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Abstract
Inflammatory bowel disease-related colorectal cancer (IBD-CRC) is one of the 
most serious complications of IBD contributing to significant mortality in this 
cohort of patients. IBD is often associated with diet and lifestyle-related gut 
microbial dysbiosis, the interaction of genetic and environmental factors, leading 
to chronic gut inflammation. According to the “common ground hypothesis”, 
microbial dysbiosis and intestinal barrier impairment are at the core of the chronic 
inflammatory process associated with IBD-CRC. Among the many underlying 
factors known to increase the risk of IBD-CRC, perhaps the most important factor 
is chronic persistent inflammation. The persistent inflammation in the colon 
results in increased proliferation of cells necessary for repair but this also 
increases the risk of dysplastic changes due to chromosomal and microsatellite 
instability. Multiple pathways have been identified, regulated by many positive 
and negative factors involved in the development of cancer, which in this case 
follows the ‘inflammation-dysplasia-carcinoma’ sequence. Strategies to lower this 
risk are extremely important to reduce morbidity and mortality due to IBD-CRC, 
among which colonoscopic surveillance is the most widely accepted and 
implemented modality, forming part of many national and international 
guidelines. However, the effectiveness of surveillance in IBD has been a topic of 
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much debate in recent years for multiple reasons — cost-benefit to health systems, resource 
requirements, and also because of studies showing conflicting long-term data. Our review 
provides a comprehensive overview of past, present, and future perspectives of IBD-CRC. We 
explore and analyse evidence from studies over decades and current best practices followed 
globally. In the future directions section, we cover emerging novel endoscopic techniques and 
artificial intelligence that could play an important role in managing the risk of IBD-CRC.

Key Words: Inflammatory bowel disease; Colorectal cancer; Colitis-associated cancer; Surveillance in 
inflammatory bowel disease; Dye-spray colonoscopy; Adenomas; Dysplasia; Colectomy

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The focus of the review is on the evolution of inflammatory bowel disease-related colorectal 
cancer (IBD-CRC) based on literature over the past decades to the present day. We provide a compre-
hensive overview of risk factors associated with IBD-CRC, molecular pathways identified and current 
strategies used to reduce incidence globally. We also touch upon the history of surveillance practice, its 
effectiveness, and the latest guidance on IBD surveillance by international societies. In a section on future 
directions, we discuss introduction of novel endoscopic technologies, artificial intelligence, and potential 
use of microbiota modulation, all of which could help reduce the risk of IBD-CRC.

Citation: Majumder S, Shivaji UN, Kasturi R, Sigamani A, Ghosh S, Iacucci M. Inflammatory bowel disease-
related colorectal cancer: Past, present and future perspectives. World J Gastrointest Oncol 2022; 14(3): 547-567
URL: https://www.wjgnet.com/1948-5204/full/v14/i3/547.htm
DOI: https://dx.doi.org/10.4251/wjgo.v14.i3.547

INTRODUCTION
Chronic inflammation is known to be a major risk factor in the pathogenesis of cancer. Inflammatory 
bowel disease (IBD) is a chronic inflammatory condition affecting the gastrointestinal (GI) tract and IBD-
related colorectal cancer (IBD-CRC) is one of its major and serious complications. Although only 1%-2% 
of IBD patients develop IBD-CRC, it contributes to about 15% of IBD-related mortality[1]. As per current 
long-term epidemiological data, the risk of CRC in IBD patients is high, particularly in patients with 
extensive ulcerative colitis (UC). Eaden et al[2] in their meta-analysis of 116 studies found that the 
incidence of IBD-CRC was 2%, 8% and 18% at 10, 20, and 30 years after the onset of UC, respectively. 
The role of Crohn’s disease (CD) in the development of CRC is debatable and considered modest in 
comparison to UC. Canavan et al[3] in their meta-analysis estimated cumulative risk of 2.9% at 10 years, 
5.6% at 20 years, and 8.3% at 30 years in patients with CD. However, factors like patient selection, 
sample size, duration of follow-up, completeness of case recruitment, and geographical differences may 
have influenced these estimates.

The severity of inflammation is a significant risk factor that increases the risk of IBD-CRC. Inflam-
mation-related oxidative stress leading to genomic instability is considered the main trigger for the 
development of CRC. Studies on colonic tissue in IBD-CRC at the cellular and molecular level have 
found that the sequence of development of carcinogenesis is different from that observed in sporadic 
cancer in the non-inflamed colon. IBD-associated carcinogenesis follows an ‘inflammation-dysplasia-
carcinoma’ sequence instead of the ‘adenoma-carcinoma’ sequence seen in sporadic CRC[4].

In this review article, we present a comprehensive overview of the literature on the epidemiology of 
IBD-CRC over decades, risk factors and pathogenesis including molecular pathways implicated. In 
addition, we present preventive strategies, current evidence for surveillance, the evolution of 
surveillance techniques with time, chemoprevention and explored which endoscopic technologies are 
likely to become standard for surveillance in the future. We have also touched upon the emergence of 
using diet and faecal microbiota modulation as a potential strategy in the future.

Trends in the incidence of IBD related CRC over decades
Many recent population-based studies and meta-analyses have shown that the risk of IBD-CRC is lower 
than what has been previously reported, most of which were from studies done in tertiary referral 
centres. One probable reason for this difference could be that recent studies are more focused on 
selecting the right study population (included more severe cases), sample size and are more thorough 
with follow-up; completeness of study recruitment and geographical differences were perhaps taken 
into consideration while analysing their findings. The details of the study results that reported the 
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incidence of IBD-CRC over the last four decades are summarized in Table 1.

RISK FACTORS OF IBD RELATED CRC
The risk factors of IBD-CRC can be broadly classified as factors that are genetic or familial and factors 
related to diet and lifestyle. These are illustrated in Figure 1A.

Age and disease duration
The association between disease duration in IBD and probability of CRC is controversial. Studies 
published over the decades report different conclusions. Several studies have found that the incidence 
of IBD-CRC is higher among patients who develop IBD at a young age making duration of disease an 
important risk factor[2,5,6]. Another surveillance study published in 2015 by investigators at St Mark's 
Hospital, London followed up 1375 UC patients for 15234 patient-years (median, 11 years per patient) 
and IBD-CRC was detected in 72 patients [incidence rate (IR), 4.7 per 1000 patient-years]. Although the 
IR of early IBD-CRC was noted to have increased by 2.5-fold in the current decade compared with the 
past decade (P = 0.045) it is reassuring that the 10-year survival rate was high (79.6%)[7]. A number of 
studies have concluded that in Crohn’s colitis risk of CRC is similar to UC if the extension and duration 
of the disease are comparable[8,9].

Geographic variation risk
In a meta-analysis, Zhou et al[10] found that Oceania has a higher incidence than other continents. In 
Asia, it was found that the risk of CRC among UC patients increased after 10-20 years of disease 
duration, whereas in Europe, the risk of CRC in UC showed no statistical difference in disease duration 
for 1-9 years, 10-20 years, 21-30 years, or more than 30 years. In North America, the risk of CRC among 
UC patients increased significantly after more than 30 years of disease detection.

Gender
Gender is reported to be an important risk factor for IBD-CRC. In a large population-based cohort (n = 
7607) of individuals diagnosed with IBD from 1954 to 1989, the risk of CRC was found to be 60% higher 
in males aged < 45 years at diagnosis, with a relative risk (RR) of 1.6 [95% confidence interval (CI): 1.2-
2.2] compared to females[11]. Similar findings were noted in a meta-analysis conducted by Jess et al[12] 
where men had a greater risk with a standardized IR (SIR) of 2.6 (95%CI: 2.2-3.0) compared to women 
(SIR of 1.9; 95%CI: 1.5-2.3).

Extensive UC
In a study published in 1994, Gillen et al[13] reported a 19-fold increase in the risk of CRC in extensive 
UC compared to the general population (matched for age, sex, and disease duration). Similar findings 
were reported by Zhou et al[10] in a large meta-analysis that included 58 studies and 267566 UC 
patients; they found that disease extent-specific risk estimates for CRC in UC were reported in 21 of the 
58 studies and that extensive UC and left-sided UC had a higher risk of CRC (SIR: 1.42, 95%CI: 0.83-2.42; 
SIR: 0.56, 95%CI: 0.38-0.83 respectively) compared to proctitis (SIR: 0.18, 95%CI: 0.01-0.03).

Primary sclerosing cholangitis
Primary sclerosing cholangitis (PSC) is a chronic cholestatic liver disease and a significant proportion of 
patients with PSC also develop IBD[14], often characterized by pancolitis, rectal sparing, backwash 
ileitis, and importantly, a threefold increased risk of colorectal dysplasia[15,16]. PSC with CD phenotype 
has been observed to be less severe than PSC with underlying UC[15-17].

A multicentric retrospective cohort study involving 277 PSC-IBD patients found that the IR of CRC 
since PSC diagnosis at 3.3 cases per 1000 patient-years (95%CI: 1.9-5.6), with an IR of 61 PSC cases per 
100000 IBD patient-years. Of these, 69.7% were male, 67.5% had UC, and the mean age at PSC diagnosis 
was 40 ± 16 years. PSC-IBD patients with symptoms of PSC at diagnosis were noted to have an 
increased risk of CRC[16].

Gut microbial dysbiosis
Recent evidence suggests that intestinal microbiota; particularly the bacterial component plays a 
fundamental role in the health and progression of diseases such as IBD and CRC. The factors that are 
known to influence the gut microbiome are illustrated in Figure 1B.

The development of IBD is often associated with altered microbial communities (dysbiosis) in the gut, 
interaction of genetic and environmental factors leading to chronic inflammation in the intestine. 
According to the “common ground hypothesis”, microbial dysbiosis and a leaky gut (due to intestinal 
barrier impairment)[18-20] are at the core of the chronic inflammatory process associated with IBD-CRC
[21]. Several studies involving patient and gnotobiotic mouse models[22,23] have substantiated this 
hypothesis[24].
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Table 1 The difference in the incidence of inflammatory bowel disease related colorectal cancer, past and present

Epidemiology CRC in ulcerative colitis CRC in indeterminate 
colitis CRC in Crohn's disease

Past Stewénius et al[111], 1995, 1.4/1000 PYD; Eaden et al[2], 
2001, 2/1000 PYD-after 10 yr of initial onset; 7/1000 PY 
(patients with extensive colitis 90%) 30 yr of initial onset; 
Castaño-Milla et al[112], 2012, 1.01/1000 PYD - after 10 yr of 
initial onset; 3.75/1000 PYD - after 20 yr of initial onset; 
5.85/1000 PYD - after 30 yr of initial onset

Stewénius et al[111], 1995, 
2.4/1000 PYD

Olén et al[113], 2020, a Scandinavian 
population-based cohort study 0.31 per 
1000 PY(1968); Laukoetter et al[114], 
2011, 0.5/1000 PYD

Annual 
incidence

Present Fumery et al[115], 2017, the annual incidence of CRC was 
0.8% (95%CI: 0.4-1.3)

Olén et al[113], 2020, a Scandinavian 
population-based cohort study 0.47 per 
1000 person-years (2017)

Past Eaden et al[2], 2001, 0.3% after 30 yr of initial onset Canavan et al[3], 2006, 2.9% after 10 yr 
of initial onset; 5.6% after 20 yr; 8.3% 
after 30 yr. Friedman et al[116], 2008, 
7% by 10th surveillance (patients with 
extensive colitis 90%). Basseri et al
[117], 2012, 5.6% by 10th surveillance 
(patients with extensive colitis 55%)

Risk

Present Fumery et al[115], 2017, the risk of CRC was higher when 
LGD was diagnosed by an expert gastrointestinal 
pathologist (1.5%) than by community pathologists (0.2%). 
Factors significantly associated with dysplasia progression 
were concomitant: PSC (OR, 3.4; 95% CI: 1.5-7.8); Invisible 
dysplasia (vs visible dysplasia; OR, 1.9; 95% CI: 1.0-3.4), 
distal location (vs proximal location; OR, 2.0; 95% CI: 1.1-
3.7); Multifocal dysplasia (vs unifocal dysplasia; OR, 3.5; 
95% CI: 1.5-8.5)

Keller et al[118], 2019, IBD-
CRC is responsible for 
approximately 2% of the 
annual mortality from CRC 
overall, but 10%-15% of the 
annual deaths in IBD patients

Olén et al[113], a Scandinavian 
population-based cohort study. 
Patients with Crohn's disease who 
were diagnosed with CRC were at 
increased risk of CRC mortality 
compared with reference individuals 
also diagnosed with CRC [HR 1.42 
(1.16-1.75) when adjusted for tumour 
stage]

PYD: Patient year days; LGD: Low-grade dysplasia; CRC: Colorectal cancer; IBD-CRC: Inflammatory bowel disease-related colorectal cancer; PSC: Primary 
sclerosing cholangitis; HR: Hazard ratio; OR: Odds ratio; CI: Confidence interval.

Studies have shown high densities of mucosa-associated bacteria[21,25], with the ability to produce a 
greater mass of biofilm and extracellular matrix were present in IBD patients[26]. These mucosae 
associated highly virulent bacteria are suspected to play a pivotal role in gut inflammation and tumori-
genesis[21]. Some of the common gut commensals like Helicobacter pylori[27], Fusobacterium nucleatum
[28], Bacteriodes fragilis[29], and Campylobacter species[30] have been implicated in gastric tumorigenesis 
and CRC[23]. In a study by Gevers et al[31] on new-onset treatment-naïve pediatric patients with CD 
and UC, an abundance of Enterobacteriaceae, Bacteroides/Prevotella, Veillonellaceae, and Fusobacteriaceae 
were seen in ileal and colonic biopsies. Although the role of microbial and host factors in disease 
pathogenesis has not been established in chronic gut inflammation and IBD-CRC, it can be hypothesized 
that the combined effect of host barrier defects and bacterial invasiveness may evoke a massive amount 
of immune hyperactivation in the gut mucosa. This is likely to ultimately lead to a vicious cycle of 
chronic inflammation driven by the malignant transformation of the gut epithelium[21].

PATHOGENESIS OF CRC IN IBD
Molecular pathways and mechanisms
The molecular pathogenesis of IBD-CRC is very different from sporadic CRC[32]. With the advent of 
molecular technology in recent years, the pathophysiology of the development of IBD-CRC has been 
extensively studied, and has led to better understanding of molecular mechanisms and identification of 
new biomarkers[32-34].

Numerous positive and negative regulators in the development of IBD-CRC have been identified 
which are illustrated in Figure 2. The process of development of IBD-CRC is triggered probably due to 
chromosomal and microsatellite instability through well-defined pathways (Wnt pathway, CIMP 
pathway), causing mucosal dysplasia[32]. The involvement of these pathways suggests that persistent 
inflammation plays a prominent role in carcinogenesis. The changes occurring in the micro-
environment due to chronic inflammation are thought to be responsible for the increased risk. The 
chronic proliferation necessary to repair epithelial layer damage (caused by constant inflammation) 
enhances the risk of dysplasia[35]. Although multiple cytokines and pathways have been identified in 
the pathogenesis of IBD-CRC[32-34], it continues to be a topic of ongoing research. Further research will 
not only enhance our understanding but also help identify non-invasive biomarkers and targets of 
therapy. A summary of currently known molecular mechanisms is summarized in Table 2.
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Table 2 Cytokines implicated in tumorigenesis in the colon

Cytokines The mechanism Potential target of 
therapy? Ref.

TNF-α Triggers systemic inflammation and is one of the cytokines that make up the 
acute phase reaction in IBD and other chronic inflammatory diseases TNF-α 
regulates the induction MACC1 via the NF-κB subunit p65 and the transcription 
factor c-Jun in CRC cells

Yes: Anti TNF used to 
control inflammation in IBD; 
hence may reduce incidence 
of CRC but this is debatable

Pache et al[119], Kobelt et al
[120]

IL-6 family In the chronic phase of inflammation, IL-6 is able to activate almost all the cells 
of the body: trans-signalling-Increased formations of IL-6-sIL-6R complexes 
interact with gp130 on the membrane of CD4+T-cells and leads to an increased 
expression and nuclear translocation of STAT3, which causes the induction of 
anti-apoptotic genes, e.g., Bcl-xl. This leads to resistance of lamina propria T-cells 
to apoptosis. T-cell expansion contributes to chronic intestinal inflammation

No: Anti IL-6 antibodies not 
successfully used in IBD. 
Unlikely to be useful in 
reducing risk of IBD-CRC

Atreya and Neurath[121], 
Allocca et al[122], Coskun et 
al[123], Danese et al[124]

IL-11 IL-11 belongs to the IL-6 family of cytokines. IL-11 has pro-tumorigenic 
activities such as proliferation, self-renewal, invasion and angiogenesis

No: No evidence to suggest 
it could be used as 
therapeutic agent. Could be 
useful as a diagnostic and 
prognostic biomarker

Murakami et al[125], 
Johnstone et al[126], Ren et 
al[127], Unver and 
McAllister[128], Pastor et al
[129], Putoczki et al[130]

IL-17 IL-7 is a cytokine that helps the long-term survival of Th17 cells and innate 
lymphoid cells that express the transcription factor RORγt. It is suspected to be 
important for maintaining populations of T cells that induce and induce 
mucosal inflammation in IBD. IL-7 also maintains NKT cells that produce IL-17, 
using the PI3K/AKT/mTOR pathway

No: Anti-IL-17 medications 
are associated with IBD 
exacerbation

Hohenberger et al[131], 
Moschen et al[132]

IL-21 IL21 plays a dual role: IL-21 deficiency as a novel cause of early-onset IBD in 
human subjects accompanied by defects in B-cell development. Reduced 
numbers of circulating CD19 (+) B cells, including IgM (+) naive and class-
switched IgG memory B cells, with a concomitant increase in transitional B-cell 
numbers. IL-21 Overproduction: IL-21 plays an important role in sustaining 
tissue-damaging immune responses

Yes: Could be used as a 
potential new therapeutic 
target in CD but unclear if it 
will influence IBD-CRC

Di Fusco et al[133], Salzer et 
al[134]

IL-23 IL-23R signalling affects disease susceptibility increased production of IL-23 by 
macrophages, dendritic cells or granulocytes has been observed in various 
mouse models of colitis, colitis-associated cancer and IBD patients

Yes: Currently in clinical 
trials for CD but too early to 
comment on effect on IBD-
CRC

Moschen et al[132], Neurath
[135]

NKT: Natural killer cells; MACC1: MET transcriptional regulator; UC: Ulcerative colitis; IBD-CRC: Inflammatory bowel disease-related colorectal cancer; 
AKT/PKB: Protein kinase B; IL: Interleukins; TNF-α: Tumor necrosis factor-α; RORγ: DNA-binding transcription factor; mTOR: Mechanistic target of 
rapamycin; NF-κB: Nuclear factor kappa-light-chain-enhancer of activated B cells; PI3K: Phosphoinositide 3-kinases; gp130: Glycoprotein 130; Bcl-xl: B-cell 
lymphoma-extra large; c-Jun: c-Jun proto-oncogene; p65: Nuclear factor NF-kappa-B p65 subunit.

TP53 and KRAS mutations
Earlier studies have found TP53 and KRAS mutations in IBD-CRC and sporadic CRC. However, the 
molecular pathway towards the progression of carcinogenesis is different[32,36,37]. Recent studies have 
shown that TP53 mutations were detected among 70% of sporadic colorectal carcinomas[38] and that 
both loss and gain of function of TP53 might promote malignancy at the late phase of carcinogenesis
[39].

It has been reported that the adenomatous polyposis coli (APC) and KRAS mutations were 
significantly less common in IBD-CRCs than in sporadic CRCs (15% vs 53%, P < 0.001 and 20% vs 38%, P 
= 0.02, respectively)[38].

STAT3 and IL-6/p-STAT3 pathway
The signal transducer and activator of transcription 3 (STAT3) pathway has been identified as an 
important one in the development of both sporadic CRC as well as IBD-CRC (Figure 3A). The exact 
mechanism is still not very well understood but it is reported to be due to signalling protein dysregu-
lation and constitutive activation of STAT3[33,40]. Corvinus et al[41] showed in their murine model that 
constitutive STAT3 activation was persistent and important in CRC cells, possibly triggered by IL-6. 
Further, studies by other investigators have reported subsequently that STAT3 activation is associated 
with invasion, survival, and growth of CRC cells in mice in vivo[40,42]. Lin et al[40] have also 
demonstrated using both in vitro and in vivo models that blockade of IL-6/p-STAT3 (phosphorylated-
STAT3) using an inhibitor suppressed tumour cell growth in colon cancer cells.

In human colonic tissue, patients with active colitis had significantly more IL-6 and p-STAT3-positive 
epithelial cells than both inactive UC and controls; in addition, they found that the proportion of 
suppressor of cytokine signalling 3 (SOCS3)-positive cells was lower in patients with dysplastic lesions 
and CRC. A study by Gui et al[43] that compared the expression of IL-6, STAT3, and SOCS3 in 
adenomas from IBD and non-IBD patients found significantly lower IL6, lower IL6R, higher STAT3, and 
lower SOCS3 expression in IBD associated dysplastic lesions.
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Figure 1 Risk factors leading to the development of inflammatory bowel disease-related colorectal cancer and the role of gut microbiota 
in inflammatory bowel disease-related colorectal cancer. A: Risk factors leading to the development of inflammatory bowel disease-related colorectal 
cancer (IBD-CRC). Risk factors are classified as familial and genetic. The factors are depicted in clockwise order: Genetic factors include a person’s genetic makeup, 
family history of IBD and rarely monogenic causes of IBD. Younger age at diagnosis, male gender and durations of the disease has been identified as strong risk 
factors for IBD-CRC in longitudinal studies. The geographical location of the person, their diet, lifestyle, underlying diseases like extensive or left-sided ulcerative 
colitis, Primary sclerosing cholangitis, and other conditions causing persistent colon inflammation, are also known to increase the risk of development of IBD-CRC; B: 
Role of gut microbiota in IBD-CRC. Multiple factors such as diet, antibiotic use, and mode of birth and host genetic makeup influence/modulate the gut microbiota. 
This can lead to microbial dysbiosis mediated intestinal tissue damage causing intestinal barrier leak and mobilization of gut microbiota into host mucosa. The gut 
microbiota mediated break in the mucosal barrier, in turn, triggers an aggravated immune response leading to chronic inflammation. IBD, driven by an aberrant 
autoimmune response also leads to inflammation of the gut. This chronic inflammatory state leads to tissue damage causing dysplasia that can progress to cancer 
over time. CRC: Colorectal cancer; IBD: Inflammatory bowel disease; UC: Ulcerative colitis.

Overall, dysregulation of this signalling pathway plays an important role in triggering neoplasia. 
STAT3 pathway driven by IL-6 continues to be a topic of ongoing research and likely to be an attractive 
target with therapeutic potential.

The Wnt pathway
The canonical Wnt-pathway (β-catenin mediated Wnt-signalling) regulates the proliferation and differ-
entiation of colonic stem cells in the normal colon[44,45]. However, the loss of APC gene results in the 
shift of β-catenin from membrane to the nucleus. This causes increased transcription of cyclin D1 and c-
myc genes, leading to carcinogenesis (Figure 3B)[32,46]. Claessen et al[32] in their study reported that the 
Wnt pathway was activated in the early phase of colitis-associated CRC, and in about 50% of IBD-
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Figure 2 Molecular regulators of development of inflammatory bowel disease-related colorectal cancer. Over the years numerous biological 
molecules and pathways have been identified that positively or negatively regulate the development of inflammatory bowel disease-related colorectal cancer. 
Microbial dysbiosis in conjunction with cytokines [tumor necrosis factor-α, interleukin (IL)-6 and IL-21] and chemokines (atypical chemokine receptor D6) drive 
intestinal immune response, in turn leading to chronic inflammation, tissue injury, dysplasia and cancer. The negative regulators including cytokines IL-10 and 
transforming growth factor-β, nuclear factor-κappa beta, Toll-like receptors, along with healthy gut microbiota prevent gut inflammation-mediated tissue injury and 
promote healing of damaged tissue. NF-κβ: Nuclear factor-κappa beta; TNF-α: Tumor necrosis factor-α; TGF-β: Transforming growth factor β; IL: Interleukin; CRC: 
Colorectal cancer; IBD: Inflammatory bowel disease.

associated neoplasia cases. Another significant finding was that the pathway was also activated in the 
surrounding regions of dysplasia associated with IBD, a phenomenon termed as “field-cancerization”
[32]. They suggest that estimation of β-catenin can be used as a biomarker for colonic field cancerization, 
facilitating early detection of neoplasia during colonic surveillance[32]. It has been shown in other 
studies that β-catenin could potentially be used as a marker of survival[47,48] and prognosis[47].

Dysplasia
CRC results from a series of genetic mutations that alter the normal growth pattern of cells, as a 
consequence of which, affected cells acquire a growth advantage over other cells. This aberration leads 
to morphological changes termed dysplasia. It was postulated that colorectal dysplasia could represent 
a premalignant lesion in IBD as early as 1949 by Warren and Sommers[49] and some years later in 1967 
important observations that dysplasia originated from nonpolypoid mucosa were also reported by 
another group.

Historically, an elevated lesion containing dysplasia was referred to as a dysplasia-associated lesion 
or mass (DALM)[50]. The diagnosis of DALM became complicated over time because of the inconsistent 
criteria used in describing IBD-related dysplasia. The term DALM was also was being inaccurately 
always linked to colectomy[50]. However, with the advent of fibre optic endoscopic visualization 
techniques and improvement in localized surgical resection procedures the definition, classification, and 
management of dysplasia became more systematic[50-52]. The SCENIC guidelines in 2015 made 
important recommendations to standardize how lesions are described during surveillance. It was 
recommended that the term DALM be abandoned[53]. The term dysplasia redefined as an abnormal 
growth of cells, tissues, or organs leading to the development of abnormal histological or anatomical 
structures has now replaced the previously used term DALM[52] dysplasia is categorized as low-grade 
dysplasia (LGD) and high-grade dysplasia (HGD) based on the degree of histological abnormalities.

The identification of dysplastic changes is important as this is an important stage in the development 
of cancer and considered a strong predictor of CRC in IBD. Chronic intestinal inflammation is the 
primary risk factor that leads to LGD, which can then progress to HGD and eventually CRC[54] 
(Figure 4). This sequence of events is thought to be accelerated in IBD-CRC compared to sporadic CRC
[54]. In a study de Jong et al[55] investigated the long-term risk of HGD and CRC following the 
development of LGD using a nationwide database identifying a large IBD patient cohort. The risk 
factors for advanced neoplasia progression were found to be age > 55 years at the time of LGD 
detection, male gender and follow-up at a tertiary IBD referral centre. The study also found that the 
incidence rate of progression to advanced neoplasia was 22% after 15 years of detection of IBD. 
Dysplasia in colonic strictures and epithelial dysplasia are both well-documented risk factors and 
considered to be precursors to the development of IBD-CRC[55,56]. In a case-control study among 53568 
IBD patients undergoing colonoscopy, Sonnenberg and Genta[56] found that the prevalence of 
dysplasia was 3.22% and 2.08% in UC and CD respectively [odds ratio (OR) = 0.75, 95%CI: 0.65-0.86], 
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Figure 3 The inflammatory pathways leading to the development of IBD-related colorectal cancer. A: The role of the JAK/STAT3 pathway in the 
development of IBD-related colorectal cancer. Various in vivo and in vitro models have shown that the JAK/STAT3 pathway plays a vital role in oncogenesis. The 
signal transduction of IL-6 involves the activation of JAK, activating transcription factors of the signal transducers and activators of STAT3. This is followed by its 
phosphorylation, dimerization and nuclear translocation of STAT3, initiating transcription of STAT3 target genes (including cyclin D1, Bcl-xL, c-myc, Mcl1, surviving 
and VEGF) leading to carcinogenesis. PI3K mediated activation of Forkhead box O3 (FOXO) leads to inhibition of gene transcription, whereas PI3K mediated 
activation of mTOT leads to oncogene transcription-mediated development of oncogenesis; B: The canonical Wnt-pathway in the development of IBD-related 
colorectal cancer. The canonical Wnt-pathway (β-catenin mediated Wnt-signaling) regulates proliferation and differentiation of the colonic stem cell in the normal 
colon. However, the loss of the adenomatous polyposis coli (APC) gene results in the shift of β-catenin from the membrane to the nucleus leading to increased 
transcription of cyclin D1 and c-myc genes thereby triggering carcinogenesis. IBD: Inflammatory bowel disease; CRC: Colorectal cancer; JAK: Juan kinase; P: 
Phosphorylation; STAT3: Signal transducer and activator of transcription proteins 3; PI3K: Phosphoinositide-3-kinases; Akt: RAC-alpha serine/threonine-protein 
kinase; FOXO: Forkhead box; mTOT: Mechanistic target of rapamycin; Ras: Small GTPase; Raf: Rapidly accelerated fibrosarcoma; MEK: Mitogen-activated 
extracellular signal-regulated kinase; ERK: Extracellular-signal-regulated kinase; Wnt: Wingless and int-1; Dsh: Dishevelled; AXIN: Axin-related protein 1; LKB1: Liver 
kinase B1; APC: Anaphase-promoting complex; GSK: Glycogensynthase kinase; MYC: C-myc; COX-2: Cyclooxygenase-2.

with a small increase in the prevalence of dysplasia within a stricture. The prevalence of cancer was 
higher in IBD patients with stricture compared to that without-0.78% and 0.11%, respectively (OR = 
6.87, 95%CI: 3.30-12.89). A thirty-six-year analysis of a colonoscopic surveillance program found that in 
patients with UC who had undergone a colectomy due to HGD, 46% had a cancerous growth in the 
colon[57], thereby suggesting that the presence of HGD confers a high risk of synchronous cancer in the 
colon. Overall, dysplasia is a well-established histological stage in the development of IBD-CRC, and its 
detection during colonoscopy should prompt appropriate management to prevent progression to CRC. 
Surveillance programs are intended for the early detection of dysplastic lesions and strictures. In high-
risk patients, surveillance helps in tracking disease progression in IBD patients. The intervals at which 
surveillance should take place vary from region to region, and based on guidelines by national societies. 
The British Society of Gastroenterology (BSG) recommends an intensified surveillance endoscopy 
program or a colectomy after the first 5 years of detection of LGD[58]. Other recommendations include 
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Figure 4 Pathophysiology of inflammatory bowel disease-related colorectal cancer. The pathophysiology of inflammatory bowel disease-related 
colorectal cancer (IBD-CRC) is different from sporadic IBD. IBD-CRC follows an “inflammation-dysplasia-carcinoma” sequence instead of the “adenoma-carcinoma” 
sequence as is seen in sporadic CRC. The pathophysiology associated with inflammation is at the heart of IBD-CRC. Various factors including genetic, familial along 
with numerous positive and negative molecular regulators and pathways have been identified which influence the development and maintenance of an inflammatory 
state. Inflammation leads to aberrant immune response leading to a chronic inflammatory state and gut tissue damage. Tissue damage and inflammation lead to 
dysplasia mediated carcinogenesis. CRC: Colorectal cancer; IBD: Inflammatory bowel disease; TNF-α: Tumor necrosis factor-α.

re-evaluation by a second pathologist if LGD is detected and further assessment by an expert 
endoscopist. The details of surveillance techniques are discussed in detail in the next section.

STRATEGIES USED TO REDUCE THE INCIDENCE OF CRC IN IBD
Surveillance colonoscopy
Surveillance in IBD — the evolution of guidance and practice over time: Surveillance in IBD could be 
described as the process of careful examination of the colon to detect early mucosal changes that may 
herald possible neoplasia. The mucosal changes/lesions (dysplasia of varying degrees) or adenomas 
provide an opportunity for early diagnosis and management of these lesions. There have been multiple 
studies in the past which have supported the use of surveillance as a tool to reduce cancer incidence in 
IBD. With the wider adoption of surveillance programmes over many years, long-term data have been 
in favour of regular surveillance of at-risk patients[7,59]. Over the last 2 decades, the practice of 
surveillance in IBD has largely been in line with guidance, which was mainly based on their large meta-
analysis on the risk of IBD related CRC in 2001[2]. This landmark study, in particular, helped strengthen 
guidelines for regular surveillance. The summaries of recommendations are: Screening colonoscopy 
after 8-10 years that will also clarify disease extent for all patients; Regular surveillance to begin after 8-
10 years for pancolitis and after 15-20 years for the left-sided disease; Reduced screening interval with 
increasing disease duration (due to increased risk in pancolitis); In the second decade of disease a 
colonoscopy to be conducted every three years, every two years for the third decade, and yearly by the 
fourth decade of disease; Two to four random biopsy specimens every 10 cm should be taken from the 
entire colon with additional samples of suspicious areas; Patients with PSC (including those with an 
orthotopic liver transplant) represent a subgroup at higher risk of cancer and they should have an 
annual colonoscopy.

These recommendations have been adopted by both the BSG and European Crohn’s and Colitis 
Organisation (ECCO), with some minor differences and recent updates[60,61]. The core recommend-
ations for surveillance remained stagnant for about twenty years. Recent advances in endoscopic 
technology and the use of new methods have meant that surveillance practices have started to change 
but can vary depending on the centre, availability of equipment, and expertise. The introduction of new 
technology has been matched by sound recommendations by the SCENIC guidelines and availability of 
newer endoscopic classification systems to help clinicians describe IBD-related dysplastic lesions whilst 
using these techniques. e.g., the Frankfurt Advanced Chromoendoscopic IBD LEsions (FACILE) classi-
fication that has been developed, validated, and shown to be reproducible[62].

Although the SCENIC guidelines do not recommend routine use of Narrow Band Imaging (NBI) for 
surveillance, recent studies have shown that this could be a reliable modality. A large multicentre study 
by Watanabe et al[63] randomised 263 surveillance patients to either chromoendoscopy or surveillance 
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using NBI. The results showed no significant difference in lesion detection rates (10.7% vs 11.9%) and 
the duration of procedure was shorter with NBI (by 4 min; P < 0.001)[63]. Further, a study by Bisschops 
et al[64] found NBI to be significantly better than high definition chromoendoscopy images to differ-
entiate neoplastic from non-neoplastic lesions among experts. The results of these studies indicate that 
the NBI may have a potential role in surveillance in the future and is likely to find a place in updated 
guidelines.

How effective is surveillance?
The effectiveness of surveillance in IBD has been a topic of much debate over years for multiple reasons 
— cost-benefit to health systems, resource requirements, and also because studies show many 
conflicting data.

A Cochrane review by Collins et al[65] from 2006 looked into the effectiveness of surveillance in 
reducing the death rate from CRC in IBD. This study included a combination of prospective and 
retrospective studies that looked at the impact of surveillance on IBD-CRC. They reported on direct and 
indirect evidence to answer the question of the effectiveness of surveillance. The details of the studies 
included are given in Table 3. In summary, one study showed a dose-response to survival wherein a 
higher number of surveillance procedures were protective and increased survival, one showed that 
surveillance picked up CRC at an earlier stage and 5-year survival was better in the surveillance group 
compared to the non-surveillance group and another showed improved survival in the surveillance 
group compared to non-surveillance, but no improvement in mortality due to CRC. Some other studies 
have tried to estimate the economic benefits of surveillance. However, these models were calculated for 
sporadic cancers, and conclusions extended to IBD-CRC. It was shown that screening programs for 
normal individuals in the community have financial gains and therefore an argument has been made in 
favour of surveillance of high-risk patients with IBD. A more recent systematic review and meta-
analysis by Bye et al[66] included observational studies of patients that included patients undergoing 
surveillance. Their pooled analysis showed a reduction in IBD-CRC in patients undergoing surveillance 
by 42% and IBD-CRC-related death by 64%, compared to those who did not undergo surveillance[66]. 
Current literature appears to favour surveillance and therefore it is part of standard service provision in 
many endoscopy centres.

Impact of using different biopsy techniques and endoscopic modalities
Random biopsies during surveillance colonoscopy had been standard practice, which was a labour-
intensive process not only for the endoscopist but also the pathologist. Studies that looked at accuracy of 
targeted biopsies changed the landscape of surveillance making it more efficient without compromising 
on the accuracy of detecting neoplasia.

Targeted biopsies and white light endoscopy
In a key prospective exploratory trial, Watanabe et al[67] randomised chronic UC patients undergoing 
surveillance to either have targeted biopsies (from lesions detected) or step-wise multiple biopsies 
(random biopsies every 10 cm). The patients underwent high-definition white-light endoscopy (HD-
WLE) in most cases. The investigators found that the detection of neoplasia was significantly higher in 
the target biopsy group compared to random biopsies (6.9% vs 0.5%), with a lower mean number of 
biopsies in the targeted group (34.8 vs 3.1; P < 0.001) and shorter examination time, concluding that 
targeted biopsies were as effective as random biopsies and more cost-effective[67]. This finding has been 
suggested in other studies, thereby indicating random biopsies could still be useful in select high risk 
patients, in line with the 2019 European Society of Gastrointestinal Endoscopy (ESGE) recommendations
[68].

Dye-chromoendoscopy
Dye-chromoendoscopy (DCE) is currently the standard of care for surveillance colonoscopy in IBD as it 
has been reported to aid the detection of subtle mucosal lesions. A prospective randomised trial that 
compared DCE using methylene blue with conventional endoscopy reported more accurate findings 
with better ability to differentiate between neoplastic and non-neoplastic lesions in patients with long-
standing UC. Another prospective study by Marion et al[69] in 2008 compared the same techniques with 
randomised and targeted biopsies in a cohort of 102 patients with IBD. DCE detected significantly 
higher number of dysplastic lesions compared to random biopsies[69]. A large systematic review and 
network meta-analysis found DCE to have a significantly higher diagnostic yield for neoplastic lesions 
compared to WLE[70]. This technique is therefore recommended for surveillance endoscopy by the 
ESGE.

Virtual chromoendoscopy
Virtual electronic chromoendoscopy (VCE) or dyeless virtual chromoendoscopy uses image enhanced 
technology (I scan) that has been introduced in recent years but already increasingly adopted by expert 
endoscopists for surveillance colonoscopy. A retrospective study by Gasia et al[71] compared various 
technologies namely standard WLE, high definition WLE, DCE, VCE, and also strategies of targeted 
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Table 3 Summary of studies over decades reporting on surveillance in inflammatory bowel disease

Ref.
Number of 
patients and 
cohort

Results Conclusions benefit-yes/no

Rosenstock et al[136], 1985, 
Retrospective Review

248 chronic UC 
patients

In this cohort of patients: Overall incidence of HGD was 6%; 
HGD or carcinoma found in 24 procedures in 16 patients, mean 
disease duration of 16 yr, 15 patients had HGD; DALM most 
consistent indicator of carcinoma. > 95% of cancers 6 recognized 
at colonoscopy

The presence/absence of dysplasia a 
reliable histological marker that 
correlates with the presence/absence of 
cancer in UC. DALM with HGD had 
the strongest indication for surgery. 
Benefit- yes

Lashner et al[137], 1990, 
Prospective surveillance 
programme

99 patients 
with pancolitis

In this cohort of patients: Both groups comparable in terms of 
age at onset, disease duration and gender; Total 8 fewer deaths 
in the surveillance group (P < 0.05); Colectomy was less common 
and was performed 4 yr later in the surveillance group (P < 0.05)

Screening in UC associated with 
improved survival and delayed 
colectomy. Findings did not show 
improvement in cancer-related 
survival. Benefit-equivocal

Löfberg et al[138], 1990, 15-
yr Prospective surveillance 
programme

72 UC, 12 
patients 
developed 
definite 
dysplasia

In this cohort of patients: LGD detected in 7 patients; HGD in 4 
and 1 Dukes' Stage-A cancer at operation; The cumulative risk of 
developing at least LGD was 14% after 25 yr of disease; 
Abnormal, aneuploid DNA content detected in biopsies of 12/59 
patients (20.3%) this correlated significantly with LGD and HGD

Long-term use of surveillance in UC is 
reliable in detecting dysplasia and 
identify patients for prophylactic 
surgery. Benefit-yes; Earlier detection 
of neoplasia

Nugent et al[139], 1991, 13-
yr Prospective surveillance 
programme

213 UC 
patients

In this cohort of patients: A total of 15 patients underwent 
colectomy; A total of 7 patients  had unsuspected carcinoma at 
various stages; Dysplasia detected among 11 patients; No 
difference in the prevalence of dysplasia between left-sided v/s 
extensive disease; No carcinoma  detected among 175 patients 
without dysplasia on initial biopsies

Surveillance programme effective aid 
in reducing the risk of carcinoma in 
UC. Short term risk of CRC low if 
biopsy negative. Colectomy deferred in 
this group. Benefit-yes

Lynch et al[140], 1993, 
Prospective 
surveillance(between 1978 
and 1990)

160 UC 
patients

In this cohort of patients: A total of 739 colonoscopies carried out 
(4.6 colonoscopies/per patient); A 709 patient-years follow-up 
was carried out; In 1 patient Dukes's A cancer was detected; IBD-
CRC caused the death of 1 patient; Overall, 9 IBD-CRC cases 
were diagnosed during the study period but only 1 case was 
detected by way of the surveillance programme

Results of this large study with long 
follow-up cast doubts on the effect-
iveness of the surveillance programmes 
in detecting CRC in patients with UC. 
Benefit-no

Jonsson et al[141], 1994, 
Prospective, longitudinal 
study between 1977 and 
1991

131 patients 
with UC

In this cohort of patients: A total of 632 colonoscopies performed, 
dysplasia was diagnosed in 24 (4 HGD), other than those with 
cancer; CRC diagnosed in 4 patients, of whom 2 included in the 
programme with a diagnosis of cancer; CRC and dysplasia are 
seen mainly in the left colon and in pancolitis patients

The surveillance programme was 
resource consuming and the cost-
benefit must be questioned. Benefit-no. 
No cost-benefit as per authors

Karlén et al[142], 1998, 
Prospective case-control 
study

4664 patients 
with UC, 142 
patients with 
definite UC

In this cohort of patients: In 2 out of 40 patients with UC and 
18/102 controls had at least one-surveillance colonoscopy (RR 
0.29, 95% CI: 0.06-1.31); Out of 12 controls, only one patient with 
UC had two or more surveillance colonoscopies (RR 0.22, 95%CI: 
0.03-1.74), indicating a protective dose-response relation

Surveillance may be associated with 
decreased risk of death from CRC in 
patients with long-standing UC. 
Benefit-yes. May improve survival

Friedman et al[143], 2001, 
Prospective Longitudinal 
study

259 patients 
with chronic 
Crohn's colitis

In this cohort of patients: A total of 663 examinations were 
performed on 259 patients; The median interval between 
examinations was 24 mo; More frequent examinations were 
carried out(1-6 mo) in patients with dysplasia; Dysplasia or 
cancer was detected in 16% (10 indefinite, 23 LGD, 4 HGD and 5 
cancers); Definite dysplasia or cancer was associated with age > 
45 yr and had increased symptoms

Colonoscopic surveillance should be 
strongly considered in chronic 
extensive Crohn's colitis. Benefit-yes. 
May improve survival

Biasco et al[144], 2002, 
Prospective Longitudinal 
study (20 yr duration)

65 patients 
with UC > 7 yr

In this cohort of patients: A total of 23 (35.3%) patients had 
surgery; A total of 29 (44.66%) patients discontinued the 
programme; Only 11 (16.9%) patients have remained in the 
programme

Results cast some doubts on the 
significance of such a programme and 
on its long-term feasibility. Benefit-no. 
Long-term feasibility doubtful

Hata et al[145] 2003, 
Retrospective January 1979 
and December 2001

217 UC 
patients

In this cohort of patients: A total of 15 patients were detected to 
have definite dysplasia; Among 5/15 proved to have invasive 
cancer in resected specimens; cumulative risk for development of 
definite dysplasia at 10, 20 and 30 yr was 3.1%, 10.0%, and 15.6% 
respectively; A cumulative risk for the development of invasive 
cancer at 10, 20, and 30 yr was 0.5%, 4.1%, and 6.1%, respectively

The surveillance programme is useful 
for detecting IBD-CRC and survival 
may be improved by surveillance 
colonoscopy. Benefit-yes. May improve 
survival

UC: Ulcerative colitis; IBD-CRC: Inflammatory bowel disease related colorectal cancer; LGD: Low-grade dysplasia; HGD: High-grade dysplasia; DALM: 
Dysplasia-associated lesion/mass; RR: Relative risk; CI: Confidence interval.

biopsies vs random. They found targeted biopsies to be better at neoplasia detection across all techno-
logies except standard WLE. In a prospective randomised trial by the same investigating group, Iacucci 
et al[72] randomised patients with long-standing colitis into three arms: WLE, DCE, and VCE. In this 
non-inferiority study, VCE was found to be non-inferior to DCE in the detection of all neoplastic lesions. 
ESGE now strongly recommends the use of VCE or dye-spray with targeted biopsies for surveillance of 
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colon with quiescent disease[68].

Chemoprevention of CRC
Chemoprevention in cancer is a term used for the use of pharmacological agents to reduce or delay the 
risk of carcinogenesis or progression of the disease[73,74]. Although there have been multiple drugs 
investigated for their potential, mesalazine currently has the largest evidence base to support its use for 
chemoprevention in CRC[74-76].

Mesalazine: Mesalazine or 5-aminosalicylic acid (5-ASA), a structural analogue of aspirin, has been 
used for many decades as first-line therapy for mild-to-moderate UC in oral and topical forms. In 
addition to its anti-inflammatory properties, it has received much attention for its chemopreventive 
effects. The drug appears to exert its effects through multiple mechanisms. A systematic review that 
looked into molecular mechanisms of chemoprevention of CRC was published in 2009. Lyakhovich and 
Gasche[74] in this study summarised that 5-ASA inhibits cyclooxygenase-2 (COX-2)/prostaglandin E2 
synthesis, decreases the transcriptional activity of NF-κB by modulating RelA/p65 phosphorylation, 
and interferes with the Wnt pathway through protein phosphatase 2A. Multiple other systematic 
reviews have reported on the chemoprotective effects of 5-ASA. Velayos et al[77] included nine studies 
with 1932 UC patients in their systematic review and meta-analysis and reported a protective effect of 5-
ASA in IBD-CRC and CRC/dysplasia. A large meta-analysis by Qiu et al[76] comprising of 26 studies 
with > 15000 patients (UC + CD) reported a chemopreventive effect on CRC but not dysplasia. A dose of 
> 1.2 g/d was effective to reduce the risk. Another meta-analysis reported that 5-ASA was protective 
against CRC and dysplasia with a strong protective effect noted in UC but a non-significant effect in CD
[78].

With many reporting on the mechanisms of 5-ASA in reducing the risk of CRC, it is plausible that it 
has a chemopreventive effect in IBD and can be used in this cohort of patients.

Thiopurines: Thiopurines have been used for many decades in the management of IBD. There have 
been no randomised studies to investigate the efficacy of thiopurine therapy and current evidence is 
from cohort, case-control or population-based studies, with conflicting reports. A systematic review by 
Jess et al[79] in 2014 reported no protective effect of thiopurine therapy on CRC in IBD patients. The 
studies included carried heterogeneity and included clinic-based cohort and case-control studies, but no 
population-based studies. The lack of protective effect may be explained due to the inclusion of studies 
with patients at a severe spectrum of disease[79].

Another systematic review and meta-analysis by Lu et al[80] reported in 2018 on 24 observational 
studies involving 76999 participants to evaluate the risks of developing CRC in IBD patients on 
thiopurines. The authors found an overall protective effect of thiopurine use on CRC in patients with 
IBD (OR = 0.63, 95%CI: 0.46-0.86) in a pooled estimate and the effect was significant in UC patients (OR 
= 0.67, 95%CI: 0.45-0.98), but not in CD patients (OR = 1.06, 95%CI: 0.54-2.09). Interestingly, the authors 
also reported that the protective effect was limited to clinic-based and case-control studies but no 
population-based studies.

Aspirin/non-steroidal anti-inflammatory drugs: Aspirin and non-steroidal anti-inflammatory drugs 
(NSAIDs) have been studied for their chemo-preventive properties in the context of sporadic CRC. The 
elevated levels of COX-2 expression found in most CRC meant that NSAIDs and selective COX-2 
inhibitors (COXIBs)[81] carry the potential for use in chemoprevention. A large, randomised study 
reported a reduction in metastatic disease in CRC with aspirin use[82]. Although the mechanisms make 
these medications attractive options, there have been no prospective studies done to study their efficacy 
in the context of IBD-CRC. A systematic review and meta-analysis by Burr et al[83] reported on the 
effect of aspirin and NSAIDs on IBD-CRC. They found only 9 retrospective studies in IBD which 
included the use of either or both these drugs with CRC as one of the outcomes. The authors concluded 
that the studies presented several limitations including selection bias as well as confounding. Also, the 
number of patients included was a small and overall large variation in studies that led to no strong 
conclusions[83].

At present, the use of aspirin or NSAIDs as chemopreventive agents is not part of any guidelines. 
This is unlikely to change as large prospective studies that study IBD-CRC are unlikely to be carried out.

Folic acid: IBD leads to impaired folate absorption. Folate is involved in DNA methylation and may 
produce epigenetic changes that affect the gut microbial and host immune interactions[84]. Folic acid 
has been investigated in the past as a chemopreventive agent. The effect of folate supplementation on 
dysplasia and cancer in IBD was first reported by Lashner et al[85] in a case-control study. In this study, 
all patients with pancolitis of > 7-year duration (except those with known HGD and invasive cancer) in 
the surveillance program exposed to folate supplements were compared to the control group (patients 
in the surveillance program, no dysplasia and not exposed to folate). Although folate supplementation 
was associated with a 62% lower incidence of dysplasia or cancer, the duration, and dose of folate intake 
were unclear, and results did not reach statistical significance probably because it was underpowered. 
Another retrospective study by the same group reported that the relative risk of neoplasia was lower 
(0.54) with folate supplementation (after at least 6-mo of exposure). The authors concluded that daily 
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folate supplementation may protect against the development of neoplasia in UC, although the results 
did not reach statistical significance.

The effects of folate supplementation were best summarised by a systematic review and meta-
analysis by Burr et al[86] in which they included ten studies with low to moderate heterogeneity and a 
total of 4517 patients. The authors concluded that the results showed a pooled hazard ratio of 0.58 
(95%CI: 0.37-0.80) suggesting an overall protective effect for folate supplementation on the development 
of IBD-CRC[86].

While there is weak evidence from retrospective studies in favour of folate supplementation, in the 
absence of prospective randomised data to support this, it is unlikely that folic acid will be used 
routinely for chemoprevention. At present, it is not part of guidelines by most national and international 
societies despite it being a cheap, safe, and well-tolerated supplement.

Surgery
Surgery in the form of colectomy remains an important and effective strategy in preventing IBD-CRC, 
particularly in patients who have HGD or ‘indefinite’ dysplasia or invisible dysplasia detected on 
biopsies. Among visible lesions seen during endoscopy, polypoid lesions and some non-polypoid 
lesions with LGD in selective cases can generally be managed with endoscopic resection if full resection 
can be achieved, and further surveillance may be a reasonable option as per current guidelines[61].

However, non-polypoid lesions that cannot be managed endoscopically or the presence of invisible 
dysplasia regardless of degree are considered high-risk for progression to cancer and therefore 
recommended to undergo surgery[61].

The presence of visible dysplasia perhaps is relatively straightforward with the grade of dysplasia 
determining the intensity of future surveillance or need for surgery, but invisible dysplasia poses a 
challenge. Although the proportion of invisible dysplastic lesions is low due to the use of advanced 
endoscopic techniques[87], the detection of such lesions can present a dilemma in management, partic-
ularly because patients do not readily accept colectomy despite physician recommendations[88].

The risk of cancer with visible LGD has been known to be low with a larger body of evidence. In a 
retrospective study by Ten Hove et al[89], the incidence rate of advanced cancer was low at 1.34 per 100 
years in patients with LGD after a follow-up of nearly 5 years, with no significant difference between 
chromoendoscopy and WLE and a systematic review by Kabir et al[90] reported a pooled estimated rate 
of cancer in visible LGD at 2.7%. However, there is very little data available on invisible dysplasia. In 
their systematic review, Kabir et al[90] reported that pooled estimates of cancer due to invisible HGD 
and invisible LGD were 11.4% and 2.4% respectively, based on two cohort studies and one case series. 
With such a high risk of progression to cancer, surgery should be considered as a serious and realistic 
option in reducing the risk of IBD-CRC.

Diet therapy and gut microbiota modulation
Our better understanding of the human gut microbiome has opened up a new possibility of treatment 
for IBD and IBD-CRC[91]. Recent molecular level research on the gut microbiota using whole-genome 
sequencing technology has proved that some factors can alter the microbiome and the pathogenesis of 
IBD[92].

It has been hypothesized that diet plays a key role in the modulation of the gut microbiota 
composition. Gut microbiota in turn plays a major role in maintaining gut homeostasis and is associated 
with the modulation of host inflammatory and immune responses[93]. Studies have shown that 
nutritional components (added sugars, trans-fats, omega-6 fatty acids, red processed meat etc.) 
contribute to a chronic inflammatory condition by regulating various immune and inflammatory 
pathways[94,95]. Diet has been identified as one of the vital factors associated with CRC etiology[94,96].

Dietary therapy is also considered to be helpful, especially in children with CD who receive exclusive 
enteral nutrition[95,97]. Therefore, microbiome-modulating interventions like the application of 
probiotics[98,99], prebiotics[97,100,101], antibiotics, faecal microbiota transplantation (FMT)[102,103], 
and gene manipulation is being widely explored as new treatment options for a large number of chronic 
inflammatory diseases including UC, CD, and CRC. Genetic studies involving IBD patients reported 163 
IBD susceptibility gene loci. These loci were found to be involved in regulating the host and gut 
microbes' interactions[104,105]. Mechanistically, it is plausible that by correcting the gut microbiota 
composition, the innate immune system can be modulated, leading to lesser inflammatory damage to 
the gut epithelium. This could enhance gut barrier function, prevent pathogen colonization and exert 
selective cytotoxicity against tumour cells[92]. These actions could break the vicious cycle of inflam-
mation-mediated dysplasia.

Future directions
Advanced endoscopic technologies: There have been several recent advances made with novel 
endoscopic technologies such as endocytoscopy, confocal laser endomicroscopy (CLE), both of which 
allow examination of the bowel mucosa with histology-like images at 500-fold to 1000-fold 
magnification, allowing in vivo evaluation in real-time.
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Endocytoscopy has been reported to be effective in recognising low-grade adenoma in the colon
[106]. Its utility in IBD surveillance has not been evaluated thoroughly yet and is a subject of research. 
There is evidence that CLE is a useful tool in assessing dysplasia, with a stronger evidence base in the 
evaluation of Barrett’s oesophagus. It has been studied in the context of IBD and shown to increase the 
rate of detection of neoplastic lesions. In a consensus-based report on the applications of CLE, although 
there was wide agreement that CLE can detect dysplasia effectively in IBD[107], its adoption is limited 
by cost and lack of expertise. This is likely to change in the future as endoscopists become more familiar 
with the technology and wider use may drive down costs.

Full-spectrum endoscopy (FUSE) is an emerging technique that employs two lateral additional 
cameras to a standard colonoscope, allowing operators to view behind folds and blind spots. Leong and 
Koo[1] investigated its ability to detect dysplastic lesions in a robust study design involving patients 
undergoing surveillance. They prospectively randomised 52 patients to either standard colonoscopy or 
FUSE and then crossed over to the other group for a repeat procedure. FUSE missed significantly fewer 
dysplastic lesions compared to standard (25% vs 71.4%) with a slightly longer withdrawal time. Kudo et 
al[108] reported similar findings in their tandem colonoscopy trial. The advantages of this technique are 
apparent but are currently not part of guidelines and recommendations by relevant societies. Further 
research and familiarity with the technique are likely to encourage more clinicians to use this for 
surveillance.

Artificial intelligence: The next generation of advancement comes in the form of using artificial 
intelligence (AI) in endoscopy. AI is currently being used widely in innumerable areas and its applic-
ations are seemingly unlimited. AI in IBD has been evaluated by Stidham et al[109] where they found 
that performance of deep learning models was similar to experienced human reviewers when grading 
endoscopic severity in UC. AI built into endoscopic systems to aid detection of dysplastic lesions is 
currently a subject of research globally, with few early reports available in literature[110].

Microbiota modulation: The discovery of microbiota-regulated mucosal and systemic immune 
response pathways have opened up avenues to explore the impact of this response on the development 
of cancer immunotherapies. However, it should also be considered that an individual’s commensal gut 
microbiota keeps evolving and changing throughout the lifetime based on various environmental 
factors[23]. This phenomenon plays a pivotal role in phenotypic variation in disease development, 
progression, and therapeutic success among individuals. Therefore, it will not be wrong to hypothesize 
that future gut microbiota modulating therapies need to be personalized according to an individual’s 
microbiota.

CONCLUSION
IBD-related CRC is a serious complication that deserves attention. The evolution of strategies in 
reducing this risk over decades is interesting. Although surveillance is now the cornerstone of early 
detection of neoplasia, the key to reducing this risk is keeping patients in remission. It is encouraging 
that there are some signals of lowered risk of IBD-CRC recently but with increasing disease burden, we 
have to remain vigilant. Further research into exploring pathways involved in CRC will provide a better 
understanding and potential new targets to exploit, be it for new or repurposed drugs. The expansion in 
the use of advanced endoscopic techniques is likely to improve neoplasia detection and help patients. 
AI carries the potential to bring about a paradigm shift in endoscopy and surveillance but needs 
rigorous evaluation before it is deployed for routine clinical use. Lastly, modulation of microbiota may 
well be something to watch out for in the future as a reliable intervention in this cohort.

FOOTNOTES
Author contributions: Majumder S and Shivaji UN contributed literature search, data collection, data analysis, writing 
and editing manuscript, revision and final approval; Kasturi R, Sigamani A, Ghosh S and Iacucci M contributed 
writing and editing manuscript, revision and final approval.

Conflict-of-interest statement: The authors have none to declare.

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by 
external reviewers. It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-
NC 4.0) license, which permits others to distribute, remix, adapt, build upon this work non-commercially, and license 
their derivative works on different terms, provided the original work is properly cited and the use is non-
commercial. See: https://creativecommons.org/Licenses/by-nc/4.0/

Country/Territory of origin: United Kingdom

https://creativecommons.org/Licenses/by-nc/4.0/


Majumder S et al. Inflammatory bowel disease related CRC

WJGO https://www.wjgnet.com 561 March 15, 2022 Volume 14 Issue 3

ORCID number: Snehali Majumder 0000-0002-2745-493X; Uday Nagesh Shivaji 0000-0002-6800-584X; Rangarajan Kasturi 
0000-0002-9421-7512; Alben Sigamani 0000-0002-6927-1947; Subrata Ghosh 0000-0002-1713-7797; Marietta Iacucci 0000-
0003-2440-2592.

Corresponding Author's Membership in Professional Societies: British Society of Gastroenterology, No. BSG61984.

