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Abstract

Colorectal carcinoma (CRC) has been of great interest among researchers, and multiple causes have been
proposed and accepted; however, cholecystectomy (CMY) as a potential cause for CRC, particularly in the
female gender has not been studied in detail, despite multiple evidence suggesting a positive association.
This review is directed at investigating the association between CMY and CRC in the female gender and aims
at finding a potential cause for this association.

CRC involves cancer of the sigmoid and rectum. The composition of the bile acids is altered in patients after
CMY, and the resultant secondary bile acids (BA) without a functioning gall bladder are exposed directly to
the intestines, which could lead to cancer. An increase in fecal secondary bile acids is also described as high
in the CMY population and has been linked to cancer. Right-sided GI cancers were attributed to CMY,
although many earlier studies did not find this to be true. It is interesting to note a strong association
between CRC and CMY in the female western population.
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Introduction And Background

The incidence of colorectal cancer (CRC) is alarmingly high. There are greater than one to two million newly
diagnosed CRC patients every year, with greater than 600,000 dying from the disease [1]. CRC is 9% of all
cancer incidence [2-4]. It is the third most common malignancy and ranked fourth among the leading cause
of cancer-related deaths worldwide [3]. The incidence of CRC in men worldwide is 9.4%, and 10.1% in
women [4]. CRC has a variable geographic difference, more in the western world [2,4]. The incidence varies
from greater than 40% per 100,000 people in the USA, Australia, New Zealand, and West Europe to less than
5% per 100,00 in Africa and Asia [2,3].

Multiple aetiologies have been proposed in the pathogenesis of CRC; common etiologies are age,
inflammatory bowel disease, adenomatous polyps, strong family history, familial adenomatous polyposis,
hereditary non-polyposis colon cancer, diets high in animal fat, smoking, and alcohol consumption [2]. In
this article, cholecystectomy (CMY) as a potential cause for CRC is investigated, particularly in the female
sex, as there is some evidence to suggest that there may be an association between the two and for the fact
that female sex is an independent risk factor for the development of gall stone disease [5]. CMY has
traditionally been accepted as the gold standard for gallstone disease and is one of the most common
operations done the world over. The female gender is regarded as one of the risk factors for gallstone disease
[5]. The worldwide prevalence of CMY is studied in detail; however, there are sparse data on the incidence of
CMY.

The association between the two has been carefully studied in multiple papers, and some biological
mechanisms involving the GI tract have been hypothesized, of which the usually accepted theory is bile
acids (BA), synthesized in the liver, and stored in the gall bladder, as a potential carcinogen for CRC [6-10].
After a CMY, the exposure of these bile acids to the intestinal mucosa is increased, and CMY causes negative
feedback to the synthesis of bile acids in the liver [10,11]. The question, if this association is higher in the
female gender, arises simply because the female gender is itself a risk for gallstone disease, which could lead
to surgical intervention.

We intend to study this association, with particular reference to the most common site, time interval to
diagnosis, the subtype of CRC, and the possible role of estrogen in this association, and whether all female
patients undergoing a CMY will have to be closely monitored for CRC.
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Several studies have tried to find a link between CRC and CMY; some have found a possible association, and
some have had conflicting results.

The pathophysiology behind the association of colorectal cancer and
cholecystectomy

It has been well established that genetic mutations, polyps, adenomas, and the constant effects of anaerobic
bacteria like clostridium on the intestinal mucosa play a major role in the pathogenesis of CRC [8]. The gall
bladder is assigned the physiological function to store and concentrate the BA [9], which acts as a buffer for
the direct effect of the BA on the intestinal mucosa. The incidence of gallstone disease is increased [10], and
CMY plays an important role in treatment, causing the physiological properties of bile acids to possibly
change postoperatively. Following a CMY, the bile acids drain continuously into the intestines due to the
absence of bile storage and lack of the relaxation of the sphincter of Oddi, as was demonstrated in many
experimental studies [11]. Also, there is a change in the composition and secretion of bile acids [11]. The
intestinal mucosa is continuously stimulated by secondary bile acids, which are metabolites of the bile acids
[12]. The products of the intestinal microflora, due to continuous stimulation by the bile acids, along with
secondary bile acids elevate the risk for CRC in patients following a CMY [13].

