 95% Cl excluding the null value) in 12 meta-
analyses that considered BMI, colon and rectal cancer, in men.
The link was “highly suggestive” (p-value in random effects meta-
analysis <107%, more than 1000 included in the meta-analysis,
the largest study in the meta-analysis nominally significant) in 17

other meta-analyses that considered BMI and waist circumference

for colon cancer in men and women, and “suggestive” (p-value in
random effects meta-analysis <1072, more than 1000 included in
the meta-analysis) in 23 others that considered BMI for colon can-
cer in women, weight gain in CRC, waist circumference and waist-
to-hip ratio in colon cancer.?’” Another recent meta-analysis of 47
prospective studies summarising the dose-response association
between excess body weight measured with several parameters
(RR 1.02, 1.01-1.02, per 5 kg increase in weight, RR 1.06, 1.04-
1.07 per 5 kg/m2 increase in BMI, RR 1.02, 1.02-1.03 per 10 cm
increase in waist circumference, RR 1.03, 1.01-1.05 per 0.1 unit
increase in waist-to-hip ratio) showed a significant increased CRC
risk.2® A working group of the International Agency for Research
on Cancer reviewed more than 1000 epidemiological studies and

reported CRC risk increased by 1.2-1.5 among patients with BMI
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over 25kg/m?, and by 1.5-1.8 in people with BMI 230kg/m?2.*¢ The
same association between waist circumference (highest versus
low category of waist circumference) and CRC risk was reported
in both genders analysed together, (RR 1.455, 1.327-1.596), or in
men (RR 1.477, 1.300-1.677) and women analysed separately (RR
1.442,1.296-1.604).16:27

In another meta-analysis of 56 studies, Ning et al.,%% showed a
dose-response between five BMl intervals (<23.0, 23.0-24.9, 25.0-
27.4, 27.5-29.9 and >30.0 kg/mz) and increased CRC risk: being
1.0 (reference), 1.14 (1.06-1.23), 1.19 (1.13-1.25), 1.24 (1.15-1.35)
and 1.41 (1.30-1.53). In these studies, CRC risk increase seemed to
be greater in men than in women. These data suggest CRC risk in-
creases with being overweight or obese, regardless of the parameter
measured (BMI, waist circumference, weight gain, or others).

There is a growing body of evidence to suggest that being obese,
together with smoking,®! is linked to early onset CRC, at least partly
because of the metabolic syndrome.®? Several recent systematic re-
view,% and meta-analyses,34 summarised the evidence and showed
that in most large epidemiological studies or meta-analyses, being
obese was associated with early onset CRC, with an estimated RR
1.54 (1.01-2.35).3% Some studies reported inconclusive or opposite

results,3>%¢

and authors suggested that this finding could be ex-
plained by the pre-diagnosis loss of weight in patient with CRC,!*¢
and the negativity of other studies maybe due to the small sample
size.1¥” A meta-analysis of studies investigating adult and early-life
CRC risk found that CRC risk was greater in men (RR 1.39, 95%ClI,
1.20-1.62) than women.®’

In addition to factors like lifestyle, microbiota, alcohol and meat
consumption, excess weight in childhood or young adulthood may
also contribute to the rising incidence of early-onset CRC in Western
countries.?%837 A prospective cohort of more than 85,000 women
found increased early-onset CRC risk, with a multivariable RR
1.93 (1.15-3.25), in women with obesity; BMI>23 at age 18 inde-
pendently increased early-onset CRC risk (mRR: 1.63; 1.01-2.61).4°
More recently, a prospective cohort of women who received prena-
tal care between 1959 and 1966 in Oakland, California (N = 18,751
live births among 14,507 mothers) suggested that maternal obe-
sity (230 kg/mz) increased CRC risk in offspring 2.51-fold and birth
weight over 4000g increased CRC risk by 1.95-fold.**

In summary, epidemiological studies strongly suggest a posi-
tive association between obesity in adult and childhood and risk
of overall and early-onset CRC. The association is greater in men
than in women; and the association with maternal obesity must be
confirmed.

3.1.2 | Obesity is associated with an increased
incidence of colorectal adenoma

CRC usually develops through the well described adenoma-
carcinoma sequence. Colorectal adenoma (CRA) are divided in two
distinct subgroups: conventional adenoma and sessile serrated

adenoma/polyps (SSA/P). Both are CRC precursors*? but share
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distinct molecular pathway and risk factors. Although conventional
adenomas were the most widely studied, it is now recognised that
SSA/P are also CRC precursors, and may account for a non-negligible
proportion of CRC, and a greater proportion of interval CRC than
conventional adenoma. Some studies showed that excess BMI is
an independent risk factor for both conventional and serrated ade-
noma/polyps subtype.*>*4 The most recent published meta-analysis
(17 studies, 168,201 patients) using patients with BMI<25kg/m?
serving as a reference, reported a constant 42%-44% increase of
CRA risk in overweight (25-30kg/m? summary odds ratio, SOR:
1.42; 1.24-1.63) and obesity groups (230kg/m?, 1.44; 1.30-1.61).%°
Subgroup analyses showed significantly higher risk in women (43%)
thanin men (7%), and in whites (72%) or Asians (44%) than in Africans
(-12%).*> When focusing on advanced CRA (defined as size >10mm
and/or villous component and/or high-grade dysplasia), the risk was
also significantly higher in patients with BMI >25kg/m?, (summary
OR: 1.52; 1.32-1.73).° This risk appeared to be greater in the high-
est BMI categories (OR:3.01, ;o<0.001).46 Since several studies sug-
gest that risk of CRA (and advanced CRA) recurrence increases along
with baseline BMI,**8 some authors suggest using BMI to stratify
risk of CRA recurrence and reduce the surveillance colonoscopy in-
terval for those with higher BMI.#

A recent study highlighted the differences between fat compart-
ments, and reported a significant association with CRA for visceral
adipose tissue and visceral-to-total fat ratio, but not with subcutane-
ous adipose tissue area.*® Several other studies showed that besides
BMI, significant increases of CRA were reported in patients with
highest amount of visceral adipose tissue (HR and OR ranging from:
2.16; 1.26-3.71,° to 3.90; 2.11-7.20,*¢ p<0.001 when comparing
lowest and highest quintile); or those with highest visceral-to-total
fat ratio (OR: 2.51; 1.37-4.60, p = 0.003).*¢ A meta-analysis of 12
studies confirmed that visceral-to-total fat ratio, measured by CT,
correlate significantly with CRA and advanced CRA.*! The dose re-
sponse meta-analysis showed that the summary OR for each 25cm?
increase in visceral adipose tissue area was 1.13 (1.05-1.21).' The
results remained significant even after adjusting for weight, BMI,
waist circumference and subcutaneous adipose tissue, demonstrat-
ing the predominant role of visceral adipose tissue in this process.>!

To sum up, higher BMI seems to correlate with incidence and the
recurrence of CRAs, including advanced conventional CRA or SSA/P.
The amount of visceral adipose tissue and visceral-to-total fat ratio

seem to be major risk factors for developing CRAs.

3.2 | Factors that confound the association between
obesity and colorectal cancer

3.2.1 | Physical activity

Physical activity appears to significantly lower colon cancer risk,
through multiple pathways, including the reduction of metabolic
syndrome, of chronic low-grade inflammation, or the promotion of

protective microbiota.?? Several studies report a reduction of CRC
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incidence from 15% to 24%.%>>* An umbrella review that included
19 reviews, 26 meta-analyses and 541 original articles reported
“strong” evidence of the positive effect of recreative physical ac-
tivity on colon cancer.”® Two meta-analyses, one of which included
1.44 million adults®® and the other 755,459 adults,”” found that
leisure time activity was associated with a significant (8%-14%) de-
crease in colon cancer. The more recent study, however, found this
association only in men.>”

The protective role of physical activity appeared to be dose-
dependent. Patients who exercised more than an hour per week
had a lower risk of colon cancer than those who exercised less than

k.>® Risk continued to decrease with the number of

an hour per wee
hours of physical exercise; the decrease was 40% in patients exercis-
ing more than 7 h per week.>”>%¢0

The protective effect of physical activity seems well-documented

57,61

in men, but the relationship is not so clear in women, except for

post-menopausal women not on hormone replacement therapy.®? It
may be because baseline risk of CRC is much lower in women than
men, that the protective effect of physical activity is more difficult
to prove.