S-Editor: Gao CC 
L-Editor: A 
P-Editor: Gao CC

REFERENCES
Leong RW, Koo JH. Colorectal cancer in inflammatory bowel disease. J Gastroenterol Hepatol 2009; 24: 503-505 
[PMID: 19368629 DOI: 10.1111/j.1440-1746.2009.05790.x]

1     

Eaden JA, Abrams KR, Mayberry JF. The risk of colorectal cancer in ulcerative colitis: a meta-analysis. Gut 2001; 48: 
526-535 [PMID: 11247898 DOI: 10.1136/gut.48.4.526]

2     

Canavan C, Abrams KR, Mayberry J. Meta-analysis: colorectal and small bowel cancer risk in patients with Crohn's 
disease. Aliment Pharmacol Ther 2006; 23: 1097-1104 [PMID: 16611269 DOI: 10.1111/j.1365-2036.2006.02854.x]

3     

Itzkowitz SH, Yio X. Inflammation and cancer IV. Colorectal cancer in inflammatory bowel disease: the role of 
inflammation. Am J Physiol Gastrointest Liver Physiol 2004; 287: G7-17 [PMID: 15194558 DOI: 
10.1152/ajpgi.00079.2004]

4     

Kim ER, Chang DK. Colorectal cancer in inflammatory bowel disease: the risk, pathogenesis, prevention and diagnosis. 
World J Gastroenterol 2014; 20: 9872-9881 [PMID: 25110418 DOI: 10.3748/wjg.v20.i29.9872]

5     

Beaugerie L, Itzkowitz SH. Cancers Complicating Inflammatory Bowel Disease. N Engl J Med 2015; 373: 195 [PMID: 
26154801 DOI: 10.1056/NEJMc1505689]

6     

Choi CH, Rutter MD, Askari A, Lee GH, Warusavitarne J, Moorghen M, Thomas-Gibson S, Saunders BP, Graham TA, 
Hart AL. Forty-Year Analysis of Colonoscopic Surveillance Program for Neoplasia in Ulcerative Colitis: An Updated 
Overview. Am J Gastroenterol 2015; 110: 1022-1034 [PMID: 25823771 DOI: 10.1038/ajg.2015.65]

7     

Averboukh F, Ziv Y, Kariv Y, Zmora O, Dotan I, Klausner JM, Rabau M, Tulchinsky H. Colorectal carcinoma in 
inflammatory bowel disease: a comparison between Crohn's and ulcerative colitis. Colorectal Dis 2011; 13: 1230-1235 
[PMID: 21689324 DOI: 10.1111/j.1463-1318.2011.02639.x]

8     

Kiran RP, Khoury W, Church JM, Lavery IC, Fazio VW, Remzi FH. Colorectal cancer complicating inflammatory bowel 
disease: similarities and differences between Crohn's and ulcerative colitis based on three decades of experience. Ann Surg 
2010; 252: 330-335 [PMID: 20622662 DOI: 10.1097/SLA.0b013e3181e61e69]

9     

Zhou Q, Shen ZF, Wu BS, Xu CB, He ZQ, Chen T, Shang HT, Xie CF, Huang SY, Chen YG, Chen HB, Han ST. Risk of 
Colorectal Cancer in Ulcerative Colitis Patients: A Systematic Review and Meta-Analysis. Gastroenterol Res Pract 2019; 
2019: 5363261 [PMID: 31781191 DOI: 10.1155/2019/5363261]

10     

Söderlund S, Granath F, Broström O, Karlén P, Löfberg R, Ekbom A, Askling J. Inflammatory bowel disease confers a 
lower risk of colorectal cancer to females than to males. Gastroenterology 2010; 138: 1697-1703 [PMID: 20167217 DOI: 
10.1053/j.gastro.2010.02.007]

11     

Jess T, Rungoe C, Peyrin-Biroulet L. Risk of colorectal cancer in patients with ulcerative colitis: a meta-analysis of 
population-based cohort studies. Clin Gastroenterol Hepatol 2012; 10: 639-645 [PMID: 22289873 DOI: 
10.1016/j.cgh.2012.01.010]

12     

Gillen CD, Walmsley RS, Prior P, Andrews HA, Allan RN. Ulcerative colitis and Crohn's disease: a comparison of the 
colorectal cancer risk in extensive colitis. Gut 1994; 35: 1590-1592 [PMID: 7828978 DOI: 10.1136/gut.35.11.1590]

13     

Stiehl A, Benz C, Sauer P. Primary sclerosing cholangitis. Can J Gastroenterol 2000; 14: 311-315 [PMID: 10799084 
DOI: 10.1155/2000/983681]

14     

Ricciuto A, Kamath BM, Griffiths AM. The IBD and PSC Phenotypes of PSC-IBD. Curr Gastroenterol Rep 2018; 20: 16 
[PMID: 29594739 DOI: 10.1007/s11894-018-0620-2]

15     

Guerra I, Bujanda L, Castro J, Merino O, Tosca J, Camps B, Gutiérrez A, Gordillo Ábalos J, de Castro L, Iborra M, 
Carbajo AY, Taxonera C, Rodríguez-Lago I, Mesonero F, de Francisco R, Gómez-Gómez GJ, Chaparro M, Tardillo CA, 
Rivero M, Algaba A, Martín Arranz E, Cañete F, Vicente R, Sicilia B, Antolín B, Prieto V, Márquez L, Benítez JM, Camo 
P, Piqueras M, Gargallo CJ, Hinojosa E, Huguet JM, Pérez Calle JL, Van Domselaar M, Rodriguez C, Calvet X, Muñoz-
Villafranca C, García-Sepulcre MF, Munoz-Garrido P, Fernández-Clotet A, Gómez Irwin L, Hernández S, Guardiola J, 
Sempere L, González Muñoza C, Hernández V, Beltrán B, Barrio J, Alba C, Moraleja I, López-Sanromán A, Riestra S, 
Martínez Montiel P, Garre A, Arranz L, García MJ, Martín Arranz MD, Corsino P, Arias L, Fernández-Salazar L, 
Fernández-Pordomingo A, Andreu M, Iglesias E, Ber Y, Mena R, Arroyo Villarino MT, Mora M, Ruiz L, López-Serrano 
P, Blazquez I, Villoria A, Fernández M, Bermejo F, Banales JM, Domènech E, Gisbert JP; Spanish GETECCU group 
(ENEIDA Project). Clinical Characteristics, Associated Malignancies and Management of Primary Sclerosing Cholangitis 
in Inflammatory Bowel Disease Patients: A Multicentre Retrospective Cohort Study. J Crohns Colitis 2019; 13: 1492-
1500 [PMID: 31063540 DOI: 10.1093/ecco-jcc/jjz094]

16     

Mertz A, Nguyen NA, Katsanos KH, Kwok RM. Primary sclerosing cholangitis and inflammatory bowel disease 
comorbidity: an update of the evidence. Ann Gastroenterol 2019; 32: 124-133 [PMID: 30837784 DOI: 
10.20524/aog.2019.0344]

17     

Lynch SV, Pedersen O. The Human Intestinal Microbiome in Health and Disease. N Engl J Med 2016; 375: 2369-2379 
[PMID: 27974040 DOI: 10.1056/NEJMra1600266]

18     

http://orcid.org/0000-0002-2745-493X
http://orcid.org/0000-0002-2745-493X
http://orcid.org/0000-0002-6800-584X
http://orcid.org/0000-0002-6800-584X
http://orcid.org/0000-0002-9421-7512
http://orcid.org/0000-0002-9421-7512
http://orcid.org/0000-0002-6927-1947
http://orcid.org/0000-0002-6927-1947
http://orcid.org/0000-0002-1713-7797
http://orcid.org/0000-0002-1713-7797
http://orcid.org/0000-0003-2440-2592
http://orcid.org/0000-0003-2440-2592
http://orcid.org/0000-0003-2440-2592
http://www.ncbi.nlm.nih.gov/pubmed/19368629
https://dx.doi.org/10.1111/j.1440-1746.2009.05790.x
http://www.ncbi.nlm.nih.gov/pubmed/11247898
https://dx.doi.org/10.1136/gut.48.4.526
http://www.ncbi.nlm.nih.gov/pubmed/16611269
https://dx.doi.org/10.1111/j.1365-2036.2006.02854.x
http://www.ncbi.nlm.nih.gov/pubmed/15194558
https://dx.doi.org/10.1152/ajpgi.00079.2004
http://www.ncbi.nlm.nih.gov/pubmed/25110418
https://dx.doi.org/10.3748/wjg.v20.i29.9872
http://www.ncbi.nlm.nih.gov/pubmed/26154801
https://dx.doi.org/10.1056/NEJMc1505689
http://www.ncbi.nlm.nih.gov/pubmed/25823771
https://dx.doi.org/10.1038/ajg.2015.65
http://www.ncbi.nlm.nih.gov/pubmed/21689324
https://dx.doi.org/10.1111/j.1463-1318.2011.02639.x
http://www.ncbi.nlm.nih.gov/pubmed/20622662
https://dx.doi.org/10.1097/SLA.0b013e3181e61e69
http://www.ncbi.nlm.nih.gov/pubmed/31781191
https://dx.doi.org/10.1155/2019/5363261
http://www.ncbi.nlm.nih.gov/pubmed/20167217
https://dx.doi.org/10.1053/j.gastro.2010.02.007
http://www.ncbi.nlm.nih.gov/pubmed/22289873
https://dx.doi.org/10.1016/j.cgh.2012.01.010
http://www.ncbi.nlm.nih.gov/pubmed/7828978
https://dx.doi.org/10.1136/gut.35.11.1590
http://www.ncbi.nlm.nih.gov/pubmed/10799084
https://dx.doi.org/10.1155/2000/983681
http://www.ncbi.nlm.nih.gov/pubmed/29594739
https://dx.doi.org/10.1007/s11894-018-0620-2
http://www.ncbi.nlm.nih.gov/pubmed/31063540
https://dx.doi.org/10.1093/ecco-jcc/jjz094
http://www.ncbi.nlm.nih.gov/pubmed/30837784
https://dx.doi.org/10.20524/aog.2019.0344
http://www.ncbi.nlm.nih.gov/pubmed/27974040
https://dx.doi.org/10.1056/NEJMra1600266


Majumder S et al. Inflammatory bowel disease related CRC

WJGO https://www.wjgnet.com 562 March 15, 2022 Volume 14 Issue 3

Ni J, Shen TD, Chen EZ, Bittinger K, Bailey A, Roggiani M, Sirota-Madi A, Friedman ES, Chau L, Lin A, Nissim I, Scott 
J, Lauder A, Hoffmann C, Rivas G, Albenberg L, Baldassano RN, Braun J, Xavier RJ, Clish CB, Yudkoff M, Li H, 
Goulian M, Bushman FD, Lewis JD, Wu GD. A role for bacterial urease in gut dysbiosis and Crohn's disease. Sci Transl 
Med 2017; 9 [PMID: 29141885 DOI: 10.1126/scitranslmed.aah6888]

19     

Balzan S, de Almeida Quadros C, de Cleva R, Zilberstein B, Cecconello I. Bacterial translocation: overview of 
mechanisms and clinical impact. J Gastroenterol Hepatol 2007; 22: 464-471 [PMID: 17376034 DOI: 
10.1111/j.1440-1746.2007.04933.x]

20     

Yu LC. Microbiota dysbiosis and barrier dysfunction in inflammatory bowel disease and colorectal cancers: exploring a 
common ground hypothesis. J Biomed Sci 2018; 25: 79 [PMID: 30413188 DOI: 10.1186/s12929-018-0483-8]

21     

Rogala AR, Oka A, Sartor RB. Strategies to Dissect Host-Microbial Immune Interactions That Determine Mucosal 
Homeostasis vs. Intestinal Inflammation in Gnotobiotic Mice. Front Immunol 2020; 11: 214 [PMID: 32133003 DOI: 
10.3389/fimmu.2020.00214]

22     

Matson V, Chervin CS, Gajewski TF. Cancer and the Microbiome-Influence of the Commensal Microbiota on Cancer, 
Immune Responses, and Immunotherapy. Gastroenterology 2021; 160: 600-613 [PMID: 33253684 DOI: 
10.1053/j.gastro.2020.11.041]

23     

Kåhrström CT. Host response: Phagocytosis runs like clockwork. Nat Rev Microbiol 2012; 10: 162 [PMID: 22330881 
DOI: 10.1038/nrmicro2751]

24     

Swidsinski A, Göktas O, Bessler C, Loening-Baucke V, Hale LP, Andree H, Weizenegger M, Hölzl M, Scherer H, Lochs 
H. Spatial organisation of microbiota in quiescent adenoiditis and tonsillitis. J Clin Pathol 2007; 60: 253-260 [PMID: 
16698947 DOI: 10.1136/jcp.2006.037309]

25     

Motta JP, Flannigan KL, Agbor TA, Beatty JK, Blackler RW, Workentine ML, Da Silva GJ, Wang R, Buret AG, Wallace 
JL. Hydrogen sulfide protects from colitis and restores intestinal microbiota biofilm and mucus production. Inflamm 
Bowel Dis 2015; 21: 1006-1017 [PMID: 25738373 DOI: 10.1097/MIB.0000000000000345]

26     

Díaz P, Valenzuela Valderrama M, Bravo J, Quest AFG. Helicobacter pylori and Gastric Cancer: Adaptive Cellular 
Mechanisms Involved in Disease Progression. Front Microbiol 2018; 9: 5 [PMID: 29403459 DOI: 
10.3389/fmicb.2018.00005]

27     

Flanagan L, Schmid J, Ebert M, Soucek P, Kunicka T, Liska V, Bruha J, Neary P, Dezeeuw N, Tommasino M, Jenab M, 
Prehn JH, Hughes DJ. Fusobacterium nucleatum associates with stages of colorectal neoplasia development, colorectal 
cancer and disease outcome. Eur J Clin Microbiol Infect Dis 2014; 33: 1381-1390 [PMID: 24599709 DOI: 
10.1007/s10096-014-2081-3]

28     

Wu S, Rhee KJ, Albesiano E, Rabizadeh S, Wu X, Yen HR, Huso DL, Brancati FL, Wick E, McAllister F, Housseau F, 
Pardoll DM, Sears CL. A human colonic commensal promotes colon tumorigenesis via activation of T helper type 17 T 
cell responses. Nat Med 2009; 15: 1016-1022 [PMID: 19701202 DOI: 10.1038/nm.2015]

29     

Wu N, Yang X, Zhang R, Li J, Xiao X, Hu Y, Chen Y, Yang F, Lu N, Wang Z, Luan C, Liu Y, Wang B, Xiang C, Wang 
Y, Zhao F, Gao GF, Wang S, Li L, Zhang H, Zhu B. Dysbiosis signature of fecal microbiota in colorectal cancer patients. 
Microb Ecol 2013; 66: 462-470 [PMID: 23733170 DOI: 10.1007/s00248-013-0245-9]

30     

Gevers D, Kugathasan S, Denson LA, Vázquez-Baeza Y, Van Treuren W, Ren B, Schwager E, Knights D, Song SJ, 
Yassour M, Morgan XC, Kostic AD, Luo C, González A, McDonald D, Haberman Y, Walters T, Baker S, Rosh J, 
Stephens M, Heyman M, Markowitz J, Baldassano R, Griffiths A, Sylvester F, Mack D, Kim S, Crandall W, Hyams J, 
Huttenhower C, Knight R, Xavier RJ. The treatment-naive microbiome in new-onset Crohn's disease. Cell Host Microbe 
2014; 15: 382-392 [PMID: 24629344 DOI: 10.1016/j.chom.2014.02.005]

31     

Claessen MM, Schipper ME, Oldenburg B, Siersema PD, Offerhaus GJ, Vleggaar FP. WNT-pathway activation in IBD-
associated colorectal carcinogenesis: potential biomarkers for colonic surveillance. Cell Oncol 2010; 32: 303-310 [PMID: 
20208143 DOI: 10.3233/CLO-2009-0503]

32     

Ma XT, Wang S, Ye YJ, Du RY, Cui ZR, Somsouk M. Constitutive activation of Stat3 signaling pathway in human 
colorectal carcinoma. World J Gastroenterol 2004; 10: 1569-1573 [PMID: 15162527 DOI: 10.3748/wjg.v10.i11.1569]

33     

Lin L, Hron JD, Peng SL. Regulation of NF-kappaB, Th activation, and autoinflammation by the forkhead transcription 
factor Foxo3a. Immunity 2004; 21: 203-213 [PMID: 15308101 DOI: 10.1016/j.immuni.2004.06.016]

34     

Romano M, DE Francesco F, Zarantonello L, Ruffolo C, Ferraro GA, Zanus G, Giordano A, Bassi N, Cillo U. From 
Inflammation to Cancer in Inflammatory Bowel Disease: Molecular Perspectives. Anticancer Res 2016; 36: 1447-1460 
[PMID: 27069120]

35     

Laurent C, Svrcek M, Flejou JF, Chenard MP, Duclos B, Freund JN, Reimund JM. Immunohistochemical expression of 
CDX2, β-catenin, and TP53 in inflammatory bowel disease-associated colorectal cancer. Inflamm Bowel Dis 2011; 17: 
232-240 [PMID: 20815042 DOI: 10.1002/ibd.21451]

36     

Kanaan Z, Rai SN, Eichenberger MR, Barnes C, Dworkin AM, Weller C, Cohen E, Roberts H, Keskey B, Petras RE, 
Crawford NP, Galandiuk S. Differential microRNA expression tracks neoplastic progression in inflammatory bowel 
disease-associated colorectal cancer. Hum Mutat 2012; 33: 551-560 [PMID: 22241525 DOI: 10.1002/humu.22021]

37     

Alpert L, Yassan L, Poon R, Kadri S, Niu N, Patil SA, Mujacic I, Montes D, Galbo F, Wurst MN, Zhen CJ, Cohen RD, 
Rubin DT, Pekow JR, Weber CR, Xiao SY, Hart J, Segal J, Setia N. Targeted mutational analysis of inflammatory bowel 
disease-associated colorectal cancers. Hum Pathol 2019; 89: 44-50 [PMID: 31054900 DOI: 
10.1016/j.humpath.2019.04.013]

38     

Watanabe S, Tsuchiya K, Nishimura R, Shirasaki T, Katsukura N, Hibiya S, Okamoto R, Nakamura T, Watanabe M. 
TP53 Mutation by CRISPR System Enhances the Malignant Potential of Colon Cancer. Mol Cancer Res 2019; 17: 1459-
1467 [PMID: 30988165 DOI: 10.1158/1541-7786.MCR-18-1195]

39     

Lin L, Liu A, Peng Z, Lin HJ, Li PK, Li C, Lin J. STAT3 is necessary for proliferation and survival in colon cancer-
initiating cells. Cancer Res 2011; 71: 7226-7237 [PMID: 21900397 DOI: 10.1158/0008-5472.CAN-10-4660]

40     

Corvinus FM, Orth C, Moriggl R, Tsareva SA, Wagner S, Pfitzner EB, Baus D, Kaufmann R, Huber LA, Zatloukal K, 
Beug H, Ohlschläger P, Schütz A, Halbhuber KJ, Friedrich K. Persistent STAT3 activation in colon cancer is associated 
with enhanced cell proliferation and tumor growth. Neoplasia 2005; 7: 545-555 [PMID: 16036105 DOI: 

41     

http://www.ncbi.nlm.nih.gov/pubmed/29141885
https://dx.doi.org/10.1126/scitranslmed.aah6888
http://www.ncbi.nlm.nih.gov/pubmed/17376034
https://dx.doi.org/10.1111/j.1440-1746.2007.04933.x
http://www.ncbi.nlm.nih.gov/pubmed/30413188
https://dx.doi.org/10.1186/s12929-018-0483-8
http://www.ncbi.nlm.nih.gov/pubmed/32133003
https://dx.doi.org/10.3389/fimmu.2020.00214
http://www.ncbi.nlm.nih.gov/pubmed/33253684
https://dx.doi.org/10.1053/j.gastro.2020.11.041
http://www.ncbi.nlm.nih.gov/pubmed/22330881
https://dx.doi.org/10.1038/nrmicro2751
http://www.ncbi.nlm.nih.gov/pubmed/16698947
https://dx.doi.org/10.1136/jcp.2006.037309
http://www.ncbi.nlm.nih.gov/pubmed/25738373
https://dx.doi.org/10.1097/MIB.0000000000000345
http://www.ncbi.nlm.nih.gov/pubmed/29403459
https://dx.doi.org/10.3389/fmicb.2018.00005
http://www.ncbi.nlm.nih.gov/pubmed/24599709
https://dx.doi.org/10.1007/s10096-014-2081-3
http://www.ncbi.nlm.nih.gov/pubmed/19701202
https://dx.doi.org/10.1038/nm.2015
http://www.ncbi.nlm.nih.gov/pubmed/23733170
https://dx.doi.org/10.1007/s00248-013-0245-9
http://www.ncbi.nlm.nih.gov/pubmed/24629344
https://dx.doi.org/10.1016/j.chom.2014.02.005
http://www.ncbi.nlm.nih.gov/pubmed/20208143
https://dx.doi.org/10.3233/CLO-2009-0503
http://www.ncbi.nlm.nih.gov/pubmed/15162527
https://dx.doi.org/10.3748/wjg.v10.i11.1569
http://www.ncbi.nlm.nih.gov/pubmed/15308101
https://dx.doi.org/10.1016/j.immuni.2004.06.016
http://www.ncbi.nlm.nih.gov/pubmed/27069120
http://www.ncbi.nlm.nih.gov/pubmed/20815042
https://dx.doi.org/10.1002/ibd.21451
http://www.ncbi.nlm.nih.gov/pubmed/22241525
https://dx.doi.org/10.1002/humu.22021
http://www.ncbi.nlm.nih.gov/pubmed/31054900
https://dx.doi.org/10.1016/j.humpath.2019.04.013
http://www.ncbi.nlm.nih.gov/pubmed/30988165
https://dx.doi.org/10.1158/1541-7786.MCR-18-1195
http://www.ncbi.nlm.nih.gov/pubmed/21900397
https://dx.doi.org/10.1158/0008-5472.CAN-10-4660
http://www.ncbi.nlm.nih.gov/pubmed/16036105


Majumder S et al. Inflammatory bowel disease related CRC

WJGO https://www.wjgnet.com 563 March 15, 2022 Volume 14 Issue 3

10.1593/neo.04571]
Lin Q, Lai R, Chirieac LR, Li C, Thomazy VA, Grammatikakis I, Rassidakis GZ, Zhang W, Fujio Y, Kunisada K, 
Hamilton SR, Amin HM. Constitutive activation of JAK3/STAT3 in colon carcinoma tumors and cell lines: inhibition of 
JAK3/STAT3 signaling induces apoptosis and cell cycle arrest of colon carcinoma cells. Am J Pathol 2005; 167: 969-980 
[PMID: 16192633 DOI: 10.1016/s0002-9440(10)61187-x]

42     

Gui X, Iacucci M, Ghosh S. Dysregulation of IL6/IL6R-STAT3-SOCS3 signaling pathway in IBD-associated colorectal 
dysplastic lesions as compared to sporadic colorectal adenomas in non-IBD patients. Pathol Res Pract 2020; 216: 153211 
[PMID: 32979687 DOI: 10.1016/j.prp.2020.153211]

43     

de Lau W, Barker N, Clevers H. WNT signaling in the normal intestine and colorectal cancer. Front Biosci 2007; 12: 
471-491 [PMID: 17127311 DOI: 10.2741/2076]

44     

Pinto D, Clevers H. Wnt control of stem cells and differentiation in the intestinal epithelium. Exp Cell Res 2005; 306: 
357-363 [PMID: 15925592 DOI: 10.1016/j.yexcr.2005.02.022]

45     

Aust DE, Terdiman JP, Willenbucher RF, Chang CG, Molinaro-Clark A, Baretton GB, Loehrs U, Waldman FM. The 
APC/beta-catenin pathway in ulcerative colitis-related colorectal carcinomas: a mutational analysis. Cancer 2002; 94: 
1421-1427 [PMID: 11920497 DOI: 10.1002/cncr.10334]

46     

Nazemalhosseini Mojarad E, Kashfi SM, Mirtalebi H, Almasi S, Chaleshi V, Kishani Farahani R, Tarban P, Molaei M, 
Zali MR, J K Kuppen P. Prognostic Significance of Nuclear β-Catenin Expression in Patients with Colorectal Cancer from 
Iran. Iran Red Crescent Med J 2015; 17: e22324 [PMID: 26421170 DOI: 10.5812/ircmj.22324v2]

47     

Mårtensson A, Oberg A, Jung A, Cederquist K, Stenling R, Palmqvist R. Beta-catenin expression in relation to genetic 
instability and prognosis in colorectal cancer. Oncol Rep 2007; 17: 447-452 [PMID: 17203186]

48     

Warren S, Sommers SC. Pathogenesis of ulcerative colitis. Am J Pathol 1949; 25: 657-679 [PMID: 18152861]49     
Chiu K, Riddell RH, Schaeffer DF. DALM, rest in peace: a pathologist's perspective on dysplasia in inflammatory bowel 
disease in the post-DALM era. Mod Pathol 2018; 31: 1180-1190 [PMID: 29789648 DOI: 10.1038/s41379-018-0068-9]

50     

Mark-Christensen A, Laurberg S, Haboubi N. Dysplasia in Inflammatory Bowel Disease: Historical Review, Critical 
Histopathological Analysis, and Clinical Implications. Inflamm Bowel Dis 2018; 24: 1895-1903 [PMID: 29668897 DOI: 
10.1093/ibd/izy075]

51     

Iacucci M, Uraoka T, Fort Gasia M, Yahagi N. Novel diagnostic and therapeutic techniques for surveillance of dysplasia 
in patients with inflammatory bowel disease. Can J Gastroenterol Hepatol 2014; 28: 361-370 [PMID: 25157526 DOI: 
10.1155/2014/825947]

52     

Laine L, Kaltenbach T, Barkun A, McQuaid KR, Subramanian V, Soetikno R; SCENIC Guideline Development Panel. 
SCENIC international consensus statement on surveillance and management of dysplasia in inflammatory bowel disease. 
Gastroenterology 2015; 148: 639-651.e28 [PMID: 25702852 DOI: 10.1053/j.gastro.2015.01.031]

53     

Wu XR, Zheng XB, Huang Y, Cao Q, Zhang HJ, Miao YL, Zou KF, Chen M, Zhang FM, Mei Q, Gonzalo D, Allende D, 
Hu PJ, Shen B, Liu XL, Lan P. Risk factors for colorectal neoplasia in patients with underlying inflammatory bowel 
disease: a multicenter study. Gastroenterol Rep (Oxf) 2019; 7: 67-73 [PMID: 30792868 DOI: 10.1093/gastro/goy039]

54     

de Jong ME, Kanne H, Nissen LHC, Drenth JPH, Derikx LAAP, Hoentjen F. Increased risk of high-grade dysplasia and 
colorectal cancer in inflammatory bowel disease patients with recurrent low-grade dysplasia. Gastrointest Endosc 2020; 
91: 1334-1342.e1 [PMID: 31923409 DOI: 10.1016/j.gie.2019.12.041]

55     

Sonnenberg A, Genta RM. Epithelial Dysplasia and Cancer in IBD Strictures. J Crohns Colitis 2015; 9: 769-775 [PMID: 
26079724 DOI: 10.1093/ecco-jcc/jjv108]

56     

Rutter MD, Saunders BP, Wilkinson KH, Rumbles S, Schofield G, Kamm MA, Williams CB, Price AB, Talbot IC, 
Forbes A. Thirty-year analysis of a colonoscopic surveillance program for neoplasia in ulcerative colitis. Gastroenterology 
2006; 130: 1030-1038 [PMID: 16618396 DOI: 10.1053/j.gastro.2005.12.035]

57     

Cairns SR, Scholefield JH, Steele RJ, Dunlop MG, Thomas HJ, Evans GD, Eaden JA, Rutter MD, Atkin WP, Saunders 
BP, Lucassen A, Jenkins P, Fairclough PD, Woodhouse CR; British Society of Gastroenterology;  Association of 
Coloproctology for Great Britain and Ireland. Guidelines for colorectal cancer screening and surveillance in moderate and 
high risk groups (update from 2002). Gut 2010; 59: 666-689 [PMID: 20427401 DOI: 10.1136/gut.2009.179804]

58     

Lutgens MW, Oldenburg B, Siersema PD, van Bodegraven AA, Dijkstra G, Hommes DW, de Jong DJ, Stokkers PC, van 
der Woude CJ, Vleggaar FP. Colonoscopic surveillance improves survival after colorectal cancer diagnosis in 
inflammatory bowel disease. Br J Cancer 2009; 101: 1671-1675 [PMID: 19826420 DOI: 10.1038/sj.bjc.6605359]

59     

Lamb CA, Kennedy NA, Raine T, Hendy PA, Smith PJ, Limdi JK, Hayee B, Lomer MCE, Parkes GC, Selinger C, Barrett 
KJ, Davies RJ, Bennett C, Gittens S, Dunlop MG, Faiz O, Fraser A, Garrick V, Johnston PD, Parkes M, Sanderson J, 
Terry H; IBD guidelines eDelphi consensus group, Gaya DR, Iqbal TH, Taylor SA, Smith M, Brookes M, Hansen R, 
Hawthorne AB. British Society of Gastroenterology consensus guidelines on the management of inflammatory bowel 
disease in adults. Gut 2019; 68: s1-s106 [PMID: 31562236 DOI: 10.1136/gutjnl-2019-318484]

60     

Magro F, Gionchetti P, Eliakim R, Ardizzone S, Armuzzi A, Barreiro-de Acosta M, Burisch J, Gecse KB, Hart AL, 
Hindryckx P, Langner C, Limdi JK, Pellino G, Zagórowicz E, Raine T, Harbord M, Rieder F; European Crohn’s and 
Colitis Organisation [ECCO]. Third European Evidence-based Consensus on Diagnosis and Management of Ulcerative 
Colitis. Part 1: Definitions, Diagnosis, Extra-intestinal Manifestations, Pregnancy, Cancer Surveillance, Surgery, and Ileo-
anal Pouch Disorders. J Crohns Colitis 2017; 11: 649-670 [PMID: 28158501 DOI: 10.1093/ecco-jcc/jjx008]

61     

Iacucci M, McQuaid K, Gui XS, Iwao Y, Lethebe BC, Lowerison M, Matsumoto T, Shivaji UN, Smith SCL, 
Subramanian V, Uraoka T, Sanduleanu S, Ghosh S, Kiesslich R. A multimodal (FACILE) classification for optical 
diagnosis of inflammatory bowel disease associated neoplasia. Endoscopy 2019; 51: 133-141 [PMID: 30541154 DOI: 
10.1055/a-0757-7759]

62     

Watanabe K, Nishishita M, Shimamoto F, Fukuchi T, Esaki M, Okamoto Y, Maehata Y, Oka S, Nishiyama S, Fujii S, 
Hirai F, Matsui T, Kakimoto K, Okada T, Inoue T, Hida N, Goto H, Nozaki R, Sakurai T, Kashida H, Takeuchi K, 
Ohmiya N, Saruta M, Saito S, Saito Y, Tanaka S, Fujiwara Y, Arakawa T, Suzuki Y, Ajioka Y, Tajiri H. 722 Comparison 
Between Newly-Developed Narrow Band Imaging and Panchromoendoscopy for Surveillance Colonoscopy in Patients 
With Longstanding Ulcerative Colitis: A Prospective Multicenter Randomized Controlled Trial, Navigator Study. 

63     

https://dx.doi.org/10.1593/neo.04571
http://www.ncbi.nlm.nih.gov/pubmed/16192633
https://dx.doi.org/10.1016/s0002-9440(10)61187-x
http://www.ncbi.nlm.nih.gov/pubmed/32979687
https://dx.doi.org/10.1016/j.prp.2020.153211
http://www.ncbi.nlm.nih.gov/pubmed/17127311
https://dx.doi.org/10.2741/2076
http://www.ncbi.nlm.nih.gov/pubmed/15925592
https://dx.doi.org/10.1016/j.yexcr.2005.02.022
http://www.ncbi.nlm.nih.gov/pubmed/11920497
https://dx.doi.org/10.1002/cncr.10334
http://www.ncbi.nlm.nih.gov/pubmed/26421170
https://dx.doi.org/10.5812/ircmj.22324v2
http://www.ncbi.nlm.nih.gov/pubmed/17203186
http://www.ncbi.nlm.nih.gov/pubmed/18152861
http://www.ncbi.nlm.nih.gov/pubmed/29789648
https://dx.doi.org/10.1038/s41379-018-0068-9
http://www.ncbi.nlm.nih.gov/pubmed/29668897
https://dx.doi.org/10.1093/ibd/izy075
http://www.ncbi.nlm.nih.gov/pubmed/25157526
https://dx.doi.org/10.1155/2014/825947
http://www.ncbi.nlm.nih.gov/pubmed/25702852
https://dx.doi.org/10.1053/j.gastro.2015.01.031
http://www.ncbi.nlm.nih.gov/pubmed/30792868
https://dx.doi.org/10.1093/gastro/goy039
http://www.ncbi.nlm.nih.gov/pubmed/31923409
https://dx.doi.org/10.1016/j.gie.2019.12.041
http://www.ncbi.nlm.nih.gov/pubmed/26079724
https://dx.doi.org/10.1093/ecco-jcc/jjv108
http://www.ncbi.nlm.nih.gov/pubmed/16618396
https://dx.doi.org/10.1053/j.gastro.2005.12.035
http://www.ncbi.nlm.nih.gov/pubmed/20427401
https://dx.doi.org/10.1136/gut.2009.179804
http://www.ncbi.nlm.nih.gov/pubmed/19826420
https://dx.doi.org/10.1038/sj.bjc.6605359
http://www.ncbi.nlm.nih.gov/pubmed/31562236
https://dx.doi.org/10.1136/gutjnl-2019-318484
http://www.ncbi.nlm.nih.gov/pubmed/28158501
https://dx.doi.org/10.1093/ecco-jcc/jjx008
http://www.ncbi.nlm.nih.gov/pubmed/30541154
https://dx.doi.org/10.1055/a-0757-7759


Majumder S et al. Inflammatory bowel disease related CRC

WJGO https://www.wjgnet.com 564 March 15, 2022 Volume 14 Issue 3

Gastrointestinal Endoscopy 2016; 83: AB172 [DOI: 10.1016/j.gie.2016.03.147]
Bisschops R, Bessissow T, Dekker E, East JE, Para-Blanco A, Ragunath K, Bhandari P, Rutter M, Schoon E, Wilson A, 
John JM, Van Steen K, Baert F, Ferrante M. Pit pattern analysis with high-definition chromoendoscopy and narrow-band 
imaging for optical diagnosis of dysplasia in patients with ulcerative colitis. Gastrointest Endosc 2017; 86: 1100-1106.e1 
[PMID: 28986266 DOI: 10.1016/j.gie.2017.09.024]

64     

Collins PD, Mpofu C, Watson AJ, Rhodes JM. Strategies for detecting colon cancer and/or dysplasia in patients with 
inflammatory bowel disease. Cochrane Database Syst Rev 2006; CD000279 [PMID: 16625534 DOI: 
10.1002/14651858.CD000279.pub3]

65     

Bye WA, Ma C, Nguyen TM, Parker CE, Jairath V, East JE. Strategies for Detecting Colorectal Cancer in Patients with 
Inflammatory Bowel Disease: A Cochrane Systematic Review and Meta-Analysis. Am J Gastroenterol 2018; 113: 1801-
1809 [PMID: 30353058 DOI: 10.1038/s41395-018-0354-7]

66     

Watanabe T, Ajioka Y, Mitsuyama K, Watanabe K, Hanai H, Nakase H, Kunisaki R, Matsuda K, Iwakiri R, Hida N, 
Tanaka S, Takeuchi Y, Ohtsuka K, Murakami K, Kobayashi K, Iwao Y, Nagahori M, Iizuka B, Hata K, Igarashi M, Hirata 
I, Kudo SE, Matsumoto T, Ueno F, Watanabe G, Ikegami M, Ito Y, Oba K, Inoue E, Tomotsugu N, Takebayashi T, 
Sugihara K, Suzuki Y, Watanabe M, Hibi T. Comparison of Targeted vs Random Biopsies for Surveillance of Ulcerative 
Colitis-Associated Colorectal Cancer. Gastroenterology 2016; 151: 1122-1130 [PMID: 27523980 DOI: 
10.1053/j.gastro.2016.08.002]

67     

Bisschops R, East JE, Hassan C, Hazewinkel Y, Kamiński MF, Neumann H, Pellisé M, Antonelli G, Bustamante Balen 
M, Coron E, Cortas G, Iacucci M, Yuichi M, Longcroft-Wheaton G, Mouzyka S, Pilonis N, Puig I, van Hooft JE, Dekker 
E. Advanced imaging for detection and differentiation of colorectal neoplasia: European Society of Gastrointestinal 
Endoscopy (ESGE) Guideline - Update 2019. Endoscopy 2019; 51: 1155-1179 [PMID: 31711241 DOI: 
10.1055/a-1031-7657]

68     

Marion JF, Waye JD, Present DH, Israel Y, Bodian C, Harpaz N, Chapman M, Itzkowitz S, Steinlauf AF, Abreu MT, 
Ullman TA, Aisenberg J, Mayer L; Chromoendoscopy Study Group at Mount Sinai School of Medicine. 
Chromoendoscopy-targeted biopsies are superior to standard colonoscopic surveillance for detecting dysplasia in 
inflammatory bowel disease patients: a prospective endoscopic trial. Am J Gastroenterol 2008; 103: 2342-2349 [PMID: 
18844620 DOI: 10.1111/j.1572-0241.2008.01934.x]

69     

Imperatore N, Castiglione F, Testa A, De Palma GD, Caporaso N, Cassese G, Rispo A. Augmented Endoscopy for 
Surveillance of Colonic Inflammatory Bowel Disease: Systematic Review With Network Meta-analysis. J Crohns Colitis 
2019; 13: 714-724 [PMID: 30597029 DOI: 10.1093/ecco-jcc/jjy218]

70     

Gasia MF, Ghosh S, Panaccione R, Ferraz JG, Kaplan GG, Leung Y, Novak KL, Seow CH, Iacucci M. Targeted Biopsies 
Identify Larger Proportions of Patients With Colonic Neoplasia Undergoing High-Definition Colonoscopy, Dye 
Chromoendoscopy, or Electronic Virtual Chromoendoscopy. Clin Gastroenterol Hepatol 2016; 14: 704-12.e4 [PMID: 
26804384 DOI: 10.1016/j.cgh.2015.12.047]

71     

Iacucci M, Kaplan GG, Panaccione R, Akinola O, Lethebe BC, Lowerison M, Leung Y, Novak KL, Seow CH, Urbanski 
S, Minoo P, Gui X, Ghosh S. A Randomized Trial Comparing High Definition Colonoscopy Alone With High Definition 
Dye Spraying and Electronic Virtual Chromoendoscopy for Detection of Colonic Neoplastic Lesions During IBD 
Surveillance Colonoscopy. Am J Gastroenterol 2018; 113: 225-234 [PMID: 29134964 DOI: 10.1038/ajg.2017.417]

72     

Lippman SM, Benner SE, Hong WK. Cancer chemoprevention. J Clin Oncol 1994; 12: 851-873 [PMID: 8151328 DOI: 
10.1200/jco.1994.12.4.851]

73     

Lyakhovich A, Gasche C. Systematic review: molecular chemoprevention of colorectal malignancy by mesalazine. 
Aliment Pharmacol Ther 2010; 31: 202-209 [PMID: 19891667 DOI: 10.1111/j.1365-2036.2009.04195.x]

74     

Andrews JM, Travis SP, Gibson PR, Gasche C. Systematic review: does concurrent therapy with 5-ASA and 
immunomodulators in inflammatory bowel disease improve outcomes? Aliment Pharmacol Ther 2009; 29: 459-469 
[PMID: 19077129 DOI: 10.1111/j.1365-2036.2008.03915.x]

75     

Qiu X, Ma J, Wang K, Zhang H. Chemopreventive effects of 5-aminosalicylic acid on inflammatory bowel disease-
associated colorectal cancer and dysplasia: a systematic review with meta-analysis. Oncotarget 2017; 8: 1031-1045 
[PMID: 27906680 DOI: 10.18632/oncotarget.13715]

76     

Velayos FS, Terdiman JP, Walsh JM. Effect of 5-aminosalicylate use on colorectal cancer and dysplasia risk: a systematic 
review and metaanalysis of observational studies. Am J Gastroenterol 2005; 100: 1345-1353 [PMID: 15929768 DOI: 
10.1111/j.1572-0241.2005.41442.x]

77     

Bonovas S, Fiorino G, Lytras T, Nikolopoulos G, Peyrin-Biroulet L, Danese S. Systematic review with meta-analysis: use 
of 5-aminosalicylates and risk of colorectal neoplasia in patients with inflammatory bowel disease. Aliment Pharmacol 
Ther 2017; 45: 1179-1192 [PMID: 28261835 DOI: 10.1111/apt.14023]

78     

Jess T, Lopez A, Andersson M, Beaugerie L, Peyrin-Biroulet L. Thiopurines and risk of colorectal neoplasia in patients 
with inflammatory bowel disease: a meta-analysis. Clin Gastroenterol Hepatol 2014; 12: 1793-1800.e1 [PMID: 24907505 
DOI: 10.1016/j.cgh.2014.05.019]

79     

Lu MJ, Qiu XY, Mao XQ, Li XT, Zhang HJ. Systematic review with meta-analysis: thiopurines decrease the risk of 
colorectal neoplasia in patients with inflammatory bowel disease. Aliment Pharmacol Ther 2018; 47: 318-331 [PMID: 
29205426 DOI: 10.1111/apt.14436]

80     

Wang D, Dubois RN. The role of COX-2 in intestinal inflammation and colorectal cancer. Oncogene 2010; 29: 781-788 
[PMID: 19946329 DOI: 10.1038/onc.2009.421]

81     

Rothwell PM, Wilson M, Price JF, Belch JF, Meade TW, Mehta Z. Effect of daily aspirin on risk of cancer metastasis: a 
study of incident cancers during randomised controlled trials. Lancet 2012; 379: 1591-1601 [PMID: 22440947 DOI: 
10.1016/S0140-6736(12)60209-8]

82     

Burr NE, Hull MA, Subramanian V. Does aspirin or non-aspirin non-steroidal anti-inflammatory drug use prevent 
colorectal cancer in inflammatory bowel disease? World J Gastroenterol 2016; 22: 3679-3686 [PMID: 27053860 DOI: 
10.3748/wjg.v22.i13.3679]

83     

Leddin D, Tamim H, Levy AR. Is folate involved in the pathogenesis of inflammatory bowel disease? Med Hypotheses 84     

https://dx.doi.org/10.1016/j.gie.2016.03.147
http://www.ncbi.nlm.nih.gov/pubmed/28986266
https://dx.doi.org/10.1016/j.gie.2017.09.024
http://www.ncbi.nlm.nih.gov/pubmed/16625534
https://dx.doi.org/10.1002/14651858.CD000279.pub3
http://www.ncbi.nlm.nih.gov/pubmed/30353058
https://dx.doi.org/10.1038/s41395-018-0354-7
http://www.ncbi.nlm.nih.gov/pubmed/27523980
https://dx.doi.org/10.1053/j.gastro.2016.08.002
http://www.ncbi.nlm.nih.gov/pubmed/31711241
https://dx.doi.org/10.1055/a-1031-7657
http://www.ncbi.nlm.nih.gov/pubmed/18844620
https://dx.doi.org/10.1111/j.1572-0241.2008.01934.x
http://www.ncbi.nlm.nih.gov/pubmed/30597029
https://dx.doi.org/10.1093/ecco-jcc/jjy218
http://www.ncbi.nlm.nih.gov/pubmed/26804384
https://dx.doi.org/10.1016/j.cgh.2015.12.047
http://www.ncbi.nlm.nih.gov/pubmed/29134964
https://dx.doi.org/10.1038/ajg.2017.417
http://www.ncbi.nlm.nih.gov/pubmed/8151328
https://dx.doi.org/10.1200/jco.1994.12.4.851
http://www.ncbi.nlm.nih.gov/pubmed/19891667
https://dx.doi.org/10.1111/j.1365-2036.2009.04195.x
http://www.ncbi.nlm.nih.gov/pubmed/19077129
https://dx.doi.org/10.1111/j.1365-2036.2008.03915.x
http://www.ncbi.nlm.nih.gov/pubmed/27906680
https://dx.doi.org/10.18632/oncotarget.13715
http://www.ncbi.nlm.nih.gov/pubmed/15929768
https://dx.doi.org/10.1111/j.1572-0241.2005.41442.x
http://www.ncbi.nlm.nih.gov/pubmed/28261835
https://dx.doi.org/10.1111/apt.14023
http://www.ncbi.nlm.nih.gov/pubmed/24907505
https://dx.doi.org/10.1016/j.cgh.2014.05.019
http://www.ncbi.nlm.nih.gov/pubmed/29205426
https://dx.doi.org/10.1111/apt.14436
http://www.ncbi.nlm.nih.gov/pubmed/19946329
https://dx.doi.org/10.1038/onc.2009.421
http://www.ncbi.nlm.nih.gov/pubmed/22440947
https://dx.doi.org/10.1016/S0140-6736(12)60209-8
http://www.ncbi.nlm.nih.gov/pubmed/27053860
https://dx.doi.org/10.3748/wjg.v22.i13.3679


Majumder S et al. Inflammatory bowel disease related CRC

WJGO https://www.wjgnet.com 565 March 15, 2022 Volume 14 Issue 3

2013; 81: 940-941 [PMID: 24045091 DOI: 10.1016/j.mehy.2013.08.025]
Lashner BA, Heidenreich PA, Su GL, Kane SV, Hanauer SB. Effect of folate supplementation on the incidence of 
dysplasia and cancer in chronic ulcerative colitis. A case-control study. Gastroenterology 1989; 97: 255-259 [PMID: 
2568304 DOI: 10.1016/0016-5085(89)90058-9]

85     

Burr NE, Hull MA, Subramanian V. Folic Acid Supplementation May Reduce Colorectal Cancer Risk in Patients With 
Inflammatory Bowel Disease: A Systematic Review and Meta-Analysis. J Clin Gastroenterol 2017; 51: 247-253 [PMID: 
26905603 DOI: 10.1097/MCG.0000000000000498]

86     

Rutter MD. Importance of nonpolypoid (flat and depressed) colorectal neoplasms in screening for CRC in patients with 
IBD. Gastrointest Endosc Clin N Am 2014; 24: 327-335 [PMID: 24975524 DOI: 10.1016/j.giec.2014.03.002]

87     

Siegel CA, Schwartz LM, Woloshin S, Cole EB, Rubin DT, Vay T, Baars J, Sands BE. When should ulcerative colitis 
patients undergo colectomy for dysplasia? Inflamm Bowel Dis 2010; 16: 1658-1662 [PMID: 20186940 DOI: 
10.1002/ibd.21233]

88     

Ten Hove JR, Mooiweer E, van der Meulen de Jong AE, Dekker E, Ponsioen CY, Siersema PD, Oldenburg B. Clinical 
implications of low grade dysplasia found during inflammatory bowel disease surveillance: a retrospective study 
comparing chromoendoscopy and white-light endoscopy. Endoscopy 2017; 49: 161-168 [PMID: 27951611 DOI: 
10.1055/s-0042-119394]

89     

Kabir M, Fofaria R, Arebi N, Bassett P, Tozer PJ, Hart AL, Thomas-Gibson S, Humphries A, Suzuki N, Saunders B, 
Warusavitarne J, Faiz O, Wilson A. Systematic review with meta-analysis: IBD-associated colonic dysplasia prognosis in 
the videoendoscopic era (1990 to present). Aliment Pharmacol Ther 2020; 52: 5-19 [PMID: 32432797 DOI: 
10.1111/apt.15778]

90     

Fong W, Li Q, Yu J. Gut microbiota modulation: a novel strategy for prevention and treatment of colorectal cancer. 
Oncogene 2020; 39: 4925-4943 [PMID: 32514151 DOI: 10.1038/s41388-020-1341-1]

91     

Zheng L, Wen XL. Gut microbiota and inflammatory bowel disease: The current status and perspectives. World J Clin 
Cases 2021; 9: 321-333 [PMID: 33521100 DOI: 10.12998/wjcc.v9.i2.321]

92     

Shaoul R, Day AS. Nutritional regulators of intestinal inflammation. Curr Opin Gastroenterol 2019; 35: 486-490 [PMID: 
31464809 DOI: 10.1097/MOG.0000000000000585]

93     

López-Alarcón M, Perichart-Perera O, Flores-Huerta S, Inda-Icaza P, Rodríguez-Cruz M, Armenta-Álvarez A, Bram-
Falcón MT, Mayorga-Ochoa M. Excessive refined carbohydrates and scarce micronutrients intakes increase inflammatory 
mediators and insulin resistance in prepubertal and pubertal obese children independently of obesity. Mediators Inflamm 
2014; 2014: 849031 [PMID: 25477716 DOI: 10.1155/2014/849031]

94     

De Almeida CV, de Camargo MR, Russo E, Amedei A. Role of diet and gut microbiota on colorectal cancer 
immunomodulation. World J Gastroenterol 2019; 25: 151-162 [PMID: 30670906 DOI: 10.3748/wjg.v25.i2.151]

95     

Demeyer D, Honikel K, De Smet S. The World Cancer Research Fund report 2007: A challenge for the meat processing 
industry. Meat Sci 2008; 80: 953-959 [PMID: 22063824 DOI: 10.1016/j.meatsci.2008.06.003]

96     

Limketkai BN, Wolf A, Parian AM. Nutritional Interventions in the Patient with Inflammatory Bowel Disease. 
Gastroenterol Clin North Am 2018; 47: 155-177 [PMID: 29413010 DOI: 10.1016/j.gtc.2017.09.007]

97     

Batista D, Raffals L. Role of intestinal bacteria in the pathogenesis of pouchitis. Inflamm Bowel Dis 2014; 20: 1481-1486 
[PMID: 25046009 DOI: 10.1097/MIB.0000000000000055]

98     

Konstantinov SR, Kuipers EJ, Peppelenbosch MP. Functional genomic analyses of the gut microbiota for CRC screening. 
Nat Rev Gastroenterol Hepatol 2013; 10: 741-745 [PMID: 24042452 DOI: 10.1038/nrgastro.2013.178]

99     

Tong LC, Wang Y, Wang ZB, Liu WY, Sun S, Li L, Su DF, Zhang LC. Propionate Ameliorates Dextran Sodium Sulfate-
Induced Colitis by Improving Intestinal Barrier Function and Reducing Inflammation and Oxidative Stress. Front 
Pharmacol 2016; 7: 253 [PMID: 27574508 DOI: 10.3389/fphar.2016.00253]

100     

Fukuda S, Toh H, Hase K, Oshima K, Nakanishi Y, Yoshimura K, Tobe T, Clarke JM, Topping DL, Suzuki T, Taylor 
TD, Itoh K, Kikuchi J, Morita H, Hattori M, Ohno H. Bifidobacteria can protect from enteropathogenic infection through 
production of acetate. Nature 2011; 469: 543-547 [PMID: 21270894 DOI: 10.1038/nature09646]

101     

Costello SP, Hughes PA, Waters O, Bryant RV, Vincent AD, Blatchford P, Katsikeros R, Makanyanga J, Campaniello 
MA, Mavrangelos C, Rosewarne CP, Bickley C, Peters C, Schoeman MN, Conlon MA, Roberts-Thomson IC, Andrews 
JM. Effect of Fecal Microbiota Transplantation on 8-Week Remission in Patients With Ulcerative Colitis: A Randomized 
Clinical Trial. JAMA 2019; 321: 156-164 [PMID: 30644982 DOI: 10.1001/jama.2018.20046]

102     

Paramsothy S, Kamm MA, Kaakoush NO, Walsh AJ, van den Bogaerde J, Samuel D, Leong RWL, Connor S, Ng W, 
Paramsothy R, Xuan W, Lin E, Mitchell HM, Borody TJ. Multidonor intensive faecal microbiota transplantation for active 
ulcerative colitis: a randomised placebo-controlled trial. Lancet 2017; 389: 1218-1228 [PMID: 28214091 DOI: 
10.1016/S0140-6736(17)30182-4]

103     

Lavoie S, Conway KL, Lassen KG, Jijon HB, Pan H, Chun E, Michaud M, Lang JK, Gallini Comeau CA, Dreyfuss JM, 
Glickman JN, Vlamakis H, Ananthakrishnan A, Kostic A, Garrett WS, Xavier RJ. The Crohn's disease polymorphism, 
ATG16L1 T300A, alters the gut microbiota and enhances the local Th1/Th17 response. Elife 2019; 8 [PMID: 30666959 
DOI: 10.7554/eLife.39982]

104     

Liu JZ, van Sommeren S, Huang H, Ng SC, Alberts R, Takahashi A, Ripke S, Lee JC, Jostins L, Shah T, Abedian S, 
Cheon JH, Cho J, Dayani NE, Franke L, Fuyuno Y, Hart A, Juyal RC, Juyal G, Kim WH, Morris AP, Poustchi H, 
Newman WG, Midha V, Orchard TR, Vahedi H, Sood A, Sung JY, Malekzadeh R, Westra HJ, Yamazaki K, Yang SK; 
International Multiple Sclerosis Genetics Consortium;  International IBD Genetics Consortium, Barrett JC, Alizadeh BZ, 
Parkes M, Bk T, Daly MJ, Kubo M, Anderson CA, Weersma RK. Association analyses identify 38 susceptibility loci for 
inflammatory bowel disease and highlight shared genetic risk across populations. Nat Genet 2015; 47: 979-986 [PMID: 
26192919 DOI: 10.1038/ng.3359]

105     

Kudo T, Suzuki K, Mori Y, Misawa M, Ichimasa K, Takeda K, Nakamura H, Maeda Y, Ogawa Y, Hayashi T, Wakamura 
K, Ishida F, Inoue H, Kudo SE. Endocytoscopy for the differential diagnosis of colorectal low-grade adenoma: a novel 
possibility for the "resect and discard" strategy. Gastrointest Endosc 2020; 91: 676-683 [PMID: 31785276 DOI: 
10.1016/j.gie.2019.11.029]

106     

http://www.ncbi.nlm.nih.gov/pubmed/24045091
https://dx.doi.org/10.1016/j.mehy.2013.08.025
http://www.ncbi.nlm.nih.gov/pubmed/2568304
https://dx.doi.org/10.1016/0016-5085(89)90058-9
http://www.ncbi.nlm.nih.gov/pubmed/26905603
https://dx.doi.org/10.1097/MCG.0000000000000498
http://www.ncbi.nlm.nih.gov/pubmed/24975524
https://dx.doi.org/10.1016/j.giec.2014.03.002
http://www.ncbi.nlm.nih.gov/pubmed/20186940
https://dx.doi.org/10.1002/ibd.21233
http://www.ncbi.nlm.nih.gov/pubmed/27951611
https://dx.doi.org/10.1055/s-0042-119394
http://www.ncbi.nlm.nih.gov/pubmed/32432797
https://dx.doi.org/10.1111/apt.15778
http://www.ncbi.nlm.nih.gov/pubmed/32514151
https://dx.doi.org/10.1038/s41388-020-1341-1
http://www.ncbi.nlm.nih.gov/pubmed/33521100
https://dx.doi.org/10.12998/wjcc.v9.i2.321
http://www.ncbi.nlm.nih.gov/pubmed/31464809
https://dx.doi.org/10.1097/MOG.0000000000000585
http://www.ncbi.nlm.nih.gov/pubmed/25477716
https://dx.doi.org/10.1155/2014/849031
http://www.ncbi.nlm.nih.gov/pubmed/30670906
https://dx.doi.org/10.3748/wjg.v25.i2.151
http://www.ncbi.nlm.nih.gov/pubmed/22063824
https://dx.doi.org/10.1016/j.meatsci.2008.06.003
http://www.ncbi.nlm.nih.gov/pubmed/29413010
https://dx.doi.org/10.1016/j.gtc.2017.09.007
http://www.ncbi.nlm.nih.gov/pubmed/25046009
https://dx.doi.org/10.1097/MIB.0000000000000055
http://www.ncbi.nlm.nih.gov/pubmed/24042452
https://dx.doi.org/10.1038/nrgastro.2013.178
http://www.ncbi.nlm.nih.gov/pubmed/27574508
https://dx.doi.org/10.3389/fphar.2016.00253
http://www.ncbi.nlm.nih.gov/pubmed/21270894
https://dx.doi.org/10.1038/nature09646
http://www.ncbi.nlm.nih.gov/pubmed/30644982
https://dx.doi.org/10.1001/jama.2018.20046
http://www.ncbi.nlm.nih.gov/pubmed/28214091
https://dx.doi.org/10.1016/S0140-6736(17)30182-4
http://www.ncbi.nlm.nih.gov/pubmed/30666959
https://dx.doi.org/10.7554/eLife.39982
http://www.ncbi.nlm.nih.gov/pubmed/26192919
https://dx.doi.org/10.1038/ng.3359
http://www.ncbi.nlm.nih.gov/pubmed/31785276
https://dx.doi.org/10.1016/j.gie.2019.11.029


Majumder S et al. Inflammatory bowel disease related CRC

WJGO https://www.wjgnet.com 566 March 15, 2022 Volume 14 Issue 3

Wang KK, Carr-Locke DL, Singh SK, Neumann H, Bertani H, Galmiche JP, Arsenescu RI, Caillol F, Chang KJ, 
Chaussade S, Coron E, Costamagna G, Dlugosz A, Ian Gan S, Giovannini M, Gress FG, Haluszka O, Ho KY, Kahaleh M, 
Konda VJ, Prat F, Shah RJ, Sharma P, Slivka A, Wolfsen HC, Zfass A. Use of probe-based confocal laser 
endomicroscopy (pCLE) in gastrointestinal applications. A consensus report based on clinical evidence. United European 
Gastroenterol J 2015; 3: 230-254 [PMID: 26137298 DOI: 10.1177/2050640614566066]

107     

Kudo T, Saito Y, Ikematsu H, Hotta K, Takeuchi Y, Shimatani M, Kawakami K, Tamai N, Mori Y, Maeda Y, Yamada 
M, Sakamoto T, Matsuda T, Imai K, Ito S, Hamada K, Fukata N, Inoue T, Tajiri H, Yoshimura K, Ishikawa H, Kudo SE. 
New-generation full-spectrum endoscopy vs standard forward-viewing colonoscopy: a multicenter, randomized, tandem 
colonoscopy trial (J-FUSE Study). Gastrointest Endosc 2018; 88: 854-864 [PMID: 29908178 DOI: 
10.1016/j.gie.2018.06.011]

108     

Stidham RW, Liu W, Bishu S, Rice MD, Higgins PDR, Zhu J, Nallamothu BK, Waljee AK. Performance of a Deep 
Learning Model vs Human Reviewers in Grading Endoscopic Disease Severity of Patients With Ulcerative Colitis. JAMA 
Netw Open 2019; 2: e193963 [PMID: 31099869 DOI: 10.1001/jamanetworkopen.2019.3963]

109     

Maeda Y, Kudo SE, Ogata N, Misawa M, Mori Y, Mori K, Ohtsuka K. Can artificial intelligence help to detect dysplasia 
in patients with ulcerative colitis? Endoscopy 2021; 53: E273-E274 [PMID: 33003217 DOI: 10.1055/a-1261-2944]

110     

Stewénius J, Adnerhill I, Anderson H, Ekelund GR, Florén CH, Fork FT, Janzon L, Lindström C, Ogren M. Incidence of 
colorectal cancer and all cause mortality in non-selected patients with ulcerative colitis and indeterminate colitis in 
Malmö, Sweden. Int J Colorectal Dis 1995; 10: 117-122 [PMID: 7636371 DOI: 10.1007/bf00341210]

111     

Castaño-Milla C, Chaparro M, Gisbert JP. Systematic review with meta-analysis: the declining risk of colorectal cancer 
in ulcerative colitis. Aliment Pharmacol Ther 2014; 39: 645-659 [PMID: 24612141 DOI: 10.1111/apt.12651]

112     

Olén O, Erichsen R, Sachs MC, Pedersen L, Halfvarson J, Askling J, Ekbom A, Sørensen HT, Ludvigsson JF. Colorectal 
cancer in Crohn's disease: a Scandinavian population-based cohort study. Lancet Gastroenterol Hepatol 2020; 5: 475-484 
[PMID: 32066530 DOI: 10.1016/S2468-1253(20)30005-4]

113     

Laukoetter MG, Mennigen R, Hannig CM, Osada N, Rijcken E, Vowinkel T, Krieglstein CF, Senninger N, Anthoni C, 
Bruewer M. Intestinal cancer risk in Crohn's disease: a meta-analysis. J Gastrointest Surg 2011; 15: 576-583 [PMID: 
21152994 DOI: 10.1007/s11605-010-1402-9]

114     

Fumery M, Dulai PS, Gupta S, Prokop LJ, Ramamoorthy S, Sandborn WJ, Singh S. Incidence, Risk Factors, and 
Outcomes of Colorectal Cancer in Patients With Ulcerative Colitis With Low-Grade Dysplasia: A Systematic Review and 
Meta-analysis. Clin Gastroenterol Hepatol 2017; 15: 665-674.e5 [PMID: 27916678 DOI: 10.1016/j.cgh.2016.11.025]

115     

Friedman S, Rubin PH, Bodian C, Harpaz N, Present DH. Screening and surveillance colonoscopy in chronic Crohn's 
colitis: results of a surveillance program spanning 25 years. Clin Gastroenterol Hepatol 2008; 6: 993-8; quiz 953 [PMID: 
18585966 DOI: 10.1016/j.cgh.2008.03.019]

116     

Basseri RJ, Basseri B, Vassilaki ME, Melmed GY, Ippoliti A, Vasiliauskas EA, Fleshner PR, Lechago J, Hu B, Berel D, 
Targan SR, Papadakis KA. Colorectal cancer screening and surveillance in Crohn's colitis. J Crohns Colitis 2012; 6: 824-
829 [PMID: 22398087 DOI: 10.1016/j.crohns.2012.01.005]

117     

Keller DS, Windsor A, Cohen R, Chand M. Colorectal cancer in inflammatory bowel disease: review of the evidence. 
Tech Coloproctol 2019; 23: 3-13 [PMID: 30701345 DOI: 10.1007/s10151-019-1926-2]

118     

Pache I, Rogler G, Felley C. TNF-alpha blockers in inflammatory bowel diseases: practical consensus recommendations 
and a user's guide. Swiss Med Wkly 2009; 139: 278-287 [PMID: 19452290]

119     

Kobelt D, Dahlmann M, Dumbani M, Güllü N, Kortüm B, Vílchez MEA, Stein U, Walther W. Small Ones to Fight a Big 
Problem-Intervention of Cancer Metastasis by Small Molecules. Cancers (Basel) 2020; 12 [PMID: 32503267 DOI: 
10.3390/cancers12061454]

120     

Atreya R, Neurath MF. Involvement of IL-6 in the pathogenesis of inflammatory bowel disease and colon cancer. Clin 
Rev Allergy Immunol 2005; 28: 187-196 [PMID: 16129903 DOI: 10.1385/criai:28:3:187]

121     

Allocca M, Jovani M, Fiorino G, Schreiber S, Danese S. Anti-IL-6 treatment for inflammatory bowel diseases: next 
cytokine, next target. Curr Drug Targets 2013; 14: 1508-1521 [PMID: 24102406 DOI: 10.2174/13894501113146660224]

122     

Coskun M, Vermeire S, Nielsen OH. Novel Targeted Therapies for Inflammatory Bowel Disease. Trends Pharmacol Sci 
2017; 38: 127-142 [PMID: 27916280 DOI: 10.1016/j.tips.2016.10.014]

123     

Danese S, Vermeire S, Hellstern P, Panaccione R, Rogler G, Fraser G, Kohn A, Desreumaux P, Leong RW, Comer GM, 
Cataldi F, Banerjee A, Maguire MK, Li C, Rath N, Beebe J, Schreiber S. Randomised trial and open-label extension study 
of an anti-interleukin-6 antibody in Crohn's disease (ANDANTE I and II). Gut 2019; 68: 40-48 [PMID: 29247068 DOI: 
10.1136/gutjnl-2017-314562]

124     

Murakami M, Kamimura D, Hirano T. Pleiotropy and Specificity: Insights from the Interleukin 6 Family of Cytokines. 
Immunity 2019; 50: 812-831 [PMID: 30995501 DOI: 10.1016/j.immuni.2019.03.027]

125     

Johnstone CN, Chand A, Putoczki TL, Ernst M. Emerging roles for IL-11 signaling in cancer development and 
progression: Focus on breast cancer. Cytokine Growth Factor Rev 2015; 26: 489-498 [PMID: 26209885 DOI: 
10.1016/j.cytogfr.2015.07.015]

126     

Ren C, Chen Y, Han C, Fu D, Chen H. Plasma interleukin-11 (IL-11) levels have diagnostic and prognostic roles in 
patients with pancreatic cancer. Tumour Biol 2014; 35: 11467-11472 [PMID: 25123265 DOI: 
10.1007/s13277-014-2459-y]

127     

Unver N, McAllister F. IL-6 family cytokines: Key inflammatory mediators as biomarkers and potential therapeutic 
targets. Cytokine Growth Factor Rev 2018; 41: 10-17 [PMID: 29699936 DOI: 10.1016/j.cytogfr.2018.04.004]

128     

Pastor MD, Nogal A, Molina-Pinelo S, Quintanal-Villalonga Á, Meléndez R, Ferrer I, Romero-Romero B, De Miguel 
MJ, López-Campos JL, Corral J, García-Carboner R, Carnero A, Paz-Ares L. IL-11 and CCL-1: Novel Protein Diagnostic 
Biomarkers of Lung Adenocarcinoma in Bronchoalveolar Lavage Fluid (BALF). J Thorac Oncol 2016; 11: 2183-2192 
[PMID: 27524264 DOI: 10.1016/j.jtho.2016.07.026]

129     

Putoczki TL, Thiem S, Loving A, Busuttil RA, Wilson NJ, Ziegler PK, Nguyen PM, Preaudet A, Farid R, Edwards KM, 
Boglev Y, Luwor RB, Jarnicki A, Horst D, Boussioutas A, Heath JK, Sieber OM, Pleines I, Kile BT, Nash A, Greten FR, 
McKenzie BS, Ernst M. Interleukin-11 is the dominant IL-6 family cytokine during gastrointestinal tumorigenesis and can 

130     

http://www.ncbi.nlm.nih.gov/pubmed/26137298
https://dx.doi.org/10.1177/2050640614566066
http://www.ncbi.nlm.nih.gov/pubmed/29908178
https://dx.doi.org/10.1016/j.gie.2018.06.011
http://www.ncbi.nlm.nih.gov/pubmed/31099869
https://dx.doi.org/10.1001/jamanetworkopen.2019.3963
http://www.ncbi.nlm.nih.gov/pubmed/33003217
https://dx.doi.org/10.1055/a-1261-2944
http://www.ncbi.nlm.nih.gov/pubmed/7636371
https://dx.doi.org/10.1007/bf00341210
http://www.ncbi.nlm.nih.gov/pubmed/24612141
https://dx.doi.org/10.1111/apt.12651
http://www.ncbi.nlm.nih.gov/pubmed/32066530
https://dx.doi.org/10.1016/S2468-1253(20)30005-4
http://www.ncbi.nlm.nih.gov/pubmed/21152994
https://dx.doi.org/10.1007/s11605-010-1402-9
http://www.ncbi.nlm.nih.gov/pubmed/27916678
https://dx.doi.org/10.1016/j.cgh.2016.11.025
http://www.ncbi.nlm.nih.gov/pubmed/18585966
https://dx.doi.org/10.1016/j.cgh.2008.03.019
http://www.ncbi.nlm.nih.gov/pubmed/22398087
https://dx.doi.org/10.1016/j.crohns.2012.01.005
http://www.ncbi.nlm.nih.gov/pubmed/30701345
https://dx.doi.org/10.1007/s10151-019-1926-2
http://www.ncbi.nlm.nih.gov/pubmed/19452290
http://www.ncbi.nlm.nih.gov/pubmed/32503267
https://dx.doi.org/10.3390/cancers12061454
http://www.ncbi.nlm.nih.gov/pubmed/16129903
https://dx.doi.org/10.1385/criai:28:3:187
http://www.ncbi.nlm.nih.gov/pubmed/24102406
https://dx.doi.org/10.2174/13894501113146660224
http://www.ncbi.nlm.nih.gov/pubmed/27916280
https://dx.doi.org/10.1016/j.tips.2016.10.014
http://www.ncbi.nlm.nih.gov/pubmed/29247068
https://dx.doi.org/10.1136/gutjnl-2017-314562
http://www.ncbi.nlm.nih.gov/pubmed/30995501
https://dx.doi.org/10.1016/j.immuni.2019.03.027
http://www.ncbi.nlm.nih.gov/pubmed/26209885
https://dx.doi.org/10.1016/j.cytogfr.2015.07.015
http://www.ncbi.nlm.nih.gov/pubmed/25123265
https://dx.doi.org/10.1007/s13277-014-2459-y
http://www.ncbi.nlm.nih.gov/pubmed/29699936
https://dx.doi.org/10.1016/j.cytogfr.2018.04.004
http://www.ncbi.nlm.nih.gov/pubmed/27524264
https://dx.doi.org/10.1016/j.jtho.2016.07.026