Secondary BA particularly lithocholic acid (LCA) and deoxycholic acid (DCA) has a similar molecular
structure to carcinogenic polycyclic aromatic hydrocarbons, hence LCA and DCA are considered
carcinogenic in CRC [13]. There are multiple biochemical and physiological aspects of secondary BA that
play an essential role in the pathogenesis of CRC [14]. The increased physiological levels of BA and
secondary bile acids lead to Apoptosis resistance, genomic instability, and BA hydrophobicity which are
linked to malignancy [15,16]. These aggravate colonic polyps arising from the glandular epithelium, which
leads to CRC [17]. Furthermore, in patients with CRC, there is an escalation in the dehydrogenase activity of
bacterial beta-glucuronidase, alpha decarboxylase, and cholesterol [18]. 7-Alpha decarboxylase converts the
BA to deoxycholic acid, which is a potential carcinogen [19].

Nagathihalli et al., in their study, show that BA induces tumorigenesis by stimulating mitogenic receptor
tyrosine kinase signaling pathways and propose a mechanism involving ectodomain shedding of the
epidermal growth factor receptor ligands amphiregulin (AREG), and prove the role of AREG in CRC [8].
Zuccato et al, in their study, also associate CRC with CMY; they reason the metabolic activity of the colonic
flora after CMY, a possible cause [7,13]. Their study group had higher lithocholic (LCA), chenodeoxycholic
acid, and LCA/deoxycholic acid concentrations in stools than their control, which was similar to patients
with CRC.

The etiology and pathophysiology of CRC after CMY is described below in Figure 1.
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FIGURE 1: The flowchart is describing the etiology and pathophysiology
of CRC after CMY.

Following a CMY there is a change in the composition and secretion of bile acids, the metabolites of bile acids
namely lithocholic acid and deoxycholic acid are secreted directly into the intestinal mucosa without a functional
gall bladder, which in turn stimulate the intestinal mucosa leading to multiple cellular phenomena called apoptosis
resistance, genomic instability, and bile acids hydrophobicity. These phenomena can cause colonic polyps over
time, leading to cancer.

LCA: lithocholic acid, DCA: deoxycholic acid, CRC: colorectal cancer, CMY: cholecystectomy, BA: bile acids.

Cholecystectomy and right-sided colon cancer
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An association between gallstones/cholecystectomy and right-sided colon cancer has been debated since
1982 [20]. There have been multiple cohort studies linking both conditions [21-27]; one of the studies has
been successful in proving an association between gall stones without a CMY and right-sided colon cancer
[24]. Among the many possible reasons for such an association is higher proximal colonic absorption of fecal
secondary bile acids [28], proving as carcinogens [29]. Furthermore, CMY alters the bacterial composition of
the colon, with phylum Bacteroidetes species playing a major role in the pathogenesis of CRC [30]. Sessile
serrated adenomas, considered premalignant, are commonly found in the right colon at colonoscopy. The
mechanism of malignant transformation is explained by the serrated neoplastic pathway, which includes a
mutation in the oncogene BRAF, microsatellite instability, mutations in the CpG island methylator
phenotype [31]. Sessile serrated adenomas are associated with multiple genetic mutations resulting in
oncogene-induced senescence. These mechanisms are accelerated by fecal secondary Bile acids [32]. Many
researchers from multiple centers have studied this extensively and have arrived at different conclusions.

A handful of case-control studies have demonstrated an association between colon cancer and CRC, without
mention of the site and gall stones [33]; however, some studies fail to associate between CMY and CRC

[34] and describe certain confounding factors such as dietary habits popular in the west as being rich in fats,
which in turn can cause increased fecal secondary BA [35]. Biases of many orders have been used as criticism
to studies associating the two and have called for the need for further prospective studies as needed to find
an association between asymptomatic gallstone disease and right-sided colon cancers. Lagergren et al.
identified post CMY patients through the Swedish inpatient register from 1965 to 1997, and were followed up
for CRC, and concluded that CMY does increase the risk for the development of adenocarcinoma and
carcinoids in the small bowel and right-sided colon cancers, interestingly, he did not find any association
with CMY to distal colon or rectal cancers [23]. This positive correlation might be due to the natural
tendency of those patients for colon cancers or maybe some genetic mutations already present. Nogueira et
al. concluded in 2014 that CMY is linked to cancers throughout the GI tract, particularly gastric carcinoma,
excluding the cardiac, small bowel carcinoids, liver, and pancreatic cancers; he also notes CRC risk decreased
with increasing distance from the biliary tract [25].