In conclusion, physical activity appears protective against colon
cancer, risk decreasing proportionately with the number of hours
spent training. Physical activity seems to play a role more for men
than women. Increased risk of CRC associated with obesity may
thus be confounded by the lower rate of leisure activity in obese

subjects.6>¢*

3.2.2 | Colorectal cancer screening

There are two main questions to address: (1) Is being obese nega-
tively associated with CRC screening adherence? and (2) Is the in-
creased risk for CRC in individuals with obesity high enough to
warrant screening them at a younger age?

Itis possible that patients with obesity are less likely to adhere to
screening recommendations, which may increase CRC prevalence in
this group. A meta-analysis published almost a decade ago suggested
BMI was not associated with CRC screening compliance overall, but
certain categories of patients (white obese women) had significant
lower colon cancer screening rates than white normal-weighted
women (0.87, 0.82-0.93; 0.80, 0.65-0.99; and 0.73, 0.58-0.94, for
class | obesity, 30-34.9 kg/m2; class Il obesity, 35-39.9 kg/mz; and

class Ill obesity, 240kg/m?, respectively).®®

Only one study (that
found overweight and obesity in >70% of the population) reported
that being obese was not a significant risk factor in missing a CRC
screening test.%® The rest of the literature confirmed that patients
with obesity were less likely than those of normal weight to ad-
here to CRC screening recommendations.®”"%’ A recent systematic
review of the literature recapitulates the studies investigating the
association between obesity and CRC-screening recommendations
adhesion.”® In this review, Siebert et al.”* showed that men with
Class Il obesity (BMI 240) were significantly less likely to adhere
to screening guidelines (38.7% vs 55.8%, adjusted OR: 0.35, 0.17,
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0.75) than men of normal weight, but this was not true for obese

.,%” reported that compared with

women. Similarly, Anderson et a
normal-weighted counterparts, patients with obesity were less likely
to undergo colonoscopy as CRC screening test (non-compliance RR
2.16, 1.20-3.89). Another study showed that obesity was a risk fac-
tor for CRC screening program discontinuation.®’ More recently,
in the Netherlands, where screening uptake is over 80%, a survey
found that being obese was associated with a significant decrease in
CRC screening (OR: 0.8; 0.66-0.97).7%72 It is still unclear why adher-
ence to CRC screening recommendations is lower in obese subjects.

Messina et al.”®

suggested that although obese women were less
aware than normal-BMI women that obesity increased their CRC
risk (OR: 0.5; 0.3-0.9) and were less worried about CRC (OR: 0.5;
0.3-0.8), these factors were not sufficient explanations for the dif-
ferences between screening rates.

In summary, although data supporting the impact of decreased
adherence to screening policies among obese subjects is limited (as
is data on their increased CRC risk), decreased adherence to CRC
screening policies may be more pronounced in patients with obesity
compared with the normal-weighted target population. The absolute
difference is quite small, usually under than 10%,°87% and most find-
ings described morbidly obese subjects.®>%®72 It is unlikely that at-
tending fewer cancer screenings accounts for significant differences
in cancer outcomes between individuals classed as being overweight
and obese and those classed as normal weight, but lower screening
adherence may explain a part of the incidence differences observed.

3.3 | Relationships between obesity,
treatments, and colorectal cancer outcomes

Optimal management of patients with obesity with CRC may be
hampered or altered in a number of ways, including physician choice
of treatment, dose modifications, inaccurate disease staging and
pharmacokinetic and/or pharmacodynamic changes due to obesity

itself.”*

3.4 | Obesity and radiological staging of
colorectal cancer

Over the past few years, CRC treatment strategy has advanced.
For example, neoadjuvant chemotherapy can have a beneficial ef-
fect on outcomes in patients with locally advanced CRC particu-
larly to facilitate surgical monobloc resection. Accurate staging
is essential to individually select and manage therapies. Today,
contrast-enhanced computed tomography is the pivotal method
for initial workup and staging of colon cancer (as well as MRI in
rectal cancer local staging). However, the accuracy of clinical T-
staging may vary greatly across patients, even in the same cancer
center.”® The amount of visceral adipose tissue may reduce the
accuracy of CRC staging. A study of 216 patients with CRC found
that 39% of patients were mis-staged by computed tomography.”
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Lower visceral adipose tissue (<122 cm?, p<0.001) and proximal
location of tumour (p = 0.004) were independent factors asso-
ciated with higher probability of misstaging.”® We could not find
other studies evaluating the impact of visceral adipose tissue ac-
cumulation on the radiological staging of CRCs. This is a topic that

deserves further investigations.

3.5 | Obesity and surgery for colorectal cancer

Overall, data on colorectal surgery in patients with obesity support a
higher rate of post-operative complication, such as increased conversion
rates after initial laparoscopy, longer operating times, and postoperative
morbidity, but no effect on other outcomes such as intraoperative blood
loss, perioperative mortality, and reoperation rates.”””® Independently
from the surgical technique employed, patients with obesity are more
prone to developing certain complications (such as surgical site infec-
tion).””778% A recent meta-analysis of 16 studies (pooling 9535 patients)
estimated that the risk of surgical site infection for patients with BMI
>30 was more than double that of patients with BMI<3Okg/m2 (OR:
2.13; 1.66-2.72, p<0.001).8! In Asian patients, those with BMI 225kg/
m? had a 63% higher risk of surgical site infection than those with BMI
<25 (OR: 1.63; 1.29-2.06, p<0.001).8

Focusing on oncologic colorectal surgery, a more recent meta-
analysis of 13 observational studies (4550 patients) reported signifi-
cant increased conversion rate (OR: 2.11; 1.58-2.81), postoperative
morbidity (OR: 1.54; 1.21-1.97), wound infection (OR: 2.43; 1.46-
4.03), and anastomotic leak (OR: 1.65; 1.01-2.71) in the obese
group.®?2 On the contrary to what has been described for other

cancers,82’84

the rate of positive margin (distal and circumferential),
5-year disease-free and overall survival,®? do not convincingly dif-
fer between normal-weight and patients with obesity after laparo-
scopic,®? or robotic,®* surgery.

Another recent meta-analysis, including 29 studies totalling
56,293 patients, found an obesity rate of 19.3% among patients with
cancer.®® These patients with obesity were significantly more likely
to have lymph node metastases (OR: 1.2; 1.1-1.2, p<0.001), longer
surgeries, more blood loss and conversions to open surgery (OR: 2.6;
1.6-4.0, p<0.001), but there was no difference in length of stay or
postoperative mortality.83

In all,’77882:8586 ht one,8® study, the number of lymph node
retrieval was not statistically lower in the obese group. In the only
study,83 in which a significant lower number of lymph node retrieval
was suggested, the small difference reported (-0.9, 95% Cl -1.7 to
-0.1, p = 0.03) is probably of marginal clinical impact.

3.6 | Obesity and response to chemotherapy and/or
targeted therapies

Some suggest that obesity, particularly visceral obesity, and its re-
lated metabolic changes promote angiogenesis.®’ In particular, the

ratio of visceral fat area/subcutaneous fat area may correlate with
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the level of circulating proangiogenic biomarker VEGF-A.%8 Patients
with obesity may be less responsive to chemotherapy, especially pro-
tocols that include targeted therapies like anti-VEGF (bevacizumab).