Majumder S et al. Inflammatory bowel disease related CRC

WJGO https://www.wjgnet.com 567 March 15, 2022 Volume 14 Issue 3

be targeted therapeutically. Cancer Cell 2013; 24: 257-271 [PMID: 23948300 DOI: 10.1016/j.ccr.2013.06.017]
Hohenberger M, Cardwell LA, Oussedik E, Feldman SR. Interleukin-17 inhibition: role in psoriasis and inflammatory 
bowel disease. J Dermatolog Treat 2018; 29: 13-18 [PMID: 28521565 DOI: 10.1080/09546634.2017.1329511]

131     

Moschen AR, Tilg H, Raine T. IL-12, IL-23 and IL-17 in IBD: immunobiology and therapeutic targeting. Nat Rev 
Gastroenterol Hepatol 2019; 16: 185-196 [PMID: 30478416 DOI: 10.1038/s41575-018-0084-8]

132     

Di Fusco D, Izzo R, Figliuzzi MM, Pallone F, Monteleone G. IL-21 as a therapeutic target in inflammatory disorders. 
Expert Opin Ther Targets 2014; 18: 1329-1338 [PMID: 25162763 DOI: 10.1517/14728222.2014.945426]

133     

Salzer E, Kansu A, Sic H, Májek P, Ikincioğullari A, Dogu FE, Prengemann NK, Santos-Valente E, Pickl WF, Bilic I, 
Ban SA, Kuloğlu Z, Demir AM, Ensari A, Colinge J, Rizzi M, Eibel H, Boztug K. Early-onset inflammatory bowel 
disease and common variable immunodeficiency-like disease caused by IL-21 deficiency. J Allergy Clin Immunol 2014; 
133: 1651-9.e12 [PMID: 24746753 DOI: 10.1016/j.jaci.2014.02.034]

134     

Neurath MF. IL-23 in inflammatory bowel diseases and colon cancer. Cytokine Growth Factor Rev 2019; 45: 1-8 [PMID: 
30563755 DOI: 10.1016/j.cytogfr.2018.12.002]

135     

Rosenstock E, Farmer RG, Petras R, Sivak MV Jr, Rankin GB, Sullivan BH. Surveillance for colonic carcinoma in 
ulcerative colitis. Gastroenterology 1985; 89: 1342-1346 [PMID: 4054527 DOI: 10.1016/0016-5085(85)90653-5]

136     

Lashner BA, Kane SV, Hanauer SB. Colon cancer surveillance in chronic ulcerative colitis: historical cohort study. Am J 
Gastroenterol 1990; 85: 1083-1087 [PMID: 2389720]

137     

Löfberg R, Broström O, Karlén P, Tribukait B, Ost A. Colonoscopic surveillance in long-standing total ulcerative colitis--
a 15-year follow-up study. Gastroenterology 1990; 99: 1021-1031 [PMID: 2394325 DOI: 
10.1016/0016-5085(90)90622-8]

138     

Nugent FW, Haggitt RC, Gilpin PA. Cancer surveillance in ulcerative colitis. Gastroenterology 1991; 100: 1241-1248 
[PMID: 2013371]

139     

Lynch DA, Lobo AJ, Sobala GM, Dixon MF, Axon AT. Failure of colonoscopic surveillance in ulcerative colitis. Gut 
1993; 34: 1075-1080 [PMID: 8174957 DOI: 10.1136/gut.34.8.1075]

140     

Jonsson B, Ahsgren L, Andersson LO, Stenling R, Rutegård J. Colorectal cancer surveillance in patients with ulcerative 
colitis. Br J Surg 1994; 81: 689-691 [PMID: 8044548 DOI: 10.1002/bjs.1800810520]

141     

Karlén P, Kornfeld D, Broström O, Löfberg R, Persson PG, Ekbom A. Is colonoscopic surveillance reducing colorectal 
cancer mortality in ulcerative colitis? Gut 1998; 42: 711-714 [PMID: 9659169 DOI: 10.1136/gut.42.5.711]

142     

Friedman S, Rubin PH, Bodian C, Goldstein E, Harpaz N, Present DH. Screening and surveillance colonoscopy in 
chronic Crohn's colitis. Gastroenterology 2001; 120: 820-826 [PMID: 11231935 DOI: 10.1053/gast.2001.22449]

143     

Biasco G, Rossini FP, Hakim R, Brandi G, Di Battista M, Di Febo G, Calabrese C, Santucci R, Miglioli M. Cancer 
surveillance in ulcerative colitis: critical analysis of long-term prospective programme. Dig Liver Dis 2002; 34: 339-342 
[PMID: 12118951 DOI: 10.1016/s1590-8658(02)80127-x]

144     

Hata K, Watanabe T, Kazama S, Suzuki K, Shinozaki M, Yokoyama T, Matsuda K, Muto T, Nagawa H. Earlier 
surveillance colonoscopy programme improves survival in patients with ulcerative colitis associated colorectal cancer: 
results of a 23-year surveillance programme in the Japanese population. Br J Cancer 2003; 89: 1232-1236 [PMID: 
14520452 DOI: 10.1038/sj.bjc.6601247]

145     

http://www.ncbi.nlm.nih.gov/pubmed/23948300
https://dx.doi.org/10.1016/j.ccr.2013.06.017
http://www.ncbi.nlm.nih.gov/pubmed/28521565
https://dx.doi.org/10.1080/09546634.2017.1329511
http://www.ncbi.nlm.nih.gov/pubmed/30478416
https://dx.doi.org/10.1038/s41575-018-0084-8
http://www.ncbi.nlm.nih.gov/pubmed/25162763
https://dx.doi.org/10.1517/14728222.2014.945426
http://www.ncbi.nlm.nih.gov/pubmed/24746753
https://dx.doi.org/10.1016/j.jaci.2014.02.034
http://www.ncbi.nlm.nih.gov/pubmed/30563755
https://dx.doi.org/10.1016/j.cytogfr.2018.12.002
http://www.ncbi.nlm.nih.gov/pubmed/4054527
https://dx.doi.org/10.1016/0016-5085(85)90653-5
http://www.ncbi.nlm.nih.gov/pubmed/2389720
http://www.ncbi.nlm.nih.gov/pubmed/2394325
https://dx.doi.org/10.1016/0016-5085(90)90622-8
http://www.ncbi.nlm.nih.gov/pubmed/2013371
http://www.ncbi.nlm.nih.gov/pubmed/8174957
https://dx.doi.org/10.1136/gut.34.8.1075
http://www.ncbi.nlm.nih.gov/pubmed/8044548
https://dx.doi.org/10.1002/bjs.1800810520
http://www.ncbi.nlm.nih.gov/pubmed/9659169
https://dx.doi.org/10.1136/gut.42.5.711
http://www.ncbi.nlm.nih.gov/pubmed/11231935
https://dx.doi.org/10.1053/gast.2001.22449
http://www.ncbi.nlm.nih.gov/pubmed/12118951
https://dx.doi.org/10.1016/s1590-8658(02)80127-x
http://www.ncbi.nlm.nih.gov/pubmed/14520452
https://dx.doi.org/10.1038/sj.bjc.6601247


WJGO https://www.wjgnet.com 568 March 15, 2022 Volume 14 Issue 3

World Journal of 

Gastrointestinal 
OncologyW J G O

Submit a Manuscript: https://www.f6publishing.com World J Gastrointest Oncol 2022 March 15; 14(3): 568-586

DOI: 10.4251/wjgo.v14.i3.568 ISSN 1948-5204 (online)

REVIEW

Barrett’s esophagus: Review of natural history and comparative 
efficacy of endoscopic and surgical therapies

Kevin Kyung Ho Choi, Santosh Sanagapalli

Specialty type: Oncology

Provenance and peer review: 
Invited article; Externally peer 
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific 
quality classification
Grade A (Excellent): A 
Grade B (Very good): B 
Grade C (Good): 0 
Grade D (Fair): 0 
Grade E (Poor): 0

P-Reviewer: Xu H, Yalçınkaya İ

Received: May 22, 2021 
Peer-review started: May 22, 2021 
First decision: October 3, 2021 
Revised: November 12, 2021 
Accepted: February 15, 2022 
Article in press: February 15, 2022 
Published online: March 15, 2022

Kevin Kyung Ho Choi, AW Morrow Gastroenterology Liver Centre, Royal Prince Alfred 
Hospital, Sydney 2050, NSW, Australia

Santosh Sanagapalli, Department of Gastroenterology, St Vincent’s Hospital, Darlinghurst 
2010, NSW, Australia

Corresponding author: Santosh Sanagapalli, FRACP, MBBS, Doctor, Department of 
Gastroenterology, St Vincent’s Hospital, Hospital Road, Darlinghurst 2010, NSW, Australia. 
santosh.sanagapalli@svha.org.au

Abstract
Barrett's esophagus (BE) is the precursor to esophageal adenocarcinoma (EAC). 
Progression to cancer typically occurs in a stepwise fashion through worsening 
dysplasia and ultimately, invasive neoplasia. Established EAC with deep 
involvement of the esophageal wall and/or metastatic disease is invariably 
associated with poor long-term survival rates. This guides the rationale of 
surveillance of Barrett’s in an attempt to treat lesions at an earlier, and potentially 
curative stage. The last two decades have seen a paradigm shift in management of 
Barrett’s with rapid expansion in the role of endoscopic eradication therapy (EET) 
for management of dysplastic and early neoplastic BE, and there have been 
substantial changes to international consensus guidelines for management of 
early BE based on evolving evidence. This review aims to assist the physician in 
the therapeutic decision-making process with patients by comprehensive review 
and summary of literature surrounding natural history of Barrett’s by histological 
stage, and the effectiveness of interventions in attenuating the risk posed by its 
natural history. Key findings were as follows. Non-dysplastic Barrett’s is 
associated with extremely low risk of progression, and interventions cannot be 
justified. The annual risk of cancer progression in low grade dysplasia is between 
1%-3%; EET can be offered though evidence for its benefit remains confined to 
highly select settings. High-grade dysplasia progresses to cancer in 5%-10% per 
year; EET is similarly effective to and less morbid than surgery and should be 
routinely performed for this indication. Risk of nodal metastases in intramucosal 
cancer is 2%-4%, which is comparable to operative mortality rate, so EET is 
usually preferred. Submucosal cancer is associated with nodal metastases in 14%-
41% hence surgery remains standard of care, except for select situations.

Key Words: Barrett’s esophagus; Endoscopic eradication therapy; Dysplasia; Adeno-
carcinoma; Natural history; Radiofrequency ablation
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Core Tip: Barrett’s esophagus (BE) is an important premalignant condition. The last two decades have seen 
treatment paradigms increasingly shift towards endoscopic eradication therapy for dysplastic and early 
neoplastic cases, where it appears safe and effective. We herein provide a comprehensive review of the 
literature relating to Barrett’s natural history and comparative efficacy of surveillance, endoscopic and 
surgical therapies for BE by histological stage.

Citation: Choi KKH, Sanagapalli S. Barrett’s esophagus: Review of natural history and comparative efficacy of 
endoscopic and surgical therapies. World J Gastrointest Oncol 2022; 14(3): 568-586
URL: https://www.wjgnet.com/1948-5204/full/v14/i3/568.htm
DOI: https://dx.doi.org/10.4251/wjgo.v14.i3.568

INTRODUCTION
Barrett’s esophagus (BE) is an acquired condition characterised by metaplastic change of esophageal 
mucosal cells in response to chronic gastro-esophageal reflux. While the very definition of BE is variable 
(and controversial), it is most commonly diagnosed in the presence of salmon-colored mucosa extending 
at least 1 cm proximal to the gastroesophageal junction, where there is histopathological confirmation of 
replacement of normal squamous epithelium by metaplastic intestinal-type columnar epithelium. Its 
clinical importance primarily relates to its established status as a precursor lesion to esophageal 
adenocarcinoma (EAC)[1]. Worldwide, esophageal cancer ranks seventh in incidence and sixth in 
overall mortality[2], and is subdivided into squamous cell carcinoma and adenocarcinoma. The 
incidence of EAC is rising in both Western and Eastern parts of the world[3,4], with EAC now becoming 
the dominant type of esophageal cancer in high-income, Western countries[3-7]. EAC is associated with 
high morbidity and mortality, and is commonly diagnosed late with metastatic disease[5,8].

On the other hand, it is clear that in the majority of cases, EAC arises within a segment of pre-existing 
BE[9]. BE is thought to progress to EAC in a stepwise fashion via the development of dysplasia and 
finally, neoplasia. Hence it is logical that surveillance of patients with established BE may prevent the 
poor outcomes associated with EAC by the detection of treatable premalignant or earlier stage localized 
malignant lesions, and this seems to have been borne out in some data[10]. Recent data from the United 
States show metastatic EAC at diagnosis has a 5-year survival rate of 4.3%, whereas local disease has a 
40.3% 5-year survival[11]. This forms the rationale for Barrett’s surveillance programs that are 
recommended by international societies[12-14]. Concomitant with increased surveillance of BE, recent 
decades have also seen significant advances in therapeutic options for premalignant Barrett’s, with 
endoscopic therapies now having entered widespread use for premalignant BE and for some cases of 
early EAC. This has led to significant changes in international consensus recommendations for 
management of BE, though these are not always entirely in agreement with each other. Controversy in 
management of BE persists, primarily arising from persistent uncertainties regarding natural history 
and identification of dysplasia.

The purpose of this review therefore is to assist the treating physician in efficient decision making in 
patients with BE or early EAC by reviewing the current literature regarding natural history of BE, and 
comparing this to our current understanding of the risks and expected efficacy of current management 
options including surveillance, endoscopic therapy and surgery.

LITERATURE
A comprehensive Medline search was performed using the following keywords and phrases: “Barrett’s 
esophagus, non-dysplastic Barrett’s esophagus/oesophagus, low grade dysplasia, high grade dysplasia, 
surveillance, esophageal cancer, Barrett’s endoscopic therapy, endoscopic eradication therapy, radiofre-
quency ablation, endoscopic resection, esophagectomy, lymph node metastasis, adenocarcinoma, 
intramucosal adenocarcinoma, T1a esophageal/oesophageal adenocarcinoma, submucosa adenocar-
cinoma T1b esophageal/oesophageal adenocarcinoma, meta-analysis, systematic review”. There was a 
focus on original and high-quality research. In addition, we manually reviewed reference lists of all 
citing references to ensure no relevant articles were excluded.

https://www.wjgnet.com/1948-5204/full/v14/i3/568.htm
https://dx.doi.org/10.4251/wjgo.v14.i3.568
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STAGES OF BARRETT’S ESOPHAGUS AND NEOPLASIA
Since EAC is thought to arise in a stepwise histopathological progression from BE (Figure 1)[15], the 
optimal management strategy is primarily dependent on the degree of dysplastic and neoplastic stage. 
There is considerable variability in nomenclature, but for the purposes of this review the following 
classification will be used[16].

Non-invasive neoplasia
Non-dysplastic BE: Intestinal metaplasia without histological features of dysplasia.

BE with low grade dysplasia (LGD): Intestinal metaplasia with histological features of low-grade 
dysplasia or intra-epithelial neoplasia.

BE with high grade dysplasia (HGD): Intestinal metaplasia with histological features of high-grade 
dysplasia or intra-epithelial neoplasia. HGD is synonymous with carcinoma in situ, Tis[17], non-
invasive carcinoma, suspicion of invasive carcinoma, or defined by malignant cells confined by the 
basement membrane.

Invasive neoplasia
Intramucosal EAC: Invasion of neoplastic cells beyond the basement membrane into the mucosa but not 
into the submucosa (T1a[17]).

Submucosal EAC: Invasion of neoplastic cells beyond the basement membrane into the submucosa 
(T1b[17]).

T2 EAC: Invasion beyond submucosa but confined to the muscularis propia[17].

NATURAL HISTORY OF BARRETT’S ESOPHAGUS AND EARLY STAGE ESOPHAGEAL 
ADENOCARCINOMA
Consideration of natural history is essential when evaluating the utility of interventions for any 
condition. In BE, the most important and clinically relevant endpoint is development of adenocar-
cinoma, and will be the focus of review for natural history studies of premalignant BE. Where early 
stage adenocarcinoma has already developed within BE, the endpoint of interest is nodal metastases, 
since this is the major factor determining appropriateness of endoscopic or surgical therapy.

Risk of adenocarcinoma
Non-dysplastic Barrett’s: There is a large body of data examining the risk of cancer progression for non-
dysplastic BE. Several meta analyses incorporating multiple retrospective case series have reported 
annual progression rates of non-dysplastic BE to cancer of between 0.33%–0.70%[18-41]. Within this 
range, Shaheen et al[18] showed an inverse relationship between study size and cancer risk whereby 
small studies tended report higher progression rates[18]. Meta-analyses reporting higher progression 
rates also tended to incorporate a significant minority of LGD cases that were not separated in analyses
[20,21,23] (Supplementary Table 1).

Population-based studies have reported rates of progression at the lower end of the abovementioned 
range. De Jonge et al[29] showed from a registry in the Netherlands including more than 38000 subjects 
an annual progression rates of 0.39% after careful exclusion of prevalent HGD and EAC cases[29] and 
even lower rates have been found in other national databases[30,31]. The only prospective natural 
history study in patients with non-dysplastic BE followed 150 subjects over 5.5 years that led to 3 cases 
of EAC (annual progression rate 0.36%)[25]. Taken in sum, the annual risk of cancer in those with non-
dysplastic BE is felt to be below 0.5%.

Barrett’s with low grade dysplasia: There is marked heterogeneity in the reported rate of progression of 
LGD-BE to EAC. This is now thought to primarily relate to the significant variability in the classification 
of LGD by pathologists. Traditionally, the risk of progression of LGD was deemed low. Several large, 
multicenter series suggested that the annualized risk of progression to EAC was less than 1%[25-27,34,
42]. However, due to concerns including non-centralized histopathology reading, marked interobserver 
variability in dysplasia diagnosis, short follow up duration and significant rates of regression of 
dysplasia in follow up, the possibility of overstaging of dysplasia in these studies was raised. Several 
population-based studies based on national registry data from the United States and Europe also 
reported similar rates of between 0.24% and 0.92%[29,31,33,43]. Such data is subject to the same 
limitations as cohort studies as they include patients from smaller centers where overdiagnosis of LGD 
is even more likely to occur.

Several studies have attempted to address the issue of overstaging of dysplasia and suggested that 
the true rate of progression to EAC may be higher. Curvers et al[24] had pathology specimens from 147 
subjects with LGD re-examined by an expert panel who downstaged the diagnosis in 85%. Of the 
minority who were confirmed to have LGD by the expert panel, the annualized risk of progression to 

https://f6publishing.blob.core.windows.net/d6243a44-cda8-4327-aa81-fd2e770fc047/WJGO-14-568-supplementary-material.pdf
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Figure 1 Progression from high grade dysplasia to intramucosal adenocarcinoma to submucosal adenocarcinoma in each respective 
layer.

EAC was 3.3%. This was significantly higher than in those who were downstaged to non-dysplastic BE 
where progression rate to EAC or HGD was only 0.49%, thus providing a convincing argument that 
inconsistency in pathological diagnosis was the major factor in variability in reported progression rates. 
Duits et al[37,44] similarly demonstrated that the majority of cases of LGD-BE diagnosed in community 
centers are downstaged by a centralized expert panel; but those who are confirmed dysplastic have a 
higher rate of progression than previously thought[37,44]. The control arm of the SURF trial, examining 
outcomes in LGD-BE, also found that when LGD was confirmed by an expert panel of experienced 
pathologists, the rate of progression to EAC was 2.9% per annum[45]. In contrast, a recent well-designed 
RCT with expert GI pathologists and central pathology review, showed that even after downstaging 
26% of patients initially thought to have LGD, progression of ‘true’ LGD to EAC in those under 
surveillance was a low 2.4% at three years[46]. The authors identified nearly 1/3 of their initial 
diagnosis of LGD spontaneously regressed raising the issue of potential consensual misclassification of 
the diagnosis of LGD. Even in the presence of agreement between multiple expert pathologists k-values 
may still be suboptimal[37,47,48], thus not completely eliminating the issue of overdiagnosis in LGD.

Therefore, the risk of progression of LGD-BE depends upon the rigor by which it is diagnosed. There 
can be significant variability in diagnosis depending on local expertise and experience. It is clear that 
diagnosis in community centers can be unreliable, and when the diagnosis of LGD is made, biopsies 
should be repeated and examined by at least two expert gastrointestinal pathologists. If a conclusive 
diagnosis of LGD remains, then the annualized risk of progression to cancer may approximate 1%–3% 
(Supplementary Table 2).

Barrett’s with high grade dysplasia: There is a paucity of high-quality literature describing true 
progression rates of HGD-BE to EAC. Only three small single center observational studies exist 
reporting annual incidence rates of cancer between 5% and 8.7%[49-51]. Two well-conducted meta-
analyses primarily comprising the abovementioned studies reported identical weighted risks of cancer 
of 6.6% per annum. A single randomized controlled trial included in the meta-analyses followed 70 
subjects with HGD-BE over the course of 3.3 years. 19 of these patients developed EAC giving an annual 
progression rate of 8.14%[52].

While not as significant of an issue as for LGD, pathological overstaging of dysplasia may also be a 
problem in HGD-BE[53]. Two additional studies suggested that when HGD-BE was characterized 
following consensus amongst more than one pathologist, the annual risk of progression was higher and 
between 19%-31.25%[32,42]. Regardless, the annual risk of cancer in HGD-BE is certainly high and is at 
least in the range of 5%-10% (Supplementary Table 3).

Rate of lymph node metastasis
Conceptually, lymph node metastasis is the major factor that precludes the curative potential of 
endoscopic therapy for early adenocarcinoma in BE. Lymph node metastasis is also an important 
outcome as it leads to higher mortality[54-59], tumor recurrence[57,60,61] and is an indication for 
systemic therapy[62,63]. Most data that assesses risk of lymph node metastases comes from 
retrospective studies with histopathological lymph node dissection samples from esophagectomy 
specimens, therefore is significantly limited by selection bias.

Barrett’s with high grade dysplasia: HGD, that is, neoplasia confined to the mucosa that does not 
extend through the basement membrane confirmed by expert gastrointestinal pathologists, has a 
negligible lymph node metastasis rate[54,60,64-67]. This was confirmed by a systematic review in 2012 
which compiled 524 subjects with HGD-BE showing a lymph node metastasis rate of 0%[68].

https://f6publishing.blob.core.windows.net/d6243a44-cda8-4327-aa81-fd2e770fc047/WJGO-14-568-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/d6243a44-cda8-4327-aa81-fd2e770fc047/WJGO-14-568-supplementary-material.pdf
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Intramucosal adenocarcinoma: There is a wide range in the reported rate of lymph node metastasis in 
intramucosal cancer, ranging between 0% and 9.5%[55-61,64,67-78]. However most of these studies arise 
from retrospective surgical series suffering from small sample sizes and selection bias[55-61,64,67,69-
78]. Larger population database studies tend to suggest much lower rates of lymph node metastasis. A 
recent retrospective cohort study comprising 782 patients and using the National Cancer Database 
capturing 70% of all cancers in the United States, showed a relatively low lymph node metastasis rate of 
3.6% for intramucosal adenocarcinoma[54]. The reliability of this study stems from including patients 
with clear staging and adequate lymph node sampling[54]. Another large United States database 
identified 3595 individuals with intramucosal adenocarcinoma who had undetected lymph node 
metastatic rate of 8.7%[74], though 16% of the cohort had squamous cell carcinoma which may tend to 
metastasize to lymph nodes earlier[79]. Further, a systematic review including 1350 patients with 
intramucosal adenocarcinoma identified 26 individuals with metastasis to surrounding lymph nodes. 
After prevalence rates were weighted for study sample size, a lymph node metastasis rate of 1.93% was 
reported.

It appears intramucosal adenocarcinoma has an approximate lymph node metastasis risk between 
2%–4% (Table 1). Those with high risk features (invasion into the muscularis mucosae, poor differen-
tiation, and lymphovascular invasion) may have greater risk of metastasis[61].

Submucosal adenocarcinoma: An even wider discrepancy exists in lymph node metastasis for 
submucosal adenocarcinoma ranging from 14% to 41% (Table 2)[55-61,64,67,69-78]. Such variation is 
explained by a number of factors. The number of lymph nodes resected during esophagectomy vary 
widely, and are often not reported; those with greater numbers of nodes excised tend to show higher 
metastasis rates[73].

Further, other factors may significantly impact rates of lymph node metastases in submucosal disease. 
Lymphovascular invasion, poor differentiation and size (2 cm) are prognostic factors known to increase 
the risk of lymph node metastasis[54,55,57,58,60,64,65,67,69,70,72,73,80]. A study by Sepesi et al[72] 
contained a cohort of submucosal adenocarcinoma patients with almost a third exhibiting poor differen-
tiation and found a lymph node metastasis rate of 31%[72]. In contrast, a large retrospective study 
containing 14000 subjects identified a lymph node metastasis rate of 8.6% when tumors were smaller 
than 2 cm and well to moderately differentiated[64]. Even lower rates of 1.9% have been reported where 
invasion depth into the submucosa was shallow and no other poor prognostic features were present
[81]. Several other studies identify depth of submucosal invasion as another independent risk factor for 
nodal metastasis in submucosal disease, but this is not a universal finding[56-58].

MANAGEMENT STRATEGIES
Surveillance
Surveillance of BE is recommended by all international societies for all patients who have a history of 
non-dysplastic BE, and is one of the strategies available for LGD-BE[12-14]. Surveillance involves dye-
based[82] or virtual chromoendoscopy[83] in combination with white light endoscopy[13] using a 
systematic 4-quadrant biopsy protocol (Seattle protocol)[84]. The surveillance interval is determined by 
a risk appraisal based on the prior endoscopic and histological findings.

Barrett’s endoscopic eradication therapy
Barrett’s endoscopic eradication therapy (EET) has become an established therapeutic modality for 
dysplastic and early neoplastic BE. EET is an umbrella term given to a multimodal therapeutic strategy 
whereby nodular components of the BE segment are endoscopically resected, with subsequent 
treatment of residual flat components of the segment with ablative therapies.

Resection: Resection is the first component to successful EET. It relies on a careful high-quality 
endoscopic examination with white light as well as an enhanced imaging modality (dye-based or 
virtual) for detection of nodular or irregular lesions. Resection is vital from a therapeutic standpoint but 
also assists in staging by providing depth of tumor invasion that cannot be ascertained from mucosal 
biopsies alone[85]. The most widely used resection technique in BE is endoscopic mucosal resection 
(EMR). EMR can be performed using the cap and snare technique or by multi-band mucosectomy[86,
87].

Endoscopic submucosal dissection (ESD) is an advanced resection technique that has theoretical 
advantages of allowing en bloc resection and thorough assessment of lateral and deep margins of the 
specimen. However, ESD is technically challenging, time consuming, has a steep learning curve, and is 
not as widely available. Further, it has not been clearly shown to be superior to EMR for neoplasia 
remission, recurrence or need for surgery in BE[88]. At present, it is usually reserved for large lesions 
with endoscopic evidence of submucosal invasion[89].
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Table 1 Efficacy of surgery for Barrett’s esophagus with intramucosal adenocarcinoma

Ref. Type n1 LNMrate 5-yr DFS or DSS 5-yr OS

Rice et al[97] Retrospective 53 2% - 77%

Liu et al[61] Retrospective 53 - 100% 91%

Prasad et al[75] Retrospective 46 8.6% 97% 95%

Pennathur et al[59] Retrospective 29 7% 82% 73%

Wang et al[109] Retrospective 60; T1a 32%; HGD 68% - - 88%

Sepesi et al[72] Retrospective 25 0% - 85%

Zehetner et al[96] Retrospective 48 - 88% 94% (3 yr)

Hölscher et al[56] Retrospective 70; SCC 29% 0% - 87%

Leers et al[55] Retrospective 75 1.3% 98% 82%

Pech et al[95] Retrospective 38 - 100% (3.7 yr) 93%

Ngamruengphong et al[120] Retrospective 671 - - 76%

Lorenz et al[57] Retrospective 42 8.7% 93.4% 91%

Newton et al[54] Retrospective 303 3.6% - 80%

Marino et al[121] Retrospective 1317 - - 79%

Semenkovich et al[74] Retrospective 428; SCC 16% 8.7% - 80%

1Pure T1a cohort unless otherwise stated.
DFS: Disease free survival; DSS: Disease specific survival; HGD: High grade dysplasia; LNM: Lymph node metastasis; OS: overall survival; SCC: 
Squamous cell carcinoma.

Table 2 Efficacy of surgery for Barrett’s esophagus with submucosal adenocarcinoma

Ref. Type n LNM rate 5-yr DFS 5-yr OS

Rice et al[97] Retrospective 31 5% - 60%

Liu et al[61] Retrospective 37 - 60% 58%

Pennathur et al[59] Retrospective 71 27% 62% 60%

Sepesi et al[72] Retrospective 29 31% - 60%

Hölscher et al[56] Retrospective 101; SCC 35% 34% - 66%

Leers et al[55] Retrospective 51 22% 79%DSS 71%

Ngamruengphong et al[120] Retrospective 523 - - 64%

Lorenz et al[57] Retrospective 168 20.6% 85% 74%

Schölvinck et al[78] Retrospective 26 17% (n = 69 including EET 
group)

- Median survival: 51 mo

Schwameis et al[76] Retrospective 32 22% - 84%

Newton et al[54] Retrospective (NCDB) 512 23.4% - 64.4%

Semenkovich et al[74] Retrospective (NCDB) 1146; SCC 16% 14% - 60%

Otaki et al[77] Retrospective 68 14.7% 92% 89%

DSS: Disease specific survival; EET: Endoscopic eradication therapy; NCDB: National cancer database; DFS: Disease free survival; OS: Overall survival; 
SCC: Squamous cell carcinoma.

Ablative therapy: Ablation always follows resection other than in the scenario where all visible 
intestinal metaplasia has been endoscopically resected. It is typically applied to LGD-BE or flat HGD-
BE. There are numerous modalities of ablative therapy, however the technique with the best efficacy, 
ease of use and favorable safety profile is radiofrequency ablation (RFA)[90]. RFA is applied using a 
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catheter with distal balloon or other attachment bringing electrodes in contact with the esophageal 
mucosa[42].

A recent meta-analysis assessing adverse events of EET with most included studies using a 
combination of RFA and EMR showed an overall adverse event rate of 8.8%. The most noteworthy is 
stricture formation, which represented 5.6% of all patients, although strictures can almost always be 
treated safely with endoscopic dilatation with durable response[42,45,85,91,92]. Other serious adverse 
events included bleeding in 1% and 0.6% rate of perforation. Post-procedural chest pain in the absence 
of other serious complication occurs in 1.5%–5.4%[42,45,46]. No deaths attributable to endoscopic 
therapy were recorded[93].

Surgery
En-bloc esophagectomy and lymphadenectomy of the mediastinal and abdominal nodes via an 
abdominal or right transthoracic approach is the standard surgical approach to adenocarcinoma arising 
within a Barrett’s segment[57,73]. For tumors in the distal two thirds of the esophagus, esophagectomy 
is typically performed with the Ivor-Lewis technique, via laparotomy and right thoracotomy. Tumors 
located in the upper third of the esophagus are typically managed via the McKeown technique[58].

Esophagectomy has traditionally been considered a relatively high-risk surgery with significant 
morbidity and mortality rates. Adenocarcinoma specific 90-d mortality has been reported in up to 8.7%
[94]. However, early stage carcinoma limited up to submucosa tends to be associated with much more 
favorable operative risks. When esophagectomy is performed for such early disease, operative mortality 
ranges between 0% and 5% (Supplementary Table 4)[54,57,59,75-78,95-97]. Serious adverse events, 
however, remain relatively common and include anastomotic leaks and tracheal injury[98]. Even when 
the immediate postoperative course is benign, foregut function is permanently altered, and there can be 
long-term (and in some cases, permanent) impairment of quality of life due to dysphagia, vomiting, 
reflux symptoms, abdominal pain, and dumping syndrome[99].

THERAPEUTIC EFFICACY
Non-dysplastic Barrett’s
Endoscopic eradication therapy: Surveillance with repeat endoscopy every 3–5 years is recommended 
for non-dysplastic BE[12-14], however there is little data examining ablative therapy. Wani et al[22] 
suggested in a meta analyses that ablative therapies reduced the annual incidence of EAC from 0.60% to 
0.16%[22], though the included studies were of varying quality. A single prospective multi-center trial 
including 50 patients reported complete eradication of intestinal metaplasia rate of 92% at 5 years of 
follow up. Of the 8% who recurred, all were retreated and eradication of intestinal metaplasia re-
achieved. There was no progression to EAC for the duration of the study with no recorded mortalities, 
serious adverse effects or strictures[90].

Due to the low progression rates of non-dysplastic BE to cancer it is unlikely that any study will ever 
demonstrate a benefit of ablative therapy in preventing progression to cancer, let alone a mortality 
benefit. Due to the very low risk profile of non-dysplastic BE, EET is not indicated given that it is not 
entirely devoid of risk.

Barrett’s with low grade dysplasia
Endoscopic eradication therapy: The management of LGD-BE is the most controversial aspect of the 
management of BE. Retrospective data suggested that EET was highly effective in eradicating intestinal 
metaplasia in LGD-BE[92]. In terms of the efficacy of RFA for preventing progression of LGD-BE to 
cancer, a systematic review and meta-analysis including 19 studies and a total of 2700 patients found 
that compared to surveillance, RFA was associated with relative risk of disease progression to HGD or 
EAC of 0.14[100]. Three randomized controlled trials examining this question have been published to 
date. The SURF trial compared RFA against surveillance in patients with LGD-BE without visible 
lesions. Progression to EAC was reduced by 7.4% (1.5% in RFA arm vs 8.8% in control arm) over a 
median 3 year follow up period[45]. Long term, no further EAC occurred in the ablation arm compared 
with 10.3% rate of cancer observed in the control arm over 73 mo. On intention to treat analysis, the 
number needed to treat was 11.4 to prevent cancer. Notably, all 23 progressors to HGD or EAC 
subsequently achieved complete eradication of cancer and dysplasia by the end of the extended study
[101]. Subsequently the AIM DYSPLASIA study showed 5% of LGD-BE patients receiving RFA 
progressed to HGD compared with 14% in the sham arm over the 12-mo study period. No cancers 
developed in either arm[42]. The study was extended for 3 more years and only 1 subject from the sham 
arm developed intramucosal adenocarcinoma, which was cured with EMR[91]. However, these studies 
are limited by roughly half of subjects not reaching their third year of follow up. A recent multi-center 
RCT by Barret et al[46] retained a near entirety of their cohort of 82 patients for up to 3 years and did not 
show statistical significance in neoplastic progression rates (12.5% RFA vs 26.2% surveillance, P = 0.15). 
The most notable finding, and likely explanation for the negative result, was that RFA was much less 

https://f6publishing.blob.core.windows.net/d6243a44-cda8-4327-aa81-fd2e770fc047/WJGO-14-568-supplementary-material.pdf
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effective with significantly lower rates of eradication of dysplasia and intestinal metaplasia (55% and 
35% respectively) compared to the earlier studies (Table 3). The lower efficacy of RFA in this study may 
be attributed to several factors, most importantly a less aggressive protocol (maximum number of 
ablation sessions was capped at 4). There was a suggestion of a learning curve and operator effect, with 
significant difference in success rates between low and high-volume centers[46]. Further, this seemed to 
be a less ‘aggressive’ cohort of LGD-BE with much lower rate of neoplastic progression, and higher rate 
of spontaneous remission of LGD-BE, compared to the former studies. There is no data on the surgical 
efficacy of LGD-BE.

With conflicting findings from high-quality randomized controlled trials, the decision to offer EET for 
LGD-BE remains nuanced and several factors need to be considered in the decision-making process. 
Firstly, RFA only provides a benefit when LGD cases are carefully confirmed by expert pathologists to 
avoid overdiagnosis and identifying a highly select LGD-BE cohort with rates of progression 
comparable to that typically associated with HGD-BE[42,45]. This is not representative of most patients 
diagnosed with LGD-BE. Second, a commitment to an aggressive RFA protocol with potential for 
several sessions (often 4 or more) needs to be made in order for RFA to be successful in reducing risk of 
cancer progression. Third, it appears that RFA is more likely to be successful in high-volume centers. 
Fourth, one must bear in mind that when under surveillance by experts, cancers that evolve from LGD-
BE tend to be early and appear to be amenable to curable therapy. Therefore, based on available data, 
one could argue that the long-term outcome for those under surveillance is no worse, even if HGD or 
cancer developed.

Barrett’s with high grade dysplasia
Endoscopic eradication therapy: Studies of varying quality demonstrate that RFA reduces annual 
progression of HGD to EAC to a range between 0.6%–2.4%[22,42,91,102-105] compared to no treatment, 
which has an estimated rate of 5%–10% as described above. To date, there is one RCT that has 
randomized RFA of HGD against a control arm. RFA reduced progression to cancer from 19% to 2.4%, 
and the number needed to treat was six[42]. This trial was extended by 3 more years with cross-over 
from the sham arm to RFA, leading durable remission and an annual progression rate to EAC of 0.60%
[91]. Only one other prospective study recruited 75 consecutive subjects with HGD-BE, finding that all 
patients who achieved complete eradication of BE with EET had no progression to EAC over a follow 
up period of 31 mo[85].

Once the threshold of HGD has been reached, subjects are also at risk of developing other areas of 
HGD within their Barrett’s mucosa[50]. Further, those who achieve complete endoscopic eradication of 
Barrett’s mucosa are far less likely to progress to cancer compared to those where this is only partially 
achieved[85,103-105]. Thus, a logical step is to eradicate all surrounding Barrett’s tissue once a diagnosis 
of HGD has been made. In patients with HGD, EET is effective in eradicating all dysplasia in 79%–97%, 
and intestinal metaplasia in 51.2%–94%[85,92,96,102-105] (Table 4). Low eradication rates are explained 
by non-standardized and incomplete RFA treatment sessions[102] and inclusion of treatment-
experienced subjects representing resistant disease due to fibrosis[103]. Furthermore, experienced 
centers and contemporary data report higher rates of complete eradication of dysplasia and intestinal 
metaplasia above 90%[92]. Haidry et al[104] compared early and late cohorts, finding rise in eradication 
of intestinal metaplasia from 57% to 83%[104].

Therefore, EET is effective in reducing annual cancer progression risk by 5-fold, to approximately 2% 
by eradicating areas of HGD as well as surrounding Barrett’s mucosa. The risk of cancer appears to be 
reliably attenuated when all residual Barrett’s mucosa is completely treated. Overall 5-year survival rate 
appears to be very high at 90%, even in those who do not achieve complete eradication of Barrett’s 
mucosa[85].

Surgery: We can presume individuals have complete eradication of dysplasia and intestinal metaplasia 
on the day of esophagectomy. Nevertheless, there is paucity of high quality evidence of overall survival 
and recurrence following esophagectomy for HGD-BE, as most studies are retrospective with small 
numbers. Five retrospective studies that had referred patients for surgery after biopsy or 
esophagectomy confirmation of HGD-BE showed promising 5-year survival rates ranging from 83%-
97%[97,106-109] with disease free survival at 5 years surpassing 94% in 2 of these studies[106,107]. 
Another study by Edwards et al[110] reported an 82% survival rate after a median of 2.7 years in a small 
cohort of eleven[110]. These disease free survival rates are not markedly different to those following 
EET for HGD. However, rates in surgical series incorporate a mixed population, with up to 40% of 
HGD-BE subjects referred for esophagectomy having evidence of infiltration past the basement 
membrane corresponding to intramucosal adenocarcinoma[97,106,108,110], reflecting a period where 
endoscopic assessment was not as accurate as the modern era with subtle lesions likely missed.

Therefore, esophagectomy for HGD shows 5-year overall survival rates above 83% and there is some 
data to suggest disease-free survival at 5 years exceeds 94%.

Intramucosal esophageal adenocarcinoma (T1a)
Endoscopic eradication therapy: Successful endoscopic eradication rates of intramucosal adenocar-
cinoma is reported to occur in between 82%–100%[75,92,95,96,104,105,111-119]. Pech’s large cohort 
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Table 3 Efficacy of endoscopic eradication therapy for Barrett’s esophagus with low-grade dysplasia

Ref. Type n CE-IM CE-D NNT to prevent disease 
progression

Annual disease progression, treatment vs 
placebo (P value)

Wani et al[22] Meta-analysis 1512 - - 65.5 (EAC) 0.16% vs 1.7% (P = 0.99) (EAC)

Shaheen et al[42] RCT 64 81% 90.5% 11.3 (HGD) 5% vs 14% (HGD) (P = 0.33)

Shaheen et al[91] Retrospective 52 98% 98% NA NA

Bulsiewicz et al
[92]

Retrospective 41 93% 100% NA NA

Phoa et al[45] RCT 136 88.2% 92.6% 13.6 (EAC) 1.5% vs 8.8% at 3 yr (EAC) (P = 0.03)

Qumseya et al
[100]

Meta-analysis 2746 - - 16 (EAC) NA

Pouw et al[101] Retrospective 83 90% 90% 11.4 (EAC) NA

Barret et al[46] RCT 82 37.5% 52.5% - 5% vs 2.4% at 3 yr: (EAC) (P = 0.52)

n: Patient number; CE-D/IM: Complete eradication of dysplasia/intestinal metaplasia; EAC: Esophageal adenocarcinoma; HGD: High grade dysplasia; 
NNT: Number needed to treat; NA: Not application.

Table 4 Efficacy of endoscopic eradication therapy for Barrett’s esophagus with high-grade dysplasia

Ref. Type1 n CE-IM CE-D NNT to prevent disease 
progression

Annual disease progression, 
treatment vs placebo (P value)

Overholt et al[52] RCT (PDT) 208 52% 77% (including 
HGD)

22 3.6% vs 8.14% (P = 0.006)

Ganz et al[102] Retrospective 92 54% 80% NA 1.4%

Wani et al[22] Meta-analysis 236 - - 20.4 1.7% vs 6.6% (P = 0.02)

Shaheen et al[42] RCT 63 73.8% 81% 6 2.4% vs 19% (P = 0.04)

Shaheen et al[91] Retrospective 54 89% 93% NA 0.6%

Moss et al[85] Prospective (SRER
)

35 94% 94% NA Nil

Zehetner et al[96] Retrospective 22 89% 89.5% NA Nil

Okoro et al[103] Retrospective 35 51.2% 79% NA 2.3% (2 yr)

Bulsiewicz et al
[92]

Retrospective 118 90% 97% NA NA

Haidry et al[104] Retrospective 122 85% 92% NA 2.5% (3 yr)

Li et al[105] Retrospective 832 83.4% 92.1% NA 3% (2.8 yr)

1Studies used endoscopic mucosal resection and radiofrequency ablation unless otherwise stated.
CE-D/IM: Complete eradication of dysplasia/intestinal metaplasia; EAC: Esophageal adenocarcinoma; NNT: Number needed to treat; PDT: 
Photodynamic therapy; SRER: Stepwise radical endoscopic resection; NA: Not application.

involved 1000 prospective patients over a 15-year period with successful endoscopic resection of cancer 
and HGD in 96.3%. These patients were closely followed up giving rise to a long term remission rate of 
93.8% at 5 years[117]. Another prospective study by Phoa et al[119] followed 132 subjects with a 
significant proportion having intramucosal adenocarcinoma. 92% achieved cure of cancer and dysplasia 
with a quarter of patients reaching 3 year follow up having durable response rate of 95%[119]. A 
number of other prospective trials have shown successful endoscopic eradication rates of intramucosal 
adenocarcinoma exceeding 97%[111-115].

Although initial remission rates are promising, long term outcomes may be more relevant. Three 
prospective studies exceeding 100 subjects show durability rates of 93.8%–100% over a follow up period 
ranging between 3–5 years[95,111,117]. Remaining data showing endoscopic eradication rates are 
displayed in Table 5. Despite these limitations it is clear that residual or recurrent EAC is easily 
managed by further EET[75,95,96,111,112,115,117,119]. Pech et al[117] showed retreatment with EET was 
successful in 115 out of 140 subjects[117]. Further, esophagectomy also appears to remain a valid 
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Table 5 Efficacy of endoscopic eradication therapy for Barrett’s esophagus with intramucosal adenocarcinoma

Ref. Type1 n2 Eradication of T1a 5-yr OS

Ell et al[111] Prospective 100 99% 98%

Pech et al[112] Prospective (EMR +/- 
PDT)

349; HGD 17.5% 97.4% (including HGD) NA

Pouw et al[113] Prospective (RFA +/- 
EMR)

44; HGD up to 27% 100% NA

Prasad et al[75] Retrospective (PDT) 132 94% 83%

Pouw et al[114] Prospective (EMR + 
RFA)

24; HGD 25%; T1b 8% 100% NA

Pech et al[95] Retrospective (EMR +/- 
APC)

79 98.7% 96%

Van Vilsteren et al[115] RCT 47; HGD up to 40% 97.9% NA

Zehetner et al[96] Retrospective 18 82% (14/17); 3/17 subsequently successfully treated 
under surveillance

NA

Bulsiewicz et al[92] Retrospective 29 93% NA

Ngamruengphong et al
[120]

Retrospective 229; HGD 24% - 60%

Saligram et al[116] Retrospective 54 96% 89% (over 2 
yr)

Pech et al[117] Prospective 1000 96.3% (including HGD) 91.5%

Haidry et al[104] Retrospective 63 97.5% (combined with HGD cohort) NA

Agoston et al[118] Retrospective 79 86% NA

Li et al[105] Retrospective 162 97.5% NA

Phoa et al[119] Prospective 132; ND/LGD 8.4%; HGD 30%; 
T1b 1.7%

92% NA

Marino et al[121] Retrospective 856 - 71.8%

Semenkovich et al[74] Retrospective 1123 - 70%

1Studies use endoscopic mucosal resection/radiofrequency ablation unless otherwise stated.
2Pure T1a cohort unless otherwise stated.
n: Patient number; APC: Argon plasma coagulation; OS: Overall survival; PDT: Photodynamic therapy; NA: Not application.

treatment option for treatment failures with minimal risk of lymph node metastasis[75,115-117,119].
Reported survival rates of subjects with intramucosal adenocarcinoma who have undergone EET are 

between 60%–100%[74,75,95,111,120,121]. Lower survival rates are felt to be secondary to selection bias 
in these observational studies whereby those with frailty, age and comorbidities are more likely to 
receive less invasive EET than surgery[74,120]. Further, deaths are predominantly due to causes 
unrelated to EAC[75,95,112,115-117], for example, Pech et al[117] reported only 2 in 1000 subjects with 
tumor-associated deaths[117].

Intramucosal adenocarcinoma can be successfully treated with EET in greater than 90% of cases with 
durable remission in the vast majority. 5-year overall survival is an estimated 80%, with deaths predom-
inantly attributable to other causes.

Surgery: There are several large surgical series reporting overall survival rates whose findings are 
severely limited by lack of data on follow up protocols, imaging modalities for surveillance and 
comorbidities[54,74]. However, at least eight good quality retrospective studies with follow up of 4 
years or more reported estimated 5-year overall survival between 73%-93% (Table 1)[55-57,59,72,75,95,
97]. The largest of these retrospective studies contained 75 subjects with intramucosal adenocarcinoma 
from a single center with detailed follow up protocol over a median duration of 50 mo. The 5-year 
overall survival rate was 92% with 5 year disease specific survival an estimated 98%[55].

Surgery provides definitive therapy of cancer as well as Barrett’s mucosa leading to high 5-year 
overall survival rates of approximately 80%. Most deaths are attributable to non-EAC related causes and 
correlate to even greater rates of disease-free survival approaching 100%.
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Submucosal esophageal adenocarcinoma
Endoscopic eradication therapy: There are no prospective or randomized controlled studies that assess 
the survival benefit of endoscopic therapy for submucosal adenocarcinoma. Endoscopic eradication of 
submucosally invasive adenocarcinoma is reportedly achieved in 63%-100% following EET[77,81,122] 
(Table 6). Manner et al[81] retrospectively studied efficacy of EET in 61 subjects with low risk 
submucosal disease, defined as macroscopically polypoid or flat, minor invasion depth into the 
submucosa, good to moderate differentiation and with no lymphovascular invasion. Cancer eradication 
was achieved in 87% and durable response was sustained in 83.6% over a mean reaching 4 years. 5-year 
overall survival was 84%. Only 1 patient required esophagectomy for lymph node metastasis found 
during surveillance after complete endoscopic remission was achieved[81]. However, this study and 
others did not uniformly apply ablative therapy following endoscopic resection[77,81,122], thus possibly 
underreporting true eradication rates. When disease recurrence occurs after initial EET, successful 
retreatment appears to be achievable with minimal risk of lymph node metastasis[81,122].

Of 5-year overall survival rates of submucosal adenocarcinoma undergoing EET range from 50%–87%
[74,77,81]. Low survival rates were associated with several factors including high risk histological 
features and extensive comorbidities, with EET often performed in patients deemed unfit for surgery 
with the majority of subsequent deaths attributable to other causes[77,78].

Complete eradication of cancer may be achievable in up to 87% in low risk submucosal adenocar-
cinoma. Reported overall survival is very low, though this primarily relates to the frail and comorbid 
demographic that typically is selected for EET. There remains a role for endoscopic therapy with 
curative intent in low-risk submucosal disease. Especially in those with comorbidities, EET is a 
reasonable option in the setting of low-risk histological features.

Surgery: There are numerous retrospective studies of varying size and quality that report overall 
survival and recurrence rates of submucosal EAC. 5-year overall survival rates for submucosal 
adenocarcinoma range between 58%–89%[55-57,59,61,72,76,77,97]. Four studies report 5-year disease 
free survival rates between 60%–92%[57,59,61,77], with contemporary series typically reporting higher 
overall and cancer-specific survival rates[56,59,61,72,97] . Disease-free survival is typically significantly 
higher than overall survival given the high rates of non-cancer related deaths in this cohort[61,72,78]. 
Esophagectomy appears effective in treating submucosal tumors regardless of the presence of high risk 
features. Otaki et al[77] showed a 5-year overall survival rate of 89% despite the majority of patients 
having at least 1 high risk feature[77].

Surgery appears to be a very effective and curative option in submucosal EAC. Survival rates may 
reach up to 80% in appropriate surgical candidates, with a significant portion of deaths being unrelated 
to EAC.

CONCLUSION
Non-dysplastic Barrett’s
We recommend surveillance endoscopy for patients with non-dysplastic BE. EET is not justified in non-
dysplastic BE due to the extremely low rates of cancer progression (Table 7).

Barrett’s with low grade dysplasia
We recommend that LGD be always confirmed by expert gastrointestinal pathologists. If confirmed, 
such patients should all enter a close surveillance program at a high-volume specialized Barrett’s center. 
EET can be offered, as long as the following caveats are understood: (1) Only a small minority will 
progress; (2) Benefit of RFA seems confined to aggressive RFA protocols performed in expert centers; (3) 
It appears that in patients under surveillance by expert hands any progression to HGD or cancer can be 
detected early and completely treated without any adverse consequences; and (4) Adverse events occur 
following RFA in an estimated 10%, however rarely severe.

Barrett’s with high grade dysplasia
After the confirmation of HGD-BE by expert gastrointestinal pathologists, we recommend referral to an 
expert Barrett’s center with repeat endoscopy within 4 wk of diagnosis. We recommend all visible 
lesions be treated with EMR initially which provides additional staging information, followed by 
sequential RFA until eradication of all visible intestinal metaplasia is achieved. HGD-BE without visible 
lesions should commence treatment with RFA. The risk of lymph node metastasis is negligible in HGD-
BE[68], and surgery should not be offered.

Intramucosal adenocarcinoma of the esophagus
We recommend EET for management of intramucosal adenocarcinoma over surgery. While the 
literature suggests that cancer-free survival may be modestly higher for surgery, EET is far less morbid, 
recurrences following EET can usually be managed endoscopically, and for persistent failures salvage 
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Table 6 Efficacy of endoscopic eradication therapy for Barrett’s esophagus with submucosal adenocarcinoma

Ref. Type n Eradication of cancer Survival

Manner et al[81] Retrospective 61 87% (including HGD) 5-yr OS 84%

Ngamruengphong et al[120] Retrospective 39 - 5-yr OS 66%

Schölvinck et al[78] Retrospective 43 - Median survival: 46 mo

Künzli et al[122] Retrospective (RFA or APC) 35 100% -

Semenkovich et al[74] Retrospective 588 - 5-yr OS 50%

Otaki et al[77] Retrospective (RFA/APC/Cryo) 73 63% (including HGD) 5-yr OS 59%

APC: Argon plasma coagulation; Cryo: Cryotherapy; HGD: High grade dysplasia; OS: Overall survival; RFA: Radiofrequency ablation.

Table 7 Recommendations for non-invasive Barrett’s esophagus

Stage Annualized risk of 
cancer

Recommended 
management Risks of intervention Post-intervention cancer 

risk

NDBE 0.5% Surveillance Negligible NA

LGD1 1%–3% Surveillance or EET Stricture 6%; Chest pain 5%; Bleeding 1%; 
Perforation 1%

1% per year

HGD 5%–10% EET Stricture 6%; Chest pain 5%; Bleeding 1%; 
Perforation 1%

2% per year

1Low grade dysplasia diagnosed by an expert gastrointestinal pathologist.
HGD: High grade dysplasia; EET: Endoscopic eradication therapy; LGD: Low grade dysplasia; NDBE: Non-dysplastic Barrett’s esophagus; NA: Not 
application.

Table 8 Recommendations for invasive adenocarcinoma arising from Barrett’s esophagus

Invasive Barrett’s 
esophagus by stage

Risk of nodal 
metastases

Recommended 
management Risks of intervention 5-yr disease 

free survival
5-yr overall 
survival

Intramucosal adenocar-
cinoma

2%–4% EET Stricture 6%; Chest pain 5%; Bleeding 1%; 
Perforation 1%

NA Estimated 
80%

Submucosal adenocar-
cinoma

14%–41% Surgery Mortality 3%; Adverse events up to 62%; 
Long-term symptoms due to altered upper 
gut function

Estimated 70% Estimated 
75%

EET: Endoscopic eradication therapy; NA: Not application.

esophagectomy is not precluded. Where high-risk histological features are present, surgery may be a 
greater consideration (Table 8).

Submucosal adenocarcinoma of the esophagus
We recommend surgery as standard therapy for submucosal adenocarcinoma due to high risk of lymph 
node metastasis. The role of EET is confined to comorbid or elderly patients at high surgical risk, 
especially where there are low risk histological features.
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Abstract
Hematolymphoid malignancies are common neoplasms in childhood. The 
involvement of the gastrointestinal (GI) tract, liver, biliary system, pancreas, and 
peritoneum are closely interlinked and commonly encountered. In leukemias, 
lymphomas, and Langerhans cell histiocytosis (LCH), the manifestations result 
from infiltration, compression, overwhelmed immune system, and chemotherapy-
induced drug toxicities. In acute leukemias, major manifestations are infiltrative 
hepatitis, drug induced gastritis, neutropenic typhlitis and chemotherapy related 
pancreatitis. Chronic leukemias are rare. Additional presentation in lymphomas is 
cholestasis due to infiltration or biliary obstruction by lymph nodal masses. 
Presence of ascites needs a thorough workup for the underlying pathophysiology 
that may modify the therapy and affect the outcome. Uncommon hemato-
lymphoid malignancies are primary hepatic, hepatosplenic, and GI lymphomas 
which have strict definitions. In advanced diseases with extensive spread, it may 
be impossible to distinguish these diseases from the primary site of origin. LCH 
produces biliary strictures that mimic as sclerosing cholangitis. Liver infiltration is 
associated with poor liver recovery even after chemotherapy. The heterogeneity of 
gut and liver manifestations in hematolymphoid malignancies has a clinical 
impact on their management. Though chemotherapy is the mainstay of therapy in 
all hematolymphoid malignancies, debulking surgery and radiotherapy have an 
adjuvant role in specific clinical scenarios. Rare situations presenting as liver 
failure or end-stage liver disease require liver transplantation. At their initial 
presentation to a primary care physician, given the ambiguity in clinical manifest-
ations and the prognostic difference with time-bound management, it is vital to 
recognize them early for optimal outcomes. Pooled data from robust registries 
across the world is required for better understanding of these complications.

Key Words: Leukemia; Lymphoma; Langerhans cell histiocytosis; Gastrointestinal; 
Hepatobiliary
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Core Tip: Pediatric hematolymphoid malignancies commonly are leukemias, lymphomas, and Langerhans 
cell histiocytosis. Their gut and liver involvement are seldom discussed due to a lack of literature in 
children. Manifestations result from infiltration, compression, overwhelmed immune system, and 
chemotherapy-induced drug toxicities. In this review, we will discuss the diverse abdominal manifest-
ations and challenges from a pediatric gastroenterologist’s perspective.

Citation: Devarapalli UV, Sarma MS, Mathiyazhagan G. Gut and liver involvement in pediatric hematolymphoid 
malignancies. World J Gastrointest Oncol 2022; 14(3): 587-606
URL: https://www.wjgnet.com/1948-5204/full/v14/i3/587.htm
DOI: https://dx.doi.org/10.4251/wjgo.v14.i3.587

INTRODUCTION
Hematolymphoid malignancies in children are characterized by uncontrolled clonal proliferation of 
hematopoietic progenitor cells with resultant infiltration of bone marrow and involvement of lymphore-
ticular system including lymph nodes, Waldeyer’s ring, thymus, liver, spleen and gut. Their diverse 
complications are seen mainly in the abdomen which is often challenging for a pediatric gastroentero-
logist (Table 1). The liver is a part of the reticuloendothelial system and is hence invariably involved. 
Hematologic malignancies disseminate to infiltrate vital organs such as the gastrointestinal (GI) tract 
and pancreas. Nodal compressions and drug toxicities can often involve the pancreatobiliary system. 
Rarely the peritoneum is also infiltrated and complicates the clinical scenario. As the systemic 
complaints overwhelm the clinical picture, the abdominal manifestations are undermined and under-
reported leading to a lack of robust data in children. This review collates the majority of the available 
literature and sheds light on their diverse abdominal manifestations which range from asymptomatic 
involvement to life-threatening conditions. This review is limited to the discussion of the important 
hematolymphoid malignancies such as leukemias, lymphomas, and Langerhans cell histiocytosis (LCH). 
Discussion on detailed chemotherapeutic management and various opportunistic infectious complic-
ations of hematolymphoid malignancies affecting the abdomen are beyond the scope of this manuscript.

Rationale of the review
The gut and liver involvement in hematolymphoid malignancies frequently manifests with features that 
overlap with chronic infections and inflammatory conditions. The review may help readers in tackling 
the common clinical dilemmas and give a clear outline of various abdominal complications encountered 
in hematolymphoid malignancies. This may in turn improvise interdisciplinary referrals between a 
hematologist and pediatric gastroenterologist during the management for better outcomes.

LEUKEMIAS IN CHILDREN
The acute leukemias of childhood collectively represent about 32% of malignancies in children younger 
than 15 years of age[1]. Of all the leukemias in childhood, 97% are due to acute leukemias constituting 
lymphoid (76%), myeloid (20%), or undifferentiated lineage (1%) variants. Chronic myeloid leukemia 
(CML) and juvenile myelomonocytic leukemia (JMML) constitute the remaining 3%[2]. Infiltration of 
lymphoreticular organs, mainly the spleen, liver, and lymph nodes is a characteristic feature of acute 
leukemias[3].

Acute lymphoid leukemia
Liver involvement: The most common hepatic involvement at initial presentation is asymptomatic 
hepatomegaly, reported in up to 68% of acute lymphoid leukemia (ALL) pediatric patients. At the initial 
diagnosis, 34%-61% of children have enlargement of the liver or spleen (palpable organomegaly approx-
imately > 4 cm below the costal margin)[1]. Abnormal liver biochemistry is seen in two settings of ALL: 
At initial diagnosis and/or during the treatment course. It is speculated that in ALL, there is a direct 
portal and sinusoidal infiltration by leukemic cells. The rise in liver transaminases is a consequence of 
hepatocellular necrosis due to leukemic infiltrates[4]. In a study by Segal et al[4], elevated liver transam-
inases were overall found in 34% of patients at presentation. Hepatosplenomegaly on physical 
examination was noted in 34% with hepatitis vs 56% of patients without hepatitis (P = 0.014). 
Additionally, 3.4% had conjugated hyperbilirubinemia along with abnormal liver enzymes. There were 
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Table 1 Overview of gut and liver manifestations of hematolymphoid malignancies in children

Overview of gut and liver manifestations

Infiltration Intussusception; Adynamic ileus; Mucosal ulceration; Hemorrhage; Perforation; Protein-losing enteropathy; Jaundice (biliary wall 
infiltration); Hepatosplenomegaly; Acute liver failure; Vanishing bile duct syndrome; Portal hypertension; Ascites (peritoneal 
seeding, peritoneal lymphomatosis); Splenic infarction, rupture

Immunodeficiency Necrotizing enterocolitis (typhlitis); Appendicitis; Wound infections; Perirectal abscess; Sepsis; Opportunistic infections; Esophageal 
and hepatic candidiasis; Herpes infections; Cytomegalovirus infections; Pseudomembranous colitis; Protozoal infections; Invasive 
fungemia; Hepatitis B and C reactivation

Drug toxicity Mucositis; Gastritis and gastroparesis; Ileus; Pseudoobstruction; Bowel necrosis; Pancreatitis; Hepatotoxicity

Compression Gastric outlet obstruction; Biliary obstruction; Secondary Budd-Chiari syndrome; Chylous Ascites

Miscellaneous: Gastrointestinal haemorrhage (thrombocytopenia, coagulopathy, secondary hemophagocytic lymphohistiocytosis)

no significant differences in the overall outcome among those who had normal vs elevated transam-
inases. Hence it was inferred that hepatitis at the time of diagnosis of ALL does not significantly affect 
the outcome or the induction chemotherapy success. Liver biopsy is not routinely advocated in ALL 
patients presenting with hepatitis. Due to concomitant bone marrow depression, these children carry a 
higher risk for bleeding complications as compared to patients having non-malignant liver disease[5]. 
The usual resolution of hepatitis with treatment suggests that liver biopsies should be reserved in 
patients with abnormal liver biochemistry who are either refractory to induction chemotherapy or have 
persistent hepatitis despite normal viral studies and abdominal imaging. The indications and timing of 
the liver biopsy should be individualized on a case-to-case basis and performed only if necessary. Liver 
failure as the presentation has been rarely reported in ALL[5]. This entity is commonly associated with 
T-cell ALL and has an overall poor prognosis despite the initiation of chemotherapy or liver 
transplantation. Anecdotal reports suggest short-term success after liver transplantation[6]. Rarely 
ischemia may be seen in hypovolemic conditions secondary to sepsis or volume loss. Occult chronic 
hepatitis B or C may reactivate during chemotherapy. Acute and chronic infection of hepatitis B or C 
may occur due to unscreened blood product transfusion. In countries with a high seroprevalence of 
cyto-megalo-virus (CMV), hepatic reactivations are often noted during the induction or maintenance 
phase of chemotherapy with steroids as they impair cellular immunity against CMV. Other systemic 
viral, bacterial, fungal, or parasitic infections may ensue due to an overall immunocompromised state.

Implications of chemotherapy on the liver: It is observed that the use of steroids during pre-phase 
induction chemotherapy normalizes the abnormal liver biochemistry in ALL patients presenting with 
hepatitis without features of fulminant liver failure. This allows full induction chemotherapy to be 
delivered under the routine protocol. In those with significant liver dysfunction, current ALL induction 
protocols suggest a dose reduction in chemotherapy agents or withholding a dose[4]. On chemotherapy, 
any rise in liver enzymes merits a thorough workup. They usually reflect liver injury secondary to 
chemotherapeutic agents such as methotrexate, L-asparaginase, 6-mercaptopurine (6-MP), daunor-
ubicin, and vincristine. Persistent elevation of liver enzymes particularly occurring after 6-MP exposure 
necessitates evaluation for thiopurine methyltransferase activity. Those with abnormally low levels 
should not be given 6-MP and require either dose modification or replacement with other chemothera-
peutic agents[7]. High dose methotrexate (> 500 mg/m2), anthracyclines and L-asparaginase can cause 
liver cell failure in a predisposed patient with underlying liver disease. Genetic polymorphisms of 
various enzymes are involved in the drug metabolism during the therapy of ALL[8-10].