No definite conclusions can be drawn to associating exclusive right-sided colon cancers to CMY, as the
studies showing a positive correlation needs more information about, how unbiased and authentic these
studies are.

Colorectal cancer and cholecystectomy in the female gender

Colorectal cancer involves cancer of the large intestine, which includes the sigmoid colon and rectum. This
has been an area of great interest among researchers, and many studies supporting and conflicting with an
association have been published and debated. The vast majority of the studies could not find an association
between CRC and CMY [36-40], although some papers suggest twofold risks 10-20 years after a CMY. The
risk of cancer is described to decrease as the distance from the biliary duct increases [36], and hence, rectal
cancers have no association with CMY. However, a recent meta-analysis of 10 cohort studies conducted by
Zhang et al. concludes an increased risk for CRC after CMY in the western population, particularly in the
female sex [19]. Schernhammer et al., in their observation, have also proposed significant CRC risk in
patients with cholecystectomy [41]. A potential cause for this association in the female sex is yet unknown
and poorly understood. Gallstone disease is more prevalent in the female sex [4]. We hypothesize that CMY
is performed more frequently in the feminine gender than the male gender. No studies were found to equate
this association to the female gender.

Cholesterol is thought to play a significant role in the understanding of this association. Cholesterol is
metabolized in the liver cells to form BAs. The synthesis of HGM-CoA Reductase in the liver is induced by
insulin, which in turn increases the synthesis of cholesterol. High physiological levels of BA occur, which can
cause insulin resistance, hyperinsulinemia, and obesity; this could explain the high incidence of CRC
following CMY in the western world. The primary female sex hormone is oestradiol, which is a precursor to
cholesterol, that affects the synthesis of bile in the liver cells, a possible explanation for increased risk in the
female sex.

Table I describes some of the recent articles and their conclusions.
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Authors Year of
study
Zhang et al. [19] 2018

Shang et al. [37] 2016

Coats and Shimi

201
[34] 015

Chen et al. [27] 2014

Goldacre et al. [40] 2012

Schernhammer et

2003
al. [41]

Country of
?u.n fy o Salient features
origin
China CMY can increase the risk of CRC in the female gender.
Australia CMY is not at all a risk for CRC.
Dundee, o ;
No clear association between CMY and CRC could be established.
Scotland
Taiwan Gall stone disease patients have a high risk of Gl cancer; the risk is elevated after CMY
iwi
within the first five years.
UK Intestinal cancers are associated with gall stones; the risk is elevated after CMY.
USA CMY increases the risk of CRC, after adjustments of other CRC risk factors.

TABLE 1: Recently published articles on the association of CRC with CMY.

CRC: colorectal carcinoma, CMY: cholecystectomy.

The metanalysis by Zhang et al., where he carefully studies as many as 10 cohort studies, clearly concludes a
high association between CMY and CRC in the western female gender [19], and most other studies linking
CMY to CRC cannot prove an association and high incidence in the female sex. However, they all confirm
this association as more elevated in the western population. Only further studies can conclusively prove this
trend, with particular regard to the high incidence of CRC in the western female population. The possibility
of a gene responsible for this association in the female sex is a gray area and needs to be studied extensively.

The role of estrogen in colorectal carcinogenesis

Estrogens are steroid hormones that are derived from cholesterol. They are produced by the aromatization of
androgens, mostly in the ovary and also other tissues like muscle, adipose, and nervous tissue. Estrogens
include estrone, estriol, and 17B-oestradiol (the biologically active metabolite of estrogen). They are
attributed to controlling sexual behavior and reproductive function in women; they play an essential role in
the homeostasis of cardiovascular, nervous, immune systems, and bone metabolism [42]. Estrogens are not
just linked to cancers of the female reproductive system but also cancers of the lung and the gastrointestinal
system. To understand the effects of estrogen in CRC, a basic understanding of the structure, function, and
mechanism of action of estrogen receptors is essential.