A study of 120 patients with metastatic CRC who received
bevacizumab-based treatment (n = 80) or chemotherapy alone
(n = 40),%? determined that high BMI, visceral fat area, and subcu-
taneous fat area were significantly associated with lack of response
to bevacizumab-based therapy but not chemotherapy.®? After anti-
VEGEF therapy initiation, patients with high BMI had a significantly
shorter mean time to progression, compared with patients with nor-
mal BMI (9 vs 12 months, respectively, p = 0.01).8” In multivariable
analysis, high visceral fat area was independently associated with
response (HR 7.18; 1.69-30.6), time to progression (HR 2.80; 1.35-
5.79), and overall survival (HR 2.88, 1.13-7.32).8% A separate cohort
study of 49 consecutive patients confirmed this finding as visceral
fat area was significantly lower in respondents (111.9 + 12 cm? than
in non-respondents (210.8+58cm?, p = 0.03).7° A recent analysis
of two large phase Il studies (CAIRO and CAIRO2) also provided
indirect support for these conclusions. The paradoxical benefit con-
ferred by a higher BMI in patients treated with chemotherapy alone
disappeared in a similar cohort of patients treated with chemother-
apy + targeted therapy.”® The authors hypothesized that the effi-
cacy of bevacizumab decreased in patients with obesity.

A more recent report on 563 patients with metastatic CRC who
received first-line chemotherapy and bevacizumab suggested that
patients had longer progression-free survival (p = 0.030) and 2-year
survival rate (p = 0.036) than patients with obesity.”?> Controversial
results are however reported by Miyamoto and colleagues’® from
a retrospective analysis of 5 phase-Il studies comprising 157 pa-
tients.”® Patients in the low visceral fat area group had significantly
shorter median overall survival than those in the high visceral fat
area group (21.1 vs 38.9 months; HR: 1.70; 1.06-2.70, p = 0.03). Low
visceral fat area was identified as an independent predictive factor
for improved overall survival (HR: 1.86; 1.15-3.00, p = 0.01).7°

Similarly, a retrospective study of data from 237 patients with
metastatic CRC treated with chemotherapy plus bevacizumab in
second line from January 2014 to August 2018 in four reference
oncological centres in Poland also suggested high BMI was inde-
pendently associated with improvement in both progression-free
survival (HR: 1.79; 1.13-2.84, p = 0.015) and overall survival (HR:
1.83; 1.12-2.99, p = 0.047).7*

The risk of unreported bias in the published study,94 e.g., over-
selection of included patients, may explain these inconsistent re-
sults. This association should be tested before adapting treatment
guidelines for chemotherapies and targeted therapies based on a

patient's BMI or visceral fat area.
3.7 | Obesity and outcomes in patients with
colorectal cancer

Several meta-analyses investigated the effect of being overweight

and obese on CRC outcomes.
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In the first meta-analysis of 16 prospective studies (58,917 pa-

),”° both overall mortality

tients with a median follow-up of 9.9 years,
and disease specific mortality were significantly increased in patients
with obesity at diagnosis (RR: 1.25; 1.14-1.36, and RR: 1.22; 1.003-
1.35, respectively). Being overweighted was not associated with ei-
ther of these parameters. On the other hand, post diagnosis obesity
was associated with significant overall (RR: 1.08; 1.03-1.13) but not
specific disease mortality (RR: 0.95, 95% Cl: 0.80-1.30). In another
meta-analysis of 25 first-line metastatic CRC trials (21,149 patients)
mostly focused on underweight patients,”® the authors reported an
L-shaped pattern for both overall and progression free survival, with
better outcome for patients from 28 kg/m2, and risk for overall and
progression-free survival risks were similar in patients with higher
BMI. Finally, the most recent and largest meta-analysis (45 studies,
607,266 patients from stage | to IV) reported a significant increase
in CRC (OR:1.27; 1.11-1.45) and overall (OR 1.20; 1.06-1.36) mortal-
ity in patients with obesity compared with normal-weight.”” Similar
trends for CRC mortality were found when considering high versus
normal waist circumference (OR:1.23; 1.01-1.50). This suggests
a specific role of obesity in prognosis. Being overweight (but not
obese) increase significantly CRC recurrence in the pooled analysis
of eight studies (OR: 1.33;1.12-1.57).

Overall, obesity is linked to CRC mortality. However, this associ-
ation may (partially) be explained by the effect of obesity on physi-
cians' management.

Usually, chemotherapy dosage is calculated based on body weight
or body surface area. In this setting, dose reduction or dose capping
(at body surface area of 2m?) is common practice because physi-
cians fear toxicity which may result from high doses.”® However,”’
the recently updated guidelines of the American Society of Clinical
Oncology continue to recommend full dosage chemotherapy for

patients with obesity,°

and a meta-analysis demonstrated no sig-
nificant difference in full-dose chemotherapy-related toxic effect
on patients with obesity.°! These patients with metastatic CRC do
not experience more toxicity or more frequent dose reduction be-
cause of toxicity. However, is has been suggested that progression-
free survival (hazard ratio, HR: 1.21; 1.06-1.39, p = 0.006), was
significantly impaired in patients with obesity treated with reduced
doses.®? Results for overall survival were not significant (HR: 1.12;
0.96-1.30, p = 0.152).1%?In adjuvant stage Ill CRC, a significant im-
proved relapse-free survival was described (HR: 0.48; 0.27-0.85;
p = 0.01), whereas overall survival just failed to reach statistical
significance (HR: 0.53; 0.28-1.01; p = 0.052) in patients with BMI
>30kg/m? and body surface area 22m? treated with full dose com-
pared with those treated with reduced dose.!%® The effect of obesity
on immunotherapy efficiency is unclear, but there is no indication
that patients with high BMI have worse outcomes, although there
is some evidence that immunotherapy is more effective in patients
with high BM|.1%4

Thus, data suggesting that pre-diagnostic BMI correlates with
mortality from CRCin an adverse dose-response relationship (in men

105

but not in women)™> and is associated with an increased recurrence-

risk?>106197 should be taken with caution because confounding
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factors coming from the management and not the pathophysiology
may occurs. It is harder to interpret the effects of post-diagnosis BMI
on mortality and recurrence, but the largest meta-analysis reported
that post-diagnosis large weight-gain (>10%) is associated with in-
creased CRC mortality compared with stable weight (OR: 1.32; 1.02-
1.72). Cancer treatments can change BMI, causing severe weight
loss over a brief time period. In turn, this may increase sarcopenia,

which is associated with post-treatment complications of CRCs.1%8

3.8 | Measures to mitigate the risk of colorectal
cancer in obese subjects

3.8.1 | Weight loss in patients with obesity and the
risk of colorectal cancer

Epidemiological evidence supports the association between obesity
and CRC, it is unclear whether weight loss can reduce this risk.

A well-established, prospective, multicentre cohort study to ex-
plore the association between nutrition and lifestyle with cancer and
other chronic diseases (based on EPIC, the European Prospective
Investigation into Cancer and Nutrition) recently suggested that
losing weight to reach a lower BMI category was inversely associ-
ated with CRC (HR: 0.69; 0.52-0.92) risk. 107 Findings were similar for
post-menopausal women where intentional weight loss was associ-
ated with significant decrease in CRC risk (HR: 0.79; 0.63-0.99).1%°

Although bariatric surgery (BS) for weight loss is generally as-
sumed to reduce cancer risk in patients with obesity, its effect on
CRC is controversial. Two recent studies have examined CRC inci-
dence and mortality after BS. These two meta-analyses (the largest
seven studies together included 1.2 million patients with obesity)
reported a significant (27%-34%) reduction in CRC risk in patients
who had BS (RR: 0.73; 0.58-0.90 and 0.64; 0.42-0.98).11*1!2 More
recently a matched cohort study was published suggesting that
Roux-en-Y gastric bypass reduces by 53% the risk of CRC in patients
with morbid obesity (OR 0.47; 0.30-0.75).1*% In contrast, long-term
follow-up in a prospective randomised clinical trial, the Swedish
Obese Subjects study, found no significant CRC risk reduction for
BS (adjusted HR = 0.89; 0.62-1.29).1¥ But in the Schauer et al study,
BS was associated with a significant 31%-35% reduction in CRC risk
(HR:0.59;0.36-0.97,p = 0.04).1% Risk reduction was marginal in the
Rustgi et al. study,*'® (aHR: 0.66; 0.42-1.00), which was restricted to
patients with non-alcoholic fatty liver disease.