GI involvement: Pathogenesis of GI involvement is multifactorial. Various hypotheses include leukemic 
infiltration of gut mucosa, mucosal injury by chemotherapeutic agents (e.g., methotrexate), gut 
neuropathy (e.g., vincristine), and cancer cachexia. In the latter, there is a reduced anti-oxidant pool to 
support epithelial regeneration leading to the disrupted mucosal surface, intestinal edema and 
engorged vessels. These pathophysiologic alterations along with neutropenia and immune dysregu-
lation make the gut more vulnerable to bacterial intramural invasion[11,12]. In a study of 273 children 
with ALL, GI symptoms at initial presentation were abdominal pain (19.5%), abdominal distension 
(18.5%), vomiting (14.9%) and bleeding (7.9%)[13]. In a retrospective analysis of 129 children with ALL 
who underwent upper GI endoscopy before chemotherapy, overall 82% had features suggestive of GI 
inflammation. Lesions in the esophagus, stomach, and duodenal bulb were 8.5%, 78%, 39.5% 
respectively. Concomitant Helicobacter pylori infection was also found to be an uncommon cause of 
gastritis in leukemic children as compared to adults[14]. Leukemic infiltrates in the GI tract initially 
remain clinically silent. Necrotizing enteropathy or typhlitis may occur in terminal stages[2]. Typhlitis is 
more common with acute myeloid leukemia (AML) than ALL (cumulative risk of 28.5% vs 7.4% 
respectively)[12]. Typhlitis is diagnosed by the presence of a clinical triad of abdominal pain, fever, and 
neutropenia or imaging signs (thickened bowel wall)[12]. Gram-negative rods, gram-positive cocci, 
enterococci, fungi, and viruses have been implicated as causes[11]. Fungal infections can play an 
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important role in necrotizing enteropathy. A systematic review of published case studies found 
significantly lower mortality rate in patients receiving antifungal agents for the treatment of necrotizing 
enteropathy[15]. In such situations, it may not be often possible to distinguish from other differential 
diagnoses such as pseudomembranous colitis, appendicitis, or ischemic colitis. Frank or localized 
intestinal perforation can culminate rapidly. Abdominal plain X-rays may show a dilated atonic cecum 
and ascending colon filled with liquid or gas, signs of intramural gas, and small bowel dilatation. 
However, X-rays have limited value due to their poor sensitivity and specificity[16]. On contrast-
enhanced computed tomography (CT), bowel wall thickening is significantly more prominent in Clostri-
diodes difficile (C. difficile) colitis (mean wall thickness, 12 mm; range, 8-20 mm) than in neutropenic 
enterocolitis (mean wall thickness, 7 mm; range, 4-15 mm; P < 0.01)[17]. Inflammatory mass, pericolonic 
inflammation, and pneumatosis intestinalis may be rarely seen[11]. A barium enema is contraindicated 
due to its potential in causing colonic perforation and septicemia. Colonoscopy is best avoided unless 
biopsies are required to differentiate the condition from C. difficile colitis[18]. Medical therapy is the 
mainstay of management. Though most children with typhlitis respond to broad-spectrum antibiotics 
along with the anaerobic cover, granulocyte colony-stimulating factor support, intensive fluid 
replacement, and bowel rest, there is still a risk of mortality in 20%[12]. Initial empiric coverage for 
antifungal agents is not routinely recommended but they can be considered if the initial therapy does 
not show optimal response in 72 h[11]. Indications for surgery include bowel perforation, uncontrolled 
massive GI bleeding, abscess or appendicitis which occurs in 0.5%-1.5% of patients[11,19].

Implications of the chemotherapy on the GI tract: On a background of an already inflamed gastric 
mucosa, steroids and anthracyclines can predispose to further gastritis. In addition, vincristine used 
during the induction phase can lead to neuropathy of the GI tract causing gastroparesis, paralytic ileus 
and colonic atony. Changes in the gut microbial flora, small intestinal bacterial overgrowth and post-
chemotherapy pro-inflammatory state cumulatively predispose the GI tract to be the source of febrile 
neutropenia in children with leukemia[20].

Pancreatic involvement: Pancreatitis has been rarely reported due to a progressive infiltrative disease or 
hypercalcemia[21]. The natural history of acute pancreatitis in hematolymphoid malignancies is 
modified due to the immunocompromised state when compared to normal individuals. The systemic 
inflammatory response syndrome may often be masked and the compensated anti-inflammatory 
response may occur earlier in the course. Abdominal complications include abdominal compartment 
syndrome, hemorrhage, infected necrosis, walled-off collections, and bowel obstruction. Endoscopic and 
radiological interventions in the induction phase may be precluded by thrombocytopenia due to disease 
or septicemia related. In a recent study, most children with treatment-related pancreatitis had genetic 
polymorphisms in 4-aminobutyrate aminotransferase (ABAT), asparagine synthetase, and cystic fibrosis 
transmembrane conductance regulator (CFTR) genes. Notably, these children harboured many more 
CFTR variants (71.4%) when compared to controls (39.1%). Identifying correlative variants in ethnically 
vulnerable populations may improve screening to identify which subgroup of patients with ALL are at 
the greatest risk for pancreatitis[22].

Implications of chemotherapy on the pancreas: Acute pancreatitis is most commonly described with 
the use of L-asparaginase in the induction period[13,14]. L-asparaginase-associated pancreatitis had an 
earlier incidence ranging from 0.7% to 24% and mortality rates of 2%-5%[23]. Incidence of acute pancre-
atitis is between 7%-18% in ALL. Due to the high recurrence rates of acute pancreatitis after rechallenge, 
it is one of the most common causes of truncation of asparaginase therapy during chemotherapy[23]. 
Studies assessing asparaginase-associated pancreatitis in children with ALL retrospectively reported 
incidences between 6.7% to 18%. Severity can range from mild to severe pancreatitis, which could be 
influenced by their immune suppression, frequent microbial translocation from the gut, coagulation 
disturbances, hyperlipidaemia associated with asparaginase-containing combination chemotherapy and 
the presence of leukemic infiltrations in the pancreas altering micro-architecture with most cases 
improving by withdrawal of the drug and conservative management[24]. Chronic complications rarely 
occur in the form of chronic pancreatitis or diabetes mellitus[23]. Acute pancreatitis has been reported 
after treatment with all asparaginase formulations[23]. A retrospective analysis of 403 children with 
ALL who developed acute pancreatitis after Peg-asparaginase administration revealed that patients 
with higher median age (10-18 years) have 2.4 times increased risk of pancreatitis than the younger 
ones. There was a non-statistically significant trend towards inferior 5-year event-free survival. Also 
29% of patients with a known history of acute pancreatitis subsequently relapsed compared to only 14% 
with no prior history of acute pancreatitis[25]. ATF5 362TT and CT genotypes were associated with 
decreased risk of developing acute pancreatitis and have better disease outcomes demonstrating a low 
risk for events and superior survival[26]. Pancreatitis was more common in asparaginase-containing 
blocks vs non-asparaginase containing blocks (83% vs 17%; P < 0.0001). The median interval between 
receiving Peg-asparaginase dose and developing acute pancreatitis was 10 d. In a recent systematic 
review, older age, asparaginase formulation, higher ALL risk stratification, and higher asparaginase 
dosing appear to play a limited role in the development of acute pancreatitis. The Ponte di Legno 
Toxicity Working Group reviewed a large number of trials to investigate the risk of complications and 
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risk of re-exposing patients with acute pancreatitis[27]. Complications noted in the 465 patients with 
acute pancreatitis included mechanical ventilation (8%), pseudocysts (26%), acute insulin need (21%), 
and death (2%). Older age was associated with more complications (10.5 years vs 6.1 years without 
complications; P < 0.0001). One year after diagnosis of acute pancreatitis, 11% of patients continued to 
need insulin, had recurrent abdominal pain, or both. Ninety-six patients were re-exposed to 
asparaginase, including 59 after severe acute pancreatitis. Forty-four (46%) patients developed a second 
episode, 22 (52%) were severe, suggesting a high risk of recurrence[27]. Presently most oncologists agree 
that after recovery from a documented episode of pancreatitis, re-challenge with L-asparaginase should 
be an absolute contraindication. Re-challenge in mild pancreatitis is fraught with a high risk of 
recurrence, sometimes more severe than the first episode. Hypertriglyceridemia from L-asparaginase 
can also predispose to acute pancreatitis. Hypertriglyceridemia can also result in gall stones causing 
cholangitis and biliary pancreatitis[25].

AML
In AML, the extra-medullary manifestations are seen in 20%-25% of children. These include chloromas 
(tumor nodules), skin infiltration, cerebrospinal disease, gingival infiltration, hepatosplenomegaly, or 
testicular involvement. In particular, AML-M4 and AML-M5 present similar to ALL with lymphaden-
opathy and hepatosplenomegaly. Morphology and immunohistochemistry can distinguish the 
diagnosis[28].

Liver involvement: Though liver involvement as hepatomegaly is lesser than ALL clinically, 
postmortem studies have demonstrated up to 75% involvement of the liver[29]. Acute hepatitis may 
present as conjugated jaundice due to granulocytic sarcoma impeding bile flow or due to myeloid cell 
infiltration[30]. Acute liver failure at presentation is rarely reported with pediatric AML posing 
significant challenges to chemotherapy administration and invariably had poor outcomes in the cases 
described in the literature[31]. Coagulopathy and bleeding manifestations without other features of liver 
failure are the presenting features of the AML-M3 variant. This condition requires prompt institution of 
all-trans-retinoic acid (ATRA) along with cryoprecipitate transfusions to surpass the consumptive 
coagulopathy.

Involvement of other abdominal organs: Acute abdominal pain in AML is a significant problem. 
Spontaneous atraumatic rupture of the spleen presents as acute abdominal pain often mimicking a 
surgical abdomen or gut ischemia. Kehr’s sign (acute pain in left shoulder tip) and hemoperitoneum are 
the hallmarks of this condition. It is more commonly associated with AML than ALL with worse 
outcomes. Its frequency is approximately 0.18%[32]. Possible mechanisms are rapid splenic enlargement 
outgrowing the vascular supply, leukemic infiltration of the splenic capsule, splenic infarction, and 
leukemia-associated thrombocytopenia-coagulopathy. Due to improvement in imaging techniques, the 
frequency of detection is 9-fold higher (0.55%) presently than in the earlier era (0.06%). There is also an 
increased incidental detection of “preclinical” splenic rupture. In this subset, 30% do not have palpable 
spleens[32]. Adolescent age group, acute promyelocytic leukemia variant, high leukocyte count at 
presentation, fungal infection, thrombocytopenia, and coagulopathy may predispose to pathologic 
splenic rupture[32]. The overall incidence of typhlitis in acute leukemias in children is 4%-5% with a 
higher cumulative risk in AML than ALL[12].

Implications of chemotherapy in AML: Chemotherapeutic agents used for AML include cytarabine, 
mitoxantrone, and daunorubicin, they can cause liver injury manifesting as hepatitis, cholestasis, 
and/or biliary stricture[33]. Furthermore, tretinoin and arsenic trioxide used in AML-M3 can cause 
hepatic impairment requiring dose modifications. Pancreatitis is seen with cytarabine therapy in 5% of 
AML[34].

Infantile leukemias
Infantile leukemias constitute a distinct subset of hematological malignancies characterized by 
aggressive presentation with high leukocyte counts, infiltration of extramedullary organs, and central 
nervous system involvement. Contrary to the epidemiology in older children where ALL predominates 
AML, in infants, the incidence is equal[35]. They are characterized by mixed-lineage leukemia gene 
rearrangements and frequently present with massive hepatosplenomegaly. They can present with 
cholestasis, elevated transaminases, or if untreated can lead to acute liver failure. Myeloid sarcoma may 
involve the liver particularly with chromosomal translocations involving t(1:22). Bone marrow 
examination may be unyielding due to marrow fibrosis, hence biopsy of the liver may clinch the 
diagnosis[36]. Outcomes are universally poor. Transient abnormal myelopoiesis (TAM) affects 10%-15% 
of neonates with down syndrome (trisomy 21), with mutations in the GATA-1 gene. Immature megaka-
ryoblasts are seen in the liver, bone marrow, and peripheral blood. The clinical presentation can be 
highly variable ranging from incidentally detected in an otherwise well infant to a disseminated 
leukemic infiltration (10%-20 % of neonates) presenting with hepatomegaly (40%), splenomegaly (30%), 
jaundice (70%), hepatitis (25%) and coagulation disturbances (10%-25%)[37]. In TAM, liver failure can 
occur due to idiopathic progressive fibrosis, leukemic infiltration or iron deposition. Observation is 
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recommended for asymptomatic cases. Chemotherapy is indicated in those with a total blast count 
higher than 100000/μL, organomegaly causing respiratory compromise, significant anemia resulting in 
cardiac failure, hydrops fetalis, life-threatening hepatic dysfunction, hyperbilirubinemia, ascites, 
hepatitis, and disseminated intravascular coagulation[28]. The disorder usually spontaneously regresses 
within 3 mo. However, in 20%-30% of TAM patients, acute megakaryoblastic leukemia subsequently 
develops in 1-3 years[37].

Chronic leukemias
CML and JMML are chronic leukemias commonly described in children. Hepatomegaly is seen in 85% 
of pediatric CML and JMML. Liver dysfunction is uncommon. They have a more aggressive course in 
children than adults with higher leucocyte counts, larger spleen size, and an increased frequency of 
blast crisis[38]. Resolution of spleen size is an important follow-up criterion in CML. JMML has a 
relatively younger age at onset than CML with lymphadenopathy, hepatosplenomegaly, thrombocyt-
openia, increased fetal hemoglobin, and a lesser overall survival than CML[28].

Clinical impact of leukemias for the gastroenterologist
Acute leukemias that present with febrile hepatitis are often initially mistaken for infectious and 
immunological causes. Most patients have elaborate workup and multiple failed antimicrobial therapy 
before the diagnosis is ascertained. The diagnosis is often made on peripheral smear by a seasoned 
hematopathologist when atypical cells are identified. Drug-induced hepatotoxicity is a serious concern 
as many drugs are precluded and the outcome of the disease is modified. GI symptoms require 
prolonged proton pump inhibitor therapy till the end of the induction phase. An acute abdomen may 
need to be evaluated for typhlitis, pancreatitis, or spontaneous splenic rupture. Typhlitis in leukemias 
often leads to a complicated course requiring gut rest, prolonged antibiotic therapy. Since appendicitis is 
a close differential diagnosis, there is a considerable dilemma for the surgeon whether to perform a 
laparotomy in a state of neutropenia[39]. Pancreatitis during chemotherapy may have an underlying 
genetic predisposition and may need exploration before induction. Bloody diarrhea is ominous for a 
colonic involvement such as a superinfection with C. difficile in a neutropenia state. These complications 
need to be timely managed to avoid prolonged chemotherapy interruptions which may otherwise 
impact relapse rates. CML presenting with massive splenomegaly is often worked up for other differ-
ential diagnoses such as tropical splenomegaly syndrome, kala-azar, and extrahepatic portal 
hypertension in developing countries.

LYMPHOMAS IN CHILDREN
Combined, Hodgkin’s disease (HD) and non-Hodgkin lymphomas (NHL) are the third most common 
malignancies in children and adolescents, with HD being the most common cancer in children between 
the ages of 15-18 years[40]. It is important to determine whether extranodal involvement represents a 
primary manifestation or is a part of a disseminated disease, which may have a poorer prognosis[41]. 
Extranodal disease is present in 12% of HD. Extranodal involvement is more common in older (10-17 
years: 14%) than younger children (0-9 year: 4%)[42].

Hepatobiliary involvement
Hepatobiliary involvement in HD: Liver involvement is less frequent in HD than in NHL. Five percent 
of patients with HD have liver involvement at the time of diagnosis[43]. Usually, hepatomegaly is 
present when the liver is involved. However, liver size can rarely be normal despite infiltration. Smaller 
lesions are more common than large masses[41]. HD of the liver is almost invariably associated with 
disease of the spleen. The more extensive the splenic disease, the greater the likelihood of hepatic 
involvement[43]. In HD, lymphomatous cells may infiltrate the liver in up to 15% of patients with 
hepatomegaly and 45% in the later stages of the disease. Jaundice as a presenting symptom in HD is 
seen in 3%-13% of patients[44]. On many occasions, the diagnosis of HD can be misled by the presence 
of granulomas in liver biopsy specimens. A false impression of tuberculosis and unwarranted empirical 
antitubercular therapy is commonly encountered where there is a high community prevalence. Excision 
biopsy of palpable lymph nodes and imaging-guided biopsy of representative areas distinguishes the 
condition[45]. Acute liver failure can rarely occur in the setting of hepatic infiltration. One of the 
mechanisms by which malignant infiltration may cause liver failure is ischemia secondary to the 
compression of the hepatic sinusoids by the infiltrating cells[46]. Cholestasis can occur as a result of 
direct infiltration, extrahepatic biliary obstruction, hemolysis, viral hepatitis, or drug hepatotoxicity[44,
47]. In HD, cholestasis in zone 3 has also been described due to vanishing bile duct syndrome where 
there is an irreversible destruction of the small intrahepatic bile ducts and significant liver damage[47]. 
The mechanism by which this syndrome occurs is poorly understood but may be a paraneoplastic effect, 
a defect in liver microsomal function, or a toxic effect of cytokines released from lymphoma cells[48]. 
Other causes of this vanishing bile duct syndrome should be considered in the differential diagnosis 
before attributing it to HD[44]. Even with adequate treatment of lymphoma, most of these patients die 
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of progressive liver dysfunction and failure. Their course becomes further tenacious due to the 
preclusion of potentially hepatotoxic agents[48].

Hepatobiliary involvement in NHL: The four common childhood NHL include Burkitt lymphoma, 
lymphoblastic lymphoma, diffuse large B-cell lymphoma (DLBCL), and anaplastic large cell lymphoma. 
Lymphomatous infiltration and extrahepatic obstruction occur more commonly in NHL than in HD; 
16% to 43% of patients with NHL have liver involvement. Mild to moderate increases in alkaline 
phosphatase level and hepatomegaly commonly occur in NHL even without lymphomatous hepatic 
involvement[47]. As described earlier with HD, acute liver failure can also occur in NHL. The 
mechanism by which this occurs is likely similar to that in HD, with sudden ischemia related to massive 
infiltration of the sinusoids or replacement of liver parenchyma by malignant cells[46]. This condition 
should be suspected when a patient presents with new-onset hepatomegaly and lactic acidosis. Prompt 
evaluation including liver biopsy should ensue[47]. Although the prognosis is poor, there have been 
reports of successful treatment with immediate initiation of chemotherapy in this subset of patients. 
Cholestasis may be additionally be caused by compression of enlarged periportal and peribiliary lymph 
nodes. Ghosh et al[49] described a cohort of nine children with NHL who presented with jaundice as the 
primary presentation which constituted 11.2% of all NHL. Total bilirubin and liver enzymes ranged 
from 2.9-19.6 mg/dL and 55-654 U/L respectively. All had raised alkaline phosphatase ranging from 
957-3786 U/L. Seven patients had biliary obstruction with periampullary, periportal, gastroduodenal, or 
subhepatic masses on imaging. Two patients had liver parenchymal infiltration without biliary 
obstruction. Histology of these patients with biliary obstruction was anaplastic large cell, high-grade B-
cell, and Burkitt lymphoma. Biliary drainage was performed in one patient. Seven patients had 
amelioration of jaundice with chemotherapy alone in 10-46 d [49]. Published case reports and small 
series have used surgery, biliary drainage, steroids, and cytotoxic agents in various combinations and 
sequences. Waiting for serum bilirubin to normalize after biliary drainage or treating only with steroids 
may compromise the outcome of patients. Also, chemotherapy after biliary drainage has been associated 
with complications such as biliary leak and peritonitis[50].

Radiological patterns of hepatobiliary involvement: In NHL, discrete lesions can be noted on CT 
scans. Liver biopsy is the most accurate method for confirmation of liver involvement[51]. Diffusely 
increased or focal uptake, with or without focal or disseminated nodules supports liver involvement 
(Figure 1). Discrete nodular lesions are seen in only 10% of cases. HD manifests more often as miliary 
lesions (< 1 cm in diameter) than as masses. The diffuse or infiltrative form of the disease results in 
patchy, irregular infiltrates originating primarily in the portal areas[41]. In current practice, 
fluorodeoxyglucose positron emission tomography with computerized tomography (FDG-PET-CT) is 
the reference standard for both staging and follow-up of HD and NHL. If an FDG-PET-CT is performed, 
a bone marrow examination can be avoided for HL. Bone marrow examination may be only needed for 
suspected DLBCL where there is a discordance between suggestive histology but negative PET[52].

Implications of chemotherapy: Empiric dose reductions in chemotherapy are usually recommended in 
jaundiced patients. Guidelines recommend a 50% dose reduction of etoposide in the presence of serum 
bilirubin 1.5-3 mg/dL and omitting the drug if serum bilirubin is greater than 3 mg/dL. For etoposide, 
pharmacokinetics in the presence of hepatic dysfunction has been determined in very few studies. In the 
presence of elevated serum bilirubin, there is no robust data to guide the dose modification of 
ifosfamide and cytarabine[53]. Neurotoxicity of high-dose cytarabine may worsen with elevated serum 
bilirubin but there are no guidelines to suggest a modification. Methotrexate is metabolized by the liver 
and excreted through the kidney. In those with preexisting hepatic dysfunction, methotrexate has the 
potential to cause further hepatic insult and hence is mostly withheld or administered in reduced doses
[53]. However, in the pediatric NHL series, some authors have used doses higher than that recom-
mended without reporting any organ dysfunction or mortality due to drug toxicity[49]. Ballonoff et al
[54] reviewed 37 adults with NHL and found an association between an improvement in cholestasis and 
complete response to chemotherapy or radiation therapy (or both).

GI and pancreatic involvement
Pancreatic HD is extremely rare and, in almost all cases, secondary to contiguous lymph node disease. 
Since the pancreas has no definable capsule, it may be difficult to distinguish an adjacent lymph node 
disease from intrinsic pancreatic infiltration[41]. The prevalence of pancreatic involvement in pediatric 
Burkitt lymphoma is between 4% to 10%[55]. CT shows focal pancreatic enlargement with patchy areas 
of non-enhancement. Marked dilatation of the biliary system can occur when a mass infiltrates the 
pancreatic head[56]. HD involving the GI tract is rare as compared to NHL. Extra-nodal involvement 
(except in the spleen, Waldeyer’s ring, and thymus) indicates stage IV HD[41].

Ascites in abdominal lymphoma
Ascites is an uncommon manifestation in lymphoma. Secondary Budd-Chiari syndrome can result from 
compression of the hepatic veins and/or the inferior vena cava by enlarged lymph nodes. Chylous 
ascites (defined as ascitic fluid triglyceride more than 200 mg/dL) may rarely occur due to malignant 
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Figure 1 Axial post contrast computed tomography image showing retroperitoneal lymphadenopathy with encasement of celiac artery 
and portal vein (yellow asterisk). There are multiple hypoenhancing lesions in liver, spleen (orange arrow) and presence of chylous ascites (white arrow).

lymph nodes obstructing the lymph flow from the gut to the cisterna chyli, resulting in leakage from the 
dilated subserosal lymphatics into the peritoneal cavity[57,58]. The presence of chylous ascites in 
lymphoma portends a poor prognosis[59]. Peritoneal lymphomatosis (PL) is a rare tumor originating in 
the peritoneum and quickly engulfs the gut, closely mimicking an acute abdomen. Most cases of 
primary PL have been reported in adults; however, the youngest case was seen in a 4-year-old[60,61]. 
The differential diagnoses of peritoneal thickening include tuberculosis, pseudomyxoma peritonei, 
lymphomatosis, mesenteric sarcoma, and desmoid tumors. Ascites occurs in 25% of patients with 
Burkitt lymphoma[62]. The diagnosis can often be made by paracentesis. Ascitic fluid is characterist-
ically white (mimicking chylous ascites) with elevated lactate dehydrogenase, protein and atypical cells. 
Sometimes atypical cells may be missed because exfoliated mesothelial cells may predominate the 
cytological picture[63]. Sonography in PL shows thickened lamellar omentum, hypoechoic thickened 
mesentery that encases vessels, and non-septate, echogenic ascites[64]. CT abdomen shows omental 
caking, mesenteric soft-tissue nodularity along the vessels, lymphadenopathy, hepatosplenomegaly, 
hypoattenuating lesions in solid organs, and thickened bowel wall[60]. The most common histology 
encountered in peritoneal involvement in adults is DLBCL and in children is Burkitt lymphoma[63]. The 
treatment of PL is similar to Burkitt lymphoma. Although Burkitt lymphoma is chemosensitive, a large 
tumor burden in PL can lead to tumor lysis syndrome and rapid death[61].

Clinical impact of lymphomas for the gastroenterologist
Lymphomas presenting as cholestasis need a liver biopsy for diagnosis. In a setting of thrombocyt-
openia, a plugged percutaneous transhepatic or transjugular liver biopsy may be required. The presence 
of a granuloma is misleading for other differential diagnoses. In developing countries, many months of 
exposure to antitubercular therapy (for assumed disseminated tuberculosis) is common before a 
diagnosis of abdominal lymphoma is made. Vanishing bile duct syndrome has a poor prognosis. Often 
major lymph nodes are found around the periportal or peripancreatic areas in cholestasis. CT-guided 
biopsies risk chances of gut perforation of the overlapping small bowel. In such situations, tissue 
sampling can be challenging. Peribiliary and upper abdominal retroperitoneal lymph nodes are best 
accessed by pediatric endosonography in a specialized center. Linear endosonography is difficult to 
perform in a very young child as appropriately sized scopes are unavailable. Hence laparoscopy or 
laparotomy-based sampling is the final choice especially if the above techniques fail or lymph nodes are 
deep mesenteric or perivascular. Therapeutic endoscopic cholangiopancreatography and stent 
placement for biliary drainage are challenging in children. Ascites in lymphoma requires careful 
evaluation for an underlying source. PL has a universally poor prognosis.

PRIMARY LYMPHOMAS IN CHILDREN
Primary lymphomas in children can involve the GI tract [primary GI lymphoma (PGIL)], spleen 
(primary splenic lymphoma), liver [primary hepatic lymphoma (PHL)], and combination of spleen and 
liver [hepatosplenic T-cell lymphoma (HSTCL)]. The diagnosis of primary lymphomas is considered if 
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the bulk of the tumor is restricted to the organ of its origin after thorough staging and in the absence of 
distant lymphadenopathy or blood involvement (peripheral blood smear or bone marrow).

PHL
Criteria for diagnosis of PHL include symptoms caused mainly by liver involvement (palpable clinically 
at presentation or detected during staging radiologic studies) at presentation, absence of distant 
lymphadenopathy, and absence of leukemic blood involvement in the peripheral blood smear. PHL 
usually occurs in the 5th-6th decade and has been reported rarely in children[65,66]. The most common 
presentation is abdominal pain due to hepatomegaly. B symptoms of fever and weight loss occur in one-
third of patients. Citak et al[67] in a review of literature of 10 children with PHL reported male prepon-
derance. The presenting features were enlarging hepatomegaly, nonspecific symptoms of anorexia, 
fatigue and abdominal pain. Serum alkaline phosphatase and bilirubin levels are increased in 70% of 
cases. The most common type of primary hepatic NHL is DLBCL, comprising 80%-90% of the cases 
(Figure 2). This disease may present with nodules in the liver or diffuse portal infiltration and sinusoidal 
spread[68].

Most cases of PHL present with solitary or multiple mass lesions in the liver on imaging, diffuse 
involvement can also occur but is less common[65]. A solitary lesion is the most frequent finding which 
is encountered in 50% to 60% of cases. Estimating the prognosis of PHL is difficult because the condition 
is rare. Nodular, as opposed to diffusely infiltrative disease, may have a more favorable outcome with 
chemotherapy, with 3-year survival rates of 57% and 18%, respectively. PHL has also been described 
more often in those with immunodeficiency states, systemic lupus erythematosus, chronic hepatitis B, 
and chronic hepatitis C in adults[66]. Differential diagnoses of nodular PHL would be hepatocellular 
carcinoma, hepatoblastoma, liver embryonal sarcoma, metastatic neuroblastoma, liver rhabdomy-
osarcoma and hepatic Ewing's sarcoma[67]. There is a shift in paradigm from primary surgery to 
primary chemotherapy avoiding extensive hepatic lobectomy[65]. Early and aggressive anthracycline-
based combination chemotherapy may result in prolonged remissions in PHL patients[69]. In situations 
where lymphoma presents as acute liver failure, it is often difficult to distinguish from PHL. Liver 
transplantation and subsequent chemotherapy are viable options in such scenarios[70].

HSTCL
HSTCL is a rare, aggressive lymphoma that infiltrates the hepatic sinusoids. In HSTCL, there is a diffuse 
hepatic sinusoidal and splenic sinus infiltration with clonal populations of gamma-delta T cell receptor 
expressing cells. Cytogenetic analysis commonly reveals an isochromosome 7q and trisomy 8[71]. Male 
patients younger than 35 years with inflammatory bowel disease and at least a 2-year history of 
exposure to combined thiopurine and biologic therapy may be at increased risk for developing HSTCL. 
Diak et al[72] reported 9 cases of HSTCL in the age group of 12-22 years receiving biological therapy and 
concomitant immunosuppression with thiopurines with or without steroids. During immunosup-
pression, thiopurines induce apoptosis, and this feature allows escape from tumor surveillance possibly 
leading to the development of malignancy. This situation, together with the effect of biological therapy 
on T cells (complement-mediated lysis and apoptosis), may partially explain as to why patients treated 
with these agents are at risk of HSTCL. Patients typically have hepatosplenomegaly, abnormal liver 
function tests, fever, weight loss, night sweats, pancytopenia, and peripheral lymphocytosis[72]. Bone 
marrow is involved in virtually all patients at the time of diagnosis. If HSTCL is suspected, a bone 
marrow biopsy (including immunophenotyping) should be performed to confirm the diagnosis[71]. 
Lymphadenopathy is usually absent. Histology can mimic autoimmune hepatitis and may often lead to 
misdiagnosis. With the increasing number of pediatric inflammatory bowel disease cases and the poor 
outcome of HSTCL, practice guidelines suggest thiopurines should be withdrawn from combination 
therapy after 6 mo in ulcerative colitis and 6-12 mo in Crohn’s disease. This is preferably performed 
after checking adequate trough levels of anti-tumor necrosis factor agent and treatment target has been 
achieved[73,74].

PGIL
PGIL represents less than 5% of all pediatric neoplasms and is the most common bowel malignancy in 
childhood[75] (Table 2). Among its types, NHL is the most common malignancy of the GI tract in 
children. PGIL is less frequent than secondary GI involvement of nodal lymphoma. They are important 
since their evaluation, diagnosis, management, and prognosis are distinct from that of lymphoma at 
other sites and other cancers of the GI tract[75]. Criteria for PGIL suggested by Dawson is the presence 
of tumor bulk in the GI tract with minimal locoregional abdominal lymphadenopathy and characteristic 
absence of peripheral, mediastinal lymphadenopathy, hepatosplenomegaly, and normal blood cell 
counts[76]. The peak age for NHL of GI tract in children is 5-15 years. Surveillance, Epidemiology and 
End Results (SEER) registry from United States (1973-2006) showed the frequency of PGIL < 10 years 
and > 10 years as 44% and 56% respectively with higher male predilection (3:1)[75]. Small followed by 
large bowel are the most common sites in children, unlike adult patients where the stomach (50%-60%) 
is the most common site[75] (Figure 3A).The terminal ileum is the most commonly reported location in 
children, due to the high concentration of lymph tissue in that region of the bowel[76]. The most 
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Table 2 Outcome of gastrointestinal lymphomas in children from world global registries

SEER registry, United States (1973-
2006)[75]

West midlands, United Kingdom (1957-
2000)[82]

Egypt cancer registry; (1997-
2003)[77]

n 265 44 43

Incidence 0.199/100000 0.9 million/yr -

Age (yr) < 10: 44%; > 10: 56% 3-14 0.4-17

Male: female 3:1 5.7:1 2.3:1

Distant 
involvement

7.5% - -

Surgery 83.4% 96% 91%

Radiation 12.5% 71% -

Figure 2 Liver biopsy tissue showing normal hepatocytes with the sinusoids infiltrated by monomorphic round cell with darkly staining 
nuclei, small inconspicuous nucleoli and a narrow rim of cytoplasm. The infiltrating cells were positive for CD20, nuclear positivity for terminal 
deoxynucleotidyl transferase and high MIB1 index of 90%, suggestive of a B cell lymphoblastic lymphoma.

common presenting features are abdominal pain (81.4%) and abdominal lump (76.7%). Intestinal 
obstruction at presentation is seen in 11.6%[77]. Due to the absence of a desmoplastic response, the 
tumor grows along with walls. Bowel obstruction is initially uncommon until intussusceptions occur or 
tumor bulk becomes proliferative towards the lumen in the later part of the disease[78]. Of the PGIL, 
Burkitt lymphoma is the most frequent histological subtype in children[75] (Figure 3B). A typical 
morphological feature in Burkitt lymphoma is lymphoblastic cells having round nuclei with clumped 
chromatin and multiple, centrally located nucleoli giving the characteristic starry sky- appearance[79]. 
Sometimes it may not be possible to distinguish PGIL from secondary involvement in advanced cases 
when tumor bulk is high. Nearly half of children with GI NHL have tumor infiltrate confined to the GI 
tract with possible regional lymph node involvement. Imaging findings on CT include a diffuse or focal 
thickening of the stomach and/or bowel wall (Figures 4A, 4B and 4C). Aneurysmal dilatation of the 
bowel can be seen in nearly one-third of patients due to irregular growth in the muscularis propria 
and/or destruction of the autonomic nerve plexus[76]. Almost all the reported cases of appendicular 
lymphoma are due to NHL, seen as young as 3 years of age[80]. Pediatric NHL staging systems are St. 
Jude’s and Revised International Pediatric NHL staging system[81]. The treatment approach in PGIL is 
debatable.

Proponents of surgery in the past argued that the disease is better debulked before chemotherapy to 
decrease tumor lysis syndrome, lessen the spread, and lessen the cumulative chemotherapy. Opponents 
who favored chemotherapy felt that upfront surgery had higher post-operative complications, 
effectively delayed starting of chemotherapy, and lead to poor long-term outcomes. Systematic review 
and meta-analysis compared surgery vs chemotherapy. It was seen that upfront surgery and 
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Figure 3 Primary gastrointestinal lymphoma. A: Frequency of site involvement; B: Frequency of histological appearance. SEER: Surveillance, Epidemiology 
and End Results.

Figure 4 Primary gastrointestinal lymphoma. Axial post contrast computed tomography abdomen with primarygastric lymphoma showing diffuse 
circumferential enhancing wall thickening (black arrow) and aneursymal dilatation of: A: Stomach; B: Ascending colon; C: Splenic flexure of colon.

chemotherapy in < 10 years of age showed near similar 5 and 10-year survival (83%-85%) in both 
groups. In those > 10 years of age, there was a significant statistical difference in the 5 and 10-year 
survival rates in the upfront surgery (79%) vs upfront chemotherapy (100%) groups[75]. Systematic 
reviews showed better 10-year disease-free survival and lesser recurrence in the medical group but 
higher mortality in the surgical group[75,77,82]. Chemotherapy alone seems to be the most effective 
treatment option in all stages of PGIL. Presently surgery is not indicated unless there are complications 
like perforation, hemorrhage, or obstruction which cannot be managed conservatively[83]. Further 
studies are needed to evaluate outcomes for patients with localized or distant disease, partial or 
complete resection, and the effect of adjuvant radiotherapy[75]. In terms of location, tumors located in 
the stomach, small bowel, colon, and rectum have 10-year survival as 64%, 86%, 83%, and 100%, 
respectively[75].

Immunoproliferative small intestinal disease
Immunoproliferative small intestinal disease (IPSID) is a unique lymphoproliferative disease that 
presents as malabsorption, anemia, pain abdomen, and protein-losing enteropathy. It is predominantly 
seen in adults but rarely also in adolescents. Blunting of villi and lymphoplasmacytic infiltrate with 
atypical lymphoid cells is the characteristic of small bowel histology. Diagnostic laparotomy for full-
thickness small bowel biopsy and adjacent lymph nodes sampling is required with various systems of 
grading. Serum alpha heavy chain abnormal immunoglobulin A is pathognomonic by immunoelectro-
phoresis. Advanced IPSID presenting as abdominal mass is indistinguishable from lymph nodal 
lymphomas with secondary bowel involvement. Early disease is treated with antibiotics with a 33%-71% 
response[84]. Advanced IPSID needs chemotherapy and is associated with a poor prognosis[85]. IPSID 
is a close differential diagnosis for enteropathy-associated T-cell lymphoma which is seen in adults with 
underlying celiac disease.

Post-transplant lymphoproliferative disorder
Lymphoma in post-transplant recipients has been reported with the possible mechanism of continuous 
B-cell proliferation, which is normally inhibited by T-lymphocytes. Both solid organ and hematopoietic 
stem-cell transplant recipients are at risk for post-transplant lymphoproliferative disorder (PTLD), a 
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type of NHL driven mostly by Epstein-Barr virus infection. PTLD is associated highest with heart-lung, 
small bowel, and liver transplantations[86-88]. Liver and spleen involvement in PTLD is not unusual, 
occurring in 16% of patients over 20-years[85]. If present in the liver, PTLD can cause intrahepatic 
cholestasis or extrahepatic cholestasis from bulky lymphadenopathy around the porta hepatis.

Clinical impact of primary lymphomas for the gastroenterologist
Lymphomas originating from the GI or HB tract have a unique presentation. Due to their rapid infilt-
rative capacity, the disease is usually contained within their sites of origin before spillover into the 
blood or distant sites. Hence organomegaly and abdominal lump are the main presentations. PHL 
mimics storage disorders and congestive livers. PGIL mimics abdominal tuberculosis, intra-abdominal 
tumors, and large fungal masses such as basidiobolomycosis[89]. PGIL located in the upper GI tract or 
colon is amenable to endoscopic mucosal biopsies though often unyielding. Hence radiological guided 
needle biopsies are necessary to sample from deeper layers. A similar problem is encountered in IPSID. 
Diagnostic laparotomy is often required.

LCH
The hallmark of LCH is the accumulation of LC-like dendritic cells in one or more tissues or organs. The 
clinical manifestations of LCH are highly diverse and result both from direct (local effects of the growth 
and accumulation of pathologic LCs) and indirect effects (secondary changes on normal tissues, partic-
ularly cells of the immune system). The reported incidence of LCH ranges from 2.6 to 8.9 cases per 
million children younger than 15 years per year, with a median age at diagnosis of 3 years[90].
Pathologic LCs are clonal and nearly 60% of LCH samples carry the oncogenic BRAF V600E variant[90].
The characteristic histopathology required for a “presumptive diagnosis” usually shows a granulo-
matous-like lesion with immature dendritic-appearing cells that have characteristic bean-shaped, folded 
nuclei and pale cytoplasm. Often, multinucleated giant cells are present. A “definitive diagnosis” of 
LCH requires the immunohistochemical identification of the presence of Langerhans cell antigen 
expression of cell surface CD1a, CD207 (langerin), or by the presence of cells with Birbeck granules by 
electron microscopy. Early in the course of the disease, the lesions are usually proliferative and locally 
destructive. In later or healing stages, they can become more fibrotic[91]. The skeleton is the most 
commonly affected system, as bone lesions are present in approximately 80% of patients with LCH, and 
in half of them, lesions are single[90,92]. In infants with initially localized disease, progression to a 
multisystemic involvement (Figures 5A, 5B and 5C) has been observed in up to 40% of cases[90]. LCH 
can involve almost all organ systems and clinically risk organ involvement is defined as infiltration of 
the liver, spleen, bone marrow, and lung with the former three constituting high risk organs[93].

Hepatobiliary involvement
Liver is considered as a risk organ in staging of LCH with reported involvement ranging from 15%-60% 
and portends poor prognosis[94]. Liver involvement in LCH needs fulfillment of one or more of the 
following: Liver enlargement > 3 cm below the costal margin in the midclavicular line, liver dysfunction 
(i.e.,: Hypoproteinemia < 55 g/L, hypoalbuminemia < 25 g/L, hyperbilirubinemia > 1.5 mg/dL, edema 
or ascites, not as a result of other causes) or histopathological findings of active disease[90]. Yi et al[95] in 
a study of 31 children with LCH described hepatomegaly in 42%, jaundice in 16%, and splenomegaly in 
19%. Hepatic involvement in LCH typically presents with hepatomegaly due to the direct infiltration by 
Langerhans cells. Hepatomegaly may also be due to Kupffer cell hypertrophy and hyperplasia 
secondary to a generalized immune reaction or by enlarged portal lymph nodes causing an obstruction. 
Presentation is typical with cholestasis and recurrent cholangitis. Biochemically there is a significantly 
elevated serum gamma-glutamyl transferase. Liver biopsy shows features of sclerosing cholangitis, 
periductal fibrosis, and bile duct proliferation. Liver biopsy is only recommended if there is clinically 
significant liver involvement and if the results of the same are likely to alter treatment in an otherwise 
diagnosed case of LCH (i.e., to differentiate between active LCH and other causes of sclerosing 
cholangitis)[91]. The absence of Langerhans cells or CD1a positivity usually represents a burnt-out liver 
and has a poor response to chemotherapy. Since the disease process is usually found around the major 
bile ducts, a blind liver biopsy may miss the LCH infiltration[94]. Diagnostic imaging can visualize areas 
of LCH infiltration that may be missed on biopsy. Findings on liver imaging correspond to four 
progressive histological phases: Proliferative, granulomatous, xanthomatous, and the final fibrous 
phase. The proliferative and granulomatous phases show periportal histiocyte infiltration, inflam-
mation, and edema which appear as periportal hypoechoic and relatively well-demarcated lesions on 
sonography. On CT, these lesions appear hypodense, and post-contrast enhancement is thought to 
reflect portal triaditis. Magnetic resonance imaging (MRI) shows hypointensities on T1-W images and 
hyperintensities on T2-W images. In the xanthomatous stage, periportal fatty lesions appear 
hyperechoic on sonography. They remain hypodense on CT images. On MRI, these lesions are 
hyperintense on T1 and hypointense on T2[96]. The fibrous stage is characterized by progression to 
periductal fibrosis and micronodular biliary cirrhosis which results from sclerosing cholangitis. In this 
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Table 3 Workup in Langerhans cell histiocytosis

Workup

Mandatory investigations Hemogram, complete liver function test (including coagulation), abdominal ultrasonography, chest Xray, 
skeletal survey (radiologic/nuclear), bone marrow examination

Optional Complete body PET scan (at baseline and follow-up to monitor response and recurrence)

Special investigations

Liver/biliary dysfunction Liver biopsy, magnetic resonance cholangiography

Lung involvement HRCT, pulmonary function test, bronchioalveolar lavage, lung biopsy (if necessary)

Craniofacial involvement, aural 
discharge, visual anomalies

MRI head, HRCT temporal bone

Diabetes inspidus Urine specific gravity, water deprivation test, MRI head

Short stature, pubertal issues Hormonal assessment, MRI head

Spinal involvement MRI spine, spinal biopsy

PET: Positron emission tomography; HRCT: High-resolution computed tomography; MRI: Magnetic resonance imaging.

Figure 5 In infants with initially localized disease, progression to a multisystemic involvement. A: Lower common bile duct stricture (orange 
arrow) with dilated duct, beading and dilatation of intrahepatic ducts on magnetic resonance cholangiography; B: Punched out lytic lesion in skull (orange arrow) on 
skeletal survey; C: Honeycombing cystic lesions in lung parenchyma on high-resolution computed tomography chest.

stage, sonography demonstrates well-demarcated periportal hypoechoic lesions with spotty 
calcification. Dilatation and beading of the biliary ducts, consistent with sclerosing cholangitis, can be 
seen with conventional cholangiography and MR cholangiopancreatography[96]. The hallmark of 
biliary involvement is an extrahepatic or intrahepatic sclerosing cholangitis that may occur in 10%-18% 
of patients with the multisystem form of LCH[97]. Sclerosing cholangitis may lead to secondary biliary 
cirrhosis, portal hypertension, and liver failure. Variceal bleeding is a frequent issue in portal 
hypertension requiring variceal banding or sclerotherapy. Braier et al[97] showed a 25% response to 
chemotherapy in LCH-sclerosing cholangitis. The rest either underwent liver transplantation or died. 
Sclerosing cholangitis is usually progressive and in these children, often the only successful treatment is 
liver transplantation[91,97]. Several poor prognostic factors are associated with survival like hepatic 
involvement, age < 1 year, and incomplete response to treatment. Three-year survival rates with and 
without liver involvement are 51.8% and 96.7% respectively[95]. The dominant extrahepatic biliary 
strictures persist despite chemotherapy and may need repeated endoscopic biliary dilatation. 
Therapeutic endoscopic retrograde cholangiopancreatography and biliary stent placement may be 
daunting in younger children where appropriate-sized endoscopes and accessories are not available. 
Repeated procedures in children expose them to greater radiation from fluoroscopy and adversely affect 
their long-term outcomes.

GI involvement
GI involvement is seen in less than 5% of cases commonly presenting as diarrhea, malabsorption, 
hematochezia, anemia and hypoproteinemia[98]. In a review of literature by Hait et al[99], of 22 children 
with LCH having GI involvement, 86% of patients presented before 1 year and 95% before 18 mo of age 
with 91% showing biopsy suggestive of LCH. Those with multiorgan involvement had higher mortality. 
Diarrhea, malabsorption, protein-losing enteropathy, and hematochezia are common manifestations of 
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Table 4 Common gastrointestinal manifestations with their clinical possibilities and recommendations for practice

Gut and liver 
manifestation Possible reasons at diagnosis Possible reasons during 

therapy Recommendations

Jaundice Tumor infiltration and necrosis of 
hepatocytes; Obstruction of 
biliary system by enlarged lymph 
nodes; Transfusion related viral 
hepatitis; Consider possibility of 
HLH as atypical presentation of 
hemato-lymphoid malignancies; 
Sclerosing cholangitis in a case of 
LCH

Chemotherapy induced liver injury 
(e.g., 6-MP, Methotrexate); 
Reactivation of viral infections (e.g., 
HBV, HCV, CMV, EBV)

Screen for HBV, HCV, HIV before starting chemotherapy; 
Safe transfusion practices; Exercise pharmacovigilance 
(chemotherapeutic drug dose modifications with underlying 
hepatic impairment, therapeutic drug monitoring-e.g., 
Methotrexate); Screen for genetic polymorphisms (e.g., TPMT, 
NUDT15 genotype for 6-MP)[104]; Abdominal imaging either 
CT angio or MRCP with MRI on clinical basis; Prioritize 
chemotherapy initiation for underlying malignancy over 
waiting for resolution of HLH with HLH treatment protocol
[105]; Initiation of antivirals before chemotherapy for 
hepatitis B, hepatitis C infection as per standard guidelines
[106,107]

Liver failure Peculiar presentation with T-ALL, 
AML, TAM of newborn; 
Overwhelming sepsis at baseline 
due to poor immune reserve

Peculiar toxicity with L-
asparaginase, high dose 
methotrexate and anthracyclines in 
predisposed individuals; Viral 
hepatitis especially hepatitis B 
reactivation

Early steroid initiation at presentation for preventing further 
liver cell necrosis in a case of ALL; Considering 
chemotherapy for TAM; FFP, cryoprecipitate product 
transfusions for hemostasis; Screen for hepatotrophic viral 
markers and appropriate antiviral therapy

Visceral 
perforation

Advanced stage lymphomas 
causing gut obstruction; Typhlitis 
due to severe neutropenia (e.g., 
AML); Appendicitis as 
presentation (especially with 
ALL)

Post chemotherapy initiation with 
high grade lymphomas of stomach 
or intestine; C. difficile infection

Abdominal girth, bowel sound monitoring stringently in 
suspect cases; Abdominal imaging by CECT enterography 
with oral positive contrast; Stool examination in colitis for C. 
difficile; Anticipatory surgical consultation in advanced 
lymphomas

Bowel 
obstruction

High grade lymphomas causing 
intussusception; Extrinsic nodal 
compression of gut

Vinca alkaloid induced paralytic 
ileus during therapy; Septic ileus 
during periods of neutropenia

Abdominal imaging with CECT enterography; Adequate 
broad spectrum antibiotic cover; Surgical consultation for 
intussusception; Continuous gastric /bowel drainage above 
the level of obstruction

GI bleed Mucosal bleed due to thrombocyt-
openia at presentation; GI 
lymphoma[77]

Thrombocytopeniainduced 
mucosal bleeds; Drug induced 
coagulopathy (e.g., peg-
asparaginase); Typhlitis; C. difficile 
colitis

Conservative management with blood products; Laparotomy 
only in uncontrolled bleed for surgical resection; In suspect 
cases of C.difficile colitis, stool for toxin assay, GDH and 
consider colonoscopy

Pancreatitis Rare as initial presentation Drug induced (Asparaginase 
preparations, cytarabine)

Do not rechallenge with the same drug in case of AAP; 
Genetic testing could have a future role in predicting the risk 
of drug induced pancreatitis

Ascites High grade lymphomas at 
presentation; Peritoneal lympho-
matosis; Chylous ascites in 
prolonged untreated Hodgkins 
lymphomas; Reported cases of 
secondary BCS due to Burkitts 
lymphoma; Pancreatic ascites in 
severe pancreatitis

Drug induced liver failure (ex. 
Anthracyclines at toxic dose, L-
asparaginase)

Ascitic fluid for flow cytometry and malignant cytology can 
provide rapid diagnosis; MCT supplementation for chylous 
ascites; Octreotide and TPN for refractory chylous ascites; 
Lymphangiography if refractory chylous ascites

GI: Gastrointestinal; 6MP: 6Mercaptopurine; HBV: Hepatitis B virus; HCV: Hepatitis C virus; CMV: Cyto-megalo-virus; EBV: Epstein-Barr virus; HIV: 
Human immunodeficiency virus; LCH: Langerhans cell histiocytosis; T-ALL: T-cell acute lympoblastic leukemia; ALL: Acute lymphoblastic leukemia; 
AML: Acute myeloblastic leukemia; CT: Computed tomography; MRCP: Magnetic resonance cholangio-pancreatography; CECT: Contrast enhanced 
computerized tomography; FFP: Fresh frozen plasma; HLH: Hemophagocyticlymphohistiocytosis; TPMT: Thiopurinemethyltransferase; NUDT15: Nudix 
hydrolase-15; TAM: Transient abnormal myelopoiesis; GDH: Glutamate dehydrogenase; AAP: Asparaginase associated pancreatitis; MCT: Medium chain 
triglycerides; TPN: Total parenteral nutrition; BCS: Budd-Chiari syndrome; C. difficile: Clostridiodes difficile.

LCH involving the GI tract[91].

Clinical impact of LCH for the gastroenterologist
LCH is a complex disorder that is easier to diagnose clinically if there is a multisystemic presentation 
than isolated GI or HB involvement. Tissue diagnosis is definitive and a detailed workup for 
multisystemic involvement is important for management and prognosis (Table 3). The current standard 
of care for front-line therapy of patients with multifocal LCH or unifocal disease in CNS-risk sites is 
vinblastine/prednisone for 1 year, with the potential addition of 6-MP for high-risk LCH. Newer drugs 
such as vemurafenib are used to treat BRAF V600E mutation-positive, refractory, childhood LCH[100]. 
For those developing life-threatening diseases during treatment, alternative aggressive treatment should 
be considered, including hematopoietic stem cell transplantation. In the natural history, isolated HB 
disease is often treated as primary sclerosing cholangitis for many years till the disease evolves into a 
full-blown systemic problem or involves another site (bones, lungs, etc.). Hence guidelines for sclerosing 
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cholangitis in children require ruling out LCH effectively[101]. Recurrence rates in multisystem low-risk 
disease are lower in 12 mo than 6 mo of therapy. It is unclear whether further prolongation of therapy 
will ameliorate sclerosing cholangitis[91]. Since the majority of HB involvement is a reflection of a 
burnt-out disease, children on chemotherapy must be preemptively waitlisted for tentative liver 
transplantation. Dominant extrahepatic biliary strictures require biliary drainage for control of 
cholangitis and intractable pruritus that affect the quality of life.

NON-PHARMACOLOGICAL INTERVENTIONS IN PEDIATRIC HEMATOLYMPHOID 
MALIGNANCIES
The advances in supportive care have uplifted the survival curves dramatically in childhood hemato-
lymphoid malignancies. Non-pharmacological management includes the appropriate use of interven-
tional and non-interventional approaches tailored to the clinical scenario. The decision of proceeding 
with endoscopic or surgical intervention for an acutely ill child with cancer requires improved interdis-
ciplinary communication and logistics in place. The various endoscopic interventions include biliary 
stenting by endoscopic retrograde cholangiopancreatography (ERCP) for cholangitis due to lymph 
nodal biliary obstruction and endoscopic balloon dilatation for dominant biliary strictures in sclerosing 
cholangitis[50]. Endoscopic percutaneous gastrostomy can be considered for optimizing nutrition in 
children with severe malnutrition, severe oral mucositis or anorexia. Similarly, antral stents can be 
deployed endoscopically for improving nutrition and palliation in malignant gastric outlet obstruction 
by lymphoma. Endoscopic closure with hemoclips (through the scope or over the scope) has been 
attempted in luminal perforations in GI lymphoma but this may be technically difficult and 
unrewarding. In ductal disruption/disconnected duct syndrome due to pancreatitis, pancreatic duct 
stenting can be attempted. Endoscopic or endoscopic ultrasound guided drainage for symptomatic 
pancreatic collections is performed in drug-induced severe pancreatitis. Radiological interventions 
include percutaneous transhepatic biliary drainage (for strictures proximal to liver hilum or after failed 
ERCP) and drainage of abdominal collections (after a sealed perforation or if the child is not a candidate 
for surgery). Pediatric hematolymphoid malignancies are both chemo and radiosensitive, hence the role 
of debulking surgery is limited to high-grade GI lymphomas presenting with emergencies such as 
bowel obstruction due to intussusception and extrinsic nodal compression[102]. Gut perforation, 
typhlitis and uncontrolled GI bleed may necessitate emergency laparotomy. In children with LCH, 
sclerosing cholangitis can progress to biliary cirrhosis necessitating salvage by a liver transplant. In liver 
failure, the use of liver assist devices like Prometheus, molecular adsorbent recirculation system can act 
as a bridge for liver transplantation.

Non-interventional approaches aim at optimizing nutrition, psychosocial support and judicious use 
of blood products. Nutritional compromise is multi-factorial and occurs mostly due to cancer-induced 
anorexia and emetogenic chemotherapeutic drugs. Hence ensuring nutritional rehabilitation through an 
energy-rich high protein diet and promoting a good psychosocial environment can lead to early 
recovery of these children[103]. In special circumstances like chylous ascites due to lymphatic infilt-
ration by neoplastic cells, transient dietary modifications include the use of medium-chain triglycerides 
and restricting intake of long-chain triglycerides.

APPROACH TO COMMON GUT AND LIVER MANIFESTATIONS OF HEMATOLYMPHOID 
MALIGNANCIES IN CHILDREN
A summary of the clinical features and the recommendations are listed below (Table 4).

CONCLUSION
GI and hepatobiliary manifestations of hematolymphoid malignancies in children present with a 
multitude of symptoms ranging from subtle manifestations like asymptomatic organomegaly to 
moribund presentations like acute liver failure. The crux lies in establishing a diagnosis of malignancy 
while differentiating it from chronic infectious and inflammatory conditions. Use of invasive procedures 
such as guided biopsies and endoscopic interventions should be urged at the earliest window to avoid 
delay in therapy initiation in hematolymphoid malignancies with such atypical presentations. Pharma-
covigilance should be practiced while using chemotherapeutic drugs to avoid hepatic and GI 
impairment. A prior thorough overview of specific manifestations and distinct drug toxicities by the 
physician would aid in optimal clinical management.
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Abstract
Cholangiocarcinomas are a heterogeneous group of highly aggressive cancers that 
may arise anywhere within the biliary tree. There is a wide geographical variation 
with regards to its incidence, and risk-factor associations which may include liver 
fluke infection, primary sclerosing cholangitis, and hepatolithiasis amongst 
others. These tumours are classified into intrahepatic, perihilar and distal based 
on their anatomical location. Morphologically, intrahepatic cholangiocarcinomas 
are further sub-classified into small and large duct variants. Perihilar and distal 
cholangiocarcinomas are usually mucin-producing tubular adenocarcinomas. 
Cholangiocarcinomas develop through a multistep carcinogenesis and are 
preceded by dysplastic and in situ lesions. While clinical characteristics and 
management of these tumours have been extensively elucidated in literature, their 
ultra-structure and tumour biology remain relatively unknown. This review 
focuses on the current knowledge of pathological characteristics, molecular 
alterations of cholangiocarcinoma, and its precursor lesions (including biliary 
intraepithelial neoplasia, intraductal papillary neoplasms of the bile duct, 
intraductal tubulopapillary neoplasms and mucinous cystic neoplasm).

Key Words: Cholangiocarcinoma; Classification; Pathology; Molecular features; 
Precursors lesions; Treatment
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Core Tip: Cholangiocarcinoma is a heterogeneous and aggressive epithelial malignancy of the biliary 
system. The majority of cholangiocarcinomas are diagnosed at an advanced stage when choice of 
treatment is limited. Cholangiocarcinoma is classified into intrahepatic, perihilar, and distal bile duct 
cancer, according to the anatomical location. This review focuses on the current knowledge of histopatho-
logical features, molecular alterations and clinical characteristics of cholangiocarcinoma and its precursor 
lesions (including biliary intraepithelial neoplasia, intraductal papillary neoplasms of the bile duct, 
intraductal tubulopapillary neoplasms and hepatobiliary mucinous cystic neoplasm. Recently, actionable 
genetic alterations, mainly IDH1 mutations and FGFR2 fusions have been described, in cholangiocar-
cinoma.

Citation: Vij M, Puri Y, Rammohan A, G G, Rajalingam R, Kaliamoorthy I, Rela M. Pathological, molecular, and 
clinical characteristics of cholangiocarcinoma: A comprehensive review. World J Gastrointest Oncol 2022; 14(3): 
607-627
URL: https://www.wjgnet.com/1948-5204/full/v14/i3/607.htm
DOI: https://dx.doi.org/10.4251/wjgo.v14.i3.607

INTRODUCTION
Cholangiocarcinoma, although rare, is the second most common primary hepatic cancer after hepato-
cellular carcinoma (HCC). It accounts for approximately 15% of cases and represents 3% of all 
gastrointestinal malignancies[1-3] These are a diverse group of highly fatal cancers that arise along the 
biliary tree[4]. Majority of cholangiocarcinoma are diagnosed in older individuals, with a peak incidence 
in the 7th decade. It afflicts both genders almost equally (slight male preponderance)[5]. Cholangiocar-
cinomas encompasse three distinct anatomical categories based on the site of biliary tract involvement, 
namely intrahepatic (IHCC), perihilar (PHCC) and distal cholangiocarcinoma (DCC). Each of these 
categories differ in their risk factors, clinical presentations, epidemiological features, morphologic and 
molecular characteristics[6,7]. Approximately 6%-10% are intrahepatic, 30% are distal and a majority 
(60%) are PHCC[8]. IHCC are tumours located proximal to the second-order bile ducts within the liver 
and thus arise from segmental or smaller intrahepatic biliary channels[9]. PHCC are localized to an area 
between the second-order bile ducts and the insertion of the cystic duct into the common bile duct[10]. 
DCC include tumours between the origin of the cystic duct and ampulla of Vater[11].

EPIDEMIOLOGY 
Due to a wide geographical variation in the risk factors (both environmental and genetic), incidence and 
mortality rates of cholangiocarcinoma vary across regions[12]. The highest incidences of cholangiocar-
cinoma are reported in the northeast provinces of Thailand where the liver fluke Opisthorchis viverrini is 
endemic[13,14]. Age-standardized incidence rates in this region is an alarming 85/100000 population. 
Lowest incidences of this tumour are in Israel and Costa Rica (0.3/100000 population), while in the 
United States it is 1.6/100000 population[1,5]. Studies in the last few decades have reported increasing 
incidence of IHCC and a stable or decreasing incidence of PHCC and/or DCC in many European 
countries (Italy, Germany, England and Wales), United States, Australia and Japan[5,6,12]. The 
incidence of IHCC, PHCC and DCC has remained stable in France, and decreasing incidence of IHCC 
have been reported in Denmark[12].

RISK FACTORS
Most cases (70%) of cholangiocarcinoma are sporadic, occurring without any probable or known risk 
factors. Table 1 Lists all known risk factors for cholangiocarcinoma. Parasitic infections like Opisthorchis 
viverrini and Clonorchis sinensis (liver flukes) induce chronic bile duct inflammation, and periductal 
scarring which increase the risk of biliary tract malignancy[14]. In the Western world, primary 
sclerosing cholangitis (PSC) remains the most prevalent risk factor[4]. PSC induces chronic inflam-
mation, biliary epithelial proliferation, and production of endogenous bile mutagens leading to biliary 
tumorigenesis[5]. Malignant transformation in epithelial lining of biliary cysts can occur as there is 
reflux of pancreatic enzymes, bile stasis and increased bile acid concentration[5]. Increased risk is also 
reported in Caroli disease and hepatolithiasis where there is bile stasis, chronic inflammation, bacterial 
infection, and recurrent cholangitis[12]. In cirrhotic patients, an increased risk of cholangiocarcinoma is 
observed due to the presence of amplified cell proliferation, release of inflammatory cytokines and 

https://www.wjgnet.com/1948-5204/full/v14/i3/607.htm
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Table 1 Definite and probable risk factors for cholangiocarcinoma

Definite risk factors

Primary sclerosing cholangitis

Liver fluke infection (Opisthorchis viverrine, Clonorchis sinensis)

Hepatolithiasis

Biliary malformation (choledochal cysts, Caroli’s disease, congenital hepatic fibrosis)

Thorotrast

Probable risk factors

Alcohol

Hepatitis B

Hepatitis C

Cirrhosis

Toxins (dioxin, polyvinyl chloride)

Biliary–enteric drainage procedures

Inflammatory bowel disease

Asbestos

Non-alcoholic fatty liver disease

Metabolic syndrome, type 2 diabetes, obesity

Smoking

Chronic pancreatitis

scarring[5]. Apart from the presence of cirrhosis, hepatitis B (HBV) and hepatitis C (HCV) viruses have a 
direct carcinogenic effect on hepatic progenitor cells resulting in an increased risk of cholangiocar-
cinoma in these patients. Obesity increases the risk of cancer by affecting the levels of leptin, 
adiponectin and proinflammatory cytokines[15]. Non-alcoholic fatty liver disease may promote cholan-
giocarcinoma development directly by induction of hepatic inflammation or, indirectly, by resulting in 
cirrhosis.

BILIARY TRACT ANATOMY
The biliary tract extends from the canals of Hering to the common bile duct and are broadly subdivided 
into extrahepatic and intrahepatic segments[16,17]. It is a complex structure showing wide variation in 
anatomy and histology[18]. The intrahepatic bile ducts (ducts proximal to the right and left duct 
confluence) are further subclassified into large and small intrahepatic bile ducts. Large intrahepatic bile 
ducts (> 300 μm in diameter) are also referred to as the ‘perihilar’ bile ducts and consist of the segment, 
right and left hepatic bile ducts. These ducts are lined by tall columnar epithelium with basally placed 
hyperchromatic-isomorphic nuclei, mucin filled cytoplasm and a fibro-collagenous duct wall[18]. The 
intrahepatic biliary tree begins at the level of canals of Hering which are lined partly by biliary 
epithelium and hepatocytes[19]. The canals of Hering continue into a channel, termed the ductule (< 20 
μm in diameter). These are entirely lined by cholangiocytes and continue as the interlobular bile ducts 
(20-100 μm in diameter). The interlobular bile ducts are lined by cuboidal cells resting on a basement 
membrane. Multiple Interlobular bile ducts fuse to form septal (> 100 μm in diameter), area and 
segmental bile ducts. The septal ducts are lined by tall columnar cells with fibro-collagenous duct walls
[18].