Estrogen receptors are composed of modular proteins that are organized in functional domains (N-terminal
domain, DNA-binding domain, hinge region, ligand-binding C-terminal domain) that are designed to
mediate ligand-dependent gene expression [43]. Estrogens bind to two different estrogen receptors,

namely ESR 1(ER-alpha or ERa) and ESR 2(ER-beta or ERB). ERa and ERP are encoded by two separate genes
ESR 1 and ESR 2; these genes are located on different chromosomes and share the same sequence homology
concerning the DNA-binding region (97% homology) and to a lesser extent in the ligand-binding area (59%
homology). This explains the shared mechanism of action with differences in their specificities and
sensitivities for different ligands. Estrogen receptor ER is expressed predominantly in both normal as well
as malignant colonic epithelium and no or limited expression of ERa in the colon [44]. It is interesting to
note that the expression of ERP is reduced in CRC tumorigenesis [45], and many studies have described an
inverse relationship between ERP expression and tumor progression [46]. In essence, estrogen-mediated
signaling may be protective of CRC.

Functional domains of estrogen receptors are shown in Figure 2.
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FIGURE 2: Functional domains of estrogen receptors.

Figure 3 describes the expression of estrogen receptors in colorectal cancer tumorigenesis.

VS

estrogen binds to two
ES[TDSEH receptors

normal and malignant no expression in the
colonic epithelium colon

S N

I N

expression is reduced
in CRC tumerogenesis

N~

FIGURE 3: Expression of estrogen receptors in CRC tumorigenesis:
estrogen binds to two receptors, ERa and ER; they are encoded by
two separate genes ESR 1 and ESR 2.

Estrogen receptor ERB is expressed predominantly in both normal as well as malignant colonic epithelium and no
or limited expression of ERa in the colon. The expression of ER is reduced in CRC tumorigenesis. Studies have
described an inverse relationship between ERB expression and tumor progression. IN essence, estrogen-
mediated signaling may be protective of CRC.

ESR 1, ERa (estrogen receptors one or estrogen receptors alpha); ESR 2, ERB (estrogen receptors two
or estrogen receptors beta).

It would be worthwhile to study further on this phenomenon to find if this can explain the high association
of CRC with CMY in the female sex, on the lines of whether a CMY and secondary BA have interference in
the protective effect of estrogen-mediated signals to CRC.

Conclusions

This study was done with the intent to generate an interest concerning an association between CMY and
CRC in the female gender, with a focus on the most common site in the colon, the time interval for cancer to
occur after CMY, the subtype of CRC involved, a possible role of estrogen in this association and most
importantly, if it is prudent to closely monitor all female patients undergoing a CMY, for CRC. We studied
this association in the feminine gender as the female gender is in itself a risk factor for gallstone disease,
and we hypothesized that CMY is higher in the female gender. We could conclude that CRC after CMY is real
and has much to do with the composition of bile acids that are altered without a functional gall bladder, and
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the resultant secondary bile acids are secreted directly into the intestines, which elevates the risk for CRC. As
for the site for cancer, studies are associating the entire GI tract, including stomach cancers excluding the
cardiac, small bowel carcinoids, hepatopancreatobiliary, and right-sided colon cancers. Many recent studies
have evidence to suggest a high incidence of CRC after CMY in the western female population. Most studies
do not describe the subtype of CRC or the time interval to diagnosis, although some reviews mention 10 to
20 years following a CMY. Estrogen was found to be protective against CRC via the estrogen-mediated
signaling pathway. The importance of this study lies in understanding the etiopathology behind the
development of CRC after CMY, and also describes this association as higher in the female western
population. The review is essential to answer precise questions on why this association is higher in the
feminine gender and to prompt further studies in this direction.

We would recommend further prospective randomized controlled trials on the association between CMY and
CRC, particularly in the female western population, and also to explore this association with larger sample
size and over longer follow-up periods.
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