A retrospective population-based study conducted on French
electronic health data, comprising 74,131 patients who had had
several types of BS and 971,217 control patients who had had no
BS reported a significant CRC risk increase in subjects with obesity
who did not have BS (standardised incidence ratio, sIR: 1.34; 1.32-
1.36).7 In BS patients, the sIR was 1.0 (0.90-1.09) and there was
no difference between observed and expected CRC incidence in the
general population.!'” This suggests that BS brings CRC risk to the
level of the general population.*'” Similarly, an English population-

based study of patients with obesity who had BS found standard
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incidence ratio (sIR: 1.26; 0.92-1.71) did not increase (compared with
the general English population), but sIR did increase in patients who
had no BS (sIR: 1.12; 1.08-1.16).18

These discrepancies might be explained by study design of the

1, or observational studies,'t¢1Y”

randomised clinical tria or by the
type of surgery performed. For example, Mackenzie et al.**? found
that gastric bypass, but not sleeve gastrectomy, increased colon can-
cer risk, suggesting that the type of bariatric procedure may affect
cancer development. The rational being that weight loss varies ac-
cording to the type of procedure and that the type of procedure may
have an impact on changes in gut microbiota or hormone levels.**%120
CRA significantly decreased in patients with obesity who had BS (OR
0.56;0.53-0.59). The effect was significantly higher after gastric by-
pass or sleeve gastrectomy than for adjustable gastric banding.**’

In summary, available data suggest an association between weight
loss and decreased CRC incidence. Weight loss from diet alone or
from BS interferes with gut microbial-host metabolic cross-talk, 121122
and is associated with reduced metabolic syndrome123 and lower lev-
els of VEGF, insulin and Ieptin,124 which may explain the mechanism
behind these clinical observations. However, the data associating BS
with CRC risk is not strong enough to support a formal indication for
BS to reduce this risk. Further epidemiological and pathophysiological
studies are warranted to confirm, and quantify the amount of protec-

tive effects, as well as the underlaying mechanisms.

3.8.2 | Colorectal cancer screening starting earlier

Because incidence of early-onset CRC is increasing,®? and because
a microsimulation model suggested cost-effectiveness,'?® the 2018
American Cancer Society guidelines recommend CRC screening
begin at age 45 instead 50.12% The wisdom of this recommenda-
tion for the general population is under debate because the large
relative increase in CRC incidence translates to a much smaller ab-
solute increase. Moving the start to 45 poses the risk of exceeding
endoscopic capacity. It will also be costly and may divert resources
from older adults more likely to benefit from screening. Another
argument against starting CRC screening earlier was that age was
the sole predictor used in the different microsimulation models,?®
regardless other factors such as obesity, tobacco smoking or other
lifestyle parameters, known or suggested to be responsible for this
rising incidence in the youngest categories of age.127

Starting CTC earlier in patients with obesity may not be suf-
ficient to counteract negative influence of obesity on CRC risk as
apart from obesity at CRC diagnosis, obesity during childhood or
young adulthood contributes to this increased risk.*® A recent study
investigating BMI at age 20years, 30years and about 10years be-
fore diagnosis, showed constant increase in all these analyses, with
relative risks of 2.56 (1.20, 5.44), 2.06 (1.25-3.40) and 1.88 (1.30-
2.73) respectively.}?®

Similarly, authors described a dose-response increase (RR per
5 kg/m2 increase from1.36 1.15-1.61,1.36(1.18-1.58) to 1.44 (1.18-

1.75) at age 30, 10years before diagnosis and age 20, respectively.'?®

BARDOU ET AL.

Whether childhood obesity increased more specifically rectum,?®

or colon,*?? cancer remain to be determined.
For persons with obesity, it is worth considering early CRC screen-

ing, but the best starting age is not yet clear. Sung et al.**°

suggest that
the increase in CRC incidence in persons with obesity over the last
20years was greatest in subjects between 25-29 years old.*%°

Based on the results of a study conducted in Turkey, the authors
strongly suggested routine CRC screening for those 40-49-year-old
who were morbidly obese or who belonged to the average risk meta-
bolic syndrome patient population, since the colorectal neoplasia rate
was 35.6% in =50years old and 22.1% in those 40-49 (p = 0.053);
advanced colorectal neoplasia rates were similar in these age groups
(8.4% in 40-49; 9.6% in 50-65; p = 0.792).1** Some authors proposed
a risk scoring model based on obesity to optimise patient surveillance

by adjusting the interval of follow-up endoscopies.*’

4 | CONCLUSIONS

This highlights significant recent findings about the relationship be-
tween obesity and CRC. Obesity in adult or childhood increase further
CRC risk, and influences outcomes, overall and for specific CRC treat-
ments, especially VEGF-targeting therapies. Weight loss, mostly after
gastric bypass surgery, significantly affects the course of CRC. Several
questions are still unanswered: How do we best explore and use possi-
ble biological and clinical predictors like leptin, adiponectin, the visceral
adipose tissue area, and the metabolic syndrome? How can we improve
assessment of CRC in patients and adapt CRC screening policies? And

can we better determine indications for gastric bypass surgery?

AUTHOR CONTRIBUTIONS

Marc Bardou: Conceptualization (lead); data curation (lead); valida-
tion (lead); writing - original draft (lead); writing - review and editing
(equal). Alexia Rouland: Formal analysis (supporting); methodol-
ogy (equal); validation (equal); writing - original draft (equal); writ-
ing - review and editing (supporting). Alan N Barkun: Data curation
(supporting); methodology (supporting); resources (equal); writing
- original draft (supporting); writing - review and editing (equal).
Myriam Martel: Conceptualization (lead); data curation (supporting);
formal analysis (supporting); supervision (equal); writing - original
draft (equal); writing - review and editing (equal). Romaric Loffroy:
Conceptualization (supporting); validation (supporting); writing
- original draft (equal); writing - review and editing (supporting).
Nicolas Chapelle: Conceptualization (equal); data curation (equal);
formal analysis (lead); methodology (lead); validation (lead); writing

- original draft (lead); writing - review and editing (lead).

ACKNOWLEDGEMENTS

Dr. Barkun is the holder of the DG Kinnear Chair in Gastroenterology

at McGill University. Special thanks to Kali Tal for her editorial sugges-

tions. Open access funding enabled and organized by ProjektDEAL.
Declaration of personal interests: None.

Declaration of funding interests: None.



BARDOU ET AL.

AUTHORSHIP
Guarantor of the article: Marc Bardou.

Author contributions: All authors have made significant contri-

bution to the research described in this manuscript. Marc Bardou,

Alexia Rouland and Nicolas Chapelle conducted the literature search

and selected the publications, extracted the data, and drafted the

manuscript. Alan Barkun, Myriam Martel and Romaric Loffroy re-

viewed data extraction, supplied a scientific assessment and sub-

stantially contributed to manuscript preparation.

ORCID

Marc Bardou
Alan N. Barkun
Nicolas Chapelle

https://orcid.org/0000-0003-0028-1837
https://orcid.org/0000-0002-1798-5526
https://orcid.org/0000-0003-4834-9693

REFERENCES

1.

10.

11.

12.

13.

14.

Sung H, Siegel RL, Torre LA, Pearson-Stuttard J, Islami F, Fedewa
SA, et al. Global patterns in excess body weight and the associated
cancer burden. CA Cancer J Clin. 2019;69(2):88-112.

Flegal KM, Kruszon-Moran D, Carroll MD, Fryar CD, Ogden CL.
Trends in obesity among adults in the United States, 2005 to 2014.
JAMA. 2016;315(21):2284-91.

Gallus S, Lugo A, Murisic B, Bosetti C, Boffetta P, La Vecchia C.
Overweight and obesity in 16 European countries. Eur J Nutr.
2015;54(5):679-89.

Fan H, Zhang X. Alarming trends in severe obesity in Chinese chil-
dren from 1991 to 2015. Child Obes. 2020;16(4):244-9.