Embryologically, small intrahepatic bile ducts evolve from hepatoblasts through a process of ductal 
plate formation. During the first weeks of gestation, the ductal plate develops as a cylindrical, double-
layered sleeve of cholangiocytes with a slit-like lumen surrounding a portal vein branch. Remodelling 
and partial involution of these cylindrical ductal plates give rise to bile ducts. Large ducts are formed 
from the caudal portion of the hepatic diverticulum[18]. The exact process of fusion of these ducts has 
not been entirely elucidated, but they appear in continuity throughout development. Peribiliary glands 
are physiologically distributed within the fibromuscular walls of extrahepatic bile ducts and large 
intrahepatic bile ducts[20].
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GROWTH PATTERNS
Macroscopic pattern
Based on their macroscopic growth patterns, IHCC are classified into mass forming, periductal infilt-
rating, and intraductal growth types[21,22]. Mass forming lesions are the predominant type, accounting 
for 60-80% of IHCC[23-26]. These are firm, solid tumours with a white or greyish cut-surface, with well-
defined borders within the hepatic parenchyma (Figure 1A). Intrahepatic metastases or coalescing 
lesions may be observed. Mucin may also be identified along the cut-surface. These tumours are 
thought to arise in small intrahepatic bile ducts and are commonly characterized by central necrosis or 
scaring. The periductal infiltrating type accounts for 15%-35% of IHCC and extends along the portal 
tracts presenting as bile duct strictures with luminal narrowing. The intraductal growth variant of IHCC 
is characterized by a papillary or polypoid lesion within a dilated bile duct and most often represent a 
malignant progression of intraductal papillary mucinous neoplasm (IPNB)[26]. They are the least 
common variant and account for 8-29% of cases. IHCC can have mixed growth patterns, for example, 
mass forming and periductal infiltrating[27]. Rarer undefined patterns have also been reported[22].

Macroscopically, PHCC and DCC have similar growth patterns; they present as flat or poorly defined 
nodular sclerosing tumours with thickening of the duct wall, often with diffuse infiltration into adjacent 
structures (approximately 80%) (Figure 1B) and, less frequently, as intraductal papillary tumours[26,
28]. American Joint Committee on Cancer (AJCC)/ Union for International Cancer Control (UICC) and 
College of American Pathologists (CAP) recognize only the mass forming and periductal infiltrating 
types (or mixed types); they do not recognize intraductal or undefined growth patterns. This adds to the 
uncertainty in classifying these tumours[29].

Microscopic pattern
The histological classification of cholangiocarcinoma is highlighted in Table 2.

IHCC
Traditionally, IHCC are sub-classified into two broad sub-groups: well, moderately (Figure 1), poorly 
differentiated tubular/acinar adenocarcinoma or the uncommon morphological variants[21,30]. These 
tumours are lined by cuboidal to columnar epithelial cells, resembling biliary lining epithelial cells and 
demonstrate stromal desmoplasia and variable inflammation[26]. Tumour cells may show mucin 
production into the lumen of tubular structures on their apical aspect, and within the cell cytoplasm 
(Figure 1C). Poorly differentiated tumours demonstrate solid, cord-like, or cribriform growth patterns 
with variable cytological and nuclear pleomorphisms (Figure 1D). Variable necrosis has also been 
demonstrated. The cancer may show compression of hepatic parenchyma and no evidence of fibrous 
capsule. The neoplastic cells display invasion between hepatocytes and appear to infiltrate the sinusoids
[31-33]. IHCC demonstrate a prominent desmoplastic microenvironment characterized by a dense 
collagenized stroma and abundance of cancer-associated fibroblasts and, to a lesser extent, tumour-
associated histiocytes with a varying number of innate immune cells.

Large and small duct variants of IHCC
The large duct variant of IHCC (LD-IHCC) arises from intrahepatic bile ducts or its associated 
peribiliary glands. The neoplastic cells lining the malignant acini are cuboidal to tall columnar 
containing cytoplasmic mucin and usually form large acini within open luminal spaces associated with 
abundant desmoplastic stroma (Figure 1E)[34,35]. Sites of hepatic parenchymal infiltration show 
variable tumour histology, some resemble the small duct type or bile ductular type.

Small bile duct type of IHCC (SD-IHCC) arise from progenitor cells and mature hepatocytes and 
resemble -cholangiolar cells. These tumours show small monotonous or anastomosing glands which are 
lined with cuboidal cells. The cells have uniform nuclei with scant to moderate eosinophilic or 
amphophilic cytoplasm and no mucin production (Figure 2A, 2B). This classification into large and 
small duct types also has clinicopathologic, immunohistochemical, and molecular importance[22,26]. 
SD-IHCC are associated with chronic liver disease/cirrhosis (especially viral hepatitis), whereas LD-
IHCC are linked to chronic biliary disease, precursor lesions, and hepatolithiasis. SD-IHCC nearly 
always has a mass forming macroscopic growth pattern and often with a central scar, whereas LD-IHCC 
have variable macroscopic growth patterns with mucin production (Figure 2C, 2D), poorer differen-
tiation, perineural invasion, and lymph node metastases[26].

Ductal plate malformation type of IHCC
This subtype was first reported in 2012. The tumour was noted to mimic ductal plate malformations 
(DPM)[36]. DPM are developmental anomalies resulting from a lack of ductal plate remodelling during 
bile duct morphogenesis. Common examples of DPM include fibrocystic diseases such as Caroli’s 
disease, congenital hepatic fibrosis, and von Meyenburg complex. Majority of patients with DPM type 
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Table 2 Histological classification of cholangiocarcinoma

Based on histological differentiation

Well (> 95% of tumour composed of glands)

Moderately (50%-95% of tumour composed of glands)

Poor (5%-49% of tumour composed of glands)

Undifferentiated type (< 5% of tumor composed of glands)

Based on glandular features 

Conventional type (bile duct type)

Small bile duct type (intrahepatic)

Large bile duct type

Cholangiocellular (intrahepatic)

Uncommon variants

Ductal plate malformation type (intrahepatic)

Lymphoepithelioma type

Clear cell type

Squamous/adenosquamous type

Mucinous carcinoma

Sarcomatoid

Signet ring carcinoma

Neuroendocrine

HCC-like

HCC: Hepatocellular carcinoma.

of IHCC are males aged over 60 years at diagnosis. Sixty percent of cases are associated with chronic 
liver disease and the remaining show mild steatosis and/or portal inflammation. The tumours are 
usually solitary with whitish solid cut surface. Microscopically, the tumours are arranged in small 
nodules with desmoplastic stroma. The malignant acini show irregularly dilated lumen lined with a 
single layer of cuboidal or low columnar neoplastic cells with mild nuclear isomorphism and irregular 
protrusions and bulges (Figure 3A). The neoplastic cells are frequently positive for CK19, epithelial cell 
adhesion molecule (EpCAM), and epithelial membrane antigen (EMA). Neural cell adhesion molecule 
(NCAM) may also be variably expressed. These tumours show low proliferation with Ki67 index (< 
10%) and p53 is scarcely expressed.

Cholangiocellular or bile ductular type of IHCC
This is a distinct biliary derived tumour and grossly, this subtype shows mass forming growth pattern
[37]. Brightfield microscopy of these tumours show homogeneous morphology with well to moderately 
differentiated tumour cells forming small tubules, acini or cord-like structures with a slit-like lumen 
along with arborization resembling proliferating reactive bile ductules (Figure 3B)[38-39]. The neoplastic 
cells are small in size (small compared to conventional IHCC cells). The non-neoplastic hepatocytes are 
extensively replaced by tumour cells in the hepatic lobules. Marked collagenisation is also noted around 
the tumour cells. Immunopositivity for NCAM and EpCAM are observed in the tumour cells. DPM 
pattern has also been described in cholangiocellular IHCC[40].

Lymphoepithelioma-like cholangiocarcinoma
These are rare tumours resembling undifferentiated nasopharyngeal cancers. They have clusters of large 
cells with vesicular nuclei and prominent lymphoid cell inflammatory infiltrates. These cancers have 
been reported in various organs including salivary glands, stomach, lung, and the liver, where they 
present with hepatocellular or biliary features. The latter is labelled as lymphoepithelioma like cholan-
giocarcinoma (LLCC)[41,42]. These tumours are often associated with Epstein-Barr virus (EBV). 70% of 
the cases are EBV positive based on Epstein-Barr encoding region (EBER) in situ hybridization. This is 
contrary to what is observed in conventional biliary tract cancers, which are not associated with EBV 
infection[43].
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Figure 1 Gross features and morphology of cholangiocarcinoma. A: Mass forming intrahepatic cholangiocarcinoma (IHCC); B: Extrahepatic 
cholangiocarcinoma with periductal infiltrating growth (arrow) and markedly greenish liver; C: Well differentiated cholangiocarcinoma [hematoxylin and eosin (H&E, × 
25)]; D: Poorly differentiated cholangiocarcinoma (H&E, × 25); E: Large duct variant of IHCC (H&E, × 8).

Hsu et al[45] reported the first case of LLCC in 1996[44]. Compared to conventional cholangiocar-
cinoma, LLCC present at a younger age and have a female preponderance (female-to-male ratio > 3:1). 
Histologically, these tumours are composed of acini, clusters and cords of neoplastic cells associated 
with prominent lymphoplasmacytic infiltration (Figure 3C)[41]. The intimate relationship between the 
cancer cells and numerous lymphoid cells can make a pathologic diagnosis challenging. Pathologic tools 
which help confirm the diagnosis of LLCC in the midst of dense lymphoid tissue include a low 
threshold for cytokeratin immunohistochemistry and EBER in situ hybridization[45].

Clear cell cholangiocarcinoma 
These are exceedingly rare liver tumours and are recognized as a special variant of IHCC[46,47]. 
Diagnostic difficulties may occur in differentiating this carcinoma from other types of clear cell cancers 
(clear cell HCCs and metastatic clear cell cancers from the kidney, ovary, thyroid, or gastrointestinal 
tract)[47]. Patients are usually in the 5th or 6th decade of life and there is no gender predilection. Predis-
posing factors for this tumour are as yet unknown, and there is no report on its relation with hepatitis. 
The prognosis is relatively better than conventional cholangiocarcinoma. The mechanism for the clear 
cell change has been speculated to involve glycogen, mucin, or lipid[48]. CD56 immunostaining is 
useful in diagnosis, as it is frequently expressed in clear cell cholangiocarcinoma, and scarcely in clear 
cell renal cell carcinoma or lung tumours.

Sarcomatoid cholangiocarcinoma
Intrahepatic sarcomatoid cholangiocarcinoma is an extremely rare tumour accounting for less than 1% 
of hepatobiliary system malignancies[49]. Light microscopy reveals a relatively well-delineated tumour 
characterized by spindle to epithelioid cancer cells having variable nuclear pleomorphism with 
hyperchromatic nuclei and inconspicuous-to-prominent nucleoli (Figure 3D). The tumour cells are 
interspersed with stromal tissue. Occasionally, cancer cells with mucin are observed. Inflammatory cell 
infiltration was present in the abundant stroma[49]. Pleomorphic giant cells have also been reported in 
the tumour[50]. The sarcomatoid subtype is an independent predictor of tumour recurrence, and has a 
poorer overall survival among IHCC sub-types[50].

Other rare subtypes
Other rare histological subtypes include squamous and adenosquamous carcinoma, mucinous 
carcinoma, signet ring cell carcinoma, undifferentiated, HCC-like, and mucoepidermoid carcinoma.
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Figure 2 Intrahepatic cholangiocarcinoma. A: Small duct variant of Intrahepatic cholangiocarcinoma (IHCC) (SD-IHCC) with closely packed small glands 
[hematoxylin and eosin (H&E, × 15)]; B: SD-IHCC with desmoplastic stroma (H&E, × 15); C: Large duct variant of IHCC (LD-IHCC) with mucin production (H&E, × 
20); D: LD-IHCC with mucin [Periodic acid Schiff after diastase, × 15].

PHCC AND DCC
PHCC and DCC are histologically similar to LD-IHCC. The conventional types show well to moderately 
differentiated acinar structures (Figure 4A). Rarely, tumours with poor differentiation with cells 
arranged in solid sheets or cords may also be seen. Associated sclerotic desmoplastic stroma is usually 
identified. The nodular-sclerosing type demonstrates marked cancerous thickening of the affected bile 
ducts. Micropapillary or flat adenocarcinoma are observed on the luminal surface. Perineural invasion is 
common (Figure 4B), and lymphovascular invasion is variably observed. Mucin-producing epithelial 
cells lining the large bile duct and/or the hepatic progenitor cells are the purported cells of origin for 
DCC and PHCC[51]. Extrahepatic cholangiocarcinoma may also demonstrate intraductal growth with 
papillary, tubular or superficial spreading patterns. Adenosquamous carcinoma (Figure 4C) displaying 
mixed, isolated, or adjoining keratinizing squamous and tubular components have rarely been reported. 
Keratinizing squamous cell carcinoma, mucinous carcinoma, signet ring cell carcinoma, clear cell 
carcinoma, hepatoid and neuroendocrine tumours (Figure 4D) have also been reported.

IMMUNOHISTOCHEMICAL FEATURES
Cholangiocarcinomas (intrahepatic and extrahepatic) show immunopositivity for CK7, CK19, and EMA 
(Figure 5A, B and C)[29]. Positivity for Hepatocyte nuclear factor-1β (HNF-1β) (Figure 5D) and C-
reactive protein have also been observed[52]. They are usually negative for CDX2 and SAT-B2, however 
some cases of IHCC may show focal mild positivity for CDX2 and SAT-B2. CK20 immunostain is 
typically negative or focally positive. These immunostains can help exclude a diagnosis of metastatic 
colorectal adenocarcinoma, which are typically strong positive for CK20, CDX2, and SAT-B2 but 
negative for CK7 and CK19. Differentiating cholangiocarcinomas from metastatic pancreatic ductal 
adenocarcinoma and upper gastrointestinal tract cancers using immunostains is difficult, as these 
tumours are also positive for CK7 and CK19. Several studies have shown that the LD-IHCC and SD-
IHCC have distinct immunohistochemical characteristics[53-56]. LD-IHCC are positive for S100P and 
TFF1, whereas SD-IHCC tend to be positive for NCAM(CD56) and N-cadherin. NCAM and EMA are 
often negative or weakly positive for tumour cell cytoplasm in HCC-like IHCC, however strong 
expression for stem cell makers, including TROP2, EpCAM and Nestin have been reported[57] Ferná
ndez Moro et al[58] proposed a comprehensive immunohistochemical panel including CK19, CK20, 
MUC2, MUC5AC, CA19–9, mCEA, CA125 and SMAD4 to aid in the differentiation of metastatic and 
pancreatobiliary adenocarcinomas.
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Figure 3 Intrahepatic cholangiocarcinoma. A: Intrahepatic cholangiocarcinoma (IHCC) with ductal plate malformation phenotype [hematoxylin and eosin 
(H&E, × 20)]; B: Cholangiocellular or bile ductular type of IHCC (H&E, × 20); C: IHCC lymphoepithelioma subtype (H&E, × 20); D: IHCC with sarcomatoid areas (H&E, 
× 20).

PRECURSORS LESIONS OF CHOLANGIOCARCINOMA 
Carcinogenesis of cholangiocarcinoma is a multistep process beginning with transformed biliary 
epithelial cells or from stem/progenitor cells. Table 3 describes precursor lesions of both intrahepatic 
and extrahepatic cholangiocarcinoma.

Biliary epithelial neoplasia
Biliary intraepithelial neoplasia (BilIN) represents the most frequent precursor lesion of invasive 
adenocarcinoma in the biliary tract[59]. BilIN are non-invasive microscopic flat, micropapillary 
(papillary projection with fibrovascular stalk) or pseudopapillary (papillary projection without 
fibrovascular stalk) lesions with dysplasia. BilIN do not produce clinical symptoms and are not 
detectable on imaging studies[60]. The 2019 WHO classification histologically stratifies BilIN into a two-
tiered classification based on the tumour grade (high vs low) and intraepithelial extent of cellular and 
nuclear atypia (Figure 6A). This replaces an earlier classification which was three-tiered (BilIN-1, BilIN-
2, and BilIN-3). BilIN-1 and BilIN-2 categories from the previous classification are now classified as low-
grade and the former BilIN-3 is now classified as high-grade[61]. Furthermore, high grade BilIN is 
considered as carcinoma in situ.

The presence of BilIN have been associated with hepatolithiasis, PSC and choledochal cysts. It has 
also been observed in the mucosa adjacent to invasive adenocarcinoma. They have also been detected in 
cirrhotic livers from nonbiliary diseases (e.g., alcoholic liver disease and hepatitis C)[61,62]. 
Multicentricity is common in BilIN. Macroscopically, BilIN may manifest as fine granularity, thickened 
velvety mucosa, or effacement of underlying tissue layers. However, it often appears grossly normal. 
Low grade BilIN are usually flat lesions with high N:C ratio, hyperchromatic stratified nuclei, and 
nucleoli. High grade lesions have papillary projections with loss of polarity, marked nuclear atypia and 
frequent mitosis[61]. BilIN may further be sub-classified as the classic type demonstrating 
columnar/cuboidal cells with eosinophilic cytoplasm and round nuclei, and the intestinal type charac-
terized by columnar cells with elongated and hyperchromatic, pseudostratified nuclei along with 
occasional goblet-type cytoplasmic mucin resembling intestinal adenoma[60]. The classic type shows 
CK7 immunopositivity whereas intestinal type shows immunopositivity for any of the intestinal 
immunomarkers (CK20, CDX2, or MUC2)[63]. Distinguishing low-grade dysplasia from reactive atypia 
can occasionally be difficult. The presence of intraepithelial neutrophils which are observed in reactive 
changes help solve this conundrum. The term ‘indefinite for dysplasia’ has been proposed in cases 
where sufficient doubt precludes a definitive classification.
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Table 3 Clinicopathologic, immunohistochemical, and molecular characteristics

Large duct type Small duct type

Location Proximal to hepatic hilum Peripheral

Risk factors PSC, Liver fluke infection, Hepatolithiasis Chronic liver disease, viral hepatitis

Gross features Periductal infiltrating, Mixed pattern Mass forming

Precursor lesion BilIN, IPNB, ITPN Unknown

Pathology Large, widely spaced glands, Columnar with 
mucin production, desmoplastic stroma

Small tubules, fused or anastomosing glands, cuboidal to low 
columnar, central scarring, minimal to no mucin

Perinerual invasion Common Rare

Lymphovascular invasion/lymph 
node metastases

Common Rare

Tumour border Infiltrative Expansile or pushing, rarelyinfiltrative

Immunohistochemical features S100P and TFF1 CD56, N-cadherin, CRP

Molecular alterations KRAS and GNAS mutationsCOX2 upregulations IDH1/IDH2 and BRAF mutations, FGFR2 fusion

BilIN: Biliary intraepithelial neoplasia; CRP: C-reactive protein; IPNB: Intraductal papillary neoplasm of the bile duct; ITPN: Intraductal tubulopapillary 
neoplasms; PSC: Primary sclerosing cholangitis.

Figure 4 Extrahepatic cholangiocarcinoma. A: Extrahepatic cholangiocarcinoma (EHCC) with large mucin producing malignant glands and abundant 
desmoplastic stroma [haematoxylin and eosin (H&E, × 8)]; B: EHCC with perineural invasion (H&E, × 20); C: EHCC adenosquamous subtype (H&E, × 15); D: Well 
differentiated neuroendocrine tumour of the bile duct (H&E, × 20).

Intraductal papillary neoplasms of the bile duct
Intraductal papillary neoplasia of the bile duct (IPNB) is a unique macroscopic premalignant neoplasm 
that may arise within intra- or extrahepatic bile ducts[64]. IPNB is typically diagnosed in middle-aged or 
elderly adults and has a slight male predominance[65]. IPNB is a rare disease entity with a prevalence of 
4% to 15% among bile duct tumours, and higher incidence is noted in south-east Asian countries[65,66]. 
Risk factors include hepatolithiasis, liver fluke infections, PSC and congenital biliary tract disease. These 
tumours may be single or multiple and can present clinically as large duct obstruction with recurrent 
abdominal pain, cholangitis and cholestatic hepatic dysfunction[22]. Macroscopically, IPNBs present as 
visible polypoid, papillary, greyish white or brownish, soft tissue growths within a dilated bile duct 
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Figure 5 Immunohistochemistry in cholangiocarcinoma. A: Positive CK7 immunostaining; B: Positive CK19 immunostaining; C: Positive epithelial 
membrane antigen immunostaining; D: Hepatocyte nuclear factor-1 β nuclear immunostaining in a small duct variant of intrahepatic cholangiocarcinoma.

lumen (Figure 6B). Some patients may present with mucus hypersecretion. Like intraductal papillary 
mucinous neoplasm (IPMN) of the pancreas, IPNB is histologically classified into four types based on 
their histological and immunohistochemical features: pancreaticobiliary (Figure 6C), intestinal, gastric 
and oncocytic types[67]. Pancreaticobiliary and intestinal subtypes are the most common types, 
although its frequency varies across geographical regions. Mixed subtypes are observed frequently in 
these neoplasms, and hence their classification is based on the most prevalent subtype. High-grade 
dysplasia is often extensive and invasive carcinomas are identified in approximately half the cases.

Carcinomas that arise from these lesions are usually the pancreatobiliary-type cholangiocarcinomas 
with tubular growth pattern, although other rare variants including neuroendocrine and mucinous 
tumours have been reported. Recently, a panel of Japanese and Korean biliary pathologists proposed a 
consensus classification for IPNB. These lesions are grouped into types 1 and 2, supplementing the 
traditional two-tiered grading system (low-grade and high-grade dysplasia[68]. Type 1 IPNB is charac-
terized by regular structures, whereas type 2 show irregular structures. Foci of complicated lesions, such 
as cribriform or solid structures, are frequently observed in type 2. Pancreatobiliary type shows MUC1 
immunostaining, while MUC2 is observed in the intestinal type[69]. MUC5AC is positive in all four 
types.

Intraductal tubulopapillary neoplasms of the bile duct
This is a recently identified distinct intraductal neoplasm with a predominantly tubular growth pattern. 
It occurs in the large intrahepatic and extrahepatic bile ducts and is often associated with invasive 
adenocarcinoma at the time of diagnosis (Figure 6D)[21,22]. ITPNs are rare premalignant lesions charac-
terised by polypoid or solid tumours inside a dilated bile duct[70]. The mean age at presentation is 60 
years, with no gender predilection. Purely intraductal tumours appear to have favourable outcomes, but 
metastases are known to occur in the presence of invasive carcinoma[21]. The tumour shows high 
cellularity with back-to-back tubular glands and solid sheets with minimal papillary architecture. The 
cells are cuboidal to columnar with mild to moderate cytological atypia[71]. Despite being associated 
with invasive carcinoma, overall, ITPNs have a better prognosis than IPNBs. This may be due to an 
earlier diagnosis resulting from a large in situ intraductal component, or could possibly be due to the 
inherent differences in the molecular background[72].

Hepatobiliary mucinous cystic neoplasm
Hepatobiliary mucinous cystic neoplasm (HMCN) are lesions characterized by neoplastic mucinous 
and/or nonmucinous biliary epithelium surrounded by ovarian-type mesenchymal stroma (Figure 7A)
[73]. This is a rare tumour representing less than 5% of all cystic neoplasms of the liver and is diagnosed 
almost exclusively in women in their fourth or fifth decade of life[73,74]. HMCN display no 
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Figure 6 Precursor lesions of cholangiocarcinoma. A: Biliary intraepithelial neoplasia with low grade dysplasia [haematoxylin and eosin (H&E, × 15)]; B: 
Intraductal papillary neoplasm of the bile duct (IPNB) (arrow); C: IPNB pancreaticobiliary subtype (H&E, × 10); D: Intraductal tubulopapillary neoplasms of the bile 
duct with invasive carcinoma (H&E, × 10).

communication with bile ducts and were previously included in the biliary cystadenoma/adenocar-
cinoma type[21]. Grossly, they are multilocular neoplasms ranging in size from 5 to 29 cm and show a 
cyst-in-cyst appearance on pre-operative imaging[75]. HMCNs present either as low- or intermediate-
grade dysplasia or malignant features with high-grade dysplasia[75]. The benign and borderline 
categories are however, more common. Their ovarian-type stroma is positive for estrogen and proges-
terone receptor, inhibin-α and FOXL2[73]. Non-invasive HMCNs have an excellent prognosis, especially 
when resected completely[76].

Other precursors to lesions 
Premalignant lesions of IHCC, particularly those of the mass forming type remain relatively undefined. 
Hepatic adenofibroma is a benign tumour similar to biliary micro hamartoma with abundant fibrotic 
stroma and glandular cystic dilatation. They have potential for malignant transformation[77]. Biliary 
hamartoma, also known as the von Meyenburg complex are histopathological lesions composed of 
irregular small bile ducts or dilated ductular structures, frequently containing bile, with a fibrous 
stroma (Figure 7B). The epithelial lining cells are flattened or cuboidal, monomorphic, and lack mitoses. 
Biliary hamartomas are typically found adjacent to a portal area and may be multiple. Biliary 
hamartomas are generally regarded as benign. Few reports of cholangiocarcinoma arising from biliary 
hamartomas raise the question of its potential role as being a precursor lesion[78,79]. Bile duct 
adenomas (BDA) and atypical epithelial lesions of small bile ducts have occasionally been reported as 
candidate preinvasive lesions of peripheral IHCC[26]. BDAs are usually solitary and subcapsular 
(nearly 90% of the cases), and over 90% are less than 1cm in size. They are composed of small, normal 
looking bile ducts (Figure 7C). In small biopsies differentiation between a well-differentiated IHCC and 
BDA may be difficult. Both p53 and p16 immunohistochemistry can be helpful to distinguish these two 
lesions. P53 shows a strong and diffuse expression in malignant lesions while p16 is constantly 
expressed in bile duct adenoma.

MOLECULAR PATHOMECHANISMS 
The knowledge of molecular pathology of cholangiocarcinoma has markedly evolved over the past 
decade. With the advent of high-throughput gene sequencing technologies, multiple new genetic and 
epigenetic alterations in cholangiocarcinoma have been uncovered[80]. In-depth sequencing has also 
highlighted the molecular complexity and heterogeneity of these tumours. A better understanding of 
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Figure 7 Other precursor lesions. A: Hepatobiliary mucinous cystic neoplasm with mucinous lining epithelial and ovarian stroma [haematoxylin and eosin 
(H&E, × 10)]; B: Von Mayenberg complex (H&E, × 20); C: Bile duct adenoma (H&E, × 20).

the underlying pathomechanisms of cholangiocarcinogenesis will help to improve the description of the 
tumour and its subtypes. Moreover, it will also pave the way for personalized treatment for these rare 
primary liver cancers[17]. It is important for future studies to search for distinct subgroups within the 
subtypes on a morphomolecular basis.

Molecular characteristics of intrahepatic cholangiocarcinoma
Table 3 summarizes the clinicopathologic, immunohistochemical, and molecular characteristics of IHCC
[53]. Mutation analysis of both LD-IHCC and SD-IHCC reveal KRAS as the most frequently mutated 
oncogene in LD-IHCC[54]. Large-duct type also show a high mutation frequency of tumour suppressor 
genes (e.g., p53). SD-IHCC show higher frequency mutations of IDH1 and IDH2[81,82]. IDH1 and IDH2 
are relevant in carcinogenesis due to their involvement in cell metabolism[83]. Nakamura described 
FGFR2 fusion genes in SD-IHCC[81]. With a prevalence of 14%–23% in IHCC, FGFR2 rearrangement is 
the most common type of FGFR aberration[84]. Lowery et al[85] performed targeted next-generation 
sequencing assay and reported alterations in ARID1A, BAP1, and TP53, along with IDH1, and FGFR2 
gene fusions. They also reported a tendency toward mutual exclusivity between multiple genes 
including TP53:IDH1, IDH1:KRAS, TP53:BAP1, and IDH1:FGFR2. FGFR2 rearrangements seem to occur 
more frequently in younger patients and possibly confer a better prognosis[86]. Rarely NTRK fusions 
have also been reported[86].

Jang et al[87] investigated the molecular landscape of IHCC in both histologically unremarkable livers 
and in those with chronic liver disease (CLD). They employed a high throughput mass spectrometry-
based platform and compared the mutation profiles of 43 IHCC with histologically unremarkable livers 
and 38 with CLD[87] The most commonly mutated gene was KRAS followed by MLH1, NRAS, GNAS 
and EGFR. The frequency of BRAF, APC, PIK3CA, CDKN2A, PTEN, and TP53 mutations was < 5%. 
Overall mutation rates of biliary cancer with CLD were lower than that of cancers in a histologically 
unremarkable liver. Sia et al[88] classified IHCC into two unique subclasses: inflammation and prolif-
eration, each with distinct features, activated genes, and clinical outcomes. The inflammation class 
demonstrated activated inflammatory signalling pathways, with overexpression of cytokines, and 
STAT3 activation, while proliferation class was characterized by the activation of RAS, MAPK and MET 
oncogenic signalling pathways, mutations in KRAS and BRAF as well as expression of genes that were 
previously associated with worse outcome in patients with HCC. Kim et al[89] classified IHCC into two 
classes, those primarily driven by either somatic mutations (M class) or by DNA copy number 
alterations (C class). Compared to M class IHCC with a relative deficit of copy number alterations, C 
class IHCC harbour recurrent focal copy number alterations including deletions involving CDKN2A, 
ROBO1, ROBO2, RUNX3, and SMAD4.
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DNA mismatch repair (MMR) deficiency leading to microsatellite instability (MSI) have been 
demonstrated as a distinct pathway for carcinogenesis[90]. MSI is clinically relevant, since these cancers 
are responsive to immune checkpoint inhibitor therapy[91]. Although MSI most commonly occurs in 
colorectal and endometrial cancers, a wide variety of other cancers, including biliary cancer exhibit MSI. 
Goeppert et al[91] analysed the mononucleotide MSI marker panel consisting of BAT25, BAT26, and 
CAT25 in 159 IHCC and detected high-level of MSI (MSI-H) in 2 cases. Patients affected by MSI-H 
cholangiocarcinoma were younger and showed atypical histomorphology along with a longer overall 
survival and high tumour stage. Correlation analysis of MSI status with tumour-infiltrating immune 
cells, MHC I, and PD-L1 expression in the same cholangiocarcinoma cohort showed increased numbers 
of CD8, FOXP3, CD20 positive cells and moderate or high MHC I expression levels in MSI-H IHCC[90]. 
Overall, the frequency of MSI-H based on various studies is 10%[90]. Very recently Zhou et al[92] 
evaluated the role of Brahma-related gene 1 (Brg1) in IHCC and demonstrated that a high Brg1 
expression in hepatic progenitor cells (HPC) promoted HPC expansion, liver cirrhosis, and IHCC 
development in response to chronic biliary injury.

Intratumoural heterogeneity in intrahepatic cholangiocarcinoma
Dong et al[93] performed multiregional whole-exome sequencing to investigate intratumoural hetero-
geneity (ITH) and its impact on IHCC progression. They demonstrated many factors, such as parallel 
evolution and chromosome instability may participate and promote the branch diversity of IHCC. In 
primary and recurrent metastatic tumours, they found evidence of polyclonal metastatic seeding, 
indicating that symbiotic communities of multiple clones existed and were maintained during 
metastasis.

Molecular alterations of extrahepatic cholangiocarcinoma
These lesions show similar molecular profiles as LD-IHCC and have the presence of KRAS mutation. As 
demonstrated in a recent study, KRAS, TP53, ARID1A, and SMAD4 are the most prevalent mutations
[94]. Mutations in IDH1/2 and BAP1 and FGFR2-fusions reported in SD-IHCC have not been identified 
in these tumours. Four distinct transcriptome-based molecular classes of EHCC were identified. 
Metabolic class showed a hepatocyte-like phenotype with activation of the transcription factor HNF4A 
and enrichment in gene signatures related to bile acid metabolism. The proliferation class was charac-
terized by enrichment of MYC targets, ERBB2 mutations/ amplifications and activation of mTOR 
signalling and was more common in patients with DCC. The mesenchymal class was defined by 
signatures of epithelial mesenchymal transition, aberrant TGFβ signalling and poor overall survival and 
immune class showed lymphocyte infiltration of the tumour, overexpression of PD-1/PD-L1 and 
molecular features associated with a better response to immune checkpoint inhibitors. Kim et al[95] 
investigated and found MSI-H in 1 of 18 EHCC (6%). Overall, the reported frequency of MSI-H in 
carcinomas of the large bile ducts is estimated to be 5%[90].

Epigenetics of cholangiocarcinoma
Epigenetics are heritable elements that regulate gene expression without modifying the nucleotide 
sequence of the DNA. They play an important role in cholangiocarcinogenesis[96]. A multitude of 
alterations of key epigenetic players have been observed in cholangiocarcinoma: DNA methylation, 
histone modifications, chromatin remodelling and noncoding RNAs (ncRNAs). In tumours, the aberrant 
DNA methylation occur at the 50 methylcytosine (5-mc) in CpG rich area in the promotor sequence of 
tumour suppressor genes resulting in gene inactivation[80]. A study investigating 489 cases identified 
four clusters (cluster 1 to cluster 4) of cholangiocarcinoma based on their DNA methylation pattern with 
different clinical outcomes[97]. Cluster 1 and 4 were clearly distinguished by their highly distinctive 
patterns of genome-wide DNA hypermethylation, targeting either promoter CpG islands or promoter 
CpG shores. Further analysis demonstrated that Cluster 1 cholangiocarcinoma were fluke-positive with 
increased mutation rates (mutation signature 1 enrichment, and increased point-mutation subclonality), 
while Cluster 4 were fluke-negative and by comparison relatively clonal. Cluster 1 showed downregu-
lation of the DNA demethylation enzyme TET1 and upregulation of the histone methyltransferase EZH2
. Hypermethylation of CpG sites was also observed in cluster 4 with enrichment of FGFR translocations 
and IDH1/2 and BAP1 mutations.

Several histone deacetylase (HDAC) enzymes are overexpressed in cholangiocarcinoma[98,99]. 
Overexpression of HDAC6 is associated with shortening and/or loss of ciliary appendages, an 
important feature of malignant transformation of cholangiocytes[100] HDAC1 was found to be overex-
pressed in IHCC cells in vitro as a result of elevated SPRR2A, a gene involved in maintenance of 
epithelial barriers and wound repair, resulting in deacetylation of p53[101]. Evidence also suggests that 
a variety of HDAC inhibitors, such as valproic acid (VPA) and vorinostat can in vitro and in vivo inhibit 
the growth of cholangiocarcinoma individually or in combination with chemotherapeutic agents[99]. 
ncRNAs are the newly defined players in cholangiocarcinogenesis, being able to act as tumour 
suppressor genes or oncogenes. Therefore, representing potentially valuable tools in diagnosis and 
targets for treatment[102].
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Molecular alterations of precursor lesions
Genomic alterations accumulate in precursor lesions during the multistep biliary carcinogenesis. An 
increased expression of p21, p53, cyclin D1 along with a decreased expression of Dcp4 is observed in a 
histological progression of BilIN[103]. Expression of EZH2 shows a stepwise increase from low grade to 
high grade to invasive cancer[104]. Molecular alterations of KRAS have also been reported in BilIN
[105]. Molecular analysis of IPNBs reveal KRAS mutations, over-expressions of TP53 and losses of p16 
in low-grade dysplasia. A loss of SMAD4 is noted in late phases of tumour development[106]. Another 
study investigated the genetic landscape of biliary papillary neoplasms by whole exome sequencing. 
Mutations in either APC or CTNNB1 were detected in 4 of 7 cases. Somatic mutations were also 
identified in KRAS, BRAF, CDC27, KMT2C, KMT2D, and MSH3, MSH6, PMS1[107]. Genetic alterations 
reported in ITPN are CDKN2A/p16 and TP53[108]. Very recently, Gross et al[109] performed whole 
exome sequencing of ITPN and demonstrated a high genetic diversity with recurrent copy number 
variants (CNVs) (loss of chromosome 1p36 and others), and only a few recurrent somatic mutations in 
TG, SLIT2, FGFR2, and HMCN1. They also identified cell cycle, chromatin remodelling, and DNA 
damage/repair as key signalling pathways in these neoplasms. In HMCN, there is activation of 
hedgehog and wnt pathways; and downregulation of T-helper 1 and 2 pathways[73].

Role of molecular pathology in diagnosis and management
Molecular characterisation of cholangiocarcinoma is now being considered a way to differentiate benign 
and cancerous biliary strictures. It will potentially help clinicians decide optimal treatment plan. 
Recently, a study evaluated a 28-gene next-generation sequencing panel (genes that are commonly 
mutated, amplified, and/or deleted in malignant biliary neoplasms) named BiliSeq using endoscopic 
retrograde cholangiopancreatography-obtained biliary specimens from patients with bile duct strictures
[110]. Combining BiliSeq with pathological evaluation of biliary tissue improved the detection of 
malignant biliary strictures and allowed for the identification of potentially targetable molecular 
alterations, thus guiding treatment decisions.

LIQUID BIOPSY IN CHOLANGIOCARCINOMA
The term liquid biopsies comprise a diverse group of methodologies centring around the detection and 
analysis of tumour cells or tumour cell products obtained from blood or other body fluids[111]. 
Different types of liquid biopsies include circulating tumour cells (CTCs), cell free nucleic acids (cfDNA, 
mRNA, non-coding RNA such as micro-RNA or long non-coding RNA), “tumour-educated platelets” 
(TEPs) and vesicles such as exosomes[112]. The clinical application of liquid biopsies includes early 
detection of cancer or tumour recurrence, individual risk-assessment and treatment monitoring. Few 
studies have evaluated role of liquid biopsies in cholangiocarcinoma. Yang et al[113] showed that CTCs 
were associated with more-aggressive tumour characteristics and were independently associated with a 
poorer survival in patients with cholangiocarcinoma. Wintachai et al[114] investigated the diagnostic 
and prognostic values of plasma cfDNA levels from 62 cholangiocarcinoma patients, 33 benign biliary 
disease patients and 30 normal controls. They demonstrated a superior diagnostic efficacy of cfDNA in 
detecting cholangiocarcinoma than CEA and CA19-9. Most commonly identified genetic alterations 
were in ARID1A (30%), PBRM1 (30%), mTOR (30%), and FGFR3 (30%). The current role of liquid 
biopsies in cholangiocarcinoma remain limited and further research is required to appreciate its full 
potential[111].

CLINICAL FEATURES AND MANAGEMENT
Clinically and management-wise cholangiocarcinomas can be classified according to anatomical location 
of lesion along the biliary tract. IHCC arise proximal to second order of biliary tree and hence are harder 
to diagnose before they become symptomatic. Symptoms usually arise from the size and pressure on 
vascular and biliary structures. Compression on the biliary system leads to jaundice. Occasionally, 
IHCC can co-exist with HCC in a cirrhotic liver and are usually incidentally diagnosed in liver 
transplant (LT) recipients. In a non-cirrhotic liver, standard of care remains anatomical liver resection 
with an aim to achieve microscopically negative (R0) resection margins. Radiologically, hypervascular 
IHCC associated with high microvascular density, arterial vessel density, and cholangiocellular or bile 
ductular subtype on pathology have a more favourable outcome. These tumours are less aggressive in 
nature than those with hypovascular features[57]. The roles of adjuvant and neoadjuvant chemo-
radiotherapy have not been entirely defined. However, gemcitabine-based adjuvant chemotherapy has 
shown to improve the overall and disease-free survival. Nonetheless, overall survival remains dismal 
due to a delay in the diagnosis[115]. Early results from targeted therapies including inhibitors of IDH or 
fibroblast growth factor receptor (FGFR) in IHCC have been promising[116]. Emerging clinical data 
from immune checkpoint inhibitors therapy suggest modest efficacy in cholangiocarcinoma[116]. Role 
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of NTRK, BRAF and MEK inhibitors are also being investigated in cholangiocarcinoma[117].
Due to their anatomical location, PHCC and DCC usually present earlier than IHCC with symptoms 

of vascular or biliary compression. The most common presentation is in the form of obstructive 
jaundice. PHCC also known as Klatskin’s tumour have been variously classified based on the 
anatomical location, extent of tumour involvement and resectability[118-121]. Bismuth’s classification is 
based on the anatomical location of the tumour is the most commonly used classification[121]. Standard 
of care is again R0 resection followed by adjuvant therapy with Gemcitabine based on stage of the lesion
[122]. Newer modalities in terms of focussed radiation therapy has shown some promise[123]. LT has 
been successfully performed in selected cases of unresectable cholangiocarcinoma. Several series have 
shown good 5-year overall survival in highly selected patients who have undergone neo-adjuvant 
therapy as a part of specially designed algorithms (e.g., Mayo protocol)[124]. DCC behave akin to 
periampullary carcinoma and the treatment is mainly surgical in the form of a pancreaticoduoden-
ectomy (Whipple’s procedure)[125]. Surgical resection is the standard therapy for IPNBs confined to the 
liver. IPNB-associated invasive adenocarcinoma has demonstrated a better prognosis than conventional 
IHCC[126]. Complete surgical resection is also the treatment of choice for ITPNs.

Surgical resection and lymphadenectomy
Treatment of choice as mentioned above, is surgical resection for these tumours. Proximal and distal 
extent of the lesion, along with the degree of vascular involvement combined with the quality and 
volume of the liver are crucial factors in the surgical management algorithm in cholangiocarcinoma
[127]. Arterial and portal vein local resections are indicated when R0 resection can be potentially 
achieved. Anatomical resection of the liver is sufficient in IHCC, however for PHCC & DCC an 
extensive locoregional lymphadenectomy is indicated. Lymphadenectomy for these tumours have 
shown to improve survival, and furthermore allow accurate staging, prognostication and institution of 
adjuvant therapy. Although data on the extent of lymphadenectomy is not sufficient and conclusive, the 
involvement of para-aortic lymph nodes is unequivocally a bad prognostic indicator and lymphaden-
ectomy should not be extended to the same[128,129].

CONCLUSION
Cholangiocarcinomas are a heterogeneous group of cancers arising from the biliary tree demonstrating 
marked geographical variation due to regional differences in risk factors. Traditionally considered as a 
single disease, extensive genomic and epigenomic characterization in the last decade have uncovered 
various molecular alterations associated with specific subtypes of cholangiocarcinoma. Mutated genes 
may be specifically targeted for therapeutic intervention, a few of which include inhibitors of IDH and 
FGFR in intrahepatic cancers and trastuzumab in HER2-positive extrahepatic cancers. Despite recent 
advances in our understanding of biliary cancer, many important questions remain for the prevention 
and treatment of this lethal disease. Currently, there is no international consensus on the histological 
classification of cholangiocarcinoma, and there remains a need for standardization of nomenclature and 
diagnostic criteria of these tumours.
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Abstract
Adenocarcinomas of the gastrointestinal tract (esophagus, stomach, and colon) 
represent a heterogeneous group of diseases with distinct etiology, clinical 
features, treatment approaches, and prognosis. Studies are ongoing to isolate 
molecular genetic subtypes, perform complete biological characterization of the 
tumor, determine prognostic groups, and find predictive markers to the effect-
iveness of therapy. Separate molecular genetic classifications were created for 
esophageal adenocarcinoma [The Cancer Genome Atlas (TCGA)], stomach cancer 
(TCGA, Asian Cancer Research Group), and colon cancer (Colorectal Cancer 
Subtyping Consortium). In 2018, isolation of TCGA molecular genetic subtypes 
for adenocarcinomas of the gastrointestinal tract (esophagus, stomach, and colon) 
highlighted the need for further studies and clinical validation of subtyping of 
gastrointestinal adenocarcinomas. However, this approach has limitations. The 
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aim of our work was to critically analyze integration of molecular genetic subtyping of 
gastrointestinal adenocarcinomas in clinical practice.

Key Words: Esophageal adenocarcinoma; Gastric cancer; Colon cancer; Gene sequencing, Gene expression 
profiling; Molecular subtypes

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Here we describe our opinion on molecular genetic subtyping of gastrointestinal adenocar-
cinomas (esophageal, gastric, and colon adenocarcinomas). The identification of combined molecular and 
genetic subtypes gave us insights to understanding gastrointestinal adenocarcinoma biology, determining 
aims for future clinical research, and helping to simplify the implementation of a unified system for 
subtyping gastrointestinal adenocarcinomas.

Citation: Ignatova EO, Kozlov E, Ivanov M, Mileyko V, Menshikova S, Sun H, Fedyanin M, Tryakin A, Stilidi I. 
Clinical significance of molecular subtypes of gastrointestinal tract adenocarcinoma. World J Gastrointest Oncol 
2022; 14(3): 628-645
URL: https://www.wjgnet.com/1948-5204/full/v14/i3/628.htm
DOI: https://dx.doi.org/10.4251/wjgo.v14.i3.628

INTRODUCTION
Adenocarcinomas of the gastrointestinal tract represent a heterogeneous group of diseases. Their 
management depends on localization of the tumor, clinical and morphological characteristics of disease, 
and tumor biology.

To improve treatment outcomes we actively search for molecular biomarkers that can predict drug 
effectiveness and foretell the disease course. Molecular genetic typing of gastrointestinal adenocar-
cinomas is thought to be a promising approach.

Some data show that gastrointestinal tract adenocarcinomas represent several distinguished 
molecular subtypes that could be associated with different pathogenesis, prognosis, and treatment 
options. Separate molecular genetic classifications were created for colon cancer (Colorectal Cancer 
Subtyping Consortium) and gastric cancer (GC) [Asian Cancer Research Group (ACRG)]. In 2018, a 
pooled analysis of gastrointestinal adenocarcinomas of The Cancer Genome Atlas (TCGA) (esophageal 
cancer, GC, colon cancer, and rectal cancer) revealed five molecular genetic subtypes based on 
molecular studies with high-capacity methods.

To date, we have no doubt of the clinical significance of isolating molecular genetic subtypes of 
gastrointestinal tract adenocarcinomas. The main challenge is to adapt this classification for routine 
clinical use by defining “surrogate markers” of biological subtypes.

MOLECULAR GENETIC SUBTYPES OF ESOPHAGEAL ADENOCARCINOMA
Esophageal cancer is one of the most aggressive cancers. According to GLOBOCAN, more than 600000 
new cases of esophageal cancer were registered in 2020[1]. The main morphological form of esophageal 
cancer is squamous cell carcinoma (keratinizing or non-keratinizing) (95%). In 5% of cases there is 
adenocarcinoma of the esophagus (EA) and in rare cases, small cell carcinoma[2]. The distribution of 
histological tumor subtypes varies widely by country of residence, race, and gender. The pathogenesis 
of esophageal adenocarcinomas is known to be associated with gastroesophageal reflux disease, 
Barrett’s esophagus, obesity, and smoking[3]. Gastroesophageal reflux is one of the key DNA damaging 
factors. In a rat esophageal cancer model, reflux induction has been shown to increase mutation rates, 
mainly C/T and G/A transitions[4].

Drug treatment of esophageal cancer is determined by its histological type as well as the presence of 
molecular genetic markers such as microsatellite instability (MSI) status, PD-L1 expression, and HER2 
expression (in adenocarcinoma). The range of therapeutic options is limited; the most effective drugs for 
both histological variants are cisplatin, fluoropyrimidines, and taxanes. Oxaliplatin, irinotecan, and 
trastuzumab (with overexpression/amplification of HER2) are also effective in adenocarcinomas[5]. For 
high levels of MSI (MSI-H) tumors, pembrolizumab may be prescribed as the second-line therapy. 
Pembrolizumab could be reasonable in combination with cisplatin and fluorouracil (KEYNOTE-590) as 
the first-line treatment option in patients with squamous cell carcinoma with a positive PD-L1 combined 
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positive score (CPS) status ≥ 10. Nivolumab could be reasonable in folinic acid, fluorouracil, and 
oxaliplatin (FOLFOX) or oxaliplatin and capecitabine combinations (CheckMate 649) as the first-line 
treatment option in patients with esophageal adenocarcinoma with a positive PD-L1 CPS status of ≥ 5. 
However, the results of esophageal cancer treatment to date are still unsatisfactory with a 5-year overall 
survival rate of 20% and a median life expectancy of patients with metastatic cancer of less than a year
[6]. Currently, we are actively searching to find new predictive biomarkers for treatment via molecular 
genetic analysis. It would allow us to identify individual subtypes of the disease and therefore a person-
alized treatment approach.

Dulak et al[7] were the first to publish work on advanced molecular genetic analysis of esophageal 
adenocarcinoma. They studied a spectrum of EA mutations with a pairwise analysis of tumor and 
normal controls in 149 EA patients via full-exome sequencing. However, 15 patients had full-genome 
sequencing analysis. They described a mutational signature having A>C transversions in AA 
dinucleotides[7].

In another study of Secrier et al[8], they analyzed results of full-genome sequencing of 129 EA 
samples. They showed that EA was usually prevalent with large rearrangements and extremely high 
heterogeneity of the tumor as well as a high frequency of mutations and coamplifications of tyrosine 
kinase receptors. The most common amplifications were ERBB2, EGFR, MET, and FGFRs. They 
managed to determine mutational signatures and stratify EA into 3 subtypes: the DNA damage repair 
induced (18%), C>A/T dominant (29%), and mutagenic (53%) subtype.

The DNA damage repair subgroup showed an increase in the frequency of violations of homologous 
recombination genes. Homologous recombination gene disorders might determine potential sensitivity 
to platinum-based chemotherapy (CT) and PARP inhibitors as well as sensitivity to radiation therapy[8].

The C>A/T dominant EA subtype was associated with aging, a lower level of duplications, and an 
increased frequency of interchromosomal translocations. In the C>A/T dominant subgroup there was a 
higher frequency of ERBB2/MET coamplifications. The use of tyrosine kinase receptor inhibitors[9] may 
be reasonable in this subtype.

The mutagenic subtype showed a high mutational load and load of neoantigens. These characteristics 
may mediate sensitivity to immunotherapy. Development of the mutagenic subtype is associated with 
gastroesophageal reflux. The mutagenic subtype demonstrated sensitivity to WEE1/CHK1 inhibitors
[10]. The authors concluded that the use of mutational signatures and subtyping could help in the 
selection of promising therapeutic options and determine rationale for further research. Limitations for 
the use of a personalized approach to EA treatment are significant heterogeneity and a high number of 
coamplifications in tyrosine kinase receptor genes.

Comparative molecular genetic analysis of EA with GC and cancer of the esophageal-gastric junction 
is of particular clinical interest. In 2017, TCGA project presented a similar analysis. They analyzed 164 
EA samples, 359 GC samples, and 36 adenocarcinomas of the esophageal-gastric junction. They found 
that EA results were consistent with chromosomally instable (CIN) gastric phenotype with its molecular 
and genetic characteristics and could probably be treated as a single nosology[10] .

EA is considered as the tumor with the most frequent changes in copy number variations[11,12]. The 
most significant amplifications for both the EA and CIN subtypes of GC are ERBB2, MYC, IKZF3, 
CDK12, VEGFA, CDK6, FGF3, and FGF4. However, a detailed examination revealed some differences in 
the molecular genetic characteristics and differences in tumor methylation in accordance with its 
location[12]. Thus, hypermethylation is more frequent in EA than in the CIN subtype (70% vs 30% 
respectively, P = 1.0 × 10-8). Moreover, the incidence of some genes change depending on the anatomical 
site. For example, SMARC4 mutations and RUNX1 tumor suppressor deletions are more common for 
EA, but APC mutations are rare compared to GC. The Wnt/β-catenin pathway seems to play a less 
important role in EA. In addition, MYC and VEGFA amplifications are more frequent for EA. Thus, 
there is a significant level of intratumor heterogeneity among EA with obvious properties of the CIN 
phenotype, like amplification of tyrosine kinase receptors.

In 2018, Guo et al[13] conducted a cumulative analysis of EA subtyping using the Gene Expression 
Omnibus and TCGA databases. When analyzing gene expression profiles of three independent cohorts, 
they found two molecular genetic subtypes of EA with distinct expression and somatic mutation 
profiles. They showed that the first subtype (I) shared common molecular expression profiles with GC, 
and the second one (II) was similar to squamous cell carcinoma. Specific somatic mutations of SMAD4, 
SOCS4, and SKAP2 were specific for the first subtype[14]. Only 3 patients in the study received CT: 2 
patients with type II EA and 1 patient with type I EA. Two patients with subtype II had a complete 
response to treatment. One patient with subtype I progressed during treatment. Due to the extremely 
small sample size of patients and insufficient clinical information, it would be reasonable to continue 
analyzing prognostic and predictive significance of molecular subtype selection.

Molecular genetic analysis of Barrett’s esophageal samples is of particular clinical interest and may be 
useful for understanding the biology of EA. It is known that Barrett’s esophagus is a precursor of EA. 
Barrett’s esophagus was shown to be polyclonal and exhibit high mutational properties even in the 
absence of dysplasia. The genome of Barrett’s esophageal tissues is relatively more stable compared to 
invasive tumors[15]. About 32% of Barrett’s esophagus cases perform massive localized chromosomal 
translocations (chromotripsis), which can result in the activation of oncogenes and inactivation of tumor 
suppressors mediating rapid development of EA[16]. Genetic changes in EA are usually accompanied 



Ignatova EO et al. Molecular subtypes of gastrointestinal tract adenocarcinoma

WJGO https://www.wjgnet.com 631 March 15, 2022 Volume 14 Issue 3

by significant epigenome changes. With the development of high-grade metaplasia and EA there is an 
additional increase in the methylation of CpG islands[16]. Thus, detection of epigenetic changes specific 
to EA and Barrett’s esophagus can help in the subtyping of patients.

In 2020, there was a study identifying subtypes of Barrett’s esophagus and EA based on DNA 
methylation profiles and integration of transcriptomic and genomic data[17]. They analyzed 150 
samples of Barrett’s esophagus and 285 samples of EA. They identified four molecular genetic subtypes; 
each had distinctive biological properties. The first subtype exhibited hypermethylation of DNA (CpG 
island methylator phenotype-like), high mutational load with numerous mutations in cell cycle genes 
(CCND1, CCNE1, MYC, CDK6) and tyrosine kinase receptors (GATA4, ERBB2, KRAS). The second one 
had expression of gene patterns associated with metabolic processes and absence of methylation at 
specific sites of transcription factors. This subtype was common for Barrett’s esophagus (83%). The third 
subtype had no methylation with gene expression indicating infiltration by immune cells (cytotoxic 
cells, B cells, mast cells and neutrophils, and tumor-associated fibroblasts), and decreased expression of 
T helper cells. These patients had a poor prognosis compared to the other subtypes. The fourth subtype 
presented with hypomethylation of DNA and a high frequency of CCNE1 amplifications. Several 
preclinical studies demonstrated drug treatment effectiveness depending on the tumor subtype. For 
instance, irinotecan, a topoisomerase I inhibitor, is known to be effective in the treatment of tumors with 
a high level of methylation. Given the similarity of the molecular characteristics of CIN GC with EA, the 
EA I subtype (CpG island methylator phenotype-like) might be sensitive to inhibitors of DNA methyl-
transferase and topoisomerase I. It was also reported that CDK4/6 inhibitors were effective in EA of all 
subtypes with CDK2 inhibitors more effective in subtype 4 due to CCNE1 amplification. In addition, 
organelles with reduced levels of MGMT and CHFR expression were sensitive to temozolomide and 
taxane drugs[18-20].

Thus, a number of studies by large research groups are devoted to the EA subtyping. Their work aims 
to isolate molecular genetic subtypes, perform complete biological characterization of the tumor, 
determine prognostic groups, and find predictive markers to the effectiveness of therapy. The obtained 
data indicate the need for further research and require additional clinical validation for successful 
clinical use.

MOLECULAR GENETIC SUBTYPES OF GC
GC has an unfavorable prognosis with a median life expectancy in metastatic patients under a year. 
Standard molecular genetic diagnosis in metastatic GC includes expression and amplification of 
HER2/neu, MSI, and PD-L1 expression (CPS). If positive HER2/neu expression status is detected or 
HER2/neu is amplified, trastuzumab is added for first-line CT. A high level of MSI or positive 
expression of PD-L1 (CPS > 10) allows the use of pembrolizumab immunotherapy in the second-line 
setting. Positive expression of PD-L1 (CPS > 1) allows the use of pembrolizumab in subsequent lines of 
treatment. In addition, in 2020 a randomized phase 3 trial, CheckMate 649, showed a statistically 
significant (P < 0.001) increase in overall survival for combination of nivolumab with oxaliplatin and 
capecitabine or FOLFOX regimens for the first-line treatment of GC with PD-L1 CPS expression ≥ 5[21].

For the histological classification of GC, we use the World Health Organization classification, which 
distinguishes some major subtypes like papillary, tubular, and mucinous types[22]. Quite often, 
histological Lauren classification is used due to its simplicity and easy use. There are several Lauren 
subtypes according to dominant morphological picture, like intestinal, diffuse, and mixed types of GC
[23]. The intestinal type of GC is more common in patients with severe atrophic gastritis and is 
associated with intestinal metaplasia and presence of persistent H. pylori infection. This subtype is more 
common in men or the elderly and usually has visceral metastasis. Diffuse GC is associated with low 
differentiation, treatment resistance, and poor prognosis. The diffuse subtype is more common in young 
women and usually presents with peritoneal dissemination.

There are a series of studies devoted to a predictive role of the GC histological subtypes. In a 
multicenter study, Messager et al[24] retrospectively analyzed the effectiveness of perioperative CT 
based on platinum and fluorouracil agents on the survival of patients with signet ring cell carcinoma 
GC. Signet ring cell carcinoma is a diffuse GC subtype according to the Lauren classification. Among 
3010 patients receiving treatment in 19 clinics in France from January 1997 to January 2010, 1050 (34.9%) 
had signet ring cell carcinoma GC; 18.5% (171) of patients received perioperative CT, and 81.5% (753) 
received surgical treatment alone. With a median follow-up of 31.5 mo, median survival was lower in 
the signet ring carcinoma group (12.8 vs 14.0 mo, P = 0.043). Multivariate analysis showed that signet 
ring carcinoma was an independent factor of poor prognosis [hazard ratio (HR) = 1.4; 95% confidence 
interval (CI): 1.1-1.9; P = 0.042]. This study was retrospective and does not have the necessary power to 
change clinical practice. In randomized trials of perioperative and adjuvant CT (ACTS1[25], CLASSIC
[26], INTERGroup0116[27], FNLCC[28]) there was no preplanned analysis of a patient subgroup with 
signet ring carcinoma diffuse GC.

In the MAGIC study[29], they compared surgical treatment only with perioperative CT, which 
included three courses of epirubicin, cisplatin, and 5-fluorouracil (ECF) before the operation and three 
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courses after the operation. The addition of CT led to a significant increase in the 5-year life expectancy 
in patients from 23% to 36% (HR 0.75, 95%CI: 0.60 0.93, P = 0.009). After a subgroup analysis there were 
no differences in the frequency of pathological complete response in the diffuse or intestinal subtype GC 
according to Lauren.

The FLOT-4 study[30] evaluated two different perioperative CT regimens, the ECF/ECX regimen 
(epirubicin, cisplatin, fluorouracil or capecitabine) and docetaxel, oxaliplatin, leucovorin, and 
fluorouracil. The docetaxel, oxaliplatin, leucovorin, and fluorouracil combination benefited over the 
ECF/ECX regimen, significantly improving the 5-year overall survival rate (48% and 57%, HR = 0.77, P 
= 0.012). Subgroup analysis demonstrated that docetaxel, oxaliplatin, leucovorin, and fluorouracil 
efficacy was higher than the ECF/ECX regimen regardless of histological subtype, even in the subgroup 
of signet ring carcinoma GC.

Survey of experts at the 4th International Conference St. Gallen, dedicated to the treatment of operable 
GC and esophageal cancer, showed that signet ring carcinoma of diffuse histological subtype was an 
independent factor of poor prognosis and should be considered as a stratification factor in future 
studies[31]. The Lauren histological classification has been widely used over the past five decades, but 
its clinical significance is limited because it does not reflect the full complexity and molecular hetero-
geneity of the disease. With the use of molecular platforms (NGS, DNA microarrays, RPPA), it became 
possible to classify GC into molecular subtypes. Various research groups worked to determine 
molecular subtypes of GC.

The most interesting work in subtyping of GC were the studies of Tan et al[32] in 2011 and 2013 
(Figure 1)[33], TCGA project in 2014[12], and ACRG study in 2015 (Table 1).

In 2011, Tan et al[32] identified GC subtypes via analyzing gene expression with a panel of 37 GC cell 
lines. Gene expression analysis was performed using microarrays (HG-U133 Plus 2.0, Affymetrix). They 
identified the gene expression signature of 171 genes and identified two GC subtypes with distinct gene 
expression patterns, namely, the intestinal subtype (G-INT) and the diffuse subtype (G-DIF). These 
subtypes also were determined when analyzing primary gastric tumors in 270 patients in two 
independent groups. The G-INT subtype was found to be associated with activation of protein and 
carbohydrate metabolism (FUT2) and cell adhesion (LGALS4, CDH17) genes. The G-DIF subtype was 
associated with functional annotations of cell proliferation (AURKB) and fatty acid metabolism (ELOVL5
). In addition, these subtypes had prognostic value. Patients with the G-DIF subtype had poor prognosis 
compared to patients with G-INT in several cohorts. In addition, 28 samples of cell lines (11 G-INT and 
17 G-DIF) showed that G-INT cell lines were more sensitive to 5-fluorouracil and oxaliplatin, whereas 
G-DIF were more sensitive to cisplatin. Thus, the authors suggested that G-INT and G-DIF subtypes 
could be used to determine GC prognosis and individualize therapy[33].

Later in 2013, Lei et al[33] published a study with another attempt to identify molecular subtypes of 
GC. They analyzed 248 tumor samples from patients with GC. Three main subtypes of GC were 
identified: mesenchymal, proliferative, and metabolic. The mesenchymal subtype was named so 
because of the high activity of the epithelial-mesenchymal transition (EMT) process. EMT is a complex 
developmental program that allows malignant cells to suppress their epithelial properties, replacing 
them with mesenchymal ones. These changes allow cells to become mobile and be able to migrate from 
the primary focus. EMT is associated with metastasis. This subtype has high levels of CDH2 (N-
cadherin) expression and low levels of CDH1 (E-cadherin) expression. In addition, cells of the 
mesenchymal subtype of GC proved to be particularly sensitive to PI3K-AKT-mTOR inhibitors in vitro. 
The proliferative subtype showed a high expression of genes associated with the cell cycle (E2F, MYC, 
RAS) as well as a high level of mutations in TP53 and copy number variation loci of CCNE1, MYC, and 
KRAS. Also, this type showed a decreased relapse-free survival compared to other types. The metabolic 
subtype showed high expression of genes associated with metabolism, which was also specific to 
healthy gastric mucosa. Therefore, this subtype is thought to be closer to healthy mucosa because of its 
molecular and genetic characteristics than the proliferative and mesenchymal types. Moreover, the 
metabolic subtype has higher sensitivity to 5-fluorouracil than the others[33].

In 2014, TCGA published the most promising and full-scale study, which also classified GC into 
molecular subtypes. They analyzed samples of 295 patients with GC who had not previously received 
CT and/or radiation therapy. They used six platforms for analysis: exome sequencing, comparative 
genomic hybridization, DNA methylation studies, matrix RNA and micro RNA sequencing, and 
proteomic analysis. They classified GC into four subtypes: Epstein-Barr virus (EBV)-positive tumors, 
tumors with MSI, tumors with a stable genome (GS), and tumors with CIN[12]. This work is important 
because it identified molecular and biological subtypes of GC, which determined further research for 
new therapeutic approaches of treatment[33].

EBV-associated subtype of GC
EBV presents in 10% of GC cases worldwide. EBV-associated GC has specific molecular features. TCGA 
analysis showed that 80% of EBV-positive gastric tumors have PIK3CA mutations as well as amplific-
ations of the JAK2, CD274 (PD-L1) and PDCD1LG2 (PD-L2) genes. Mutations in ARID1A (55%) and 
BCOR (23%) genes are also common, while TP53 defects are not specific for this subtype of GC[34].