Ogden CL, Carroll MD, Lawman HG, Fryar CD, Kruszon-Moran
D, Kit BK, et al. Trends in obesity prevalence among children and
adolescents in the United States, 1988-1994 through 2013-2014.
JAMA. 2016;315(21):2292-9.

Di Cesare M, Soric M, Bovet P, et al. The epidemiological burden
of obesity in childhood: a worldwide epidemic requiring urgent ac-
tion. BMC Med. 2019;17(1):212.

Khanna D, Rehman A. Pathophysiology of obesity. Treasure Island,
FL: StatPearls; 2021.

Stefan N, Kantartzis K, Machann J, Schick F, Thamer C, Rittig
K, et al. Identification and characterization of metabolically
benign obesity in humans. Arch Intern Med. 2008;168(15):
1609-16.

Despres JP, Lemieux |. Abdominal obesity and metabolic syn-
drome. Nature. 2006;444(7121):881-7.

Wildman RP, Muntner P, Reynolds K, et al. The obese without
cardiometabolic risk factor clustering and the normal weight with
cardiometabolic risk factor clustering: prevalence and correlates
of 2 phenotypes among the US population (NHANES 1999-2004).
Arch Intern Med. 2008;168(15):1617-24.

Lovejoy JC, de la Bretonne JA, Klemperer M, Tulley R. Abdominal
fat distribution and metabolic risk factors: effects of race.
Metabolism. 1996;45(9):1119-24.

Albu JB, Murphy L, Frager DH, Johnson JA, Pi-Sunyer FX. Visceral
fat and race-dependent health risks in obese nondiabetic pre-
menopausal women. Diabetes. 1997;46(3):456-62.

Carroll JF, Fulda KG, Chiapa AL, Rodriquez M, Phelps DR, Cardarelli
KM, et al. Impact of race/ethnicity on the relationship between
visceral fat and inflammatory biomarkers. Obesity (Silver Spring).
2009;17(7):1420-7.

Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal
A, et al. Global cancer statistics 2020: GLOBOCAN estimates of
incidence and mortality worldwide for 36 cancers in 185 coun-
tries. CA Cancer J Clin. 2021;71(3):209-49.

415
APST Alimentary Pharmacology & Therapeutics —\W [ LEYJ—

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.
26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Andrieu N, Launoy G, Guillois R, Ory-Paoletti C, Gignoux M.
Familial relative risk of colorectal cancer: a population-based
study. Eur J Cancer. 2003;39(13):1904-11.

Lauby-Secretan B, Scoccianti C, Loomis D, Grosse Y, Bianchini F,
Straif K, et al. Body fatness and cancer—viewpoint of the IARC
working group. N Engl J Med. 2016;375(8):794-8.

Arnold M, Pandeya N, Byrnes G, Renehan AG, Stevens GA, Ezzati
M, et al. Global burden of cancer attributable to high body-
mass index in 2012: a population-based study. Lancet Oncol.
2015;16(1):36-46.

Renehan AG, Tyson M, Egger M, Heller RF, Zwahlen M. Body-
mass index and incidence of cancer: a systematic review and
meta-analysis of prospective observational studies. Lancet.
2008;371(9612):569-78.

Pearson-Stuttard J, Zhou B, Kontis V, Bentham J, Gunter MJ, Ezzati
M. Worldwide burden of cancer attributable to diabetes and high
body-mass index: a comparative risk assessment. Lancet Diabetes
Endocrinol. 2018;6(6):e6-¢e15.

Arnold M, Touillaud M, Dossus L, Freisling H, Bray F, Margaritis
I, et al. Cancers in France in 2015 attributable to high body mass
index. Cancer Epidemiol. 2018;52:15-9.

Bardou M, Barkun AN, Martel M. Obesity and colorectal cancer.
Gut. 2013;62(6):933-47.

Tarasiuk A, Mosinska P, Fichna J. The mechanisms linking obesity to
colon cancer: an overview. Obes Res Clin Pract. 2018;12(3):251-9.
Murphy N, Jenab M, Gunter MJ. Adiposity and gastrointestinal
cancers: epidemiology, mechanisms and future directions. Nat Rev
Gastroenterol Hepatol. 2018;15(11):659-70.

Ye P, Xi Y, Huang Z, Xu P. Linking obesity with colorectal can-
cer: Epidemiology and mechanistic insights. Cancers (Basel).
2020;12(6):1408.

New criteria for ‘Obesity Disease’in Japan. CircJ.2002;66(11):987-92.
Gathirua-Mwangi WG, Monahan P, Song Y, Zollinger TW,
Champion VL, Stump TE, et al. Changes in adult BMI and waist
circumference are associated with increased risk of advanced col-
orectal neoplasia. Dig Dis Sci. 2017;62(11):3177-85.

Kyrgiou M, Kalliala I, Markozannes G, Gunter MJ, Paraskevaidis E,
Gabra H, et al. Adiposity and cancer at major anatomical sites: um-
brella review of the literature. BMJ. 2017;356:j477.

Abar L, Vieira AR, Aune D, Sobiecki JG, Vingeliene S, Polemiti E,
et al. Height and body fatness and colorectal cancer risk: an update
of the WCRF-AICR systematic review of published prospective
studies. Eur J Nutr. 2018;57(5):1701-20.

MaY, Yang Y, Wang F, Zhang P, Shi C, Zou Y, et al. Obesity and risk
of colorectal cancer: a systematic review of prospective studies.
PLoS One. 2013;8(1):e53916.

Ning Y, Wang L, Giovannucci EL. A quantitative analysis of body
mass index and colorectal cancer: findings from 56 observational
studies. Obes Rev. 2010;11(1):19-30.

Butterly LF, Siegel RL, Fedewa S, Robinson CM, Jemal A, Anderson
JC. Colonoscopy outcomes in average-risk screening equivalent
young adults: data from the New Hampshire colonoscopy registry.
Am J Gastroenterol. 2021;116(1):171-9.

Chen H, Zheng X, Zong X, Li Z, Li N, Hur J, et al. Metabolic syn-
drome, metabolic comorbid conditions and risk of early-onset col-
orectal cancer. Gut. 2021;70(6):1147-54.

Puzzono M, Mannucci A, Granno S, et al. The role of diet and
lifestyle in early-onset colorectal cancer: a systematic review.
Cancers (Basel). 2021;13(23):5933.

O'Sullivan DE, Sutherland RL, Town S, et al. Risk factors for early-
onset colorectal cancer: a systematic review and meta-analysis.
Clin Gastroenterol Hepatol. 2022;20:1229-40 e5.

Low EE, Demb J, Liu L, Earles A, Bustamante R, Williams CD, et al.
Risk factors for early-onset colorectal cancer. Gastroenterology.
2020;159(2):492-501 e497.


https://orcid.org/0000-0003-0028-1837
https://orcid.org/0000-0003-0028-1837
https://orcid.org/0000-0002-1798-5526
https://orcid.org/0000-0002-1798-5526
https://orcid.org/0000-0003-4834-9693
https://orcid.org/0000-0003-4834-9693

416
—I—W] LE Y- APST Alimentary Pharmacology & Therapeutics

36.

37.

38.
39.
40.

41.
42.
43,
44,
45.

46.
47.

48.
49.
50.

51.

52.

53.

54.

Di Leo M, Zuppardo RA, Puzzono M, et al. Risk factors and clini-
cal characteristics of early-onset colorectal cancer vs. late-onset
colorectal cancer: a case-case study. Eur J Gastroenterol Hepatol.
2021;33(9):1153-60.

Garcia H, Song M. Early-life obesity and adulthood colorectal cancer
risk: a meta-analysis. Rev Panam Salud Publica 2019;43:€3, 1, 8.
Patel P, De P. Trends in colorectal cancer incidence and related life-
style risk factors in 15-49-year-olds in Canada, 1969-2010. Cancer
Epidemiol. 2016;42:90-100.

Vuik FE, Nieuwenburg SA, Bardou M, et al. Increasing incidence of
colorectal cancer in young adults in Europe over the last 25 years.
Gut. 2019;68(10):1820-6.

Liu PH, Wu K, Ng K, Zauber AG, Nguyen LH, Song M, et al.
Association of obesity with risk of early-onset colorectal cancer
among women. JAMA Oncol. 2019;5(1):37-44.

Murphy CC, Cirillo PM, Krigbaum NY, Singal AG, Lee M, Zaki T,
Burstein E, Cohn BA Maternal obesity, pregnancy weight gain,
and birth weight and risk of colorectal cancer. Gut. 2021:gutjnl-
2021-325001. https://doi.org/10.1136/gutjnl-2021-325001

He X, Hang D, Wu K, Nayor J, Drew DA, Giovannucci EL, et al. Long-
term risk of colorectal cancer after removal of conventional adeno-
mas and serrated polyps. Gastroenterology. 2020;158(4):852-861
e854.

Anderson JC, Calderwood AH, Christensen BC, Robinson CM,
Amos Cl, Butterly L. Smoking and other risk factors in indi-
viduals with synchronous conventional high-risk adenomas
and clinically significant serrated polyps. Am J Gastroenterol.
2018;113(12):1828-35.

Bailie L, Loughrey MB, Coleman HG. Lifestyle risk factors for ser-
rated colorectal polyps: a systematic review and meta-analysis.
Gastroenterology. 2017;152(1):92-104.

Wong MC, Chan CH, Cheung W, Fung DH, Liang M, Huang JLW,
et al. Association between investigator-measured body-mass
index and colorectal adenoma: a systematic review and meta-
analysis of 168,201 subjects. Eur J Epidemiol. 2018;33(1):15-26.
Jung IS, Shin CM, Park SJ, Park YS, Yoon H, Jo HJ, et al. Association
of visceral adiposity and insulin resistance with colorectal ade-
noma and colorectal cancer. Intest Res. 2019;17(3):404-12.

Jung YS, Park JH, Park DI, Sohn CI, Choi K. Weight change and
obesity are associated with a risk of adenoma recurrence. Dig Dis
Sci. 2016;61(9):2694-703.

Kim NH, Jung YS, Park JH, Park DI, Sohn CI. Impact of obesity
and metabolic abnormalities on the risk of metachronous colorec-
tal neoplasia after polypectomy in men. J Gastroenterol Hepatol.
2019;34(9):1504-10.

Park CH, Jung YS, Kim NH, Park JH, Park DI, Sohn Cl. Optimization
of the surveillance strategy in patients with colorectal adenomas:
a combination of clinical parameters and index colonoscopy find-
ings. J Gastroenterol Hepatol. 2021;36(4):974-82.

Im JP, Kim D, Chung SJ, Jin EH, Han YM, Park MJ, et al. Visceral
obesity as a risk factor for colorectal adenoma occurrence in sur-
veillance colonoscopy. Gastrointest Endosc. 2018;88(1):119-127
ell4.

Keum N, Lee DH, Kim R, Greenwood DC, Giovannucci EL. Visceral
adiposity and colorectal adenomas: dose-response meta-analysis
of observational studies. Ann Oncol. 2015;26(6):1101-9.
Friedenreich CM, Ryder-Burbidge C, McNeil J. Physical ac-
tivity, obesity and sedentary behavior in cancer etiology: ep-
idemiologic evidence and biologic mechanisms. Mol Oncol.
2021;15(3):790-800.

Vainio H, Kaaks R, Bianchini F. Weight control and physical activity
in cancer prevention: international evaluation of the evidence. Eur
J Cancer Prev. 2002;11(Suppl 2):594-100.

Chao A, Connell CJ, Jacobs EJ, et al. Amount, type, and timing of
recreational physical activity in relation to colon and rectal cancer

BARDOU ET AL.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

in older adults: the cancer prevention study Il nutrition cohort.
Cancer Epidemiol Biomarkers Prev. 2004;13(12):2187-95.
Rezende LFM, Sa TH, Markozannes G, et al. Physical activity and
cancer: an umbrella review of the literature including 22 major
anatomical sites and 770 000 cancer cases. Br J Sports Med.
2018;52(13):826-33.

Moore SC, Lee IM, Weiderpass E, Campbell PT, Sampson JN,
Kitahara CM, et al. Association of leisure-time physical activity
with risk of 26 types of cancer in 1.44 million adults. JAMA Intern
Med. 2016;176(6):816-25.

Matthews CE, Moore SC, Arem H, Cook MB, Trabert B, Hidkansson
N, et al. Amount and intensity of leisure-time physical activity and
lower cancer risk. J Clin Oncol. 2020;38(7):686-97.

Sanchez NF, Stierman B, Saab S, Mahajan D, Yeung H, Francois
F. Physical activity reduces risk for colon polyps in a multieth-
nic colorectal cancer screening population. BMC Res Notes.
2012;5:312.

Thune |, Furberg AS. Physical activity and cancer risk: dose-
response and cancer, all sites and site-specific. Med Sci Sports
Exerc 2001;33(6 Suppl):S530-550; discussion S609-510.
Mahmood S, English DR, Maclnnis RJ, et al. Domain-specific
physical activity and the risk of colorectal cancer: results
from the Melbourne collaborative cohort study. BMC Cancer.
2018;18(1):1063.

Wolin KY, Yan Y, Colditz GA. Physical activity and risk of colon
adenoma: a meta-analysis. Br J Cancer. 2011;104(5):882-5.

Mai PL, Sullivan-Halley J, Ursin G, Stram DO, Deapen D, Villaluna
D, et al. Physical activity and colon cancer risk among women in
the California teachers study. Cancer Epidemiol Biomarkers Prev.
2007;16(3):517-25.

Chen Y, Mao Y. Obesity and leisure time physical activity among
Canadians. Prev Med. 2006;42(4):261-5.

Dai S, Wang F, Morrison H. Predictors of decreased physical ac-
tivity level over time among adults: a longitudinal study. Am J Prev
Med. 2014;47(2):123-30.

Maruthur NM, Bolen S, Gudzune K, Brancati FL, Clark JM.
Body mass index and colon cancer screening: a systematic re-
view and meta-analysis. Cancer Epidemiol Biomarkers Prev.
2012;21(5):737-46.

Nielson CM, Vollmer WM, Petrik AF, Keast EM, Green BB,
Coronado GD. Factors affecting adherence in a pragmatic trial of
annual fecal immunochemical testing for colorectal cancer. J Gen
Intern Med. 2019;34(6):978-85.

Anderson JC, Fortinsky RH, Kleppinger A, Merz-Beyus AB,
Huntington CG 3rd, Lagarde S. Predictors of compliance with free
endoscopic colorectal cancer screening in uninsured adults. J Gen
Intern Med. 2011;26(8):875-80.

Rosen AB, Schneider EC. Colorectal cancer screening dis-
parities related to obesity and gender. J Gen Intern Med.
2004;19(4):332-8.

Knudsen MD, Berstad P, Hjartaker A, et al. Lifestyle predictors
for non-participation and outcome in the second round of faecal
immunochemical test in colorectal cancer screening. Br J Cancer.
2017;117(4):461-9.

Unanue-Arza S, Solis-Ibinagagoitia M, Diaz-Seoane M, et al.
Inequalities and risk factors related to non-participation in col-
orectal cancer screening programmes: a systematic review. Eur J
Public Health. 2021;31(2):346-55.

Seibert RG, Hanchate AD, Berz JP, Schroy PC IIl. National dispari-
ties in colorectal cancer screening among obese adults. Am J Prev
Med. 2017;53(2):e41-9.

Nielsen JB, Berg-Beckhoff G, Leppin A. To do or not to do - a sur-
vey study on factors associated with participating in the Danish
screening program for colorectal cancer. BMC Health Serv Res.
2021;21(1):43.


https://doi.org/10.1136/gutjnl-2021-325001

BARDOU ET AL.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

Messina CR, Lane DS, Anderson JC. Body mass index and screen-
ing for colorectal cancer: gender and attitudinal factors. Cancer
Epidemiol. 2012;36(4):400-8.

Slawinski CGV, Barriuso J, Guo H, Renehan AG. Obesity and can-
cer treatment outcomes: interpreting the complex evidence. Clin
Oncol (R Coll Radiol). 2020;32(9):591-608.