Ignatova EO et al. Molecular subtypes of gastrointestinal tract adenocarcinoma

WJGO https://www.wjgnet.com 633 March 15, 2022 Volume 14 Issue 3

Table 1 Existing molecular classification systems of gastrointestinal tract tumors

Subdividing and data level Subtype Prevalence Defining characteristics
Esophagus subtypes 

Liu et al[34] obtained subtypes based on SCNAs, 
WES, DNA methylation, mRNAseq, 
microRNAseq, RPPA (TCGA) 

EA-CIN 14.1 EA similarity with CIN phenotype of GC. 
Methylation patterns and gene alterations differ in 
terms of localization

EA I 40 EA I shares the common expression profiles with 
GC

Guo et al[13] determined differences in 
expression profiles and somatic mutation profiles 
by using RNA-Seq and exome-Seq data 

EA II 60 EA II was clustered with esophageal squamous cell 
carcinomas

Subtype I 28.7 SI: CIMP-like

Subtype II 27.3 SII: Expression of gene patterns associated with 
metabolic processes 

Subtype III 22.7 SIII: Immune cell infiltration

Jammula et al[17] divided OAC and Barrett’s 
esophagus by integration of WGS and RNA-seq 
data

Subtype IV 21.1 SIV: DNA hypomethylation; structural aberrations; 
CNA

DDR-impaired 15 DDR: Enrichment for BRCA signature with 
prevalent defects in the homologous recombination 
pathway

C > A/T dominant 32 C > A/T: Aging imprint 

Secrier et al[8] received GC subtypes on the basis 
of mutation signatures obtained from WGS data 

Mutagenic 53 Mutagenic: The highest mutational load and the 
highest load of neoantigens

Gastric subtypes

G-INT 58 G-INT: Genes upregulated were related to 
carbohydrate and protein metabolism (FUT2) and 
cell adhesion (LGALS4; CDH17)

Tan et al[32] obtained subtypes based on gene 
expression pattern (microarray)

G-DIF 42 G-DIF: Cell proliferation (AURKB) and fatty acid 
metabolism (ELOVL5) functional annotations were 
enriched

Proliferative 45 Proliferative: High levels of genomic instability; 
TP53 mutations and DNA hypomethylation

Metabolic 23 Metabolic: High expression of genes associated 
with metabolism

Lei et al[33] compared the patterns of gene 
expression samples of GC (mRNA, CNAs) 

Mesenchymal 31 Mesenchymal: Contain cells with features of cancer 
stem cells 

EBV+ 8.8 EBV: Recurrent mutation of PIK3CA; intense 
hypermethylation; JAK2, CD274, PDCD1LG2 
amplification

MSI 21.7 MSI: Increased frequency of mutations; aberrant 
epigenetic patterns

CIN 49.8 CIN: The presence of multiple chromosomal 
rearrangements; localization mainly in the 
proximal gastric cancer and EGJ

TCGA obtained subtypes based on SCNAs, WES, 
DNA methylation, mRNAseq, microRNAseq, 
RPPA[12]

GS 19.7 GS: RHOA, CDH1 and ARID1A mutations; 
CLDN18-ARHGAP6 gene fusion

MSI-high GC 22.7 MSI-high GC: Mutations in ARID1A, MTOR, 
KRAS, PIK3CA, ALK, and PTEN. Overexpression 
of PD-L1; T cell infiltrate

MSS/EMT GC 15.3 MSS/EMT GC: Loss of CDH1; Loss of cellular 
adhesion, angiogenesis, motility

MSS/TP53- GC 35.7 MSS/TP53- GC: Highest prevalence of TP53 and 
RHOA mutations; APC, ARID1A, KRAS, PIK3CA, 
and SMAD4 enriched

Cristescu et al[55] received GC subtypes based on 
data of gene expression 

MSS/TP53+ GC 26.3 MSS/TP53+ GC: Frequent EBV infection; Frequent 
mutations in ARID1A, PIK3CA, SMAD4, APC

Colon subtypes
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CMS1 14 CMS1: Hypermutated; microsatellite unstable; 
strong immune activation

CMS2 37 CMS2: Epithelial, chromosomally unstable; marked 
WNT and MYC signaling activation

CMS3 13 CMS3: Epithelial; evident metabolic dysregulation

Guinney et al[59] carried out combined molecular 
genetic analysis of 4151 colon tumor samples 
from 6 different scientific groups

CMS4 23 CMS4: Prominent transforming growth factor β 
activation; stromal invasion and angiogenesis

MSI 17.5 MSI: MSI tumors with MLH1 methylation were 
associated with BRAFV600E mutation

HM-SNV 1.7 HM-SNV: Hotspot mutations in polymerase E

CIN 66.6 CIMP status is characteristic of CRC with 
associated mutations in KRAS and TGFβ pathways

Liu et al[34] obtained subtypes based on SCNAs, 
WES, DNA methylation, mRNAseq, 
microRNAseq, RPPA (TCGA) 

GS 14 GS: Lacking hypermutation and aneuploidy; 
enriched in DNA hypermethylation and mutations 
in KRAS, SOX9 and PCBP1

CIMP: CpG island methylator phenotype; CIN: Chromosomally instable; CRC: Colorectal cancer; DDR: DNA damage repair; EA: Esophagus; EBV: 
Epstein-Barr virus; EGJ: Epigastric junction; GC: Gastric cancer; G-DIF: Gastric diffuse subtype; G-INT: Gastric intestinal subtype; GS: Stable genome; HM-
SNV: Hypermutated-single nucleotide variant; MSI: Microsatellite instability; MSS: Microsatellite stability; TCGA: The Cancer Genome Atlas; WGS: Whole 
genome sequencing.

Figure 1 Distribution of major molecular subtypes and the most common predictive biomarker across different tumor types of the 
gastrointestinal tract. amp: Amplification; CIN: Chromosomally instable; EBV: Epstein-Barr virus; Eg: Epigastric; GS: Stable genome; HM-SNV: Hypermutated-
single nucleotide variant; MSI: Microsatellite instability; MSS: Microsatellite stability; TMB: Tumor mutation burden; wt: Wild-type.

PIK3CA mutations usually localize in hot spots: exon 9 (E542K and E545K) and exon 20 (H1047R)[35]. 
However, for EBV+ GC, the frequency of PIK3CA mutations in hot spots is only 28%, and mutations can 
be observed throughout the nucleotide sequence[39]. Genetic defects in PIK3CA may precede EBV 
infection, which then enhances the activation of the PI3K/Akt/mTOR pathway.

According to TCGA analysis, EBV-associated gastric tumors have a high frequency of DNA 
hypermethylation. In particular, hypermethylation of the CDKN2A gene promoter (p16INK4a) was 
observed in all the studied samples of EBV-positive gastric tumors. Epigenetic inactivation of this gene, 
along with such oncosuppressors as p14, APC, and TFAP2E, is specific for EBV-positive GC[36].

The EBV+ phenotype showed increased expression of PD-L1 and/or PD-L2 among another four 
molecular subtypes of GC[37,38]. The phase II study was the first to show a very high response rate to 
pembrolizumab therapy among patients with metastatic EBV-positive GC and MSI-GC (overall 
response rates of 100% and 85.7%, respectively). The authors concluded that EBV+ status and MSI-H 
serve as reliable predictors of response to immunotherapy, along with the high immunohistochemical 
expression of PD-L1 in the tumor. They proposed to introduce routine determination of EBV status into 
clinical practice in order to identify patients with gastric adenocarcinomas who could benefit from 
immunotherapy[39].
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GC with MSI
According to various data, from 5% to 37% of cases of GC have an MSI phenotype: 8%-20% in operable 
GC and 3%-5% in metastatic setting. There was a large meta-analysis of 48 studies with 18000 patients to 
study clinical and morphological characteristics of MSI-H GC[40]. MSI-H tumor cases included 
primarily women, the elderly, and the intestinal subtype. The tumor localizes in the body or in the 
proximal part of stomach. MSI-H tumors present with an absence of lymph node involvement. The 
meta-analysis showed that MSI-H GC has a favorable prognosis and better survival rates[41].

MSI-positive GC tumors showed hypermethylation of various genes, gene methylation, unpaired 
DNA base repair system, and a high level of expression of genes regulating mitotic activity[42]. With 
adjuvant or preoperative CT, the prognosis of patients with MSI-H GC is worse than in patients with 
microsatellite stability (MSS) tumors[41]. Kim et al[42] discovered this phenomenon in a retrospective 
study.

Other authors confirmed these results later. According to the results of a retrospective analysis of the 
randomized MAGIC and CLASSIC trials, the rationale for additional CT is questionable in cases of MSI-
H GC. Only MSS patients benefited from systemic treatment, whereas MSI-H GC had a favorable 
prognosis with surgery alone and a poor prognosis with perioperative or adjuvant CT[43,44].

The MSI-GC-01 meta-analysis performed a pooled analysis of MAGIC and CLASSIC studies 
depending on MSI in the tumor. They showed that CT in patients with MSI-H did not improve the 
survival rates[45]. In the treatment of metastatic GC, MSI-H subtype allows immunotherapy in the 
second and subsequent lines of therapy according to the National Comprehensive Cancer Network 
recommendations[46].

GS GC subtype
The GS subtype of GC accounts for approximately 20% of the total number of GC cases analyzed by 
TCGA. In addition, TCGA showed that 73% of diffuse type GC cases can be classified as the GS subtype. 
No copy number variations were found in the GS subtype. However, the mutations of RHOA, CDH1, 
and ARID1A were detected as well as the chimeric gene CLDN18-ARHGAP6[47]. The Rho family of 
GTPases is known to regulate the dynamics of actomyosin as well as the processes of cell adhesion, 
proliferation, and survival. The RhoA signaling pathway is associated with invasion and metastasis. 
TCGA project identified 16 cases of GC with mutations in the RHOA gene, which were specific to the GS 
subtype. The inactivating ARID1A mutation is specific for both GS and EBV subtypes. This protein 
mediates regulation of cellular processes, such as DNA damage, differentiation, and development. Loss 
of ARID1A expression significantly correlates with tumor grade as well as with poor prognosis for 
patients with the GS subtype[48].

CIN subtype of GC
CIN subtype of GC is the most extensive group and accounts for up to 50% of stomach cancer. This 
subtype shows multiple chromosomal rearrangements, deletions, and translocations. The CIN subtype 
localizes mainly in the proximal stomach and gastroesophageal junction. It is more common in the 
intestinal histological type. Its distinctive feature is high frequency of TP53 mutations (in 70% of cases) 
and activation of tyrosine kinase receptors. Singapore researchers found amplification and coampli-
fication of tyrosine kinase receptors in 40% of stomach cancers. To evaluate the effectiveness of targeted 
therapy, phase II and III studies were initiated and conducted. The EXPAND[49] and REAL-3[50] 
studies evaluated anti-EGFR therapy. The MET-gastric study[51] evaluated the effectiveness of MET 
inhibitor, and the SHINE study evaluated the effectiveness of an anti-FGFR2 agent[52]. However, all 
these targeted agents were not effective; all studies were negative. However, these studies did not 
stratify patients according to molecular changes, but they evaluated the entire patient population 
regardless of biomarker expression. To date, anti-Her2 therapy in patients with high HER2 expression 
and HER2 amplification is the only successful targeted therapy. The ToGa study proved trastuzumab in 
combination with CT as a first-line therapy for metastatic HER2-positive GC[53].

To date, we actively validate clinical significance of TCGA classification in GC. Based on TCGA data, 
Sohn et al[54] developed the first prognostic model establishing statistically significant correlations 
between certain molecular subtypes of GC with patient survival rates and effectiveness of adjuvant CT.

EBV+ GC had the best prognosis in relation to both disease-free survival (P = 0.006) and overall 
survival (P = 0.004). The worst prognosis was associated with the GS subtype. The other two subtypes 
(MSI and CIN) had intermediate prognosis in relation to survival rates. They also confirmed that EBV+ 
GC is more common in men (79%) and at a younger age than the other subtypes (mean age 53, P = 0.01)
[54].

Patients with the CIN subtype of GC had the greatest benefit from adjuvant CT showing a significant 
increase in disease-free survival (HR: 0.39; 95%CI: 0.16-0.94; P = 0.03). On the contrary, there was no 
statistically significant benefit from adjuvant CT (HR: 0.83; 95%CI: 0.36-1.89; P = 0.65) in patients with 
GS GC. It was not possible to assess the effectiveness of adjuvant CT in the EBV+ GC subgroup due to 
the absence of a control group. The authors also developed a single model for assessing risk of relapse 
after treatment (integrated risk assessment model), which is good predictor of disease-free survival (HR: 
1.5; 95%CI: 1.2-1.9; P = 0.001).
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Most samples (about 75%) in TGCA represent patients of the Western population, whose clinical 
course and biological characteristics differ from those of Eastern populations. Data from the ACRG[55] 
allowed further study of the clinical utility of TCGA classification. ACRG used gene expression data to 
characterize 300 postoperative GC samples from Korean patients. As in TCGA classification, they 
identified four subtypes: (1) MSS/EMT; (2) MSI; (3) MSS/p53+; and (4) MSS/p53-[55].

Thus, a lot of data from various researchers showed main four molecular genetic subtypes of stomach 
cancer. However, it is difficult to implement routine use of this classification system in routine use as 
multi-omics analysis would be required. Meanwhile, implementation in clinical practice may facilitate 
translational and retrospective studies, which would enhance understanding of clinical use of such 
classification systems. Therefore, the next step for the clinical implementation of this classification 
should be identification of surrogate biomarkers and their validation in further clinical trials.

MOLECULAR GENETIC SUBTYPES OF COLON CANCER
In 2021, the standards of primary molecular genetic diagnostics for metastatic colon cancer included five 
biomarkers: mutational status of KRAS, NRAS, and BRAF genes, expression and amplification of 
HER2/neu, and MSI[56,57].

The first four are negative predictors to the effectiveness of anti-EGFR antibodies. BRAF gene (V600) 
mutation and expression of HER2/neu are predictors to the effectiveness of BRAF inhibitors (with anti-
EGFR antibodies +/- MEK inhibitors) and anti-HER2 therapy, respectively. MSI is a predictor to the 
effectiveness of immunotherapy. At the same time, first-line management with targeted agents in wild-
type RAS/BRAF tumors depends on clinical factors like localization of the primary tumor. Therefore, it 
is reasonable to suggest more complex molecular genetic differences between tumors[58,59]. Systematic 
work continues to determine patients who could benefit from certain targeted agents. Molecular classi-
fication of colon cancer implementation to the results of already conducted randomized trials is one 
option that should be considered first.

In 2015 six different scientific groups that previously proposed different genetic classifiers for 
colorectal cancer published results of a pooled molecular genetic analysis of 4151 colon tumors. Based 
on this work, they created a consensus on molecular genetic (expression) subtyping of colon cancer and 
identified five colon cancer subtypes (CMS1, CMS2, CMS3, CMS4, and unclassified subtype), which are 
characterized by certain clinical and molecular differences[59].

The immune subtype (CMS1) represents 14% of cases and predominantly describes tumors with a 
hypermutated phenotype, MSI, tumor infiltration lymphocyte expression, and activated immune cells. 
More often, such tumors localize in the cecum, colon ascendens, and hepatic flexure. Canonical (CMS2) 
represents 37% of samples and is characterized by the activity of WNT and MYC signaling pathways. 
The tumor mainly localizes in colon descendens, sigmoid colon, and rectum. The metabolic (CMS3) 
subtype represents 13% of cases and is characterized by alterations in the metabolic systems of the cell, 
KRAS gene mutations, low copy number of mutated genes, and it has a CpG island methylator 
phenotype. The primary tumor predominantly localizes in the sigmoid colon and rectum. Mesenchymal 
(CMS4) subtype represents 23% of tumors and is characterized by activation of transforming growth 
factor β (TGF-β), significant stromal response and angiogenesis. Localization of the primary tumor is 
similar to the specific CMS2 subtype. However, the researchers failed to classify almost every fifth 
sample.

Initially this classification was not meant to identify differences in disease prognosis. However, when 
the researchers looked at the survival of patients with different subtypes, they found that resectable 
tumors with the mesenchymal subtype had the worst prognosis, while the differences between immune, 
canonical, and metabolic subtypes were not detected [risks ratio (RR): 1.69, P < 0.001]. Beyond 
progression, the situation changed: patients with the immune subtype showed the lowest survival and 
canonical subtype had the best survival, while patients with the mesenchymal and metabolic subtypes 
had an intermediate prognosis (P < 0.001).

The next step was to use tumor subtypes as predictors to the effectiveness of targeted and CT agents. 
The FIRE3 study compared folinic acid, fluorouracil, and irinotecan (FOLFIRI) + cetuximab and 
FOLFIRI + bevacizumab in first-line treatment of patients with metastatic colon cancer with a wild-type 
KRAS gene. The 438 out of 514 patients were classified according to the CMS subtypes. The subtype 
incidence among tumors with wild-type KRAS gene was 14% for CMS1, 37% for CMS2, 15% for CMS3, 
and 34% for CMS4 subtype. Cetuximab was effective only in the CMS4 group. The distribution by 
subtype in tumors with wild-type RAS genes did not differ significantly and was 12%, 41%, 11%, and 
34%, respectively.

When comparing the subtype distribution concerning primary tumor localization (right-sided or left-
sided), the differences were 27% vs 11% for CMS1 subtype, 28% vs 45% for CMS2, 10% vs 12% for CMS3, 
and 35% vs 32% for CMS4 subtype. Prognostic differences between subtypes were consistent with the 
original work of Guinney et al[59]. In the group of wild-type RAS genes, only the mesenchymal (CMS4) 
subtype had a significant gain in overall survival in favor of cetuximab (RR = 0.57, 95%CI: 0.38-0.86, P = 
0.008). Similar trends were in the metabolic (CMS3) subtype group (RR = 0.57, 95%CI: 0.27-1.23, P = 
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0.15). At the same time, the objective responses were the main endpoint in the FIRE3 study. Cetuximab 
numerically proved to be more effective in all subgroups. However, cetuximab statistically significantly 
benefited over the combination with bevacizumab in the CMS2 and CMS4 subtypes: 74% vs 42% (P = 
0.043) and 76% vs 55% (P = 0.049), respectively[60].

The CALGB/SWOG 80405 study had a similar design, but it studied other CT regimens (73% of 
patients were treated with FOLFOX, 27% with FOLFIRI). There were no differences in overall survival 
between combinations of different targeted agents, even in the wild-type RAS genes group[61]. In 
contrast to the FIRE3 study, they managed to classify tumor subtypes only in half (n = 581) of the 
patients. In the entire group of patients, the subtypes were CMS1 in 17.90% of cases, CMS2 in 41.65% of 
cases, CMS3 in 11.70% of cases, and CMS4 in 28.74% of cases. In a comparative analysis of subtype 
distribution in regard to primary tumor localization (right-sided or left-sided) the differences were 
37.34% vs 9.01% for CMS1 subtype, 23.42% vs 48.26% for CMS2, 11.39% vs 12.50% for CMS3, and 27.85% 
vs 30.24% for CMS4 subtype. That did not differ from the similar results in the FIRE3 study. Prognostic 
differences between subtypes also were consistent with the original work of Guinney et al[59]. However, 
the differences between the metabolic and mesenchymal subtypes were more significant in favor of the 
latter. In contrast to the results of the FIRE3 study, the CMS2 subtype had an improvement in overall 
survival, but not progression-free survival, for combinations with cetuximab (RR = 0.62, 95%CI: 0.45-
0.86, P = 0.0046). The CMS1 subtype benefited from bevacizumab regimens in regards to overall 
survival (RR = 2.34, 95%CI: 1.48-3.7, P < 0.001) and progression-free survival (RR = 2.28, 95%CI: 1.47-
3.55, P < 0.001). With the immune subtype, tumors with MSI-H had greater benefit from bevacizumab 
regimens (R = 0.42, P = 0.0091 for overall survival and RR = 0.46, P = 0.0109 for progression-free 
survival). The MSS CMS1 subtype had no difference between cetuximab and bevacizumab[62]. 
Researchers partially associate these findings with the tumor microenvironment and in particular the 
presence of tumor-associated macrophages and their M1/M2 polarization and possible angiogenic 
immunomodulatory effect of bevacizumab[62].

There are several reasons for the differences in the results of the discussed studies (FIRE3 and 
CALGB/SWOG 80405). For instance, there were differences in the chemotherapeutic component of the 
therapy regimen. In the FIRE3 trial all patients were treated with FOLFIRI, while in the CALGB/SWOG 
80405 study 73% of patients were prescribed FOLFOX.

Previously, a randomized phase III study, NSABP C-07, examined the efficacy of adding oxaliplatin 
to leucovorin and fluorouracil in stage II-III colon cancer in an adjuvant setting. They also 
retrospectively subtyped 67.6% of tumors according to the CMS classification. The CMS2 (canonical) 
subtype showed a significant benefit from the oxaliplatin addition (RR = 0.61, 95%CI: 0.43-0.87, P = 
0.006) but only in patients with enterocytic variant of expression data (CMS2-enterocyte: RR = 0.2, 
95%CI: 0.07-0.59, P = 0.003)[63]. All other subgroups had no benefit from the addition of oxaliplatin to 
leucovorin and fluorouracil. These findings somewhat support the subtyping results of the 
CALGB/SWOG 80405 study (benefit from the addition of cetuximab in the canonical-CMS2 subtype). 
However, to ensure integrity of the study, they should have considered including a group of patients 
treated with cetuximab, leucovorin and fluorouracil (without oxaliplatin).

The ATITG MAX study compared the efficacy of first-line therapy with capecitabine, capecitabine 
with bevacizumab, and capecitabine with bevacizumab and mitomycin C. They also published results of 
subtyping according to the CMS classification. Subtype distribution among all patients did not differ 
significantly from other studies and represented 18% for CMS1, 47% for CMS2, 12% for CMS3, and 23% 
for CMS4 subtype. Prognostic significance of subtypes also were consistent with the original work of 
Guinney et al[59]. The researchers found that adding bevacizumab to CT significantly increased 
progression-free survival in CMS1 (RR = 0.83, 95%CI: 0.43-1.62), CMS2 (RR = 0.5, 95%CI: 0.33-0.76 ), and 
CMS3 (RR = 0.31, 95%CI: 0.13-0.75) but not in the CMS4 subtype (RR = 1.24, 95%CI: 0.68-2.25)[64].

Therefore, we could conclude that the FIRE3 results might indicate low efficacy of bevacizumab for 
the CMS4 subtype rather than high efficacy of cetuximab. Although angiogenesis prevails in the CMS4 
subtype, it is likely primarily not due to the VEGF-mediated pathway but due to the TGF-β signaling 
pathway. This angiogenesis type is characterized with co-optation of vessels and vascular mimicry and 
usually prevails with the mesenchymal component[65,66,67], which explains the ineffectiveness of 
bevacizumab[68].

A phase III PETACC-8 study confirmed that addition of cetuximab to adjuvant FOLFOX regimen in 
stage III disease had no benefit. Subtyping with CMS classification revealed 17% of CMS1 tumors, 34% 
of CMS2 tumors, 4% of CMS3, and 45% CMS4 subtype. The study confirmed poor prognosis of the 
CMS4 subtype (RR = 1.7, P = 0.021) and revealed that addition of cetuximab worsened patient survival 
for the CMS1 subtype (P = 0.037)[74]. We could explain these results with fibroblast enrichment of the 
CMS1 subtype tumors, which decrease cetuximab activity due to the secretion of IL-16A and TGF-β[69,
70]. These results might indicate low efficacy of cetuximab for the CMS1 subtype or bevacizumab high 
efficacy in the CALGB/SWOG 80405 study. On the other hand, the CMS1 subtype is usually observed in 
right-sided tumors, which usually have BRAF gene mutations[61]. The addition of anti-angiogenic 
drugs in the first-line or second-line therapy significantly increases the survival of patients with BRAF 
mutations[57,70].
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However, subtype heterogeneity for each specific patient and evolution of gene expression upon 
progression on a particular regimen could result in prevalence of a certain subtype. Thus, we know that 
progression on oxaliplatin increases epithelial-mesenchymal transition gene expression, which is 
associated with fibroblast activity of the tumor. These changes determine resistance to anti-EGFR agents 
and might explain low efficacy of cetuximab in the second-line setting after progression on FOLFOX 
with bevacizumab[71].

Several groups studied subtype heterogeneity. Piskol et al[72] studied samples of 182 primary tumors 
and 130 metastases and found that the CMS2 and CMS4 subtypes are usually coincidental. However, 
the CMS1 subtype was somewhat more common for metastases (16.90% vs 9.34%), and the CMS3 
subtype was less common for metastases (< 1% vs 11% in primary tumors). The CMS1 subtype was 
more typical for metastases in the liver and lungs and the CMS4 subtype for other localizations. This 
may indicate some tropism of subtypes to metastasize to certain organs. At the same time, the 
expression data for the CMS2 and CMS4 subtypes were rather consistent between primary tumor and 
metastases. To study concordance, 71 patient samples were taken. The concordance of the CMS 
subtypes between primary tumor and metastases was only 60%, primarily due to the transition of the 
CMS2 and CMS4 subtypes and changes in the expression of epithelial-mesenchymal transition genes. 
This indicates that results of subtype analysis of the primary tumor could be incorrect in metastatic 
disease. The researchers found drift and clone selection. In cases with discordance, it was more difficult 
to identify the subtype. Nevertheless, the authors concluded that specific features of a particular tumor 
like expression of tumor-specific genes did not change due to disease progression, but the microenvir-
onment did. This might lead to the accuracy of CMS subtype classification[73]. However, Piskol et al[72] 
used a low-cost variant of genetic analysis with tumor material isolated from paraffin blocks, and the 
original study of Guinney et al[59] used fresh frozen samples, but their results were consistent with 85%.

Dunne et al[73] examined expression data at different sites of the primary tumor. In particular, when 
comparing the central part and invasive tumor front, concordance of CMS subtypes was only 38%. The 
concordance between the central part and lymph node metastases was 29%. Concordance between the 
invasive front and lymph node metastases was 21%. Concordance between all three zones was 17%. 
This is likely due to the CMS4 phenotype acquiring in the invasion front and metastasis area, whereas 
the CMS2 and CMS3 subtypes prevailed in the central zone of the tumor. As in previous work, only 46% 
of samples were unambiguously classified according to the CMS subtype. The authors also noted that 
surrounding tumor stroma significantly affects the expression data and therefore the assignment of the 
sample to the one subtype or another. This is especially true when studying transcription factors using a 
small sample of biopsy material[73].

In 2018, Laurent-Puig et al[74] presented more extensive data on tumor subtyping from the PETACC8 
study patients discussed above. The authors noted that it was possible to identify the subtype 
unambiguously only in 42.6% of samples, while in 57.4% the tumor was treated as the mixed CMS 
subtype, combining at least up to 20% of two subgroups. The researchers managed to identify 16 
variants of tumors with incidence from 2.1%-18.3% when they divided the mixed subgroups in 
accordance with combination of the largest and the smallest components. Interestingly, the pure 
metabolic (CMS3) subtype included only tumors with a mutation in the KRAS gene. Mixed tumors with 
the CMS4 component had the worst prognosis in terms of disease-free survival even taking into account 
clinical factors[74].

To study microenvironment influence on the therapy effectiveness and formation of certain 
transcriptome subtypes in colon cancer, Becht et al[75] created a CMP algorithm that allows determining 
tumor sample infiltration with various cells of the microenvironment (fibroblasts, macrophages, 
endotheliocytes, various subgroups of lymphocytes, etc.) via expression data. This approach was 
validated immunohistochemically by calculating the cellular composition of the sample. The authors 
compared the results with different CMS subtypes of colon cancer.

They found that the immune (CMS1) and mesenchymal (CMS4) subtypes were enriched with CD8 T 
lymphocytes and CD68 macrophages in contrast to the canonical (CMS2) and metabolic (CMS3) 
subtypes. The mesenchymal (CMS4) subtype proved to have a high density of tumor-associated 
fibroblasts, myeloid cells, and endothelial cells, which was confirmed with myeloid chemokine 
expression (CCL2), complement system components, proangiogenic factors (VEGFA, VEGFB, and 
PDGFC), and immunosuppression molecules (TGFβ1, TGFß3, and PDGFC).

The CMS1 subtype had a high expression of chemoattractants to T lymphocytes (CXCL9, CXCL10, 
and CXCL16) or molecules involved in tertiary lymphoid structure formation (CXCL13), increased 
expression of INFγ and IL-15, and high expression of genes encoding PD-1 ligands. Interestingly, the 
latter was also found in the mesenchymal subtype. The canonical (CMS2) subtype had low presentation 
of class 1 major histocompatibility complex proteins, and the tumor infiltration by lymphocytes was also 
low.

There is a strong positive correlation between the number of fibroblasts and myeloid and endothelial 
cells (in accordance with the CMP algorithm), but there is no such correlation between the fibroblasts 
and cytotoxic cells. The authors concluded that fibroblasts in the mesenchymal subtype promote 
angiogenesis, recruitment of proinflammatory cells, and the formation of the immunosuppressive 
phenotype[76].
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Combining data on the tumor expression subtype with characteristics of the microenvironment 
allowed us to choose investigational therapeutic options. In particular, the combination of antian-
giogenic drugs with immune checkpoint inhibitors or with inhibitors of proteins involved in the 
interaction of cells with extracellular matrix components could be beneficial in the mesenchymal 
subtype[77]. However, the combination of immune checkpoint inhibitors and bevacizumab failed in 
metastatic colon cancer without mismatch repair deficiency[78]. Similarly, bevacizumab had no benefit 
for the CMS4 subtype, although it expressed proangiogenic factors and endothelial cells via the CMS 
algorithm. We could possibly explain this with the fact that this subtype expresses TGF-β, which 
induces alternative pathways of angiogenesis. Also, tumors resistant to bevacizumab often have an 
increased expression of TGF-β[79]. We suggest the use of TGF-β inhibitors and immune checkpoint 
inhibitors in the CMS4 subtype.

The metabolic (CMS3) and canonical (CMS2) subtypes have low tumor lymphocyte infiltration and 
low expression of type I major histocompatibility complex components, which induces an unsatisfactory 
antigen-presenting function. Artificial saturation of tumors with lymphocytes in such situations could 
serve as a possible solution [for example, the use of bispecific antibodies to tumor antigens and 
lymphocytes (cibisatamab)][80]. Cibisatamab in combination with atezolizumab in a phase I study in 
patients with metastatic chemorefractory cancer and elevated CEA demonstrated 60% of metabolic 
responses with positron emission tomography/computed tomography[80]. However, due to hetero-
geneity and volatility of CEA expression in colon cancer cells, this approach might not prove to be 
beneficial[81].

Cells expressing CEA, as well as the canonical (CMS2) subtype, have increased activity of the WNT/β
-catenin signaling pathway. This raises the rationale of studying inhibitors of this pathway in the corres-
ponding subtype of colon cancer. Such inhibitors, BBI608 (napabucasin) and CGX1321 in combination 
with pembrolizumab, are thought to be therapy options. CGX1321 studies are still going, but 
napabucasin has already been studied in the phase II trial in accordance with the subtypes of colon 
cancer. The efficacy in patients with chemorefractory colon cancer and MSI-H was 50%, and in patients 
without mismatch repair deficiency it was 10%. In the CMS1 subtype, the objective response was in 1 
out of 3 patients. In the CMS2 subtype, the objective response was in 0 out of 6 patients. In the CMS3 
subtype, the objective response was in 1 (with polymerase E gene mutation) out of 4 patients. In the 
CMS4 subtype, the objective response was in 2 out of 6 patients. Therefore, the hypothesis that WNT 
inhibitors in combination with immune checkpoint inhibitors would be effective in the canonical and 
metabolic subtypes was not true. At the same time, the efficacy in the CMS4 subtype seemed to be 
encouraging.

However, the current state of colon cancer subtyping does not seem to be applicable in clinical 
practice. Nevertheless, CMS subtype classification could serve as a biological basis for searching for new 
targets. We believe that this approach for selecting targeted therapy should replace dividing patients by 
the primary tumor localization in the right or left half side of the colon. This seems to become a 
transitional stage towards real personalized therapy. In order to facilitate implementation of a classi-
fication system into clinical practice, further research should be focused on the development of feasible 
technology of subtyping based on conventional methods used in routine laboratory practice (immuno-
histochemistry or real time-PCR for example). Surrogate markers of each subtype should be described. 
Then, it would be possible to develop small panels, which would replace whole-exome or whole-
transcriptome analysis.

CONCLUSION
In 2018, TCGA performed a comprehensive full-scale molecular genetic analysis of adenocarcinomas of 
the esophagus, stomach, and colon concerning their common endodermal origin. This analysis allowed 
subtyping of gastrointestinal adenocarcinomas and identified five distinct molecular subtypes: (1) EBV-
associated GC (EBV+); (2) GC with MSI; (3) GC with CIN; (4) GS GC (GS); and (5) Hypermutated GC 
with single-nucleotide variants[34]. They initially determined EBV status in the tumor samples of 
gastrointestinal adenocarcinomas, then they divided EBV-negative gastrointestinal tumors into two 
groups according to the mutation load: adenocarcinomas with a high mutation load and gastrointestinal 
adenocarcinomas with a low mutation load. Adenocarcinomas with a high mutational load 
(hypermutated > 10 mutations per million nucleotides) were further classified into MSI and single 
nucleotide variant subtypes. They assigned hypermutated tumors with an indel mutation density > 1 
mutation per million nucleotides and an indel/single nucleotide variant ratio > 1/150 to the MSI 
phenotype, while the remaining gastrointestinal adenocarcinomas were assigned to the single 
nucleotide variant subtype. Adenocarcinomas with low mutational density, in their turn, were divided 
into two groups depending on somatic copy number alteration presence or absence: tumors with CIN 
and a GS subtype. The identification of combined molecular and genetic subtypes gave us insights to 
understanding gastrointestinal adenocarcinomas biology, determining aims for future clinical research, 
and helping to simplify the implementation of a unified system for subtyping gastrointestinal adenocar-
cinomas.
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However, to date, this approach has a number of limitations. One of these limitations is the significant 
heterogeneity between the primary tumor and distant metastases as well as evolution in the molecular 
and genetic properties of the tumor during treatment. One of the decisions may be the possibility of 
performing subtyping by liquid biopsy, though surrogate markers should be identified, which can be 
detected using such biological samples.

Full-scale molecular genetic analysis in most of the presented works used fresh frozen tumor tissue 
samples. The use of such tumor material and its storage is not routine in everyday clinical practice. 
Research is underway on the use of paraffinized tumor material for molecular typing, in particular for 
transcriptome analysis.

Another limitation for use of this classification in clinical practice is the significant volume of testing. 
Identification of surrogate biomarkers of molecular genetic subtypes or creation of small panels to 
determine these subtypes would accelerate clinical validation and its application in routine practice. 
Integration of subtyping into clinical studies as stratification factors is promising to assessing their 
clinical significance. Thus, we are still on the way to achieving successful application of the molecular 
genetic typing in routine clinical practice.
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Abstract
Magnifying endoscopy is a useful technique to differentiate neoplasia from non-
neoplastic lesions. Data regarding the clinical utility of magnifying endoscopy for 
neoplasia in patients with inflammatory bowel disease (IBD) has been emerging. 
While Kudo’s pit pattern types III-V are findings suggestive of neoplasia in non-
IBD patients, these pit patterns are predictive of IBD-associated neoplasia as well. 
However, active chronic inflammatory processes, particularly regenerative 
changes, can mimic neoplastic pit patterns and may affect a meticulous evaluation 
of pit pattern diagnosis in patients with IBD. The clinical evidence regarding the 
utility of magnifying endoscopy with narrow band imaging or endocytoscopy has 
also been evolving in regard to the diagnosis of IBD-associated neoplasia. These 
advanced endoscopic techniques are promising for multiple reasons; not only for 
making an accurate diagnosis of neoplasia, but also in determining if endoscopic 
resection is appropriate for such lesions in patients with IBD. In this review, we 
discuss the diagnostic accuracy and limitations of magnifying endoscopy in 
assessing IBD-associated neoplasia and examine the feasibility and outcomes of 
endoscopic resection for these lesions.

Key Words: Magnifying endoscopy; Neoplasia; Ulcerative colitis; Inflammatory bowel 
disease; Endoscopic resection
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Core Tip: Magnifying colonoscopies assessing Kudo’s pit patterns or surface/vascular patterns with narrow 
band imaging are useful techniques to differentiate neoplasia from non-neoplastic lesions. Many investig-
ations have demonstrated the diagnostic utility of magnifying scopes for neoplasia, as well as the 
feasibility and outcomes of their endoscopic resection in patients with inflammatory bowel disease. We 
aim to review updated data regarding these important topics.

Citation: Akiyama S, Sakamoto T, Steinberg JM, Saito Y, Tsuchiya K. Evolving roles of magnifying endoscopy 
and endoscopic resection for neoplasia in inflammatory bowel diseases. World J Gastrointest Oncol 2022; 14(3): 
646-653
URL: https://www.wjgnet.com/1948-5204/full/v14/i3/646.htm
DOI: https://dx.doi.org/10.4251/wjgo.v14.i3.646

INTRODUCTION
Patients with inflammatory bowel disease (IBD) have an increased risk of developing colorectal cancer 
(CRC) compared with general population[1,2]. Surveillance colonoscopy is recommended 8-10 years 
after the diagnosis of IBD[3]. A forty-year analysis of colonoscopy surveillance program demonstrated 
that the incidence rate of advanced CRC have decreased while the incidences of early CRC and 
dysplasia have increased in patients with ulcerative colitis (UC), suggesting that the implementation of 
surveillance colonoscopy plays a significant role in reducing the likelihood of CRC in IBD patients[4]. 
During the surveillance colonoscopy for IBD patients, an early detection and an accurate diagnosis of 
neoplastic lesions are crucial components of the exam that impact further therapeutic plans and might 
improve patients’ prognosis.

High-definition chromoendoscopy or white-light endoscopy with narrow-band imaging (NBI) are the 
preferred procedures and modalities for the detection of neoplastic lesions in patients with IBD[3]. 
Magnifying chromoendoscopy with indigo carmine or methylene blue is a useful procedure to assess pit 
patterns, opening shapes of tumor crypts. Pit patterns can be predictive of the presence of neoplastic 
lesions and their invasion depth. The classification proposed by Kudo et al[5] includes 8 pit pattern 
types (types I, II, IIIL, IIIS, IV, VI low-irregularity, VI high-irregularity, and VN) and can predict 
pathological diagnosis of colorectal tumors and tumor depths. In general, pit pattern types III-V are 
considered as neoplastic lesions in non-IBD patients[5]. Furthermore, recent advances in endoscopy 
now enable narrow-band-imaging (NBI) technology, and magnifying endoscopy with NBI has been 
widely used to diagnose colorectal neoplasia in non-IBD patients. The Japan NBI expert team (JNET) 
proposed a classification system based on the vessel and surface patterns of tumors. This JNET classi-
fication includes 4 types (Types 1, 2A, 2B, and 3) and types 2-3 are considered as neoplasia[6]. These 
classifications are essential in determining the indication of endoscopic mucosal resection (EMR) or 
endoscopic submucosal dissection (ESD) to achieve a curative resection of colorectal tumors.

Many investigations have been undertaken to understand the utility of pit patterns or use of NBI to 
diagnose neoplastic lesions, as well as the feasibility and outcomes of endoscopic resection to remove 
these lesions in IBD patients. In this review, we summarized updated data regarding these important 
topics.

UTILITY OF MAGNIFING CHROMOENDOSCOPY FOR IBD
Magnifying chromoendoscopy is a well-validated tool to assess neoplastic lesions in non-IBD patients 
and data regarding its utility for IBD patients has been emerging. The pit patterns of UC-associated 
neoplasm are characterized by spare distribution, loss of polarity, irregular pits, size variation, and 
wide-open or fused pits[7]. Similar to non-IBD patients, neoplasia in IBD patients also show pit pattern 
types IIIL, IIIS, IV or V[7,8]. A randomized controlled study including 165 UC patients randomized in a 
1:1 ratio to undergo conventional colonoscopy or chromoendoscopy using 0.1% methylene blue 
demonstrated that pit pattern classification has high sensitivity (93%) and specificity (93%) to differ-
entiate neoplastic lesions from non-neoplastic lesions[9]. A recent multicenter prospective study which 
assessed the detection rate of dysplasia in IBD patients showed that endoscopic findings of Kudo pit 
pattern types III-V were predictive of dysplasia (Table 1)[10].

A randomized trial comparing the detection rate of neoplasia between dye spraying colonoscopy and 
high-definition or electronic virtual chromoendoscopy revealed that Kudo pit pattern type IIo or types 
III-V were significantly predictive of neoplastic lesions during IBD surveillance colonoscopy (Odds ratio 
21.5, 95% confidence interval 8.7-60.1)[11]. Another study using 769 stereomicroscopic pictures (509 
neoplastic and 260 non-neoplastic) obtained from surgically resected specimens showed that pit pattern 
types III-V were significantly associated with the presence of neoplasia (sensitivity 77.4% and specificity 

https://www.wjgnet.com/1948-5204/full/v14/i3/646.htm
https://dx.doi.org/10.4251/wjgo.v14.i3.646
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Table 1 Sensitivity and specificity of magnifying chromoendoscopy to diagnose neoplasia in inflammatory bowel disease

Lesions assessed with MC (n) Pit patterns Sensitivity Specificity

Kiesslich et al[9], 2003 87 III-V 93% 93%

Carballal et al[10], 2018 444 III-V 70% 90%

Shinagawa et al[12], 2019 769 III-V 77.4% 89.5%

Aladrén et al[13], 2019 709 III-V 36% 94%

Bisschops et al[14], 2017 50 III-V 77% 68%

Hata et al[15], 2004 35 III-V 100% 57%

Kudo et al[26], 2021 103 III-V 97.8% 57.5%

Kudo et al[26], 2021 103 V or II-IV with EC irregular-formed nuclei 100% 84.4%

MC: Magnifying colonoscopy; EC: Endocytoscopy.

89.5%)[12]. Further, previous studies also demonstrated that pit pattern types I-II had a high negative 
predictive value to rule out the diagnosis of neoplasia (Table 1)[13,14]. The findings in all of these 
studies suggest that magnifying endoscopy assessing Kudo pit patterns may be useful to differentiate 
between neoplastic lesions and non-neoplastic lesions in IBD patients.

Despite these promising findings, there are several studies that have suggested some limitations of pit 
patterns in diagnosing colitis-associated neoplasia. A case study assessing histopathological findings of 
35 Lesions from UC patients found that pit pattern types IIIL and IV can be observed in the neoplastic 
lesions as well as the surrounding flat mucosa, resulting in the “low specificity” (57%) of pit patterns 
type III-V to diagnose neoplasia. They suggested that pit patterns type IIIL and IV can be observed not 
only in the neoplastic lesions but also in the “regenerative mucosa” in UC patients[15]. Indeed, 
histopathological findings of regenerative mucosa can masquerade as dysplastic findings and make the 
diagnosis of dysplasia equivocal[16]. Several studies have also suggested that the correlation between 
dysplasia and pit pattern types III-V was low (Table 1)[13,14]. Moreover, Kudo’s pit patterns cannot 
necessarily classify all of the findings which are observed in the neoplastic lesions in UC patients. For 
instance, a previous observational study showed that “pinecone and villi patterns” were endoscopic 
signs suggestive of neoplastic lesions in UC patients[12].

These findings suggested that Kudo’s pit patterns may have a high sensitivity to rule out neoplasia, 
but limited utility to accurately diagnose neoplasia in IBD patients due to its low specificity. Given that 
the regenerative mucosa can present pit patterns type IIIL and IV and may decrease its specificity to 
diagnose neoplasia in IBD, it is suggested that providers must achieve mucosal healing prior to the 
scopes to overcome this disadvantage.

UTILITY OF MAGNIFYING ENDOSCOPY WITH NBI FOR IBD
With regard to the utility of NBI in IBD patients, a case report initially found that magnifying 
colonoscopy with NBI can differentiate dysplastic and non-dysplastic lesions, and enabled the detection 
of dysplastic lesions in a patient with UC[17]. This study revealed that dysplastic lesions have “a 
stronger capillary vascular pattern” in comparison to normal mucosa[17]. A retrospective single-center 
study examining 10 flat-type predominant dysplasia in UC patients demonstrated that all lesions can be 
recognized as “demarcated, red-colored areas with increased vascular densities” on NBI, and such 
lesions were histologically diagnosed with low- or high-grade dysplasia. This study performed CD34 
immunohistostaining to assess intramucosal vessels and found that low-grade dysplasia displayed an 
increased number of vessels, whereas high-grade dysplasia contained increased/enlarged vessels[18]. 
Kinoshita et al[19] assessed the utility of the Sano magnifying NBI classification (capillary pattern classi-
fication) for neoplasia in UC and demonstrated that capillary patterns IIIA (high microvessel density 
with a lack of uniformity) or IIIB (the presence of an area with nearly avascular or sparse microvascular 
findings) had a sensitivity of 72.2% and a specificity of 85.7% to diagnose high-grade dysplasia or 
submucosal deep invasive carcinoma in patients with UC. These data suggest that intramucosal vessels 
are proliferated in dysplastic lesions in UC patients, and an increased vascular pattern may be a 
practical sign in detecting such lesions during magnifying colonoscopy with NBI.

A cross-sectional study including 46 UC patients classified the surface structure of neoplasia into 
honeycomb-like, villous, or tortuous pattern; the detection rate of dysplasia was higher in “tortuous 
surface pattern” than honeycomb-like or villous patterns[20]. Another observational study assessing 
both surface and vascular patterns of neoplasia in IBD patients by magnifying colonoscopy with NBI 
found that “irregular/amorphous surface patterns” were significantly associated with neoplastic lesions 
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(sensitivity 81.3% and specificity 82.4%), whereas irregular/amorphous vascular patterns showed lower 
sensitivity (75.0%) and specificity (58.8%) (Table 2)[21]. A systematic review and meta-analysis revealed 
that the sensitivity and specificity of NBI to discriminate neoplasia from non-neoplastic lesions were 
0.64 (95%CI 0.50-0.77) and 0.74 (95%CI 0.69-0.79), respectively[22].

The JNET established a NBI magnifying endoscopic classification based on the vessel and surface 
patterns of tumors in non-IBD patients[6]. Data regarding its diagnostic utility for neoplastic lesions in 
IBD patients remain limited. A recent case study including 17 patients with UC-associated neoplasia 
demonstrated that JNET types 2A, 2B, and 3 were correlated with the pathological diagnosis of low-
grade dysplasia/high-grade dysplasia, high-grade dysplasia, and massive submucosal invasion of 
cancer, respectively[23]. The sensitivity and specificity of JNET type 3 in diagnosing massively invading 
CRC were 25% and 100%, respectively (Table 2)[23].

Each study assessing the utility of magnifying endoscopy with NBI showed similar sensitivity and 
specificity for neoplastic lesions in UC, although the sensitivity of JNET type 3 was low. Hence, it is still 
unclear which of vascular or surface patterns of tumors are important to differentiate neoplasia and 
non-neoplastic lesions in UC. Given that each study only assessed the small number of UC-associated 
neoplasia, further investigations with larger sample sizes are warranted to better understand the charac-
teristics of NBI findings of IBD-associated neoplasia and diagnostic accuracy of JNET classification as 
well as its limitations.

UTILITY OF ENDOCYTOSCOPY FOR IBD
Given the diagnostic limitations of Kudo’s pit patterns for IBD-associated neoplasia, Kudo et al[5] 
retrospectively compared the diagnostic utility between pit patterns alone and its combination with an 
assessment using endocytoscopy, an ultra-magnifying contact microscope which has proven to enable 
visualization of cell nuclei or microvasculature, and detection of neoplasia in non-IBD patients[24,25]. 
Their data found that both pit patterns and its combination with endocytoscopy had high sensitivities to 
diagnose UC-associated neoplasia (97.8% vs 100%). In addition, the authors also demonstrated that the 
specificity was higher in the combined assessment of pit patterns with endocytoscopy compared to pit 
patterns alone (84.4% vs 57.5%) (Table 1)[26]. This study demonstrated that endocytoscopy can enhance 
the specificity of pit patterns for the diagnosis of neoplasia in IBD patients, suggesting an endocyt-
oscopy-assisted pit pattern assessment may be a novel approach to overcome the limitation of pit 
patterns alone. However, they also found that the specificity can be affected by active inflammation 
(Mayo endoscopic subscore 2-3) and that false positive rates were high (16.2% in type II-V pits with 
positive irregularly-formed nuclei and 10.3% in type V)[26]. Therefore, achieving endoscopic remission 
is essential for an accurate evaluation of pit-patterns or cellular nuclei using magnifying scopes.

With regard to magnifying colonoscopy with NBI, one case study assessed the utility of an endocyt-
oscopy with NBI to diagnose dysplasia in a patient with UC. The authors demonstrated that an endocyt-
oscopy with NBI identified “surface microvessels of uniform caliber and arrangement” in a reddish 
lesion (5 mm) in the lower rectum. An artificial intelligence-based system diagnosed it as a neoplasm. 
Consequently, its pathological diagnosis was high-grade dysplasia[27]. Given that endocytoscopy can 
increase the specificity of pit patterns for neoplasia in IBD[26], this technique may be useful to improve 
the diagnostic utility of JNET classification for IBD-associated neoplasia as well.

Figures 1 and 2 show representative findings of a neoplastic lesion in a patient with UC.

ENDOSCOPIC RESECTION FOR NEOPLASTIC LESIONS IN IBD
As previously described, magnifying endoscopy is useful to discriminate between dysplasia and non-
dysplastic lesions in IBD patients, and determine whether such lesions are completely resectable or not. 
An endoscopic resection of neoplasia is safe and feasible in most IBD patients. A systematic review and 
meta-analysis including 1,428 resected colonic lesions in IBD patients showed the pooled incidences of 
bleeding and perforation after endoscopic resection were 0.022 (95%CI 0.011-0.044) and 0.020 (95%CI 
0.009-0.044), respectively[28]. Another meta-analysis revealed that the pooled rates of margin-negative 
(R0) and en-bloc resection rates of non-polypoid dysplasia in IBD patients were 0.70 (95%CI 0.55-0.81) 
and 0.86 (95%CI 0.65-0.95), respectively[29].

As for an endoscopic technique to remove neoplasia in IBD patients, endoscopic mucosal resection 
(EMR) has been widely used. However, endoscopic submucosal dissection (ESD) may be a preferred 
technique in order to remove non-polypoid or larger lesions. Many observational studies published in 
2021 have demonstrated the feasibility and safety of ESD for neoplasia in IBD patients[30-35]. Due to the 
technical difficulty of ESD for IBD-associated neoplasia which are often complicated with submucosal 
fibrosis, each study subsequently had a small sample size. Thus, further studies with larger sample sizes 
or analyses with integrated data may be necessary to investigate the feasibility, safety, and long-term 
outcomes of ESD for neoplasia in IBD patients.
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Table 2 Sensitivity and specificity of magnifying colonoscopy with narrow band imaging to diagnose neoplasia in inflammatory bowel 
disease

Lesions assessed with MC (n) Patterns Sensitivity Specificity

Kinoshita et al[19], 2018 25 Sano classification capillary types IIIA or IIIB 72.2%a 85.7%a

Nishiyama et al[21], 2016 33 Irregular/amorphous surface pattern 81.3% 82.4%

Nishiyama et al[21], 2016 33 Irregular/avascular vascular pattern 75.0% 58.8%

Kawasaki et al[23], 2019 17 JNET type 3 25%b 100%b

aDiagnostic test results for high-grade dysplasia or submucosal deep invasive cancer.
bDiagnostic test results for massively invading carcinoma. MC: Magnifying colonoscopy.

Figure 1 Endoscopic images of a dysplastic lesion in a patient with ulcerative colitis. A: High-definition colonoscopy with white light shows a tumor 
recognized by a demarcated, red colored area (Paris classification Type 0-IIa, size 10 mm); B: High-definition colonoscopy with narrow band imaging (NBI); C: 
Magnifying chromoendoscopy with indigo carmine shows Kudo’s pit pattern types IIIL and VI low-irregularity; D: Magnifying colonoscopy with NBI shows an irregular 
surface pattern with increased irregular vessels (Type 2B of Japan NBI expert team classification).

The SCENIC statement, an international consensus on surveillance and management of neoplasia in 
IBD patients, recommended a surveillance colonoscopy rather than colectomy after the complete 
endoscopic resection of “polypoid dysplasia”[36]. On the other hand, given that “non-polypoid lesions” 
have a greater risk of metachronous dysplasia after the endoscopic resection compared with polypoid 
lesions, providers must understand the importance of follow-up colonoscopy to survey for other 
neoplastic lesions. A recent systematic review and meta-analysis showed the pooled risks of CRC and 
any dysplasia after the endoscopic resection of neoplastic lesions in IBD patients was 2 and 43 per 1,000 
person-year of follow-up, respectively, suggesting the requirement of surveillance colonoscopy after the 
endoscopic resection[28]. Another meta-analysis including 202 IBD patients with non-polypoid 
dysplasia demonstrated that the pooled incidences of CRC and metachronous dysplasia after the 
endoscopic resection were 33 and 90 per 1,000 person-year of follow-up, respectively[29], suggesting 
that the likelihood of metachronous lesions would be higher in non-polypoid lesions compared with 
other types. These findings emphasize the critical importance of having a discussion regarding the risks 
and benefits of surveillance colonoscopy and colectomy with patients following endoscopic resection.
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Figure 2 Endoscopic images of a dysplastic lesion in a patient with ulcerative colitis. A: Magnifying chromoendoscopy with crystal violet shows 
Kudo’s pit pattern type VI low-irregularity; B: Magnifying chromoendoscopy with crystal violet shows Kudo’s pit pattern type IIIL; C: Endocytoscopy shows slit glandular 
lumens with enlarged nuclei (white arrows); D: Endoscopic submucosal dissection was conducted. Pathological report showed well to moderately differentiated 
adenocarcinoma.

CONCLUSION
Magnifying colonoscopies assessing Kudo’s pit patterns or surface/vascular patterns with NBI are 
practical tools that can be used to aid in the diagnosis of neoplasia in IBD patients. Endoscopic charac-
teristics of neoplasia in IBD patients include Kudo’s pit pattern types III-V in magnifying chromoen-
doscopy or JNET types 2A, 2B, and 3 in magnifying colonoscopy with NBI. Endocytoscopy is a 
supportive tool which can assist providers in confirming these diagnoses. As compared to non-IBD 
patients, patients with IBD can have mucosa with active colonic inflammation that may alter the 
findings on magnifying endoscopy, thus increasing the risk of misdiagnosis of neoplasia. Accordingly, 
providers should control active mucosal inflammation and achieve mucosal healing in advance to 
ensure the quality of surveillance colonoscopy with magnifying scopes. Although an endoscopic 
resection is feasible and safe for IBD-associated neoplasia, it is critically important to take into account 
the subsequent risk of metachronous neoplasia development, even after the complete endoscopic 
resection of neoplasia in IBD patients.
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Abstract
Colorectal cancer (CRC) remains one of the main causes of cancer death in 
developed countries. Yet, it is potentially preventable, by removing the precursor 
lesions - adenomas or serrated lesions. Several studies proved that this 
intervention reduces CRC mortality and that the first colonoscopy’s results can 
guide surveillance strategies. More recently, it became clear that several carcino-
genesis pathways may lead to sporadic CRC. CRC is a heterogeneous disease, 
characterized by multiple molecular subtypes. Three main pathways have been 
implicated in the development of CRC: Chromosomal instability, microsatellite 
instability, and the “serrated” pathways, with overlapping features between them. 
This and other molecular and genetic based CRC classifications are known to have 
clinical implications, spanning from familial risk assessment to therapy choices. 
The authors review basic science data and provide insight on current implications 
for the management of patients with CRC.

Key Words: Colorectal cancer; Carcinogenesis pathways; Microsatellite instability; APC; 
KRAS; BRAF
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Core Tip: Colorectal cancer (CRC) is a major cause of cancer death worldwide. It is a 
heterogeneous entity and its molecular and genetic features have clinical implications. 
Three main carcinogenesis pathways, with some overlapping features, are now known 
to lead to CRC: Chromosomal instability, microsatellite instability, and the “serrated” 
pathways. Their features, namely, microsatellite instability status and BRAF or KRAS 
mutation status, among others, have to be studied to assess familial cancer risk and to 
make adequate therapy choices. Ongoing research will potentially even enlarge basic 
science’s importance for clinical practice.
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INTRODUCTION
Colorectal cancer (CRC) is the third most frequently diagnosed cancer in the USA and Asia, and the 
second in Europe[1,2], being one of the leading causes of cancer death worldwide[3]. Sporadic colorectal 
cancer represents about 70% of all cases and only 5% are related to known hereditary conditions such as 
Lynch syndrome (LS) and familiar adenomatous polyposis (FAP). The remaining cases have apparent 
familial predisposition with no identifiable single germline mutations[4].

Adenomas and serrated lesions are the precursors of the vast majority of CRCs and their 
number/characteristics at baseline screening colonoscopy allow the definition of adequate surveillance 
programs after polypectomy, with an impact on survival for over more than 10 years[5]. It is reasonable 
to think that if we understand the molecular mechanisms underlying the appearance of these lesions, 
we can be even more effective in identifying grades and temporal windows of risk and in designing 
individualized strategies for preventing and treating CRC.

Colorectal cancer origin
Colonic stem cells (CSC) are now known to be located at the base of the crypt (cells initially identified in 
1974 and called “crypt base columnar cells” - CBCC)[6]. In the normal setting, the division of a stem cell 
does not generate a new stem cell and another cell committed to differentiation; on the contrary, each 
division usually generates two cells with the same destination, either stemness or differentiation. This is 
a random phenomenon of “neutral competition”[7], through which certain lineages are lost (when the 
two daughter cells progress to differentiation, as progenitors in the transit-amplifying zone) and crypts 
evolve to clonality, constitutionally.

Since 2007, CSC have also been known to be responsible for the generation of the entire CRC 
population[8,9]. Certain mutations, namely, in the WNT pathway, may confer selective advantage to the 
stem cells, granting them a greater potential for subsequent clonal progression in the crypt. The WNT 
pathway is the main responsible for the proliferation and maintenance of stem cells in the colonic 
epithelium. However, its level of activity is modulated by several factors, such as NF-kB, KRAS, and the 
NOTCH signaling pathway[10,11]. In the clonal competition process, either an APC loss (with WNT 
pathway activation) or a KRAS activation (which apparently leads to increased cell division) may confer 
a selective advantage. In the specific context of inflammatory bowel diseases, the loss of p53 function 
can also create a selection advantage for the mutated stem cell[10].

Carcinogenesis pathways in colorectal cancer
In 1990, Fearon and Vogelstein published an important paper about colorectal carcinogenesis[12]. The 
authors stated the need for the accumulation of several mutations in oncogenes and/or tumour 
suppressor genes for the development of a CRC. Although certain sequences of events are more 
frequent, it is the accumulation of mutations, more than its order, that leads to the biologic properties of 
the CRC[12,13]. The authors also found that although most tumours have mutations in the same key 
genes, additional mutations in several other genes occur in highly variable frequencies, which may 
explain some of the heterogeneity in the biologic properties of tumours found in clinical practice[14].

In fact, the CRC molecular characterization done by the Cancer Genome Atlas Network found an 
altered WNT signaling pathway in 93% of tumours, but it also described two broadly distinct groups of 
tumours: The “hypermutated” (more than 12 mutations per 106 bases) and the “non-hypermutated” 
(less than 12 mutations per 106 bases)[15].

Based on gene expression profiles, a classification system comprising four consensus molecular 
subtypes (CMS 1-4) was created, each having typical histologic and clinical features[16-19]. In Figure 1, 
we can see a classification system using the consensus molecular subtypes (CMS 1-4), CIMP (CpG island 
methylator phenotype), and microsatellite instability (MSI) status. The “non-hypermutated” tumours 
seem to correspond to group 4 and the “hypermutated” tumours to group 1 in the CRC classification 
proposed by Jass[20].

The still most widely used classification for CRC origin distinguishes three pathways that, in fact, 
have some overlapping features: Chromosomal instability (CIN), MSI, and serrated pathways[13].

CIN: CIN is characterized by chromosome changes that include somatic copy number alterations caused 
by deletions, loss of aneuploidy, insertions, and amplifications. It was recently subdivided into three 
CMS: CMS 2, epithelial, with marked WNT and MYC activation; CMS 3, epithelial with important 
metabolic activation; CMS 4, mesenchymal, with TGF-β activation, stromal invasion, and angiogenesis
[21]. This pathway is observed in about 65-70% of colorectal tumours and usually associated with 
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Figure 1 Classification system using the consensus molecular subtypes (1-4), CpG island methylator phenotype, and microsatellite 
instability status. CMS: Consensus molecular subtypes; CIMP: CpG island methylator phenotype; MSI: Microsatellite instability.

karyotypic abnormalities (loss of heterozygosity at chromosome arm 18q in 70% of CRC), with APC (in 
80% of CIN tumours) and TP53 (in 60% of CIN tumours) mutations and with KRAS activating 
mutations (in 40% of CRC)[13].

MSI: MSI is characterized by a high frequency of genomic copy number variations, and corresponds to 
CMS 1 and the hypermutated tumours subgroup. It occurs in the presence of abnormal mismatch repair 
(MMR) proteins (MLH1, MSH2, MSH6, or PMS2), caused by sporadic epigenetic silencing (most 
commonly through gene promotor hypermethylation) or constitutional mutations (Lynch syndrome)
[21]. This pathway is observed in about 15% of sporadic tumours and in most CRC in LS. The most 
common cause of the MSI phenotype is somatic - the epigenetic silencing of MLH1 due to promoter 
hypermethylation (usually associated with BRAF mutation and CIMP-high status, a clear example of 
pathways’ overlap). After the occurrence of MSI, the expression of an inability to correct DNA 
replication defects, colorectal carcinogenesis progresses more rapidly than through the CIN pathway (1 
to 3 years in contrast to 10 years or more)[13].

Serrated pathway: This pathway is characterized by a phenotype of DNA hypermethylation at specific 
regulatory sites (CpG islands) in the promoter regions of genes - the CIMP[13]. When this 
hypermethylation affects tumour suppressor genes, it leads to their silencing, promoting carcinogenesis. 
This pathway is responsible for nearly 15% of CRC and is commonly associated with BRAF mutation 
(usually the first detected event), after which it can follow different routes. It can converge with the MSI 
pathway, through inactivation of MMR genes or it can overlap with the CIN pathway, through TP53 
mutations and WNT or TGFβ signalling pathway activation (resulting in MSS or MSI-L tumours)[13,22].

Other pathways: With the increasing advances in technology, new subgroups of tumours are being 
identified - an example is the identification of DNA polymerase protein mutations (POLE and POLD1), 
that led to the description of a new molecular pathway, characterized by a hypermutated phenotype 
without MSI[13].

Molecular and genetic features in colorectal cancer screening
Currently, the predominant CRC screening tools are fecal occult blood testing (FOBT), endoscopic 
evaluation (colonoscopy or sigmoidoscopy), and CT colonography. CRC screening has proven to reduce 
the risk of CRC associated mortality[23]; however, there are multiple limitations regarding test 
performances, and lack of access or compliance.

Several biomarkers have been investigated for their use in CRC screening, namely, DNA, proteins, 
and RNA (messenger or micro-RNA). These new non-invasive markers have the potential to improve 
screening by improving sensitivity, compliance, and accessibility. The detection of these biomarkers in 
blood, urine, and stool in people with colon polyps or CRC has been assessed and, to date, the most 
accurate tests are based on stool samples. This is explained by the abundant exfoliation of neoplastic 
cells from polyps and CRC into the mucocellular layer of the colonic lumen[24]. From all the options, 
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only DNA-based markers have been used in clinical testing so far.
Multiple stool DNA-based markers have been evaluated but only the Cologuard multitarget stool 

DNA (MT-sDNA) test has been approved for clinical use - approved for CRC screening in 
asymptomatic individuals with ages between 50 and 84 years (United States Food and Drug Adminis-
tration - US FDA). This test detects a combination of gene mutations (KRAS), methylated DNA markers, 
and fecal immunochemical test (FIT) and has demonstrated the best clinical performance of CRC marker 
screening to date. In a recent study, MT-sDNA test proved to have an overall CRC detection rate similar 
to colonoscopy and a superior sensitivity (but lower specificity) when compared to FIT, for the detection 
of advanced adenomas and CRC. However, 10% of patients with positive MT-sDNA have no polyps or 
CRC when they undergo colonoscopy[24,25]. Overall, models using 3-year screening intervals predict a 
very high program sensitivity.