Taheri M, Tavakol M, Akbari ME, Anoshirvani AA, Aghabozorgi R,
Almasi-Hashiani A, et al. Socioeconomic inequalities in metastasis,
recurrence, stage and grade of breast cancer: a hospital-based ret-
rospective cohort study. J Prev Med Hyg. 2019;60(3):E262-9.

Liu LH, Zhou GF, Zhou JJ, Rao SX, Zeng MS. Impact of visceral
adipose tissue on the accuracy of T-staging by CT in colon cancer.
Eur J Radiol. 2021;134:109400.

Zhou Y, Wu L, Li X, Wu X, Li B. Outcome of laparoscopic colorec-
tal surgery in obese and nonobese patients: a meta-analysis. Surg
Endosc. 2012;26(3):783-9.

Makino T, Shukla PJ, Rubino F, Milsom JW. The impact of obesity
on perioperative outcomes after laparoscopic colorectal resec-
tion. Ann Surg. 2012;255(2):228-36.

Qiu Y, Liu Q, Chen G, Wang W, Peng K, Xiao W, et al. Outcome
of rectal cancer surgery in obese and nonobese patients: a meta-
analysis. World J Surg Oncol. 2016;14(1):23.

Amri R, Bordeianou LG, Sylla P, Berger DL. Obesity, outcomes
and quality of care: body mass index increases the risk of
wound-related complications in colon cancer surgery. Am J Surg.
2014;207(1):17-23.

Almasaudi AS, McSorley ST, Edwards CA, McMillan DC. The rela-
tionship between body mass index and short term postoperative
outcomes in patients undergoing potentially curative surgery for
colorectal cancer: a systematic review and meta-analysis. Crit Rev
Oncol Hematol. 2018;121:68-73.

Fung A, Trabulsi N, Morris M, Garfinkle R, Saleem A, Wexner SD,
et al. Laparoscopic colorectal cancer resections in the obese: a
systematic review. Surg Endosc. 2017;31(5):2072-88.

Rogers AC, Handelman GS, Solon JG, McNamara DA, Deasy J,
Burke JP. Meta-analysis of the clinicopathological characteristics
and peri-operative outcomes of colorectal cancer in obese pa-
tients. Cancer Epidemiol. 2017;51:23-9.

Suwa Y, Joshi M, Poynter L, Endo |, Ashrafian H, Darzi A. Obese
patients and robotic colorectal surgery: systematic review and
meta-analysis. BJS Open. 2020;4:1042-53.

Douaiher J, Hussain T, Langenfeld SJ. Predictors of adequate
lymph node harvest during colectomy for colon cancer. Am J Surg.
2019;218(1):113-8.

Choe EK, Park KJ, Ryoo SB, Moon SH, Oh HK, Han EC, et al. The
impact of visceral adipose tissue amount on the adequacy of
lymph node retrieval in colorectal cancer surgery. J Surg Oncol.
2018;117(3):523-8.

He 'Y, Xia J, Chen H, Wang L, Deng C, Lu F. Human adipose liquid
extract induces angiogenesis and adipogenesis: a novel cell-free
therapeutic agent. Stem Cell Res Ther. 2019;10(1):252.

Himbert C, Ose J, Nattenmuller J, et al. Body fatness, adipose tis-
sue compartments, and biomarkers of inflammation and angiogen-
esis in colorectal cancer: the ColoCare study. Cancer Epidemiol
Biomarkers Prev. 2019;28(1):76-82.

Guiu B, Petit JM, Bonnetain F, Ladoire S, Guiu S, Cercueil JP, et al.
Visceral fat area is an independent predictive biomarker of out-
come after first-line bevacizumab-based treatment in metastatic
colorectal cancer. Gut. 2010;59(3):341-7.

Ghiringhelli F, Vincent J, Guiu B, Chauffert B, Ladoire S.
Bevacizumab plus FOLFIRI-3 in chemotherapy-refractory patients
with metastatic colorectal cancer in the era of biotherapies. Invest
New Drugs. 2010;30:758-64.

Simkens LH, Koopman M, Mol L, et al. Influence of body mass
index on outcome in advanced colorectal cancer patients receiving

417
APST Alimentary Pharmacology & Therapeutics —\W [ LEYJ—

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

chemotherapy with or without targeted therapy. Eur J Cancer.
2011;47(17):2560-7.

Artac M, Korkmaz L, Coskun HS, et al. Bevacuzimab may be
less effective in obese metastatic colorectal cancer patients. J
Gastrointest Cancer. 2019;50(2):214-20.

Miyamoto Y, Oki E, Emi Y, Tokunaga S, Shimokawa M, Ogata Y,
et al. Low visceral fat content is a negative predictive marker for
bevacizumab in metastatic colorectal cancer. Anticancer Res.
2018;38(1):491-9.

Cybulska-Stopa B, Lugowska I, Wisniowski R, et al. Overweight is
associated with better prognosis in metastatic colorectal cancer
patients treated with bevacizumab plus FOLFOX chemotherapy.
Contemp Oncol (Pozn). 2020;24(1):34-41.

Lee J, Meyerhardt JA, Giovannucci E, Jeon JY. Association
between body mass index and prognosis of colorectal can-
cer: a meta-analysis of prospective cohort studies. PLoS One.
2015;10(3):e0120706.

Renfro LA, Loupakis F, Adams RA, Seymour MT, Heinemann V,
Schmoll HJ, et al. Body mass index is prognostic in metastatic col-
orectal cancer: pooled analysis of patients from first-line clinical
trials in the ARCAD database. J Clin Oncol. 2016;34(2):144-50.
Jaspan V, Lin K, Popov V. The impact of anthropometric parame-
ters on colorectal cancer prognosis: a systematic review and meta-
analysis. Crit Rev Oncol Hematol. 2021;159:103232.

Thompson LA, Lawson AP, Sutphin SD, Steinke D, Adams VR.
Description of current practices of empiric chemotherapy dose ad-
justment in obese adult patients. J Oncol Pract. 2010;6(3):141-5.
Griggs JJ, Mangu PB, Anderson H, Balaban EP, Dignam JJ, Hryniuk
WM, et al. Appropriate chemotherapy dosing for obese adult pa-
tients with cancer: American Society of Clinical Oncology clinical
practice guideline. J Clin Oncol. 2012;30(13):1553-61.

Griggs JJ, Bohlke K, Balaban EP, Dignam JJ, Hall ET, Harvey
RD, et al. Appropriate systemic therapy dosing for obese adult
patients with cancer: ASCO guideline update. J Clin Oncol.
2021;39(18):2037-48.

Hourdequin KC, Schpero WL, McKenna DR, Piazik BL, Larson RJ.
Toxic effect of chemotherapy dosing using actual body weight in
obese versus normal-weight patients: a systematic review and
meta-analysis. Ann Oncol. 2013;24(12):2952-62.

Chambers P, Daniels SH, Thompson LC, Stephens RJ.
Chemotherapy dose reductions in obese patients with colorectal
cancer. Ann Oncol. 2012;23(3):748-53.

Stocker G, Hacker UT, Fiteni F, John Mahachie J, Roth AD, van
Cutsem E, et al. Clinical consequences of chemotherapy dose
reduction in obese patients with stage Il colon cancer: a ret-
rospective analysis from the PETACC 3 study. Eur J Cancer.
2018;99:49-57.

Cortellini A, Bersanelli M, Buti S, Cannita K, Santini D, Perrone F,
et al. A multicenter study of body mass index in cancer patients
treated with anti-PD-1/PD-L1 immune checkpoint inhibitors:
when overweight becomes favorable. J Immunother Cancer.
2019;7(1):57.

Parkin E, O'Reilly DA, Sherlock DJ, Manoharan P, Renehan AG.
Excess adiposity and survival in patients with colorectal cancer: a
systematic review. Obes Rev. 2014;15(5):434-51.