Although CRC screening using stool based molecular markers is more and more a reality, there are 
also multiple promising assays in development regarding plasma molecular markers. For example, 
plasma detection of methylated SEPT9 (a gene more frequently methylated in CRC vs normal colon 
tissue) is currently available in China, USA, and Europe for CRC screening. However, these tests have 
suboptimal sensitivity for screening for colon polyps and early CRC compared to currently available 
screening tests[24]. It is hypothesized that plasma and urine marker detection may depend on CRC 
vascular invasion, which would limit the detection of precursor and early lesions.

Circulating tumor cells, circulating tumor DNA, and serum, fecal, and salivary microRNAs and long 
non-coding RNAs are all potential biomarkers in this emerging area and their role in CRC screening 
remains to be established[26].

Diagnostic, therapeutic, and prognostic implications of CRC molecular and genetic features
MSI: As previously stated, MSI is a major pathogenic pathway implicated in CRC development. The 
diagnosis of MSI is usually done by polymerase chain reaction (PCR) analysis of five microsatellite 
markers (the Bethesda panel) in both tumour and normal tissue - tumours with MSI in two or more of 
the markers are classified as MSI-High (MSI-H). However, immunohistochemistry (IHC) analysis of 
MMR protein expression has proven to identify around 95% of MSI-H tumours (in the remaining 5%, 
mutations that affect protein function but not its antigenicity may have happened). This technique is 
more widely available and does not require normal tissue samples[13](Figure 2).

There are multiple implications for the evaluation of MSI status in CRC.

Identifying patients with LS: The MSI status can guide the clinician to better identify patients who will 
benefit from genetic testing. Studies have shown that almost 17% of all MSI-H tumours happen in LS 
patients[27], with several of them previously unidentified. Patients with LS may benefit from a more 
radical surgery due to a higher risk of metachronous cancers and require different surveillance 
protocols after CRC treatment[13,28,29]. Moreover, the identification of an LS patient may potentially 
lead to screening and cancer prevention in several other family members. IHC has a significant role in 
the selection of patients for genetic testing, since the identification of tumours with absent MSH2/MSH6 
protein expression should directly lead to referral for genetic testing, while MLH1/PMS2 loss should be 
followed by testing for BRAF V600E mutation and/or gene promoter hypermethylation[21](Figure 3). 
Since most MSI-H tumours with absent MLH1/PMS2 protein expression are due to somatic changes, 
genetic testing can be omitted in most of these patients.

Different responses to standard chemotherapy: Several studies indicate that MSI tumours may have a 
reduced response to 5-FU chemotherapy[13,30-32]. Stage II MSI tumours have a better prognosis than 
MSS tumours and they probably do not benefit from adjuvant chemotherapy, namely, with 5-FU[13,33]. 
However, data are more conflicting for stage III tumours, where MSI status does not seem to 
significantly influence response to 5-FU, especially when oxaliplatin is added to the regimen. Regarding 
irinotecan, data are scarce, but MSI tumours seem to be sensitive[21].

Different responses to immune checkpoint inhibitors: Tumours with MMR deficiency produce several 
abnormal proteins which seem to elicit antigen-driven immune responses. Perhaps as an adaptative 
mechanism, these tumours also show increased expression of several immune checkpoints. As a 
consequence, MSI CRC metastatic tumours have better response and survival patterns when immune 
checkpoint inhibitors (ICI) are used (as opposed with the disappointing results in non-MSI tumours). 
Despite a good response to ICI like pembrolizumab and nivolumab, almost 50% of the patients will 
progress during this therapy and there are no biomarkers available to predict this response. Tumour 
mutation burden (TMB) is a good predictor of response to ICI and, although they are rare, POLE/D1 
mutations can lead to high TMB tumours that are MSS but may still show good response to ICI[22].

Different overall prognosis: MSI tumours are generally considered to have a better prognosis, with less 
lymph node metastasis and synchronous liver metastasis. However, the prognostic meaning of MSI is 
modulated by several factors, and their interactions. Tumour stage is an example of this heterogeneity - 
while stage II MSI cancers have a better prognosis, metastatic MSI CRC globally have a worst prognosis 
than MSS ones[21,34-37]. However, the grade of the tumour-infiltrating lymphocyte (TIL) response, the 
BRAF mutation status, or the MSI origin (LS vs sporadic) all interfere with the impact of MSI on 
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Figure 2 Eosin/hematoxylin staining images of colonic neoplasia (Low power objective - 10 ×). A and B: Maintained expression of MSH2 in colonic 
neoplasia; C and D: Loss of expression of MLH1 and PMS2.

Figure 3 Algorithm for selection of patients for genetic testing (mismatch repair genes). Family history of cancer may indicate genetic testing 
regardless of immunohistochemistry analysis results. IHQ: Immunohistochemistry; MMR: Mismatch repair.

prognosis[13,22].

BRAF 
BRAF encodes a serine-threonine protein kinase that is a regulator of the MAPK pathway. It is an 
important oncogene that plays a central role in cancer initiation and progression. BRAF mutations are 
strongly associated with MSI and hypermutated tumours in the CMS 1[38,39].

BRAF testing is almost mandatory in the metastatic CRC patient population, since it has both 
prognostic and therapeutic implications.

Multiple studies reported negative prognostic value of the BRAF V600E mutation in patients with 
stage II, III, or IV CRC[40,41]. Other BRAF mutations, much less frequent, are associated with different 
clinical and histologic characteristics and have a better prognosis. The prognostic meaning of BRAF 
mutations may, again, be modulated by other factors, such as tumour stage or MSI status[42]. In fact, 
while MSS BRAF V600E mutated tumours seem to have the worst prognosis, BRAF V600E mutation in 
MSI tumours may have different meanings at distinct stages[43].

BRAF V600E mutation is known to be associated with intrinsic chemoresistance[43]. Regarding 
targeted therapy, multiple studies also reported that BRAF mutation is associated with cetuximab and 
panitumumab resistance. Although this association is not as strong as the known influence of the KRAS 
status, and still controversial, it is thought that BRAF mutated patients probably do not receive much 
benefit from being treated with these two drugs[44,45]. Therefore, some authors advocate the triplet 
FOLFOXIRI in combination with bevacizumab as first-line therapy for stage IV BRAF V600E mutated 
tumours. Due to the low numbers of these tumours in clinical trials, the clinical impact of this strategy 
remains yet to be demonstrated and the benefit of antiangiogenic drugs like bevacizumab in this 
subgroup of patients lacks positive results with statistical significance[43].
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Finally, several BRAF inhibitors (iBRAF) are now available and have demonstrated important results 
in several other cancers, starting from melanoma. However, results in CRC were largely disappointing, 
due to the different carcinogenesis pathways involved. Strategies to overcome these limitations are 
being developed, mostly by using combinations with standard chemotherapy, targeted agents, and/or 
immunotherapy.

KRAS status
KRAS protein is a self-inactivating signal. When it binds to a tyrosine kinase receptor such as epidermal 
growth factor receptor (EGFR), it leads to the activation of the RAS-RAF-MEK kinase pathway. KRAS 
activating mutations lead to oncogenesis. KRAS mutations are frequently found in MSS tumours in the 
CMS 3 CIN subgroup[2]. The assessment of the KRAS status is also crucial because it may have 
prognostic and therapeutic implications.

Some studies associated the KRAS mutations with a worse prognosis in the unresectable metastatic 
setting. However, conflicting results are yet not sufficient to recommend the evaluation of the KRAS 
status for prognostication[46].

The predictive value of the KRAS status when choosing therapy in stage IV CRC is, however, 
undisputed. KRAS exon 2 mutation is associated with intrinsic resistance to anti-EGFR antibodies. In 
KRAS exon 2 wild type patients, KRAS exons 3 and 4 mutations (as the less common NRAS exons 2, 3, 
and 4 mutations) have also been shown to be associated with intrinsic resistance to anti-EGFR 
antibodies (cetuximab and panitumumab), and CRC patients with these mutation have a worse overall 
survival when they receive anti-EGFR antibodies, either as monotherapy or combined with traditional 
chemotherapy[47,48]

Anti-EGFR antibodies have been used for the treatment of metastatic CRC since 2004. More recently, 
both cetuximab and panitumumab have been approved as first line treatments for BRAF/KRAS/NRAS 
wild type patients, with a demonstrated increase in overall survival, response rate, and progression-free 
survival. However, there are still patients with the above tumour genotype that cannot obtain these 
benefits or who experience rapid drug resistance and disease progression[47,48].

In KRAS wild-type patients, KRAS mutant clones frequently emerge and lead to secondary resistance 
to anti-EGFR therapy[49].

Ongoing studies are investigating the use of targeted agent combinations to overcome both primary 
and acquired resistance to therapy due to RAS mutations.

Also at research stage, Adagrasib, an oral drug that selectively binds and irreversibly inhibits KRAS 
with a specific mutation, has shown promising results in CRC patients in a phase I/II trial[50,51].

Finally, there is also recent evidence showing that metformin may be useful as an antitumor agent in 
KRAS mutated CRC[52].

APC status
The WNT signaling pathway is an important mediator of stem cell activation and is the most commonly 
dysregulated oncogenic pathway in CRC. APC, a crucial element in this pathway, is the most commonly 
mutated gene in sporadic CRC - this mutation is an early event in 80-85% of cases[53]. So far, however, 
attempts to use WNT inhibitors as therapy for CRC have failed, mostly due to adverse effects[53].

Recent data has shown that different APC mutations can lead to different prognoses in CRC patients
[53,54]. For instance, C-terminal APC mutation led to a shorter survival, as opposed to N-terminal APC 
mutations - it was suggested that these could be used as prognosis markers (with no therapeutic implic-
ations so far)[54]. Research on molecules that target specific types of APC mutations is also currently 
ongoing[55].

TILs
Although highly correlated with dMMR status (MSI-H status), there is evidence that TILs are an 
independent predictor of outcome in CRC patients[56]. Several lines of data support the fact that the 
host immunologic response (evaluated by histology) against the tumour is a good prognostic indicator. 
Elevated lymphocytic reaction to CRC is associated with better oncologic outcomes[57-60]. Extensive 
lymphocytic infiltration is more common in MSI than MSS tumours. The relation between TIL and MSI 
status can help us even more to discriminate which CRC patients will have a better prognosis. Based on 
this premise, a TIL/MMR-based classification was created to distinguish the prognosis of CRC subtypes 
in patients with stage II and III tumours. TIL-low status identifies a clinically aggressive phenotype 
despite the MSI status[56]. Although these data seem interesting, there is not enough evidence yet to 
support the utilization of TIL evaluation or TIL/MMR-status in clinical practice for prognostic strati-
fication.

Liquid biopsy in CRC
The term liquid biopsy refers to the isolation and analysis of tumour-derived material from blood or 
other bodily fluids[61]. In CRC, potential applications range from diagnosis to therapeutic monitoring. 
The current limitations in its use for screening have already been discussed.
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Regarding prognosis, Diehl et al[62] found that cell-free DNA (cfDNA) analysis after surgery for CRC 
accurately predicted relapse, by identifying patients with otherwise undetectable residual disease. If 
validated, this information could also be used to select patients for adjuvant chemotherapy.

The utility in therapeutic monitoring has been exemplified in a study by Siravegna et al[63], who 
found that clones with KRAS mutations that lead to secondary resistance to anti-EGFR antibodies may 
lose dominance after therapy withdrawal and that this can be detected by cfDNA analysis, predicting a 
benefit of reinstitution of anti-EGFR therapy in these patients.

Although several other promising studies are available, liquid biopsy use in CRC still needs 
standardization of methods and validation in multicentric prospective trials.

CONCLUSION
CRC is a heterogeneous entity and its molecular and genetic subtypes have significant implications, 
from familial risk assessment to therapeutic choices.

Regarding the most used classification for CRC origin, there are three important oncogenic pathways: 
CIN, MSI, and serrated pathways. They have different clinical and molecular/genetic characteristics. 
The MSI status, BRAF, KRAS, and APC mutation status, and the presence of TILs are the most studied 
tumour features and those more extensively correlated to clinical data. The combination of MSI status 
and BRAF mutation status can be used to help identify patients with SL. However, tumour molecular 
and genetic analyses are now also known to predict response to chemotherapy or to immune checkpoint 
inhibitors and to affect prognosis. Finally, DNA-based markers have already undergone clinical testing 
in the field of CRC screening and were shown to be useful.

Clinicians should be aware of the major known carcinogenesis pathways and most commonly 
mutated genes, since some clinical implications are already proven and several others are currently 
under investigation.
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Abstract
BACKGROUND 
O6-methylguanine-DNA methyltransferase (MGMT) is a suicide enzyme that 
repairs the mispairing base O6-methyl-guanine induced by environmental and 
experimental carcinogens. It can transfer the alkyl group to a cysteine residue in 
its active site and became inactive. The chemical carcinogen N-nitroso compounds 
(NOCs) can directly bind to the DNA and induce the O6-methylguanine adducts, 
which is an important cause of gene mutation and tumorigenesis. However, the 
underlying regulatory mechanism of MGMT involved in NOCs-induced tumori-
genesis, especially in the initiation phase, remains largely unclear.

AIM 
To investigate the molecular regulatory mechanism of MGMT in NOCs-induced 
gastric cell malignant transformation and tumorigenesis.

METHODS 
We established a gastric epithelial cell malignant transformation model induced 
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by N-methyl-N’-nitro-N-nitrosoguanidine (MNNG) or N-methyl-N-nitroso-urea (MNU) treat-
ment. Cell proliferation, colony formation, soft agar, cell migration, and xenograft assays were 
used to verify the malignant phenotype. By using quantitative real-time polymerase chain reaction 
(qPCR) and Western blot analysis, we detected the MGMT expression in malignant transformed 
cells. We also confirmed the MGMT expression in early stage gastric tumor tissues by qPCR and 
immunohistochemistry. MGMT gene promoter DNA methylation level was analyzed by 
methylation-specific PCR and bisulfite sequencing PCR. The role of MGMT in cell malignant 
transformation was analyzed by colony formation and soft agar assays.

RESULTS 
We observed a constant increase in MGMT mRNA and protein expression in gastric epithelial cell 
malignant transformation induced by MNNG or MNU treatment. Moreover, we found a reduction 
of MGMT gene promoter methylation level by methylation-specific PCR and bisulfite sequencing 
PCR in MNNG/MNU-treated cells. Inhibition of the MGMT expression by O6-benzylguanine 
promoted the MNNG/MNU-induced malignant phenotypes. Overexpression of MGMT partially 
reversed the cell malignant transformation process induced by MNNG/MNU. Clinical gastric 
tissue analysis showed that MGMT was upregulated in the precancerous lesions and metaplasia 
tissues, but downregulated in the gastric cancer tissues.

CONCLUSION 
Our finding indicated that MGMT upregulation is induced via its DNA promoter hypomethy-
lation. The highly expressed MGMT prevents the NOCs-induced cell malignant transformation 
and tumorigenesis, which suggests a potential novel approach for chemical carcinogenesis 
intervention by regulating aberrant epigenetic mechanisms.

Key Words: O6-methylguanine-DNA methyltransferase; DNA methylation; Malignant transformation; 
Gastric carcinogenesis; Epigenetic regulation

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study revealed a molecular regulatory mechanism of O6-methylguanine-DNA methyltrans-
ferase (MGMT) gene upregulation in the early stage of tumor development, and improved the under-
standing of the dynamic change of MGMT expression in different stages of tumor development, providing 
a new entry point for further study of the expression mechanism of key regulatory genes in the process of 
chemical carcinogenesis.

Citation: Chen YX, He LL, Xiang XP, Shen J, Qi HY. O6-methylguanine DNA methyltransferase is upregulated in 
malignant transformation of gastric epithelial cells via its gene promoter DNA hypomethylation. World J 
Gastrointest Oncol 2022; 14(3): 664-677
URL: https://www.wjgnet.com/1948-5204/full/v14/i3/664.htm
DOI: https://dx.doi.org/10.4251/wjgo.v14.i3.664

INTRODUCTION
Gastric cancer (GC) is currently the fifth most frequently diagnosed and the third leading cause of 
cancer death worldwide with a high prevalence in many Asia countries, particularly in China, Japan, 
and South Korea[1,2]. Previous studies have reported that epigenetic alterations are widely recognized 
to be involved in the initiation and progression of gastric tumorigenesis[3,4]. DNA methylation is a 
common significant epigenetic modification and plays an important role in the development and 
prognosis of GC[5-8].

O6-methylguanine-DNA methyltransferase (MGMT) is a suicide enzyme that efficiently removes 
alkylating lesions at the O6 position of guanine induced by DNA alkylating agents[9]. Following the 
transfer of the alkyl group to itself, MGMT becomes inactive and it is ubiquitinated and targeted for 
proteasomal degradation. MGMT is frequently regulated by epigenetic silencing mediated Fits gene 
promoter DNA methylation in gliomas[10,11]. The abnormal modifications of histone and aberrant 
expression of transcriptional activators and repressors, also contribute to the regulation of MGMT 
expression in different tumors[11]. O6-methylguanine is a potent mutagenic lesion that leads to base 
mismatching and double-strand breaks, promoting gene mutagenesis and tumor initiation. MGMT can 
restore this type of DNA damage and play an important role in maintaining genomic stability[12]. 
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Inhibiting MGMT function can induce G:C to A:T mutation of the onco-suppressors p53 and PTEN to 
promote human carcinogenesis[13]. In the TCGA database, the probability of point mutation of p53 and 
PTEN was higher in MGMT promoter methylated tissues than in non-methylated tissues of glioma. In 
colon cancer, lung cancer, and GC, the reduction of MGMT expression induced by DNA methylation in 
its promoter regions was also observed[14-17]. Yet, MGMT expression can be increased by che-
motherapy with alkylating agents, such as temozolomide, which contributes to the chemotherapy 
resistance[18]. However, the role of MGMT in the early stage of tumorigenesis remains unclear.

The monofunctional alkylating agent N-methyl-N’-nitro-N-nitrosoguanidine (MNNG) and N-methyl-
N-nitroso-urea (MNU) are widely accepted model chemical carcinogens for studying the mechanisms of 
mutagenesis and carcinogenesis induced by N-nitroso compounds (NOCs). They generate adducts with 
DNA and protein, such as O6-methylguanine, which lead to point mutations, chromosomal aberrations, 
initiation and promotion of various cancer, specially increasing the risk of gastrointestinal cancers[19,
20]. Our previously studies showed that MNNG and MNU treatments can stimulate multiple cellular 
responses, including epigenetic events[21,22]. We revealed a dysregulation of histone modifications and 
DNA methylation, which contributed to numerous cancer-related gene expression changes promoting 
cell malignant transformation upon NOCs treatment[21,22]. These findings prompted us to speculate 
that the abnormal epigenetic regulation could be the critical molecular mechanism of chemical 
carcinogens-induced gastric carcinogenesis.

In the present study, we investigated the epigenetic changes of MGMT in NOCs-induced human 
gastric cell malignant transformation. And we demonstrated that DNA methylation level of MGMT 
promoter was strongly decreased, which resulted the inhibition of MGMT expression, contributing the 
malignant phenotypes during the cell malignant transformation process.

MATERIALS AND METHODS
Patient samples 
A total of 93 clinical gastric tissue samples collected by endoscopic biopsy at the Second Affiliated 
Hospital of Zhejiang University were used in this study, including 25 cases of gastritis, 18 cases of 
gastric metaplasia (used as precancerous lesion), 50 pairs of GC and adjacent normal tissues (early stage, 
19 cases; advanced stage, 31 cases). The study was approved by the ethics committee of Zhejiang 
University School of Medicine (No. 2017026). The tissue samples were formalin-fixed and paraffin-
embedded for immunohistochemistry or used for mRNA isolation to detect gene expression.

Cell culture
The human gastric normal epithelium cell line GES-1 (Cell Bank of the Chinese Academy of Science, 
Xiangya, China) was cultured in DMEM (Gibco, Grand Island, NY, United States) supplemented with 
10% fetal bovine serum (FBS; Gibco), streptomycin (100 g/mL), and penicillin (100 U/mL) at 37 °C in an 
atmosphere containing 5% CO2. And GC cell lines, including AGS, MKN45, SGC7901, KATOIII, and 
NCI-N87 (Cell Bank of the Chinese Academy of Science, Shanghai, China), were cultured in DMEM or 
PRIM-1640 supplemented with 10% FBS, streptomycin, and penicillin. The authenticity of cell lines used 
in this study had been verified by short tandem repeat profiling.

Cell transformation assays
Cells were exposed to MNNG or MNU as described in a previous study to establish the cell 
transformation model[22]. Briefly, cells were exposed to MNU (TRC, Toronto, Canada) or MNNG 
(Sigma, St. Louis, MO, United States) for 2 h in serum free medium. Then, the medium was removed 
and cells were recovered in fresh medium at 37 °C. MNU and MNNG exposure was repeated once a 
week for 4 wk. After 4 wk of treatment and 4 wk of restoration, characteristics related to malignant 
phenotype were measured.

Scratch test
Cells were plated in 6-well plates and allowed to reach 90% confluence. The monolayer was scratched 
with a 10-mL sterile pipette tip. Images of the scratches were taken using an inverted microscope at × 10 
magnification at 0, 24, and 48 h of incubation. ImageJ software was used to analyze the percentage of 
wound closure.

Cell proliferation analysis
Cells (1.2 × 104 cells/well) were seeded in 24-well plates and cultured for 24, 48, 72, 96, and 120 h. Cells 
were digested by trypsin every 24 h and then re-suspended in fresh medium and counted.

Soft agar and colony formation assays
For soft agar assay, cells (1000 cells/well) were suspended in a culture medium containing 0.4% agarose 
(A9045-5G) (Sigma) and seeded onto a base layer of 0.7% agar bed in 12-well plates. The culture 
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medium was changed every 3 d. After 2 wk, colonies were stained with crystal violet and photo-
graphed. Colonies ≥ 0.05 mm in diameter were counted.

For colony formation assay, cells (1000 cells/well) were seeded in 6-well plates and cultured. The 
culture medium was changed every 3 d. After 2 wk, colonies were stained with crystal violet and 
photographed. Colonies ≥ 0.05 mm in diameter were counted.

Dual-luciferase reporter assay
The MGMT promoter sequence (-954/+24) was amplified from the extracted genomic DNA and cloned 
into pGL3-promoter vector (Promega, Madison, WI, United States). After seeding MNNG/MNU-
transformed cells for 24 h, the cells were co-transfected with 0.5 μg of pGL3-MGMT-promoter and 0.02 
μg of pRL-SV40 renilla luciferase reporter plasmid using X-treme GENE HP (Roche, Basel, Switzerland). 
Dual-Luciferase Reporter Assay System was used for testing relative luciferase activity after transfection 
for 24 h (Promega).

DNA methylation specific polymerase chain reaction and bisulfite genomic sequence assay
Total DNA (5 × 106 cells) was isolated from the MNNG/MNU-transformed cells with the Qiagen DNA 
Isolation Kit. Then, bisulfite conversion was performed with 500 ng of genomic DNA using the EZ DNA 
Methylation Kit (Zymo Research, Irvine, CA, United States). The converted DNA was eluted in 100 mL 
of nuclease-free water. Methylation specific polymerase chain reaction (PCR) (MSP) analysis was 
performed in a 25-μL reaction system that consisted of 50 ng of sodium bisulfite-treated DNA, 12.5 μL of 
2 × Master Mix (Qiagen, Germany), ddH2O, and 3 μL of isometric mixture of MGMT gene methylated 
and un-methylated primers. MGMT methylated and un-methylated primers used are: Forward 5’-
TTTCGACGTTCGTAGGTTTTCGC-3’ and reverse, 5’-GCACTCTTCCGAAAACGAAACG-3’; forward, 
5’-TTTGTGTTTTGATGTTTGTAGGTTTTTGT-3’ and reverse, 5’-ACTCCACACTCTTCCAAAAAC 
AAAACA-3’. Bisulfite genomic sequence (BSP) analysis was performed by Xiangyin Biological 
Corporation. Bisulfite treatments of the genomic DNA samples were carried out with the Qiagen 
EpiTect kit according to the manufacturer’s instructions, followed by the PCR amplification procedure 
(30 cycles of 94 °C for 30 s, 55 °C for 30 s, and 72 °C for 60 s; 72 °C for 30 min; and held at 4 °C) using 
KAPA2G Fast Multiplex Mix and KAPA 2G Robust HS. The PCR products were identified by electro-
phoresis and gel-purified with the Gel and PCR Clean-up System (Promega). The purified PCR 
products were inserted into PMD-18T Vector and sequenced by Sanger sequencing.

Chromatin immunoprecipitation assay
For chromatin immunoprecipitation (ChIP) assay, the malignant transformed cells were cross-linked 
with 1% formaldehyde for 10 min at 37 °C. Then, cells were isolated and lysed for preparation of 
sheared chromatin. The cell lysates were sonicated for 1 min and repeated ten times at 1-min intervals. 
After centrifugation at 13000 g at 4 °C for 30 min, the cell lysates were diluted with IP buffer and 
incubated with anti-DNMT1, anti-H3K9Me3, and anti-H3K4Me2 antibodies (CST, Massachusetts, 
United States) overnight, respectively. For collecting the bound DNA, the coated beads were added in 
the samples and incubated for 4 h at 4 °C. The beads were collected, washed, and eluted with elution 
buffer. Then, the bound DNA was extracted with a DNA extraction kit (Qiagen) for quantification by 
qPCR. Primers used for detecting the binding sites in MGMT promoter are: Forward, 5’-GCCCCTA-
GAACGCTTTGC-3’ and reverse, 5’-CAACACCTGGGAGGCACTT-3’.

Immunohistochemistry
Immunohistochemistry was performed using an Envision Detection System (DAKO, Carpinteria, CA, 
United States) according to the manufacturer's instructions. Mouse monoclonal anti-human MGMT 
antibody (dilution, 1:150) was purchased from Santa Cruz Biotechnology (Santa Cruz, CA, United 
States) and used for immunohistochemistry. The staining results were assessed and confirmed by two 
independent investigators blinded to the clinical data.

qPCR
Total RNA was extracted from cell lines and tissue samples with TRIzol reagent (Invitrogen). For gene 
expression, mRNA was reverse transcribed using a Prime-Script RT reagent Kit (TaKaRa). qPCR was 
carried out with SYBR Premix Ex Taq (TaKaRa). Experiments were performed in triplicate and values 
were normalized to glyceraldehyde-3-phosphate dehydrogenase (GAPDH) using the 2−ΔΔCt method for 
gene expression analysis. The primers used for MGMT and GAPDH amplification are: Forward, 5’-
AACGCTGCCCTTGCTCTATT-3’ and reverse, 5’-AGCTTTCTAGTGTGGACGGC-3’ for MGMT; 
forward, 5’-ATGGGGAAGGTGAAGGTCGGAGT-3’ and reverse, 5’-TGACAAGCTTCCCGTTCTCA 
GCC-3’ for GAPDH.

Immunoblot analysis
Cells were lysed with RIPA buffer, and the total protein was quantified by Bradford assay. Cell lysates 
(50 mg) were separated on a 10% SDS-PAGE gel and then transferred onto a nitrocellulose membrane 
(Whatman, Maidstone, United Kingdom). The membrane was blocked with 5% skim milk solution for 2 
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h and incubated overnight with diluted primary antibody at 4 °C. Then, the membrane was incubated 
with IRDye 800- or IRDye 680-conjugated secondary antibody (LI-COR Biosciences, Lincoln, NE, United 
States) and detected with an Odyssey infrared imaging system. Mouse monoclonal anti-human MGMT 
antibody (dilution, 1:1000) and mouse monoclonal anti-human GADPH antibody (dilution, 1:2000) were 
purchased from Santa Cruz Biotechnology.

Xenograft assay
Balb/c nude mice (4 wk) were purchased from Shanghai Slac Laboratory Animal Co. LTD. Thirty-six 
Balb/c nude mice were randomly divided into three groups: Control group, MNNG-induced subclone 
injected group, and MNU-induced subclone injected group. The mice were subcutaneously injected 
with 1 × 106 MNNG/MNU-transformed cells (100 μL). Three days after injection, the long diameter (a) 
and short diameter (b) of the tumors were measured, after which the volume (V) was calculated using 
the formula V = 1/2 × a × b2. Mice were sacrificed, and the tumor tissues were obtained and weighed. 
The animal experiments were conducted in accordance with the NIH Guidelines for the Care and Use of 
Laboratory Animals. The Committee on the Use of Animals of Zhejiang University, China approved the 
study protocol of our experiments.

Cell transfection and RNA interference
The MGMT protein coding sequences was subcloned into PCDNA3.1 vector. The transformed cells were 
transfected with the MGMT overexpression plasmid and PCDNA3.1 empty vector (EV), respectively. 
Then, the proliferative activity of cells was analyzed by colony formation and soft agar assays.

SiRNAs targeting human MGMT (GenePharma, Shanghai, China) were transfected into cells using 
Lipofectamine RNAiMAX (Invitrogen) according to the manufacturer's instructions. A siRNA negative 
control (siRNA NC) was also used.

Statistical analysis
The two-tailed Student's t test and one-way analysis of variance were used for statistical analyses. The 
data are expressed as the mean ± SD from three separate experiments. P ≤ 0.05 was considered statist-
ically significant.

RESULTS
MGMT expression is upregulated in early stage GC
To study the role of MGMT in GC development, especially in the early events and tumor initiation, we 
detected the expression of MGMT in 19 clinical early stage GC tissues. The immunohistochemistry 
analysis showed that MGMT expression was increased in early stage cancer tissues compared with the 
normal tissue, though there was an individual difference (Figure 1A). qPCR analysis of endoscopic 
biopsy samples confirmed the upregulation of MGMT mRNA expression in early stage cancer tissues 
compared with adjacent normal tissues (Figure 1B). Moreover, MGMT expression was also enhanced in 
the GC cell lines at both the mRNA and protein levels (Figure 1C). Collectively, these results suggest 
that MGMT expression is upregulated in early stage GC.

MGMT is upregulated in NOCs-induced gastric epithelial cell malignant transformation
To investigate the molecular mechanism of MGMT upregulation, we established a gastric epithelial cell 
(GES-1) malignant transformation model following MNNG and MNU exposure. MNNG/MNU-treated 
cells showed an increase of cell proliferation, anchorage-independent growth capability, and colony 
formation ability, as demonstrated by cell proliferative assay, soft agar assay, and colony formation 
assays, respectively (Figure 2A-C). We also observed that the cell migration was enhanced upon 
MNNG/MNU treatment by wound healing assay (Figure 2D). Xenograft assay showed that MNNG/ 
MNU-induced transformed cells demonstrated increased tumor growth (Figure 2E and F), further 
confirming the malignant phenotypes of NOCs-induced transformed GES-1 cells. Then, we detected the 
MGMT expression in MNNG/MNU-transformed cells. MGMT expression was persistently increased 
during the malignant transformation process (Figure 3A and B). But the extent of MGMT upregulation 
was decreased after removal of MNNG/MNU exposure for 12 wk (data not shown), suggesting that 
MGMT expression demonstrated a dynamic change in MNNG/MNU-induced cell malignant trans-
formation process. In particular, the augmentation of MGMT expression was negatively correlated with 
the colony-forming ability of the MNNG/MNU-transformed cell subclones (Figure 3C), but it was 
positively correlated with the anti-apoptotic effect of malignant transformed cell subclones (Figure 3D).

DNA hypomethylation is responsible for MGMT upregulation in cell malignant transformation
To further investigate the regulatory mechanism underlying the MGMT upregulation upon 
MNNG/MNU treatment, we constructed a MGMT gene promoter luciferase reporter. We did not find 
an increase of the MGMT gene promoter in MNNG/MNU-induced cells by dual-luciferase reporter 
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Figure 1 O6-methylguanine-DNA methyltransferase expression is enhanced in early stage gastric cancer. A: Representative images of 
immunohistochemistry staining for O6-methylguanine-DNA methyltransferase (MGMT) in early stage gastric tumor and normal tissues (n = 19); B: The mRNA level of 
MGMT in early stage gastric tumor and adjacent normal tissues (n = 19). The mRNA expression was normalized by glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH); C: MGMT mRNA and protein expression in normal gastric epithelial cells and cancer cells by quantitative real-time polymerase chain reaction and 
immunoblot assays. GAPDH was used to normalize MGMT expression. The analyses were repeated three times, and the results are expressed as the mean ± SD. 
aP < 0.05; bP < 0.01. MG-C: MNNG-induced malignant transformed cell; MU-C: MNU-induced malignant transformed cell; GAPDH: Glyceraldehyde-3-phosphate 
dehydrogenase.

assay. We used p53 and JunD as the positive controls, since it was reported that they are the transcrip-
tional activators of the MGMT promoter (Figure 4A). It is known that MGMT expression was closely 
related with its promoter DNA methylation in different cancers. We preformed MSP to detect the DNA 
methylation level in the MGMT promoter, which showed that in MNNG/MNU-transformed 
subcolones, unmethylated DNA was accumulated, indicating a reduction of DNA methylation level in 
the MGMT gene promoter (Figure 4B). Since it is known that HeLa cells exhibit high expression of 
MGMT with a low DNA methylation level in the promoter region, they were used as a positive control. 
M. SssI (CpG methyltransferase) treated cell was used as a negative control. As shown by BSP analysis, 
MNNG/MNU-transformed subcolones showed few DNA methylation sites compared with the 
controls, confirming the reduction of DNA methylation level in the MGMT gene promoter (Figure 4C). 
Furthermore, we used 5-aza, a DNMT specific inhibitor, to treat CES-1 cells. After 48 and 72 h, MGMT 
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Figure 2 N-nitroso compound treatment induces gastric epithelial cell malignant transformation. A: Cell proliferation monitored by cell counting in 
N-methyl-N’-nitro-N-nitrosoguanidine (MNNG)/N-methyl-N-nitroso-urea (MNU)-treated and control cells; B and C: Cell anchorage-independent growth on soft agar 
and cell colony formation. Top, representative images; bottom, quantitative results of cell colony per field; D: Wound healing assay. Top, representative images of 
wound healing assay; right, relative percentage of wound closure after treatment; E and F: Tumor growth curve and tumor weight in nude mice injected 
subcutaneously with the transformed cells induced by MNNG/MNU and control cells. The analyses were repeated three times, and the results are expressed as the 
mean ± SD. aP < 0.05; bP < 0.01.

expression was increased upon 5-aza treatment (Supplementary Figure 1). Moreover, based on the 
CCLE database, we found that MGMT expression was negatively related with DNA methylation levels 
(Figure 4D), indicating that the DNA methylation level is involved in the upregulation of MGMT.

Next, we preformed ChIP-PCR with anti-DNMT1 and anti-H3K9Met3 and anti-H3K4Met2 (against 
specific methylation sites) antibodies. H3K9Met3 was known as a transcriptional inhibition signal and 
H3K4Met2 was reported as a transcriptional activation signal. The results showed that the DMNT1 
recruitment was significantly decreased to the promoter region of MGMT. We also detected the 
reduction of H3K9Met3 and the augment of H3K4Met2 located in the promoter region of MGMT, as 
well as a reduction of DNMT1 binding to the MGMT promoter (Figure 4E). The results suggested that 
the upregulation of MGMT expression was dependent on the DNA hypomethylation in its promoter. 

https://f6publishing.blob.core.windows.net/f73e2d11-638e-4bf5-b7a6-4346cbc3997a/WJGO-14-664-supplementary-material.pdf
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Figure 3 O6-methylguanine-DNA methyltransferase is downregulated in N-nitroso compound-induced gastric epithelial cell malignant 
transformation. A and B: O6-methylguanine-DNA methyltransferase (MGMT) mRNA and protein expression in transformed gastric epithelial cells induced by N-
methyl-N’-nitro-N-nitrosoguanidine (MNNG)/N-methyl-N-nitroso-urea (MNU) for 1, 4, and 8 wk; C: Cell anchorage-independent growth on soft agar for subcolones of 
MNNG/MNU-induced cells. C1-28: Different subcolones of MNNG/MNU-induced cells; MGMT(+): MGMT expression is upregulated in these subcolones; MGMT(-): 
MGMT expression is downregulated or no-changed in these subcolones; D: Apoptosis assay of MNNG/MNU-transformed subcolones after doxycycline treatment. 
The analyses were repeated three times, and the results are expressed as the mean ± SD. aP < 0.05; bP < 0.01. GAPDH: Glyceraldehyde-3-phosphate 
dehydrogenase.

Interestingly, after removal of NOCs exposure for 12 wk, the binding of DNMT1 to the MGMT gene 
promoter returned to the baseline level. The same changes of H3K9Met3 and H3K4Met2 levels in the 
MGMT gene promoter were also observed. These data suggest that the binding of DNMT1 to the 
MGMT gene promoter changes dynamically, which could help us to understand the dynamic changes 
of MGMT expression regulated by DNA methylation in NOCs-induced malignant transformation.

Inhibition of MGMT contributes to the NOCs-induced cell malignant phenotype
To evaluate the role of MGMT in NOCs-induced cell malignant transformation, we used O6-benzyl-
guanine (O6-BG), a specific inhibitor of MGMT, to inhibit the activity of MGMT. After treatment with O6

-BG at different concentrations, we found a reduction of MGMT expression (Supplementary Figure 1). 
MTT assay showed that treatment with O6-BG at low doses did not induce a decrease of cell viability 
(Supplementary Figure 1). Therefore, we used 2 μM O6-BG in the subsequent experiments. O6-BG 
exposure increased the proliferative activity and anchorage-independent growth capability of 
MNNG/MNU-induced cells (Figure 5A and B). Knock-down of MGMT in MNNG/MNU-transformed 
cells also resulted in the increase of cell reproductive activity (Figure 5C and D). Moreover, overex-
pressed MGMT resulted in the decrease of cell proliferative activity in MNNG/MNU-transformed cells 
(Figure 5E and F). In addition, MGMT was upregulated in precancerous lesions (gastric metaplasia) and 
early stage GC compared with non-cancerous lesions (gastritis), but the MGMT level was reduced in the 
advanced GC tissues compared with the precancerous lesion and early tumor tissues (Figure 5G), 
indicating a protective role of MGMT in GC progression.

https://f6publishing.blob.core.windows.net/f73e2d11-638e-4bf5-b7a6-4346cbc3997a/WJGO-14-664-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/f73e2d11-638e-4bf5-b7a6-4346cbc3997a/WJGO-14-664-supplementary-material.pdf
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Figure 4 DNA hypomethylation contributes to O6-methylguanine-DNA methyltransferase upregulation in cell malignant transformation. A: 
Luciferase reporter assay in control and N-nitroso compound-transformed cells using PGL3-O6-methylguanine-DNA methyltransferase (MGMT) promoter; B and C: 
Methylation specific polymerase chain reaction and bisulfite genomic sequence analysis of the DNA methylation level of N-methyl-N’-nitro-N-nitrosoguanidine/N-
methyl-N-nitroso-urea-induced transformed cells compared with control cells; D: Correlation of MGMT expression and DNA methylation level of MGMT promoter 
based on the CCLE database; E: ChIP assay with anti-DNMT1 and anti-H3K9Me3 and H3K4Me2 antibodies for analyzing the DNMT1 binding to the MGMT promoter 
and the H3K9Me3 and H3K4Me2 levels in the MGMT promoter. The analyses were repeated three times, and the results are expressed as the mean ± SD. aP < 
0.05; bP < 0.01. M: Methylated; U: Unmethylated; IgG: Immunoglobulin G.
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DISCUSSION
By causing DNA damages and activating downstream pathways that promote cancer initiation and 
development, NOCs can directly induce cell malignant transformation, thus contributing to gastric 
carcinogenesis[23,24]. The formation of DNA adducts induced by NOCs has been studied in different 
studies[19,20,25,26]. The present study focused on early events and the molecular mechanisms of 
MGMT gene dysregulation in cell malignant transformation and gastric tumorigenesis following 
MNNG/MNU exposure. Our data showed persistent upregulation of MGMT expression in gastric 
epithelial cell malignant transformation induced by NOCs. The reduction of MGMT gene promoter 
DNA methylation level was responsible for the increase of MGMT expression in MNNG/MNU-treated 
cells. Inhibited MGMT expression promoted the MNNG/MNU-induced malignant phenotype, while 
overexpression of MGMT partially reversed the cell malignant transformation phenotype, suggesting 
that stable MGMT upregulation induced by its promoter DNA hypomethylation prevented the NOCs-
induced cell malignant transformation and tumorigenesis.

Studies have reported that NOCs can directly act on DNA, mainly cause O6-methylguanine damage, 
and subsequently induce DNA mutation and double strand breaks, participating in cancer formation 
and progression[19,20]. The administration of MNNG can cause the destruction of pyloric mucosal 
structure and the occurrence of gastric adenocarcinoma in rats[24]. MNNG exposure can also induce the 
mutation and amplification of oncogenes participating in the occurrence of GC[26]. Moreover, the 
chromatin-based epigenetics regulation induced by NOCs, especially DNA methylation and histone 
modifications, has an essential role in cancer biology[27]. In the current study, we demonstrated that 
MGMT gene expression was rapidly increased after MNNG/MNU exposure, and the upregulation was 
continuously maintained during the early phase of cell malignant transformation. However, the extent 
of increased MGMT expression level was reduced progressively, leading us to speculate that the 
dynamic changes of MGMT expression could be involved in different steps of chemical carcinogens-
induced gastric cell malignant transformation and tumorigenesis.

MGMT can remove O6-guanosine alkylation adducts caused by alkylation agents from DNA 
sequence in one-step reaction that restores the O6-guanosine residue to itself, consequently forming an 
inactive form[28]. Hence, the expression level of MGMT is fundamental for accurate DNA repair. It has 
been known that the transcriptional mechanism and epigenetic regulation are important to regulate the 
MGMT expression[1,29]. Hypoxia inducible factor 1-α can upregulate the expression level of MGMT 
and increase the drug resistance of glioma stem cells to temozolomide[30]. In addition, microRNAs can 
also bind to the 3'-untranslated region of MGMT, reduce the stability of the mRNA, and affect protein 
translation[31,32]. Moreover, MGMT gene promoter region lacks TATA box and CAAT box, but has rich 
GC sequence, which is prone to be methylated and closely related to transcriptional regulation[33]. 
DNA methylation in the MGMT gene has been reported in various human cancers, which can increase 
the sensitivity to alkylating agents in chemotherapy, influencing the tumor prognosis. However, the 
high level of gene methylation is usually associated with the low expression of protein level. Inhibition 
of MGMT protein level decreases its ability of removing O6-guanosine from the damaged DNA sites, 
resulting in an increase of mutation frequency and easily leading to the occurrence of tumor[34-36]. We 
found that MGMT upregulation was regulated by DNA hypomethylation in its gene promoter. And the 
subclones with high a level of MGMT showed a weak malignant proliferative activity, but with a strong 
anti-apoptotic effect upon exposure to DNA damage agents. This result suggested a protective effect of 
MGMT against NOCs-induced cell malignant transformation. Using O6-BG and by knocking MGMT 
down with siRNA, we showed an increased malignant proliferative ability of the transformed cells. 
Overexpressed MGMT decreased this effect, confirming the protected role of MGMT following chemical 
carcinogen exposure. In particular, the ChIP assay showed that DNMT1 was responsible for the MGMT 
gene promoter methylation. After 12 wk of cell transformation, the MGMT expression level was 
restored by recovering DNMT1 binding to the MGMT promoter region. This result suggested dynamic 
changes of MGMT expression, which is regulated by DNA methylation. Analysis of clinical gastric 
tissue samples also confirmed the dynamic changes of MGMT expression in gastric carcinogenesis. 
Taken together, we hypothesize that MGMT expression shows dynamic changes in gastric tumori-
genesis induced by chemical carcinogens. It can be upregulated in the initiation phase for repairing the 
DNA damage and helping cells survive upon NOCs exposure; but in the progressive stage, it can be 
restored to the normal level to facilitate GC development. Hence, revealing the molecular mechanism of 
dynamic regulation of MGMT expression is important to help us understand the role of MGMT in GC 
formation and progression. However, the exact regulatory mechanisms of the dynamic changes on 
MGMT expression in different stages of cancer progression need to be further investigated 
(Supplementary Table 1).

CONCLUSION
In summary, our current study revealed the molecular mechanism of MGMT upregulation mediated by 
DNA hypomethylation of its gene promoter in NOCs-induced gastric cell malignant transformation, 

https://f6publishing.blob.core.windows.net/f73e2d11-638e-4bf5-b7a6-4346cbc3997a/WJGO-14-664-supplementary-material.pdf
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Figure 5 Inhibition of O6-methylguanine-DNA methyltransferase contributes to the N-nitroso compound-induced cell malignant 
phenotype. A and B: Cell anchorage-independent growth on soft agar and cell colony formation of N-methyl-N’-nitro-N-nitrosoguanidine/N-methyl-N-nitroso-urea-
induced cells after O6-BG treatment; C: Cell anchorage-independent growth on soft agar of cells with O6-methylguanine-DNA methyltransferase (MGMT) knock-down; 
D: Knock-down efficiency of MGMT detected by Western blot; E and F: Cell anchorage-independent growth on soft agar and cell colony formation of MGMT 
overexpressing cells; G: The mRNA expression of MGMT in gastric endoscopic biopsy samples. The analyses were repeated three times, and the results are 
expressed as the mean ± SD. a,cP < 0.05. cP < 0.05, precancerous lesion and early cancer vs advanced cancer. EV: Empty vector; MGMT: MGMT overexpression; 
MGMT: O6-methylguanine-DNA methyltransferase.

and showed the dual effects of MGMT by regulating its expression level in chemical carcinogen-induced 
tumorigenesis. Our findings provide a dynamic regulatory mechanism by which MGMT is implicated 
in cell malignant transformation and tumorigenesis induced by NOCs, and shed new light on MGMT as 
a potential diagnostic and therapeutic target for gastric carcinogenesis intervention by regulating 
aberrant epigenetic mechanisms.

ARTICLE HIGHLIGHTS
Research background
O6-methylguanine-DNA methyltransferase (MGMT) is a specific enzyme that repairs the mispairing 
base O6-methyl-guanine induced by methylating environmental and experimental carcinogens. The N-
nitroso compounds (NOCs) N-methyl-N’-nitro-N-nitrosoguanidine (MNNG) and N-methyl-N-nitroso-
urea (MNU) are monofunctional alkylating agents which can directly bind to the DNA and induce the 
formation of O6-methylguanine adducts to promote gene mutation and tumorigenesis. They are widely 
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accepted chemical carcinogens for studying the mechanisms of mutagenesis and carcinogenesis induced 
by NOCs.

Research motivation
The underlying regulatory mechanism of MGMT involved in NOCs-induced tumorigenesis, especially 
in the initiation phase, remains largely unclear.

Research objectives
To investigate the molecular regulatory mechanism of MGMT in NOCs-induced gastric cell malignant 
transformation and tumorigenesis.

Research methods
We established a gastric epithelial cell malignant transformation model induced by MNNG or MNU 
treatment. Cell proliferation, colony formation, soft agar, cell migration, and xenograft assays were used 
to verify the malignant phenotype. By using quantitative real-time polymerase chain reaction (qPCR) 
and Western blot analysis, we detected the MGMT expression in malignant transformed cells. We also 
confirmed the MGMT expression in clinical early stage gastric tumor tissues by qPCR and immunohis-
tochemistry. MGMT gene promoter DNA methylation level was analyzed by methylation-specific PCR 
and bisulfite sequencing PCR. The effect of MGMT in cell malignant transformation was analyzed by 
colony formation and soft agar assays.

Research results
MGMT expression was upregulated in NOCs-induced gastric cell malignant transformation and in 
clinical early stage gastric cancer tissues. The upregulation of MGMT was regulated by the hypo-
methylation of its DNA promoter.

Research conclusions
The upregulation of MGMT expression is mediated by the hypomethylation of its DNA promoter in 
NOCs-induced gastric cell malignant transformation.

Research perspectives
The findings provide a dynamic regulatory mechanism of MGMT expression in cell malignant 
transformation and tumorigenesis induced by NOCs, supporting that MGMT might be a potential 
diagnostic and therapeutic target for gastric carcinogenesis.
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Abstract
BACKGROUND 
Colorectal cancer (CRC) is a commonly diagnosed cancer of the digestive system 
worldwide. Although chemotherapeutic agents and targeted therapeutic drugs 
are currently available for CRC treatment, drug resistance is a problem that 
cannot be ignored and needs to be solved.

AIM 
To explore the relationship between circular RNA (circRNA) and CRC drug 
resistance. circRNA plays a key role in the occurrence and development of 
cancers, but its function in the process of drug resistance has not been widely 
revealed.

METHODS 
To explore the role of circRNA in 5-fluorouracil (5-Fu) resistance, we performed 
the circRNA expression profile in two CRC cell lines and their homologous 5-Fu 
resistant cells by high-throughput sequencing.

RESULTS 
We validated the differentially expressed circRNAs in other two paired CRC cells, 
confirmed that circ_0002813 and circ_0000236 could have a potential competitive 
endogenous RNA mechanism and be involved in the formation of 5-Fu resistance. 
And we combined the sequencing results of mRNA to construct the regulatory 
network of circRNA-miRNA-mRNA.
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CONCLUSION 
Our study revealed that circ_0002813 and circ_0000236 may as the biomarkers to predict the 
occurrence of 5-Fu resistance in CRC.

Key Words: Colorectal cancer; 5-Fluorouracil resistance; Circular RNAs; RNA sequencing; Network 
prediction; Biomarkers

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Therapy resistance has been a culprit for colorectal cancer (CRC) treatment. 5-fluorouracil is a 
first-line chemotherapeutic agent for CRC, and it is very important to reveal the potential biomarkers and 
mechanisms of resistance. Circular RNA (circRNA) plays a key role in the occurrence and development of 
cancers, but its function in the process of drug resistance has not been widely revealed. In this study, 
through the construction of drug-resistant cell lines and high-throughput sequencing technology, we 
revealed the changes in the expression of circRNAs during the process of drug resistance, and searched for 
circRNAs that could predict the occurrence of drug resistance as potential biomarkers.

Citation: Cheng PQ, Liu YJ, Zhang SA, Lu L, Zhou WJ, Hu D, Xu HC, Ji G. RNA-Seq profiling of circular RNAs 
in human colorectal cancer 5-fluorouracil resistance and potential biomarkers. World J Gastrointest Oncol 2022; 
14(3): 678-689
URL: https://www.wjgnet.com/1948-5204/full/v14/i3/678.htm
DOI: https://dx.doi.org/10.4251/wjgo.v14.i3.678

INTRODUCTION
Colorectal cancer (CRC) is the third most common cancer worldwide and ranks as the second leading 
cause of cancer-related death[1,2]. In addition, the incidence of CRC has increased in recent years, and 
the number of patients has increased significantly[3]. Regarding the treatment of CRC, 5-fluorouracil (5-
Fu), a fluorinated analogue of uracil, is the basic component and first-line chemotherapeutic agent for 
CRC[4,5]. Clinically, combination chemotherapy regimens based on 5-Fu, such as FOLFOX (5-Fu, 
leucovorin, and oxaliplatin) or FOLFIRI (5-Fu, leucovorin and irinotecan), have been shown to increase 
the survival rate and improve the response rate of patients with CRC; however, the emergence of 
resistance to 5-Fu was a major bottleneck in treatment[6-8]. Therefore, continuous and in-depth 
exploration of the 5-Fu resistance mechanism is an essential step to improve the survival benefit of 5-Fu-
based therapy for CRC.

The development of 5-Fu resistance involves genetic and epigenetic alterations. In recent years, 
continuous studies have revealed changes in genes involved in the process of 5-Fu resistance and 
clarified the regulatory mechanisms of some genes involved in the development of resistance, such as 
EZH2, FOXM1, and YAP[9-12]. In terms of the role of noncoding RNAs in drug resistance, specific 
microRNA and lncRNA profiles were identified by RNA sequencing, and mechanisms have also been 
gradually revealed[13,14].

Circular RNAs (circRNAs), members of the noncoding RNA family, are characterized by covalently 
closed continuous loop structures without 3’ end poly(A) tails and 5’ end caps[15]. CircRNAs are widely 
expressed in multiple species and different cell types, and more than 20000 circRNAs have been 
detected in eukaryotes[16,17]. With the application of high-throughput sequencing, an increasing 
number of circRNAs have been identified, and at the same time, the functions of circRNAs in diseases 
have been elucidated, especially in cancers[18,19]. CircRNAs regulate gene expression mainly at the 
transcriptional and posttranscriptional levels by acting as miRNA sponges or binding to other 
molecules as their main mechanism of action[20]. Studies have shown important roles for circRNAs in 
the occurrence and malignant progression of almost all types of cancers[21-23]. However, previous 
studies were limited to the regulation of circRNAs in the malignant progression of cancers, and the 
mechanism of circRNAs in chemotherapy resistance has not been clearly studied. Therefore, little is 
known about the role of circRNA-related competitive endogenous RNA (ceRNA) in 5-Fu resistance in 
CRC.

In this study, we constructed multiple CRC 5-Fu-resistant cell lines and explored the expression 
profiles of circRNAs and mRNAs in 5-Fu-resistant cell lines and their parental cell lines using RNA 
sequencing. After verifying some candidate circRNAs in two additional pairs of cell lines, circRNA-
miRNA-mRNA regulatory networks were constructed using Cytoscape software. Our study identified 
potential circRNAs involved in 5-Fu resistance in CRC and suggested that circRNAs play an important 
role in the generation of 5-Fu resistance.

https://www.wjgnet.com/1948-5204/full/v14/i3/678.htm
https://dx.doi.org/10.4251/wjgo.v14.i3.678
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Figure 1 Changes in the expression profiles of significantly differentially expressed mRNAs and circular RNAs in 5-fluorouracil-resistant 
cells and their parental cells. A: Flow chart of the sequencing analysis; B and C: Clustered heat map indicating differences in circular RNA (circRNA) 
expression profiling between the HCT116 and HCT116 5-fluorouracil (5-Fu) resistant cell lines and the Lovo and Lovo 5-Fu resistant cell lines; D and E: The volcano 
plot shows the comparison of the circRNA expression profiles between the parental and 5-Fu resistant HCT116 and Lovo cell lines; F: Clustered heat map indicating 
differences in circRNA expression profiling in both paired cell lines.

MATERIALS AND METHODS
Cell cultures, and reagents
Human CRC cell lines (HCT116, Lovo, HT29 and SW480) were purchased from the Type Culture 
Collection of Chinese Academy of Sciences (Shanghai, China). HCT116 cells were cultured in DMEM 
(Gibco, Carlsbad, CA, United States), Lovo cells were cultured in F12 medium (Gibco, Beijing, China), 
HT29 cells were cultured in McCoy’s 5A medium (Gibco, Carlsbad, CA, United States), and SW480 cells 
were cultured in L-15 medium (Gibco, Bleiswijk, Netherlands). All culture media contained 10% foetal 
bovine serum and 1% penicillin, and these cell lines were maintained in a humidified atmosphere of 5% 
CO2 at 37 °C. The WST-1 cell proliferation and cytotoxicity detection kit was purchased from Beyotime, 
China.

Establishment of 5-Fu-resistant cells
The HCT116, Lovo, HT29 and SW480 cells were exposed to an initial 5-Fu concentration of 0.1 μg/mL in 
medium supplemented with 10% FBS. The surviving population of cells was grown to 80% confluence. 
5-Fu-resistant cells were established after sequential treatments with increasing concentrations of 5-Fu 
(0.2, 0.5, 1, 1.5 and 2 μg/mL). Cells were able to survive at least 3 d of stimulation with 2 μg/mL 5-Fu. 
Resistance to 5-Fu was confirmed by the WST-1 assay.

RNA sequencing, identification and quantification of circRNA and mRNA 
Total RNA was isolated from the cell lines using TRIzol reagent (Life Technologies, Carlsbad, CA) 
according to the manufacturer's instructions. Then, we assessed RNA integrity and DNA contamination 
using electrophoresis on a denaturing agarose gel. High-throughput RNA sequencing was performed 
by Cloud-Seq Biotech (Shanghai, China). Briefly, rRNAs were removed from total RNA with the 
NEBNext rRNA Depletion Kit (New England Biolabs, Inc., Massachusetts, United States) according to 
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Figure 2 Gene Ontology and Kyoto Encyclopedia of Genes and Genomes pathway analyses based on the sequencing results. A: Top 10 
Gene Ontology (GO) terms identified in the GO analysis; B: Top 10 pathways identified in the Kyoto Encyclopedia of Genes and Genomes pathway analysis. GO: 
Gene Ontology; KEGG: Kyoto Encyclopedia of Genes and Genomes.

the manufacturer's instructions. RNA libraries were constructed using the NEBNext® Ultra™ II 
Directional RNA Library Prep Kit (New England Biolabs, Inc., Massachusetts, United States) according 
to the manufacturer’s instructions. Libraries were controlled for quality and quantified using the 
BioAnalyzer 2100 system (Agilent Technologies, Inc., United States). Library sequencing was performed 
on an Illumina NovaSeq 6000 instrument to obtain 150 bp paired end reads. The quality of paired end 
reads was controlled by Q30. After 3’ adaptor trimming and low-quality read removal, cutadapt 
software (v1.9.3) was used. High-quality trimmed reads were used to analyse circRNAs and mRNAs. 
CircRNAs: The high-quality reads were aligned to the reference genome/transcriptome with STAR 
software (v2.5.1b), and circRNAs were detected and identified with DCC software (v0.4.4). EdgeR 
software (v3.16.5) was used to normalize the data and analyse differentially expressed circRNAs. Gene 
Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) analyses were performed on 
the differentially expressed circRNA-associated genes. For mRNAs, the high-quality reads were aligned 
to the human reference genome (UCSC hg19) with hisat2 software (v2.0.4). Then, guided by the 
Ensembl Gene transfer format (GTF) gene annotation file, cuffdiff software (v2.2.1, part of cufflinks) was 
used to obtain the fragments per kilobase per million mapped reads (FPKM) as the expression profiles of 
lncRNAs and mRNAs, and fold changes and P values were calculated based on FPKM. Differentially 
expressed lncRNAs and mRNAs were identified. The target genes of lncRNAs were predicted based on 
the locations to nearby genes. GO and pathway enrichment analyses were performed on these target 
genes and the differentially expressed mRNAs.

Analyses of circRNA-miRNA-mRNA interactions in CRC
CircRNA-miRNA interactions were predicted using popular target prediction software programs, 
including circRNA Interactome and RegRNA. Specific predictions of the target genes of miRNAs were 
based on the miRanda, miRDB, miRWalk, RNA22 and TargetScan databases. All circRNA-miRNA-
mRNA networks were constructed using Cytoscape software.

RNA extraction and quantitative real-time polymerase chain reaction
Total RNA was extracted using TRIzol reagent (Life Technologies, Carlsbad, CA, United States) and 
then reverse-transcribed into cDNAs using the SuperScript First-Strand Synthesis System (Invitrogen, 
Carlsbad, CA, United States). The cDNA templates were used for quantitative real-time polymerase 
chain reaction (qPCR) with SYBR Green PCR Master Mix (Applied Biosystems, Foster City, CA, United 
States) and gene-specific primers, and the results were normalized to β-actin as a control. PCR primers 
are listed in Supplementary Table 1.

Statistical analysis 
Statistical analyses were performed using GraphPad Prism 7.0 (GraphPad Software Inc., CA, United 
States). Student’s t test and one-way ANOVA were used to compare differences between groups, as 
appropriate. Data are presented as the means ± SD, and P < 0.05 was considered statistically significant.

https://f6publishing.blob.core.windows.net/ab534560-c155-4e1f-9ee5-b6c2945774bd/WJGO-14-678-supplementary-material.pdf
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Figure 3 Verification of the sensitivity to 5-fluorouracil and differential circular RNA expression in 4 cell lines. A-D: The inhibition rate of 5-
fluorouracil (5-Fu) in these 4 paired cell lines was detected using the WST-1 assay at 48 h; E-H: Relative expression of 5 circular RNAs (hsa_circ_0002813, 
hsa_circ_0000236, hsa_circ_0122168, hsa_circ_0031584, and hsa_circ_0006877) in 4 paired cell lines was measured using quantitative real-time polymerase chain 
reaction assays. Data are presented as means ± SD. aP < 0.05; bP < 0.01; cP < 0.001. NS: No significant difference; 5-Fu: 5-fluorouracil.

RESULTS
Identification of circRNAs expressed in 5-Fu-resistant CRC cell lines using RNA-Seq analyses
We first needed to determine the differentially expressed circRNAs in 5-Fu-resistant cells to explore the 
roles of circRNAs in the process of 5-Fu resistance in CRC. Secondary sequencing was used to profile 
circRNA and mRNA expression in two paired CRC 5-Fu resistant cell lines and parental cell lines, with 
three technical replicates in each group (Figure 1A). A total of 17939 circRNAs were detected in CRC 
cells, and the list of total circRNA expression profiles. Hierarchical clustering analysis showed 
significant differences in circRNA expression in the two pairs of cells individually (Figure 1B and C). We 
also constructed volcano plots (Figure 1D and E) to depict the significantly differentially expressed 
circRNAs (fold change > 2, and P < 0.05); the scatter plot shows the variation in circRNA expression 
levels (Supplementary Figure 1). After the intersection and merge of the differentially expressed 
circRNAs in two pairs of CRC cells, only 9 circRNAs showed significant differences in expression, 

https://f6publishing.blob.core.windows.net/ab534560-c155-4e1f-9ee5-b6c2945774bd/WJGO-14-678-supplementary-material.pdf
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among which 4 circRNAs were downregulated in 5-Fu-resistant cells and 5 circRNAs were upregulated 
in 5-Fu-resistant cells (Figure 1F). Sequencing results and analysis suggested that the expression levels 
of some circRNAs changed during the process of 5-Fu resistance.

GO and KEGG analyses of differentially expressed circRNAs
The GO analysis of differentially expressed circRNAs included three categories: Biological process (BP), 
cell component (CC), and molecular function (MF). We listed the top ten terms in the BP, CC, and MF 
categories (Figure 2A). In the KEGG analysis, we also listed the 10 enriched pathways among the 
upregulated circRNAs, among which “Wnt signalling pathway”, “mTOR signalling pathway” and 
“focal adhesion” were the three most noteworthy pathways identified after combining the selection 
counts, enrichment scores and P values (Figure 2B).

Validation of differentially expressed circRNAs
We focused on and verified the differentially expressed circRNAs obtained from the sequencing results 
using qRT–PCR in 4 pairs of CRC cell lines: HCT116, Lovo, HT29, and SW480. Before validation, we 
confirmed the drug resistance of the four types of 5-Fu-resistant cells by performing a WST-1 assay. As 
shown in Figure 3A-D, after intervention with different concentrations of 5-Fu, the IC50 values of the 
four 5-Fu-resistant cells increased by 5- to 15-fold compared with their parental cells. Based on the 
results shown in Figure 1F, we selected the 5 circRNAs that were significantly upregulated in 5-Fu-
resistant cells and verified them in these 4 pairs of cell lines. For the HCT116 and Lovo cell lines, the 
qRT–PCR results were consistent with the results of RNA sequencing, and all 5 circRNAs 
(hsa_circ_0002813, hsa_circ_0000236, hsa_circ_0122168, hsa_circ_0031584, and hsa_circ_0006877) were 
expressed at high levels in 5-Fu-resistant cells (Figure 3E and F). The results from the HT29 and SW480 
cell lines also confirmed that the expression of 4 of 5 circRNAs was significantly increased in 5-Fu-
resistant cells, except for hsa_circ_0006877 in SW480 cells, which was not significantly different 
(Figure 3G and H).

circRNA-miRNA-mRNA network prediction and analyses
Based on the previous verification results, the circRNA-miRNA-mRNA regulatory networks were 
constructed by prediction and bioinformatics analysis using Cytoscape software for these 5 circRNAs 
with significantly altered expression levels. As shown in Figure 4, in the prediction network, we chose 
the top 5 miRNAs that potentially bind to the circRNAs and the 5 most likely target genes of each 
miRNA. From the prediction network, we clearly see the potential regulatory targets of the 5 circRNAs. 
This result provided a clear direction for us to further study the specific mechanism of circRNAs in 5-Fu 
resistance in CRC.