Wu S, Liu J, Wang X, Li M, Gan Y, Tang Y. Association of obe-
sity and overweight with overall survival in colorectal cancer
patients: a meta-analysis of 29 studies. Cancer Causes Control.
2014;25(11):1489-502.

Doleman B, Mills KT, Lim S, Zelhart MD, Gagliardi G. Body mass
index and colorectal cancer prognosis: a systematic review and
meta-analysis. Tech Coloproctol. 2016;20(8):517-35.

Chen WZ, Chen XD, Ma LL, Zhang FM, Lin J, Zhuang CL, et al.
Impact of visceral obesity and sarcopenia on short-term outcomes
after colorectal cancer surgery. Dig Dis Sci. 2018;63(6):1620-30.



418
—I—W] LE Y- APST Alimentary Pharmacology & Therapeutics

109.
110.
111.
112.
113.
114.
115.

116.

117.

118.

119.

120.

121.

122.

Christakoudi S, Pagoni P, Ferrari P, Cross AJ, Tzoulaki I, Muller
DC, et al. Weight change in middle adulthood and risk of cancer in
the European prospective investigation into cancer and nutrition
(EPIC) cohort. Int J Cancer. 2021;148(7):1637-51.

Luo J, Hendryx M, Manson JE, et al. Intentional weight loss and
obesity-related cancer risk. JNCI Cancer Spectr. 2019;3(4):pkz054.
Afshar S, Kelly SB, Seymour K, Lara J, Woodcock S, Mathers JC.
The effects of bariatric surgery on colorectal cancer risk: system-
atic review and meta-analysis. Obes Surg. 2014;24(10):1793-9.
Almazeedi S, EI-Abd R, Al-Khamis A, Albatineh AN, Al-Sabah S.
Role of bariatric surgery in reducing the risk of colorectal cancer: a
meta-analysis. Br J Surg. 2020;107(4):348-54.

Khalid SI, Maasarani S, Wiegmann J, Wiegmann AL, Becerra AZ,
Omotosho P, et al. Association of bariatric surgery and risk of can-
cer in patients with morbid obesity. Ann Surg. 2022;275(1):1-6.
Taube M, Peltonen M, Sjoholm K, et al. Long-term incidence of col-
orectal cancer after bariatric surgery or usual care in the Swedish
obese subjects study. PLoS One. 2021;16(3):e0248550.

Schauer DP, Feigelson HS, Koebnick C, Caan B, Weinmann S,
Leonard AC, et al. Bariatric surgery and the risk of cancer in a large
multisite cohort. Ann Surg. 2019;269(1):95-101.

Rustgi VK, Li Y, Gupta K, Minacapelli CD, Bhurwal A, Catalano C,
et al. Bariatric surgery reduces cancer risk in adults with nonal-
coholic fatty liver disease and severe obesity. Gastroenterology.
2021;161:171-184.e10.

Bailly L, Fabre R, Pradier C, lannelli A. Colorectal cancer risk fol-
lowing bariatric surgery in a Nationwide study of French individu-
als with obesity. JAMA Surg. 2020;155(5):395-402.

Aravani A, Downing A, Thomas JD, Lagergren J, Morris EJA, Hull
MA. Obesity surgery and risk of colorectal and other obesity-
related cancers: an English population-based cohort study. Cancer
Epidemiol. 2018;53:99-104.

Mackenzie H, Markar SR, Askari A, Faiz O, Hull M, Purkayastha S, et al.
Obesity surgery and risk of cancer. Br J Surg. 2018;105(12):1650-7.
Murphy R, Tsai P, Jullig M, Liu A, Plank L, Booth M. Differential
changes in gut microbiota after gastric bypass and sleeve gastrec-
tomy bariatric surgery vary according to diabetes remission. Obes
Surg. 2017;27(4):917-25.

Li JV, Ashrafian H, Bueter M, Kinross J, Sands C, le Roux CW, et al.
Metabolic surgery profoundly influences gut microbial-host meta-
bolic cross-talk. Gut. 2011;60(9):1214-23.

Fouladi F, Carroll IM, Sharpton TJ, Bulik-Sullivan E, Heinberg L,
Steffen KJ, et al. A microbial signature following bariatric sur-
gery is robustly consistent across multiple cohorts. Gut Microbes.
2021;13(1):1930872.

BARDOU ET AL.

123.

124.

125.

126.

127.

128.

129.

130.

131.

Alomar AO, Shaheen MF, Almaneea AS, Althageb EK, Alshahrani
ZM, Jarman YA, et al. The effect of bariatric surgery on metabolic
syndrome: a three-center experience in Saudi Arabia. Obes Surg.
2021;31:3630-6.

Garcia de la Torre N, Rubio MA, Bordiu E, et al. Effects of weight
loss after bariatric surgery for morbid obesity on vascular endothe-
lial growth factor-a, adipocytokines, and insulin. J Clin Endocrinol
Metab. 2008;93(11):4276-81.

Peterse EFP, Meester RGS, Siegel RL, Chen JC, Dwyer A, Ahnen
DJ, et al. The impact of the rising colorectal cancer incidence in
young adults on the optimal age to start screening: microsimula-
tion analysis | to inform the American Cancer Society colorectal
cancer screening guideline. Cancer. 2018;124(14):2964-73.

Wolf AMD, Fontham ETH, Church TR, Flowers CR, Guerra CE,
LaMonte S, et al. Colorectal cancer screening for average-risk
adults: 2018 guideline update from the American Cancer Society.
CA Cancer J Clin. 2018;68(4):250-81.

Anderson JC, Samadder JN. To screen or not to screen adults
45-49years of age: that is the question. Am J Gastroenterol.
2018;113(12):1750-3.

LiH, Boakye D, Chen X, et al. Associations of body mass index at dif-
ferent ages with early-onset colorectal cancer. Gastroenterology.
2022;162:1088-97 e3.

Jensen BW, Gamborg M, Gogenur |, Renehan AG, Sorensen TIA,
Baker JL. Childhood body mass index and height in relation to site-
specific risks of colorectal cancers in adult life. Eur J Epidemiol.
2017;32(12):1097-106.

Sung H, Siegel RL, Rosenberg PS, Jemal A. Emerging cancer trends
among young adults in the USA: analysis of a population-based
cancer registry. Lancet Public Health. 2019;4(3):e137-47.
Toydemir T, Ozgen G, Calikoglu I, Ersoy O, Yerdel MA. A com-
parative study evaluating the incidence of colorectal neoplasia(s)
in candidates for bariatric surgery by screening colonoscopy,
40-49 versus 50-65years old: a preliminary study. Obes Surg.
2019;29(8):2430-5.

How to cite this article: Bardou M, Rouland A, Martel M,
Loffroy R, Barkun AN, Chapelle N. Review article: obesity

and colorectal cancer. Aliment Pharmacol Ther.
2022;56:407-418. https://doi.org/10.1111/apt.17045



https://doi.org/10.1111/apt.17045

	Review article: obesity and colorectal cancer
	Summary
	1|INTRODUCTION
	2|METHODS
	2.1|Search strategy
	2.2|Inclusion criteria

	3|OBESITY AND COLORECTAL CANCER
	3.1|Epidemiological data that support a relationship between obesity and colorectal cancer
	3.1.1|Obesity is associated with increased incidence of colorectal cancer
	3.1.2|Obesity is associated with an increased incidence of colorectal adenoma

	3.2|Factors that confound the association between obesity and colorectal cancer
	3.2.1|Physical activity
	3.2.2|Colorectal cancer screening

	3.3|Relationships between obesity, treatments, and colorectal cancer outcomes
	3.4|Obesity and radiological staging of colorectal cancer
	3.5|Obesity and surgery for colorectal cancer
	3.6|Obesity and response to chemotherapy and/or targeted therapies
	3.7|Obesity and outcomes in patients with colorectal cancer
	3.8|Measures to mitigate the risk of colorectal cancer in obese subjects
	3.8.1|Weight loss in patients with obesity and the risk of colorectal cancer
	3.8.2|Colorectal cancer screening starting earlier


	4|CONCLUSIONS
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	AUTHORSHIP
	REFERENCES