Comparison of mRNA expression profiles in 5-Fu-resistant CRC cell lines
While circRNA sequencing was performed on the two paired CRC 5-Fu-resistant cell lines, mRNA 
expression levels were also measured (Figure 5A and B and Supplementary Figure 2). Clustering 
analysis was performed on the differentially expressed mRNAs. In 5-Fu-resistant HCT116 cells, 3247 
genes were significantly upregulated, and 267 genes were significantly upregulated in 5-Fu-resistant 
Lovo cells. An analysis combining the results from the two pairs of cell lines showed that 107 genes 
were upregulated in the 5-Fu-resistant variants (Figure 5C). The interactions of the 107 genes that were 
upregulated in both 5-Fu-resistant cell lines with the potential target genes predicted based on the 
circRNA-miRNA-mRNA regulatory network were analysed. The results focused on two genes, FUT3 
and PLAG1, that were expressed at high levels in 5-Fu-resistant cells and predicted to be targets of 
differentially expressed circRNAs (Figure 5D). Then, we verified the mRNA expression levels of the two 
genes using a qRT–PCR assay, and the results were consistent with the RNA sequencing results 
(Figure 5E). The expression levels of both FUT3 and PLAG1 were significantly increased in 5-Fu-
resistant cells, consistent with the expression of circRNAs (hsa_circ_0002813 and hsa_circ_0000236) that 
regulate them in the predicted network. Thus, the regulatory axes composed of circ_0002813-miR-1343-
3p-FUT3 and circ_0000236-miR4769-5p-PLAG1 may play an important role in 5-Fu resistance in CRC.

DISCUSSION
With the advent of targeted therapy and immunotherapy, the treatment of CRC has achieved great 
advances. However, 5-Fu chemotherapy is still the main clinical treatment for CRC[5,24]. The main 
problem of chemotherapy for CRC is 5-Fu resistance, and 50% of patients with advanced CRC show 5-
Fu resistance[10]. Therefore, continuous and thorough investigations of the potential mechanism of 5-Fu 
resistance are urgently needed. As members of the noncoding RNA family, circRNAs have become the 
focus of tumour research in recent years. Notably, circRNAs are involved in the malignant processes of 
a variety of human tumours, such as lung cancer, CRC and breast cancer[21,25,26]. Moreover, the role of 
circRNAs in chemotherapy resistance in cancers has also been reported. For instance, the circRNA AKT3 
upregulates PIK3R1 to enhance cisplatin resistance in gastric cancer by suppressing miR-198[27]. 

https://f6publishing.blob.core.windows.net/ab534560-c155-4e1f-9ee5-b6c2945774bd/WJGO-14-678-supplementary-material.pdf
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Figure 4 The competing endogenous RNA network. The circRNA-miRNA-mRNA interactions for the 5 circRNAs (hsa_circ_0002813, hsa_circ_0000236, 
hsa_circ_0122168, hsa_circ_0031584, and hsa_circ_0006877) were determined by predictions and bioinformatics analysis using Cytoscape software. A: 
hsa_circ_0002813; B: hsa_circ_0000236; C: hsa_circ_0122168; D: hsa_circ_0031584; E: hsa_circ_0006877.

Another study showed that circRNA-SORE mediates sorafenib resistance in hepatocellular carcinoma 
by stabilizing YBX1[28].

In this study, we performed high-throughput sequencing to investigate the relationship between 
circRNAs and 5-Fu resistance, the most common chemotherapeutic drug used to treat CRC. A total of 
17939 circRNAs were detected in two 5-Fu-resistant lines and their parental cell lines. We conducted an 
in-depth analysis of the sequencing results and combined the results of the two paired cell lines and 
identified 9 circRNAs with significant differences in expression. This study is the first to reveal 
circRNAs with a potential role in 5-Fu resistance in CRC at the cellular level. Moreover, we postulate 
that these 9 differentially expressed circRNAs may play a regulatory role in the process of 5-Fu 
resistance. We focused on 5 circRNAs that were significantly upregulated in 5-Fu-resistant cells and 
verified them in two paired cell lines selected for sequencing and two other paired cell lines using 
qRT–PCR assays to further confirm the accuracy of our findings. Four of the 5 circRNAs 
(hsa_circ_0002813, hsa_circ_0000236, hsa_circ_0122168, and hsa_circ_0031584) were expressed at high 
levels in the 4 paired cell lines with 5-Fu resistance. Moreover, the remaining circRNA, 
hsa_circ_0006877, showed significantly higher expression in 5-Fu-resistant variants of all cell lines 
except SW480 cells. Based on these results, hsa_circ_0002813, hsa_circ_0000236, hsa_circ_0122168, 
hsa_circ_0031584 and hsa_circ_0006877 may play a role in 5-Fu resistance in CRC.

Studies examining the function of circRNAs have indicated that circRNAs function as miRNA 
sponges and then regulate the expression of their target genes[20]. This function is the key mechanism 
by which circRNAs participate in various BP[29,30]. Therefore, for these 5 verified circRNAs, we 
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Figure 5 Comparison of mRNA expression profiles in 5-fluorouracil-resistant colorectal cancer cell lines. A and B: The volcano plot shows the 
comparison of the mRNA expression profiles between the parental and 5-fluorouracil (5-Fu) resistant HCT116 and Lovo cell lines; C: Heatmap of the clustering 
analysis indicating differences in mRNA expression profiles in both paired cell lines; D: Analysis of interactions between mRNAs that were upregulated in both paired 
5-Fu-resistant cell lines and the potential target genes predicted by the circRNA-miRNA-mRNA regulatory network; E: Relative mRNA expression in the 2 paired cell 
lines was measured using quantitative real-time polymerase chain reaction assays.

predicted the miRNAs that they might sponge and their downstream target genes by analysing different 
databases to explore the potential regulatory mechanism of circRNAs in drug resistance. According to 
the 5 circRNAs upregulated in the 5-Fu-resistant cells, we first predicted circRNA-miRNA-mRNA 
interactions through target prediction software and selected the top 5 interactions to construct the 
networks. The networks established in our study provided a scientific basis for the subsequent study of 
the mechanism underlying circRNA function in CRC drug resistance.

In our study, we performed high-throughput sequencing of two paired cell lines, and in addition to 
including circRNAs, we also measured mRNA expression levels. In the process of exerting their 
biological functions, circRNAs mostly regulate downstream mRNAs by sponging miRNAs. Therefore, 
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we analysed the mRNA expression profiles using the sequencing results. The differentially expressed 
mRNAs involved in drug resistance were comprehensively analysed with the mRNAs in the previously 
constructed circRNA-miRNA-mRNA regulatory network. We found that two mRNAs (FUT3 and TNS4) 
that we predicted to be regulated by potential circRNAs showed significantly increased expression in 
the mRNA sequencing results from the drug-resistant cells. FUT3 is an α-1,3/4 fucosyltransferase that is 
absorbed by red blood cells and leads to a Lewis phenotype. The biological functions of FUT3 in tumori-
genesis and metastasis have been documented in a variety of tumours[31-33]. TNS4, a member of the 
tensin protein family, is involved in key cellular processes, including cell adhesion, migration, and 
proliferation[34,35]. Accumulating evidence has suggested that TNS4 may be involved in the 
pathogenesis of cancers by interacting with miRNAs. For instance, miR-1224-5p inhibits TNS4, 
subsequently affecting the progression of oesophageal squamous cell carcinoma[36]. According to a 
recent report, TNS4 was identified as a key effector of cetuximab and a regulator of the oncogenic 
activity of KRAS mutant CRC[37]. We consistently found that FUT3 and TNS4 were expressed at higher 
levels in 5-Fu-resistant CRC cells and were target genes in the regulatory network of two significantly 
differentially expressed circRNAs that we identified. We strongly speculate that the hsa_circ_0002813- 
miR-541-3p- FUT3 and hsa_circ_0000236- miR-4796-5p-TNS4 axes may be involved in the regulatory 
mechanisms of drug resistance and may be potential therapeutic targets.

CONCLUSION
In conclusion, we comprehensively analysed the circRNA and mRNA expression profiles in paired 5-
Fu-resistant cells. We identified circRNAs and mRNAs that are commonly altered during the 
development of 5-Fu resistance and suggested that hsa_circ_0002813, hsa_circ_0000236, 
hsa_circ_0122168, hsa_circ_0031584 and hsa_circ_0006877 may play important regulatory roles in the 
process of 5-Fu resistance in CRC. These circRNAs may represent potential predictive biomarkers and 
possible therapeutic targets of 5-Fu resistance. Based on our circRNA-related ceRNA networks, two 
potential regulatory mechanisms have been identified. Our findings may provide new perspectives for 
understanding the occurrence of 5-Fu resistance in CRC, provide new biomarkers for predicting 5-Fu 
resistance, and reveal candidate targets for reversing drug resistance.

ARTICLE HIGHLIGHTS
Research background
Therapy resistance has been a culprit for colorectal cancer (CRC) treatment. 5-fluorouracil (5-Fu) is a 
first-line chemotherapeutic agent for CRC, and it is very important to reveal the potential biomarkers 
and mechanisms of resistance.

Research motivation
Circular RNA (circRNA) plays a key role in the development and progression of cancer, but its role in 
the process of drug resistance has not been widely revealed. Therefore, we attempted to explore the 
relationship between circRNA and CRC drug resistance

Research objectives
Search for circRNAs that can predict the occurrence of CRC 5-Fu resistance, and explore its possibility as 
potential biomarkers.

Research methods
In this study, through the construction of drug-resistant cell lines and high-throughput sequencing 
technology, we revealed the changes in the expression of circRNAs during the process of drug 
resistance, and the potential circRNAs were verified by quantitative real-time polymerase chain 
reaction.

Research results
We identified circRNAs and mRNAs that are commonly altered in the development of 5-Fu drug 
resistance and suggested that hsa_circ_0002813, hsa_circ_0000236, hsa_circ_0122168, hsa_circ_0031584 
and hsa_circ_0006877 may play an important regulatory role in the process of 5-Fu resistance in CRC. 
These circRNAs may act as potential predictive biomarkers and possible therapeutic targets of 5-Fu 
resistan.

Research conclusions
Our findings may offer new perspectives for understanding the occurrence of 5-Fu resistance in CRC, 
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provide new biomarkers for predicting 5-Fu resistance, and reveal candidate targets for reversing drug 
resistance.

Research perspectives
Potential circRNA expression differences in drug resistance were sought from the perspective of high-
throughput sequencing of paired drug-resistant and parental cell lines.
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Abstract
BACKGROUND 
Gastric cancer (GC), a multifactorial disease, is caused by pathogens, such as 
Helicobacter pylori (H. pylori) and Epstein-Barr virus (EBV), and genetic 
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components.

AIM 
To investigate microbiomes and host genome instability by cost-effective, low-coverage whole-
genome sequencing, as biomarkers for GC subtyping.

METHODS 
Samples from 40 GC patients were collected from Taizhou Hospital, Zhejiang Province, affiliated 
with Wenzhou Medical University. DNA from the samples was subjected to low-coverage whole-
genome sequencing with a median genome coverage of 1.86 × (range: 1.03 × to 3.17 ×) by Illumina 
× 10, followed by copy number analyses using a customized bioinformatics workflow 
ultrasensitive chromosomal aneuploidy detector.

RESULTS 
Of the 40 GC samples, 20 (50%) were found to be enriched with microbiomes. EBV DNA was 
detected in 5 GC patients (12.5%). H. pylori DNA was found in 15 (37.5%) patients. The other 20 
(50%) patients were found to have relatively higher genomic instability. Copy number amplific-
ations of the oncogenes, ERBB2 and KRAS, were found in 9 (22.5%) and 7 (17.5%) of the GC 
samples, respectively. EBV enrichment was found to be associated with tumors in the gastric 
cardia and fundus. H. pylori enrichment was found to be associated with tumors in the pylorus and 
antrum. Tumors with elevated genomic instability showed no localization and could be observed 
in any location. Additionally, H. pylori-enriched GC was found to be associated with the Borrmann 
type II/III and gastritis history. EBV-enriched GC was not associated with gastritis. No statistically 
significant correlation was observed between genomic instability and gastritis. Furthermore, these 
three different molecular subtypes showed distinct survival outcomes (P = 0.019). EBV-positive 
tumors had the best prognosis, whereas patients with high genomic instability (CIN+) showed the 
worst survival. Patients with H. pylori infection showed intermediate prognosis compared with the 
other two subtypes.

CONCLUSION 
Thus, using low-coverage whole-genome sequencing, GC can be classified into three categories 
based on disease etiology; this classification may prove useful for GC diagnosis and precision 
medicine.

Key Words: Gastric cancer; Whole-genome sequencing; Helicobacter pylori infections; Epstein-Barr virus 
infections; Genetic components; Precision medicine

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study investigated the microbiomes and host genome instability via cost-effective low-
coverage whole-genome sequencing, to establish the findings for consideration in the development of a 
biomarker for gastric cancer (GC) subtyping. We believe that our study makes a significant contribution to 
the literature because it identified three different GC subtypes in the Chinese population, and these were 
related to different tumorigenesis mechanisms, chronic Epstein-Barr virus infection, Helicobacter pylori 
infections, and chromosomal instabilities. This discovery may therefore provide guidance for conducting 
future studies to realize GC treatment and prevention.

Citation: Ye LP, Mao XL, Zhou XB, Wang Y, Xu SW, He SQ, Qian ZL, Zhang XG, Zhai LJ, Peng JB, Gu BB, Jin 
XX, Song YQ, Li SW. Cost-effective low-coverage whole-genome sequencing assay for the risk stratification of 
gastric cancer. World J Gastrointest Oncol 2022; 14(3): 690-702
URL: https://www.wjgnet.com/1948-5204/full/v14/i3/690.htm
DOI: https://dx.doi.org/10.4251/wjgo.v14.i3.690

INTRODUCTION
Gastric cancer (GC) is the fourth leading cause of cancer-related deaths worldwide, with an estimated 
768793 deaths in 2020, according to the GLOBOCAN of the International Agency for research on Cancer
[1]. Most GCs are adenocarcinomas with considerable heterogeneity. According to Lauren’s criteria, GC 
is classified into three subtypes: intestinal, diffuse, and mixed[2]. World Health Organization (WHO) 
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has divided GC into four subtypes-papillary, tubular, mucinous and poorly cohesive carcinomas[3]. 
However, these traditional morphology-based classification systems have limited clinical utility due to 
the molecular heterogeneity of GC. Therefore, it is necessary to develop a robust GC molecular classi-
fication to guide clinical practice, determine prognosis, or predict the treatment response.

Infection with microorganisms plays an important role in the development of GC. In contrast to other 
tumor types, gastric carcinogenesis is closely related to infectious pathogens. Among them, Helicobacter 
pylori (H. pylori) infection is one of the risk factors for GC, responsible for almost 90% of all noncardia 
GC[4]. A relationship between H. pylori and GC has been discovered and is characterized as a stepwise 
inflammatory process that eventually leads to malignancy[5]. In addition to pathogenic bacteria, viral 
infections significantly contribute to gastric carcinogenesis. Epstein-Barr virus (EBV) is the most charac-
terized gastric oncogenic virus[6]. In a comprehensive molecular analysis of GC conducted by The 
Cancer Genome Atlas (TCGA), EBV-positive tumors were classified as a distinct subtype with statistical 
significance (P = 1.5 × 10-18), and ~9% of GC patients were EBV-positive[7]. Although these pathogens 
infect more than half of the world’s population, fortunately, only a small fraction of those infected 
develop GC, indicating the complexity that drives gastric tumorigenesis[8].

In addition to microbial infection, alterations in genomic stability also play a key role as drivers of 
GC. Among these, chromosomal instability (CIN) is one of the most common types of genetic changes, 
which is usually described as somatic copy number aberrations (SCNAs) accompanied by focal 
amplification of oncogenes or deletion of tumor suppressor genes[9]. According to information 
presented in TCGA database, GC can be divided into two distinct subtypes based on the presence or 
absence of SCNAs[7]. Our previous studies demonstrated that CIN was a valuable prognosis factor in 
GC using array-based comparative genomic hybridization. Two distinct subtypes of GC were identified, 
high CIN and low CIN, with distinguished gene expression signatures and different survival outcomes 
of patients[10,11].

However, these methods are more expensive and sophisticated, limiting their application in clinical 
practice. Low-coverage whole-genome sequencing (LC-WGS) was first developed as a simple, cost-
effective, and reliable technology to identify SCNAs in tumors in 2014[12]. Therefore, the aim of the 
present study was to develop a robust and cost-effective molecular classification method for GC using 
LC-WGS to identify candidate drivers of gastric tumorigenesis and to provide a roadmap for gastric risk 
stratification and targeted therapy trials.

MATERIALS AND METHODS
Patient characteristics and ethical statement
Samples from 40 GC patients were collected and the deadline for the follow-up was May 2021. The 
study was reviewed and approved by the Institutional Ethics Committee of Taizhou Hospital of 
Zhejiang Province (Approval No. K20201205), and informed consent was obtained from the patients 
prior to specimen collection (Table 1).

DNA extraction
DNA was extracted from formalin-fixed paraffin-embedded (FFPE) samples using the Qiagen nucleic 
acid kits (69504).

LC-WGS
For LC-WGS, libraries were prepared using the Kapa Hyper Prep kit (Roche, CA, United States) with 
custom adapters (IDT, CA, United States) starting with 50 to 1000 ng of DNA input (median, 471 ng), 
which was used for low-pass WGS. The 22 Libraries were pooled and sequenced using the 150-base 
paired-end runs over 1× lane on a HiSeq X10 system (Illumina, CA, United States). Segment copy 
numbers were derived using a customized workflow ultrasensitive chromosomal aneuploidy detector 
(UCAD). If the median absolute deviation of the copy ratio (log ratio) between the adjacent bins of the 
whole-genome was greater than 0.38, indicating poor-quality sequence data, the sample was excluded.

Reads were mapped to the EBV reference genome (gi|82503188). Matches with no more than 1 
mismatch were counted as EBV reads. The same approach was applied for H. pylori (gi|261838873). 
Samples with more than 4 EBV reads were marked as EBV-positive tumor samples. Samples with more 
than 4 H. pylori reads were marked as H. pylori-positive tumor samples.

GC pathology
Specimens from 40 gastric patients were found to have pathological characteristics of GC. The prepared 
slides were then sent to pathologists for analysis following the standard protocol. The pathology test 
results were recorded as tumor type and tumor grade.

Statistical analyses
The Illumina X10 system was used for DNA extraction and analysis. At least 10 M paired reads were 
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Table 1 Clinical features of the 40 study patients diagnosed with gastric cancer

EBV+ H. Pylori+ ERBB2+ KRAS+ P value

Age (yr), mean ± SD 62.2 ± 6.4 No significance

Sex, n

Male 3 13 8 5

Female 2 2 1 2

No significance

Tumor location, n

Cardia/fundus 5 2 3 1

Polyrus/antrum 0 13 5 6

Other 0 0 1 0

P = 0.013 (H. Pylori associated with antrum) 

Borrmann, n

Type I 1 1 2 2

Type II 1 7 4 1

Type III 1 7 2 2

Type IV 2 0 1 1

P = 0.013 (H. Pylori associated with ulcerative)

Gastritis, n 

Yes 0 4 2 2

No 5 11 7 5

No significance

Vascular invasion, n

Yes 2 9 1 2

No 3 6 8 5

No significance

H. Pylori: Helicobacter pylori.

collected for each sample. The reads were mapped to the human reference genome hg19. The genomic 
coverage was then counted using the software package mpileup[13]. Then, the average coverage for 
each 200 k bin was calculated, and the Z-score for each bin was normalized using the following formula-
1:

Then, using the circular binary segmentation algorithm from the R package DNACopy[14], 
significant genomic breakpoints and copy number changes in the genomic segments were found.

We used the R package “DNACopy” to analyze the copy number changes. A P value of < 0.05 was 
considered to denote a statistically significant binary segmentation. The absolute segment value was 
used for further analysis. The sensitivity and specificity of UCAD were estimated by receiver operating 
characteristic curves. For categorical variables, the chi-square test was employed. All statistical analyses 
were performed using SPSS17.0 (IBM, Foster City, CA, United States).

The associations between the clinicopathological UCAD screening positivity and clinicopathological 
parameters were analyzed by the proportional trend test[15]. Data were reported as means and 
standard deviations, medians and interquartile ranges, and hazard ratios or odds ratios with 95%CIs, as 
appropriate. The missing data were removed from the analyses. All analyses were performed using R 
software, version 3.4.3 (R Foundation for Statistical Computing, GNU project https://www.r-
project.org/). The anonymized data and R code used in the statistical analysis will be made available on 
request.

RESULTS
Patient characterization
In total, 40 FFPE samples were collected. All samples passed QC and were included in this study 
(Table 1).

https://www.r-project.org/
https://www.r-project.org/


Ye LP et al. Cost-effective low-coverage WGS for GC

WJGO https://www.wjgnet.com 694 March 15, 2022 Volume 14 Issue 3

Cancer genome of GC
In Figure 1, we summarize the genome-wide copy number variations observed. Interestingly, it was 
found that chromosomal-arm imbalance was caused by chromosomal breakpoints on the centromeres 
(Figure 1A for averaged data plot). There were 70 genomic segments with statistically significant copy 
number changes (details in Table 2). Frequent chromosomal changes in GC include 1p-, 1q+, 3q+, 4-, 
5p+, 7p+, 8q+, 9p-, 13+, 17p-, 17q+, and 20q+. The focal events include amplification of 17q12, which 
contains ERBB2 (chr17:37, 844167-37886679, hg19). Z-scores (formula-1) are listed in Table 2.

CIN scores were summarized by the formula, CIN = sum (Lchr × Zchr), where Lchr is the length of the 
chromosome segment and Zchr is the Z score of the segment. By using the CIN score cutoff value of 20, 19 
(47.5%) patients had low CIN scores. The other 21 (52.5%) patients had elevated CIN scores (Figure 2).

Three groups of GC
Forty GC tissues were analyzed, and twenty (50% of the total) GC samples were found to be enriched 
with microbiomes. As shown in Figure 2, the samples of patients with abundant EBV DNA showed less 
abundance of H. pylori DNA (Figure 2, top), which may suggest that EBV and H. pylori are different 
drivers of GC tumorigenesis. As a control, the random distribution of Escherichia coli DNA may suggest 
less contribution of this microbiome to GC tumorigenesis. Furthermore, patients with low EBV and H. 
pylori DNA showed high CIN scores (Figure 2 bottom).

EBV DNA was detected in 5 GC patients (12.5%). H. pylori DNA was found in 15 (37.5%) patients. The 
other 20 (50%) patients were found to have relatively higher genomic instability. The copy number 
amplifications of the oncogenes, ERBB2 and KRAS, were found in 9 (22.5%) and 7 (17.5%) GC samples, 
respectively.

EBV-positive GC showed a relatively stable genome (Figure 1B). The patients with positive H. pylori 
statuses showed an unstable genome (Figure 1C), where chr5p amplifications are frequently located in 
TERT (5p15.33). The other patients with H. pylori- and EBV-negative GC were also characterized by an 
unstable genome, where ERBB2 amplifications were significantly enriched (Figure 1D).

Molecular subtypes correlated with tumor locations and gastritis history
As shown in Table 1, EBV enrichment was found to be associated with tumors in the gastric cardia and 
fundus (P = 0.013). H. pylori enrichment was found to be associated with tumors in the pylorus and 
antrum. Tumors with elevated genomic instability could be found in any location (Figure 3).

Additionally, H. pylori-enriched GC was found to be associated with Borrmann type II/III and 
gastritis history (P = 0.013). The EBV-enriched GC was not associated with gastritis. There was no 
statistically significant correlation between genomic instability and gastritis.

Overall survival associated with CIN and Borrmann type
Furthermore, we analyzed the overall survival (OS) of different molecular groups. As shown in 
Figure 4, patients with different molecular subtypes show distinct prognoses (long rank test, P = 0.019). 
EBV-positive tumors showed the best OS, with a median OS of ~2800 d. CIN+ patients were found to 
have the worst survival, with a median OS less than 500 d. Patients with H. pylori infections also showed 
worse survival than those infected with EBV but tended to be better than CIN+ patients. Moreover, the 
OS was investigated among four Borrmann types of GC, and no significant difference was found (log-
rank test, P = 0.078) (Figure 5).

DISCUSSION
GC has a high incidence and fatality rate in China. It shows high histopathological and molecular 
heterogeneity[16]. The disease involves multiple genes with different genetic events occurring at 
different stages. The heredity of GC, individual differences, and the complexity of molecular 
mechanisms necessitates its characterization by gene groups or cluster[7]. Molecular subtyping of GC 
involves the screening of the genes or protein markers related to tumorigenesis, diagnosis, and 
prognosis. The currently studied genes and protein markers include oncogenes, tumor suppressor 
genes, intercellular adhesion molecules, growth factors, and certain hormone receptors[17]. Although 
most of them show poor sensitivity, specificity, or reliability, a few have been recognized as effective 
biomarkers. Gastric adenocarcinoma, the most common type of GC, shows a remarkable heterogeneity 
among different patients with a high mortality due to the tumor’s innate aggressiveness. Despite recent 
advances in diagnosis and treatment, the 5-year OS remains poor. Moreover, gastrointestinal stroma 
tumor is a rare but highly curable cancer and has a satisfactory prognosis with a 5-year OS ranging from 
60%-85%[18,19]. Notably, multimodal complications associated with radical gastrectomy during periop-
erative period should be addressed. Anastomotic fistula, one of the main surgical complications that 
raises the risk of local recurrence and worsens the overall prognosis, has been reported to be positively 
correlated with the neutrophil/lymphocyte ratio[20]. The traditional morphology-based subtyping 
systems include the Lauren classification (intestinal, diffuse, and mixed) and WHO-based classification 
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Table 2 Copy number variation segments identified in gastric cancer patients

Chrom Loc.start Loc.end Seg.mean LogP Key genes

Chr04 0 190800000 -1.63 -100.00 FHIT

Chr05 45800000 131000000 -1.49 -100.00

Chr13 19000000 110000000 0.87 -88.38

Chr18 30800000 77800000 -1.86 -86.67

Chr03 0 66200000 -1.23 -80.98

Chr07 0 55600000 1.28 -75.03 EGFR

Chr20 30200000 62800000 2.54 -74.06

Chr16 0 76200000 -0.93 -67.73

Chr08 90600000 122000000 1.84 -59.87

Chr05 0 45600000 1.29 -56.55 TERT

Chr01 170000000 240000000 0.78 -55.86

Chr21 9400000 47800000 -1.33 -54.61

Chr09 0 29800000 -1.56 -50.52 CDKN2A

Chr08 47800000 90400000 1.02 -49.62

Chr08 122200000 146000000 2.42 -49.24 MYC

Chr01 29600000 98400000 -0.69 -47.14

Chr19 0 28800000 -2.03 -43.15

Chr10 50800000 111400000 -0.77 -41.27

Chr03 165800000 197800000 1.19 -40.36

Chr22 16000000 51000000 -1.11 -38.57

Chr14 19000000 107000000 -0.57 -37.54

Chr12 107600000 133600000 -1.44 -36.53

Chr15 20000000 88200000 -0.60 -34.61

Chr01 151200000 169800000 1.47 -32.21

Chr17 0 21800000 -1.75 -31.78 TP53

Chr03 96200000 165600000 0.48 -30.10

Chr19 32200000 58800000 -1.15 -29.94

Chr07 76400000 117800000 0.66 -28.48

Chr05 131200000 180600000 -0.70 -28.10

Chr17 49200000 80800000 -0.85 -26.77

Chr06 26000000 57000000 0.80 -25.75

Chr12 73400000 107400000 -0.64 -23.98

Chr06 57200000 104200000 -0.63 -22.49

Chr20 0 17000000 1.09 -22.19

Chr20 17200000 30000000 1.73 -18.89

Chr01 98600000 109600000 -1.31 -18.38

Chr11 67000000 96000000 0.58 -17.22

Chr08 20200000 47600000 -0.82 -16.59

Chr03 66400000 96000000 -0.54 -16.41

Chr01 19800000 29400000 -1.60 -15.48

Chr02 92200000 122200000 0.51 -14.89
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Chr11 37000000 66800000 -0.69 -14.39

Chr02 153200000 193600000 0.37 -14.32

Chr09 30000000 115400000 -0.36 -13.72

Chr01 0 19600000 -0.77 -12.44

Chr10 200000 5600000 1.32 -10.20

Chr02 62400000 76000000 0.58 -9.30

Chr12 7400000 31200000 -0.40 -9.25

Chr13 110200000 113800000 3.69 -8.57

Chr06 104400000 170800000 0.24 -8.31

hr18 23000000 30600000 -0.85 -7.70

Chr12 31400000 38200000 -1.65 -7.02

Chr15 88400000 95200000 0.80 -6.84

Chr16 76400000 90000000 -0.45 -6.61

Chr12 52200000 58200000 0.72 -6.00

Chr19 29000000 32000000 1.50 -6.00

Chr08 0 6200000 -0.65 -5.82

Chr10 123000000 126800000 1.09 -5.72

Chr11 96200000 134800000 -0.26 -5.51

Chr17 37600000 39600000 4.54 -5.50

Chr02 122400000 153000000 -0.28 -5.38

Chr07 55800000 76200000 -0.63 -5.35

Chr15 99200000 102200000 1.24 -5.04

Chr11 0 4000000 -1.16 -4.92

Chr12 38400000 52000000 -0.46 -4.85

Chr01 109800000 119800000 -0.44 -4.03

Chr01 120000000 151000000 0.52 -4.01

Chr07 118000000 158800000 -0.21 -3.77

Chr17 22000000 37400000 0.44 -3.48

Chr08 6400000 20000000 0.27 -3.01

(papillary, tubular, mucinous, and poorly cohesive). For the prediction of lymph node metastasis risk, a 
modified WHO classification can be used to distinguish GCs into the differentiated and undifferentiated 
types[21]. However, the dysregulation of oncogenes and suppressors owing to multiple genetic and 
epigenetic alterations has been shown in several studies to be a significant driver of tumorigenesis[22]. 
The current morphology-based clinical classification of GC can neither convey the molecular hetero-
geneity of GC nor can it guide clinical practice in predicting the prognosis or treatment response of 
patients with advanced GC. Although subclassification by molecular testing may add complexity to the 
classification, it is essential to identify specific GC subtypes based on the molecular and genetic features 
for the precise and selective targeting of anticancer therapies[23].

A recent publication by TCGA project proposed a molecular classification of GC, which divided it 
into four subtypes[7]: (1) EBV-positive type, characterized by frequent PIK3CA mutations; DNA 
hypermethylation; and JAK2, CD274, and PDCD1LG2 amplification; (2) Microsatellite unstable type, 
which has a high mutation rate, including the activation of gene mutations that encode oncogene 
signaling pathway proteins; (3) The genome stable type, which mostly occurs in the diffuse histology 
and is caused by RHOA mutation or THO family GTPase activation protein gene fusion phenomenon; 
and (4) CIN type, which has an aneuploid chromosome and the receptor tyrosine kinase, which is 
amplified in situ.

In the present study, we identified three GC subtypes through WGS: (1) EBV-positive GC; (2) H. 
pylori-positive GC; and (3) CIN type GC. Exclusivity was observed among the three subtypes, indicating 
different modes of tumorigenesis among the subtypes. The three subtypes showed a different genetic 
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Figure 1 The chromosomal landscape. A-D: The whole-genome overview for all (A), EBV-positive (B), Helicobacter pylori-positive (C), and chromosomal 
unstable (D) gastric cancers. Cancer-relevant genes are also indicated. CIN: Chromosomal instability; HP: Helicobacter pylori; EBV: Epstein-Barr virus.

pattern. The CIN group was enriched in ERBB2amplification, and the H. pylori group was enriched in H. 
pylori DNzA and 5p (TERT) copy number gains. The distinct genetic patterns may suggest a different 
treatment approach for each GC subtype, which may require further research. In addition, patients with 
different molecular subtypes showed distinct prognoses by long rank test (P = 0.019), in which CIN+ 
patients were found to have the worst survival with a median OS less than 500 d. However, no 
significant difference of OS was found among the Borrmann types (P = 0.078), a classic GC classification 
widely used currently. It may indicate that the molecular subtypes in our study have advantages in 
guiding the prognosis of patients with GC. Nonetheless, owing to the limited sample sizes in this study, 
additional clinical evidence is needed to support this argument.

Further analyses showed that H. pylori positive tumors were associated with gastritis history, which 
may suggest chronic infections. H. pylori colonization causes chronic inflammation as well as a 
significant increase in the possibility of developing GC[24]. Currently, a persistent H. pylori infection is 
the strongest risk factor for the development of GC. Once H. pylori colonizes the gastric epithelium, it 
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Figure 2 The bar plot of microbiome read counts and chromosomal instability scores. Read counts of Epstein-Barr virus (top), Helicobacter pylori 
(second row), and Escherichia coli (third row) are shown in the bar plots. Chromosomal instability scores for each sample are shown at the bottom. CIN: 
Chromosomal instability; H. pylori: Helicobacter pylori; EBV: Epstein-Barr virus; E. coli: Escherichia coli.

Figure 3 The gastric cancer subtypes. Epstein-Barr virus enrichment is associated with tumors in the gastric cardia and fundus. Helicobacter pylori enrichment 
associated with tumors in the pylorus and antrum. Tumors with elevated genomic instability can be observed in any location. CIN: Chromosomal instability; H. pylori: 
Helicobacter pylori; EBV: Epstein-Barr virus.

may persist for the host lifetime, which may increase the risk of developing GC[25]. Since H. pylori 
inhabits the gastric epithelium of half of the population and has been linked to 38% of the cases of 
gastric adenocarcinoma included in this study, it is critical to further understand the interrelationship 
between the host and microbial factors to reduce the risk of gastric adenocarcinoma, which necessitates 
further studies in this direction.

Approximately, 40% of GCs are characterized by high CIN. Among them, ERBB2 amplifications were 
frequently found in this study. HER2, also known as ERBB2, belongs to the ERBB family of proteins, 
including EGFR (or HER1), HER3, and HER4. Trastuzumab is a humanized monoclonal antibody that 
binds to HER2 specifically and inhibits its homodimerization and phosphorylation, which results in the 
inhibition of the proliferation of HER2-overexpressing tumor cells.
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Figure 4 High chromosomal instability associated with worse overall survival. Epstein-Barr virus-positive tumors present with the best overall 
survival; chromosomal instability (CIN)+ patients presented with the worst survival. Patients with Helicobacter pylori infections also showed worse survival as 
compared to Epstein-Barr virus ones but tended to be better than CIN+ patients. CIN: Chromosomal instability; HP: Helicobacter pylori; EBV: Epstein-Barr virus.

Figure 5 Overall survival among Borrman types of gastric cancer. 

In the present study, approximately 60% of the GC cases were linked to microbiomes, including 
chronic EBV and H. pylori infections. Animal studies have also shown that H. pylori eradication 
treatment at the early stage has considerable potential to reduce the incidence of H. pylori-associated GC. 
Early clinical evidence has shown that H. pylori eradication may help prevent the progression of gastric 
precancerous lesions in some cases. Additionally, H. pylori eradication might be the most efficient 
method for preventing GC. The current clinical data in humans support the idea that the removal of H. 
pylori leads to a reduced risk of developing GC. It is even more useful in patients without intestinal 
metaplasia or atrophic gastritis[26]. However, the mechanism through which H. pylori induces tumori-
genesis requires further investigation.

EBV can be found in the vast majority of the general population (at least 90%). However, typically, 
EBV causes a silent infection in the patient and does not lead to clinically positive symptoms[27]. In 
some adolescents and young individuals, EBV infection usually leads to infectious mononucleosis with 
fever, fatigue, headache, lymphadenopathy, sore throat, hepatomegaly, and rash. EBV can also cause B-
cell lymphomas, Hodgkin’s disease, GC, and nasopharyngeal carcinoma[28]. Hence, targeting EBV may 
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be an approach to prevent EBV-related GC. However, the latent EBV load in healthy individuals 
becomes generally stable over time, maintaining a “set point”[29]. Currently, there exists no efficient 
treatment regimen for the complete clearance of EBV infection.

In the present study, we subtyped GC into four groups using a cost-effective LC-WGS assay. The 
subtypes showed exclusive genetic features similar to each other, which may suggest different carcino-
genesis processes and clinical outcomes of GC. We further analyzed the prognosis of the groups, and 
CIN+ groups showed poor prognosis. Moreover, EBV-positive patients showed better prognosis than 
that of negative patients, with median OS around 2800 d. The different clinical outcomes may help 
clinicians with differential treatment decisions; for example, adjuvant treatment might be recommended 
for CIN+ patients due to poor prognosis expectations.

The cost of this UCAD assay of LC-WGS is estimated to be ~$ 50 per patient. With the rapid 
reductions in next-generation sequencing costs, the UCAD assay is expected to become much more cost-
effective in the near future. Conventionally, multiple assays, including H. Pylori, EBV, and copy number 
variation assays (most of these assays use the FISH technique, such as HER2 FISH) are performed 
separately. This leads to a high cost burden for GC patients. Secondly, due to the utility of the WGS 
technique, the UCAD assay captures not only human DNA but also microbiome DNA, which makes it a 
more informative technique for GC subtyping than other methods. Collectively, the new technique may 
help guide GC precision therapy in a cost-effective manner.

This study has a few limitations. The most important limitation of the present study is the limited 
number of patients recruited. Although statistically significant findings were reported, such as OS for 
each subtype, the conclusions should be confirmed by increasing the patient numbers. In addition, we 
only studied the copy number variations and microbiomes (EBV, H. Pylori) as GC subtyping 
biomarkers. Other molecular changes, including methylation and oncogene single nucleotide variations, 
were not included in this study. In future studies, the potential molecular subtyping markers in addition 
to the CNV and microbiome markers must be investigated.

CONCLUSION
In the present study, we identified three different GC subtypes associated with different tumorigenesis 
mechanisms in the Chinese population-chronic EBV infection, H. pylori infection, and CIN. Additionally, 
there were significant differences in the survival outcomes of patients among the three molecular 
subtypes. Therefore, these findings may beinstructive for future research on the treatment and 
prevention of GC.

ARTICLE HIGHLIGHTS
Research background
These findings from our research may be instructive for future research on the treatment and prevention 
of gastric cancer (GC).

Research motivation
Thus, using low-coverage whole-genome sequencing, GC can be classified into three categories based 
on disease etiology; this classification may prove useful for GC diagnosis and precision medicine.

Research objectives
Epstein-Barr virus (EBV) enrichment was found to be associated with tumors in the gastric cardia and 
fundus. Helicobacter pylori (H. pylori) enrichment was found to be associated with tumors in the pylorus 
and antrum.

Research methods
DNA from the 40 GC patients were subjected to low-coverage whole-genome sequencing by Illumina × 
10, followed by copy number analyses using a customized bioinformatics workflow ultrasensitive 
chromosomal aneuploidy detector. EBV-positive tumors had the best prognosis, whereas patients with 
higher genomic instability showed the worst survival.

Research results
To investigate biomarkers for GC sub-typing by cost-effective, low-coverage whole-genome sequencing.

Research conclusions
To search for new biomarkers of GC subtypes.
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Research perspectives
GC, a multifactorial disease, is caused by pathogens like H. pylori or EBV and by genetic components.
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Abstract
BACKGROUND 
Surgical resection after neoadjuvant treatment is the main driver for improved 
survival in locally advanced pancreatic cancer (LAPC). However, the diagnostic 
performance of computed tomography (CT) imaging to evaluate the residual 
tumour burden at restaging after neoadjuvant therapy is low due to the difficulty 
in distinguishing neoplastic tissue from fibrous scar or inflammation. In this 
context, radiomics has gained popularity over conventional imaging as a comple-
mentary clinical tool capable of providing additional, unprecedented information 
regarding the intratumor heterogeneity and the residual neoplastic tissue, 
potentially serving in the therapeutic decision-making process.

AIM 
To assess the capability of radiomic features to predict surgical resection in LAPC 
treated with neoadjuvant chemotherapy and radiotherapy.

METHODS 
Patients with LAPC treated with intensive chemotherapy followed by ablative 
radiation therapy were retrospectively reviewed. One thousand six hundred and 
fifty-five radiomic features were extracted from planning CT inside the gross 
tumour volume. Both extracted features and clinical data contribute to create and 
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validate the predictive model of resectability status. Patients were repeatedly divided into training 
and validation sets. The discriminating performance of each model, obtained applying a LASSO 
regression analysis, was assessed with the area under the receiver operating characteristic curve 
(AUC). The validated model was applied to the entire dataset to obtain the most significant 
features.

RESULTS 
Seventy-one patients were included in the analysis. Median age was 65 years and 57.8% of patients 
were male. All patients underwent induction chemotherapy followed by ablative radiotherapy, 
and 19 (26.8%) ultimately received surgical resection. After the first step of variable selections, a 
predictive model of resectability was developed with a median AUC for training and validation 
sets of 0.862 (95%CI: 0.792-0.921) and 0.853 (95%CI: 0.706-0.960), respectively. The validated model 
was applied to the entire dataset and 4 features were selected to build the model with predictive 
performance as measured using AUC of 0.944 (95%CI: 0.892-0.996).

CONCLUSION 
The present radiomic model could help predict resectability in LAPC after neoadjuvant 
chemotherapy and radiotherapy, potentially integrating clinical and morphological parameters in 
predicting surgical resection.

Key Words: Computed tomography; Radiomics; Predictive model; Resectability; Locally advanced 
pancreatic cancer; Radiation oncology

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The present study proposes a computed tomography (CT)-based radiomics model to predict 
resectability in locally advanced pancreatic cancer (LAPC) treated with intensive chemotherapy followed 
by ablative radiation therapy. The model was built, tested, and validated in a homogeneous cohort of 
LAPC patients, using clinical data and radiomic features extracted from the simulation-CT, and showed a 
reliable performance to predict surgical resection. If further confirmed, the results of this study may allow 
integrating radiomic information into the pool of clinical and morphological parameters to consider when 
a LAPC patient is candidate for surgical exploration after neoadjuvant therapy.

Citation: Rossi G, Altabella L, Simoni N, Benetti G, Rossi R, Venezia M, Paiella S, Malleo G, Salvia R, Guariglia 
S, Bassi C, Cavedon C, Mazzarotto R. Computed tomography-based radiomic to predict resectability in locally 
advanced pancreatic cancer treated with chemotherapy and radiotherapy. World J Gastrointest Oncol 2022; 14(3): 
703-715
URL: https://www.wjgnet.com/1948-5204/full/v14/i3/703.htm
DOI: https://dx.doi.org/10.4251/wjgo.v14.i3.703

INTRODUCTION
Pancreatic cancer (PC) is an aggressive disease, with increasing incidence and mortality rates, and a 5-
year survival of less than 10%[1,2]. At the time of diagnosis, roughly one-third of patients present with 
locally advanced PC (LAPC), typically due to extensive involvement of peripancreatic vessels (e.g., 
celiac axis, superior mesenteric artery and vein, portal vein, common hepatic artery), that precludes 
surgical resection[3]. Nowadays, multiagent chemotherapy regimens, including gemcitabine plus 
nanoparticle albumin-bound (nab)-paclitaxel and 5-fluorouracil, leucovorin, irinotecan, plus oxaliplatin 
(FOLFIRINOX), represent the standard of care for LAPC, able to significantly improve survival 
compared to mono-chemotherapy schedules[4-6]. In parallel, the integration of dose-escalated radiation 
therapy (RT) approaches to intensive chemotherapy regimens have suggested the possibility to 
maximize the benefits of the oncological treatment[7,8]. Technological innovations, such as the use of 
stereotactic techniques, advanced organ motion management solutions, and accurate image guidance 
before treatment delivery, have allowed to safely deliver ablative doses to LAPC while sparing the 
surrounding critical organs at risk (OARs)[9,10]. In addition, different series reported that a multimodal 
approach, including systemic induction therapy followed by (chemo-) radiotherapy, might represent an 
effective therapeutic option for LAPC, potentially improving the oncological outcome and the 
probability of surgical resection, at the price of acceptable postoperative complication rates[11-14]. Thus, 
there is a strong need to determine the resectability of LAPC for treatment decision-making.
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After neoadjuvant treatment, the therapeutic decision whether to perform surgical exploration is 
typically based on a multidisciplinary and multiparametric evaluation that includes patients- and 
tumour-specific features. Cross-sectional imaging at restaging is essential to rule out disease progression 
that would contraindicate surgery and drive the surgical strategy if radical resectability is considered 
feasible. Indeed, several studies have reported that computed tomography (CT) misestimates the resect-
ability of LAPC after neoadjuvant treatment[15-17]. After RT, CT cannot discriminate between post-
therapy fibrosis, locoregional oedema, inflammatory changes, and viable tumour, thus underestimating 
the histological response[18-20].

Radiomics is gaining more and more popularity for the possibility of decoding crucial information 
underneath medical imaging. Unlike conventional CT image analysis, radiomics can use imaging data 
for the high-throughput extraction of large numbers of quantitative features, able to offer additional 
information related to tumour phenotype, its heterogeneity, and microenvironment, as well as post-
treatment changes[21]. Additionally, this information can be used to create accurate, reliable, and 
efficient predictive models throughout the application of machine learning algorithms[22]. To date, only 
a few studies have investigated the application of the radiomics framework to CT imaging to obtain 
potential biomarkers predictive and prognostic for treatment response and survival in PC treated with 
chemotherapy and radiotherapy[23-27]. More recently, the possibility of using CT radiomic biomarkers 
as predictors of resectability in oesophageal cancer[28] and thymic malignancies[29] has been invest-
igated.

This study aimed to explore, for the first time, whether a CT-based radiomic model could assess 
LAPC patients' resectability after neoadjuvant treatment, including induction chemotherapy followed 
by ablative RT.

MATERIALS AND METHODS
Study design
Clinical, radiological, laboratory, surgical, and pathology data of LAPC patients receiving intensive 
induction chemotherapy followed by ablative RT from January 2017 to April 2020 were prospectively 
collected and retrospectively evaluated. The Institutional Review Board (IRB) approved the prospective 
collection of patient data (PAD-R n.1101 CESC). The National Comprehensive Cancer Network (NCCN) 
classification was used to define LAPC[30]. As described in the original published study[14], inclusion 
criteria for Risk Adapted Ablative Radiation Therapy (RAdAR) were: Histologically-proven pancreatic 
ductal adenocarcinoma, ECOG performance status < 2, at least 3 mo of chemotherapy (with 
gemcitabine/nab-paclitaxel or FOLFIRINOX), biochemical response, and absence of disease progression 
at restaging CT-scan after induction chemotherapy.

RT protocol and surgery
Details of the radiation treatment have previously been reported[14]. Briefly, the RAdAR approach 
consisted of anatomy- and simultaneous integrated boost (SIB)-based dose prescription strategy. If 
anatomically and dosimetrically feasible, the first treatment choice was stereotactic ablative RT (SAbR). 
However, in the following cases, the (hypo-) fractionated ablative radiotherapy (HART) schedule was 
adopted: Tumour 6 cm in greatest dimension, nodal spread of disease that could not be included in the 
SAbR target volume, tumour adhesion/infiltration of the stomach or duodenum, and/or impossibility 
to achieve SAbR planning objectives (e.g., non-respect of OARs dose constraints).

Following induction chemotherapy, RT was delivered with SAbR, administering 30 Gy in 5 fractions 
to the tumour volume (PTVt) and 50 Gy SIB to the vascular involvement, or with HART prescribing 50.4 
Gy in 28 fractions to the PTVt, with a vascular SIB of 78.4 Gy. Thus, an ablative biologically effective 
dose (BED10 = 100 Gy) within the tumour was prescribed for both SAbR and HART. The RAdAR was 
delivered using RapidArc® Technology (Varian Medical Systems, Palo Alto, CA, United States) or 
TomoTherapy® System (Accuray, Sunnyvale, CA, United States). Daily on-line volumetric image-guided 
radiotherapy (cone beam or megavoltage CT) was performed before each treatment fraction. After 
restaging, a multidisciplinary team re-evaluated the patient and, in the absence of tumour progression, 
re-considered surgery if radical resection was deemed feasible; if not, patients were candidate for 
follow-up.

Image acquisitions and tumour segmentation
For simulation CT, patients were immobilized in the supine position with arms over the head. After a 
scan without contrast, a tri-phase contrast-enhanced simulation CT scan was carried out, including an 
arterial, a pancreatic parenchymal, and a portal venous phase, using a 64-row scanner (Brilliance 64; 
Philips, Eindhoven, The Netherlands). A minimum 3-h fasting period was required for all patients 
before simulation CT. For contrast-enhanced imaging, a weight-based amount of iodinated nonionic 
contrast agent was used, with an automatic power injector at a flow rate of 2–3.5 mL/s. A bolus-tracking 
technique at standardized time was used for contrast-enhanced phases. CT images were acquired with a 
64 mm × 0.625–1.25 mm collimation, with a reconstruction thickness of 2 mm.
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Texture analysis was performed using contrast-free simulation CT imaging. Tumour segmentation 
was performed using a software for medical image processing (MIM software; Mim Software Inc., 
United States). The volume of interest (VOI) corresponded to the gross tumour volume (GTV) and was 
defined by a radiation oncologist with experience in PC and validated by a second radiation oncologist 
(Figure 1). The segmentation excluded vessels, biliary stent, calcifications, fiducial markers, or any other 
potential source of artifact from the GTV (VOI) (Figure 1).

Radiomic feature extraction
Radiomic features were extracted from the VOI using PyRadiomics v3.0[31]. Firstly, the VOI was 
resampled with an isotropic voxel of 2 mm × 2 mm × 2 mm, and HU were binned considering a width 
of 5 HU. The extracted features are defined according to Imaging Biomarker Standardized Initiative 
(IBSI)[32] and include first order statistics, shaped based both 2D and 3D, Gray Level Co-occurrence 
Matrix, Gray Level Run Length Matrix, Gray Level Size Zone Matrix, Neighbouring Gray Tone 
Difference Matrix, and Grey Level Dependence Matrix, as well as filtered features (logarithm 
exponential, gradient, LBP3D, and wavelet). A total of 1655 radiomic features were considered.

Statistical analysis
Statistical analysis of clinical (tumour location and size, cancer antigen 19-9 (CA19-9) value at diagnosis 
and after chemotherapy, clinical stage, chemotherapy regimen and radiation approach) and radiomic 
data was implemented in R (v3.6.3). For the analysis, patients surgically explored (e.g. exploratory 
laparotomy after RT) but not resected were integrated into the non-resected group. The complete 
workflow of statistical analysis included a first step of variable selection and a training/validation step 
to find the model that better predicted the outcome. Subsequently the validated model was applied to 
the whole dataset.

Multivariate analysis was performed firstly on the training set that included 70% of the whole 
database. Clinical data and radiomic features were tested for their capability to predict surgical resection 
using Wilcoxon rank-sum test. Correlated features were identified using Pearson correlation 
considering a threshold of 0.9 and were removed for further analysis. P values of the remaining 
variables were corrected for multiple comparisons considering Bonferroni correction (P corrected < 
0.01). Multivariate LASSO regression analysis was performed to select relevant variables and build the 
model. The optimal lambda parameter was chosen as an average of the regularization parameter 
obtained from 50 times repetition of the 5-fold cross-validation process.

The model was then tested on the validation dataset, and corresponding area under the receiver 
operating characteristic curve (AUC) and their confidence intervals were computed. To improve the 
statistical significance and robustness of our analysis, all the steps were repeated 100 times. More 
precisely, among these repeated analyses, the solution that presents the median AUC was chosen as 
representative, and corresponding confidence intervals were computed throughout a bootstrap. The 
already tested model was re-trained on the whole dataset to obtain robust selected variables, and AUC 
was computed. To assess the predictive capability of our model, this was finally applied to the entire 
cohort to predict the surgical resection status and compute the OS for predicted surgery vs no predicted 
surgery patients. The log-rank test was used to assess statistical significance for survival curves.

RESULTS
Study population
Seventy-one LAPC patients were included in the analysis. Baseline characteristics are outlined in 
Table 1. The median age was 65 years [interquartile range (IQR) 57-69], and 57.8% of patients were male. 
The median period of induction chemotherapy was 6 mo (IQR 6-6 mo). SAbR was used in 59 (83.1%) 
patients and HART in the remaining 12 (16.9%). All patients completed the prescribed treatment. 
Thirty-two patients (45.1%) underwent exploratory laparotomy after RT, and 19 (26.8%) patients 
ultimately received surgical resection, with a resection/exploration ratio of 59.4%. Postoperative 90-d 
mortality was nil. The median follow-up for the analysis was 15.0 mo (IQR 11.2-20.2 mo). Overall 
survival (OS) curves and their confidence intervals, estimated by Kaplan–Meier method as a function of 
surgical resection (resected vs non-resected patients; P < 0.001), are shown in Figure 2A.

Prediction model for resectability
Median AUC for training and validation sets were 0.862 (95%CI: 0.792-0.921) and 0.853 (95%CI: 0.706-
0.960), respectively. Box plots in Figure 3 summarized the AUC distributions for both datasets for all the 
100 repetitions and the ROC curve of the median solution both for train and validation test. Among the 
100 repetitions of the training process, the clinical variables were rarely selected from LASSO. On 
average, 98% of the selected variables were radiomic features, indicating a higher predictive power of 
radiomic data with respect to clinical data.
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Table 1 Baseline characteristics and treatment details

Characteristic Value

No. of patients 71

Age, yr, median (IQR) 64.8 (57.1-69.6)

Sex, male, n (%) 41 (57.8)

ECOG, 0, n (%) 61 (85.9)

Primary tumour location, n (%)

Head 44 (62.0)

Body 25 (35.2)

Neck 2 (2.8)

Tumour size (mm), median (IQR) 40 (30-45)

Biliary stent, present, n (%) 25 (35.2)

CA19-9 (U/mL) at diagnosis 951 (± 1134)

CA19-9 (U/mL) after chemotherapy (before RAdAR) 106 (± 160)

Clinical T stage1, n (%)

T2 6 (8.5)

T3 11 (15.5)

T4 54 (76.0)

Clinical N stage1, n (%)

N0 34 (47.9)

N1 37 (52.1)

Pre-RAdAR chemotherapy regimen, n (%)

FOLFIRINOX 30 (42.3)

Gemcitabine + nab-paclitaxel 41 (57.7)

RAdAR approach, n (%)

SAbR 59 (83.2)

HART 12 (16.9)

Delivery technique, n (%)

RapidArc® Technology 55 (77.5)

TomoTherapy® System 16 (22.5)

Resected patients2, n (%) 19 (26.8)

R status3, n (%)

R0 12 (63.2)

R1 7 (36.8)

1Per the AJCC staging system, eighth edition.
2Exploratory laparotomy in 32 patients (45.1%), resection/exploration ratio 59.4%.
3Among resected patients, n = 19.
CA: Celiac artery; CHA: Common hepatic artery; FOLFIRINOX: Fluorouracil, leucovorin, oxaliplatin; HART: Hypofractionated ablative radiotherapy; IQR: 
Interquartile range; PV: Portal vein; SMA: Superior mesenteric artery; SAbR: Stereotactic ablative radiation therapy; SMV: Superior mesenteric vein.

Applying the validated model on the entire dataset, 4 features were selected from the LASSO 
regression. Figure 4 depicts the LASSO variable selection process and the AUC as a function of the 
lambda parameter. Four variables survived to LASSO regression in correspondence with the best 
lambda value (dotted line in Figure 4). Lambda was chosen as the value at one standard deviation after 
the value that maximises AUC. The selected features, the P value from the Wilcoxon test, and their 
adjusted P-value for Bonferroni correction are reported in Table 2. In addition, the slope of LASSO 
regression coefficients for each variable is shown. Starting from the selected variables, the correlation 



Rossi G et al. Radiomics to predict resectability in LAPC

WJGO https://www.wjgnet.com 708 March 15, 2022 Volume 14 Issue 3

Table 2 Selected features, P value from Wilcoxon test, adjust P value for Bonferroni correction, and LASSO regression coefficients (for 
each variable)

Variable name P value Wilcoxon P value corrected LASSO slope

lbp.3D.m1_glrlm_LongRunLowGrayLevelEmphasis 1.01E-09 4.82E-07 -0.146

wavelet.LLL_glcm_Imc2 1.17E-06 5.61E-04 0.039

lbp.3D.m2_glszm_GrayLevelNonUniformityNormalized 4.01E-06 1.92E-03 0.113

exponential_glrlm_RunLengthNonUniformityNormalized 4.02E-06 1.92E-03 0.056

Figure 1 Texture analysis performed using contrast-free simulation computed tomography imaging. A: Target volumes delineation in a 
stereotactic ablative radiation therapy case. The high-dose planning target volume (blue) encompasses the tumour-vessel interface (TVI, encasement of celiac axis) 
inside the tumour planning target volume (PTVt, red). The prescription dose is 30 Gy and 50 Gy in 5 fractions, with simultaneous integrated boost, to PTVt and TVI, 
respectively. The following organ at risk are shown: duodenum (pink) and bowel (cyan); B: The gross tumour volume (GTV) of the pancreatic lesion without vessels 
(yellow) is shown in the same axial computed tomography (CT)-simulation image without contrast. This is the final CT used for analysis.

matrix between these features and all other features with at least one Pearson correlation higher than 0.9 
are reported in Figure 5, as a reference for external validation.

AUC obtained for the model applied on the entire dataset is 0.944 (95%CI: 0.892-0.996) (Figure 6). OS 
curves and their confidence intervals, estimated by Kaplan–Meier method as a function of surgical 
resection (resected vs non-resected patients) as predicted by the model, are shown in Figure 2B (P < 
0.001).

DISCUSSION
To the best of our knowledge, the present study is the first to propose a CT-based radiomics model to 
predict resectability in LAPC treated with intensive chemotherapy followed by ablative RT. The model 
was built, tested, and validated in a homogeneous cohort of LAPC patients, using clinical data and 
radiomic features extracted from the simulation-CT, and showed a reliable performance to predict 
surgical resection.

Surgical resection after neoadjuvant treatment is the main driver for improved survival in LAPC[11]. 
However, the diagnostic performance of CT imaging to evaluate the residual tumour burden at 
restaging after neoadjuvant therapy is low, due to the difficulty in distinguishing neoplastic tissue from 
fibrous scar or inflammation[33]. In this context, radiomics has gained popularity over conventional 
imaging as a complementary clinical tool capable of providing additional, unprecedented information 
regarding the intratumor heterogeneity and the residual neoplastic tissue, potentially serving in the 
therapeutic decision-making process.

In the present study, we identified four potential CT-based radiomic features (lbp.3D.m1_glrlm 
_LRLGE; wavelet.LLL_glcm_Imc2; lbp.3D.m2_glszm_GLLN; exponential_glrlm_RLNN) to build a CT 
radiomic model, which could be useful in predicting resectability in LAPC patients undergoing 
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Figure 2 Kaplan–Meier overall survival. A: Kaplan–Meier overall survival (OS) as a function of surgical resection. Patients were stratified according to 
resectability status and OS curves from radiotherapy for resected (green line) vs non-resected (red line) and their confidence intervals (dotted lines) were plotted. The 
median OS from radiation therapy for resected patients has not been reached, compared to 14.6 mo (CI: 12.4-18.1 mo) of non-resected patients (P < 0.001); B: 
Kaplan–Meier OS as a function of surgical resection as predicted by the model. The “predicted” OS curves from radiotherapy for resected (green line) vs non-
resected (red line) patients and their confidence intervals (dotted lines) showed here were obtained applying the model to the dataset to predict the resectability 
status. The two curves are significantly different (P < 0.001).

Figure 3 Box plots of area under the receiver operating characteristic curve distributions and receiver operating characteristic curves for 
test/train datasets. The first part of training model and validation was repeated 100 times and Box plots of area under the receiver operating characteristic (ROC) 
curve (AUC) distributions for test/train datasets are represented on the left side. Median AUC both for train and validation sets are higher than 0.85 meaning that the 
model has high performance in both datasets. On the right the ROC curves of the median solution among the repetitions both for train and validation test are shown.

neoadjuvant therapy. Notably, the AUC obtained for the model was 0.94 if applied to the entire dataset. 
Radiomics has already been used in other contexts of surgical oncology, predicting resectability in 
oesophageal[28] and thymic cancers[29].

An important consideration of the current study is that clinical data was not significant to separate 
resected from not-resected patients and did not contribute to the building of the predictive model. This 
means that radiomic represents a fundamental tool to decode information that cannot be obtained from 
the direct observation of CT images or other clinical data alone[34]. Notably, the “real” OS curves 
(Figure 2A) and “predicted” OS curves obtained applying the validated model to the entire database 
without considering the information of resectability status (Figure 2B) are comparable. This is an 
indirect validation of the model that can independently predict before RT whether the patient can be a 
candidate for surgical resection, leading to comparable OS curves. This finding is particularly relevant 
from a clinical point of view. Indeed, although recent retrospective series have suggested that RT can 
complement induction chemotherapy and improve LAPC resectability[11-13], the role of (chemo-) RT 
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Figure 4 LASSO regression coefficients and area under the receiver operating characteristic curve as function of lambda parameter. 
LASSO regression coefficients for each variable (represented by continuous lines, each line is a variable that are imposed to reach zero by LASSO regression as 
lambda increases) and area under the receiver operating characteristic curve (AUC) as function of Log(λ) are superimposed. Dotted line represents the best lambda 
parameters that corresponds to the value at one standard deviation after the lambda that maximize AUC. As it is possible to notice, the best lambda value 
corresponds to four variables selected by LASSO.

Figure 5 Correlation plot of the selected variables and other significant features. The four selected variables (named var1, var2, var3 and var4 for 
simplicity, please refers to the end of this caption for the correspondence with variable names), are correlated (r > 0.9) with other variables that are rejected for further 
analysis. Here we report the correlated variables as reference for further studies that could find significant features correlated with our variables. Var1: 
Lbp.3D.m1_glrlm_LongRunLowGrayLevelEmphasis; Var2: Wavelet.LLL_glcm_Imc2; Var3: Lbp.3D.m2_glszm_GrayLevelNonUniformityNormalized; Var4: 
Exponential_glrlm_RunLengthNonUniformityNormalized.

after systemic therapy in LAPC is still controversial[35].
The potential to predict surgical resection of LAPC, especially in patients still considered unresectable 

after induction chemotherapy, could drive to a more aggressive effort of conversion to surgery by the 
means of RT. For this purpose, the use of simulation CT for features' extraction appears particularly 
appropriate to add homogeneity, repeatability, robustness, and simplicity to the model under 
evaluation. The use of free-contrast planning CT scans was previously reported as a basis of the analysis 
to derive the textural features related to survival in LAPC treated with SAbR. Analysing data of 100 
patients, the authors found a significant association between a clinical-radiomic signature and survival 
of LAPC in both training and validation sets (P = 0.01 and 0.05 and concordance index 0.73 and 0.75, 
respectively)[25].

The analysis of the present study has some significant strengths. First, a three-step machine learning 
method was implemented. More precisely, the model was trained on a training subset of patients 
finding a robust AUC (median value: 0.86); subsequently, this model was validated and confirmed on a 
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Figure 6 Area under the receiver operating characteristic curve obtained for the model applied on the entire dataset. To test the performance 
of our model in the entire dataset, area under the receiver operating characteristic curve obtained applying the model to the entire dataset was computed and 
represented here. AUC: Area under the receiver operating characteristic curve.

smaller subset (30% of the total patients), confirming high AUC values (median value: 0.85). Ultimately, 
it was re-applied on the whole database to extract the more significant features that contribute to the 
prediction, obtaining a high AUC value (0.94). Second, the statistical significance of all the steps gives 
robust and reliable predictions. Indeed, radiomic analysis and machine learning implementation are 
prone to lead to several errors and unreproducible results[36]. To give strengths and add reproducibility 
to the analysis, all results were cross-validated or obtained throughout multiple repetitions and 
corrected for multiple testing.

In the analysis, all the features correlated with the most significant ones were rejected to maintain 
only those variables that explained more variance. All the significant features correlated with at least 
one of the selected features are shown in Figure 5. The names of correlated variables are provided, 
allowing other centres to reproduce the presented results. Further studies could find significant 
variables different to those reported in our study, but correlated with them, indicating they have the 
same underlying radiomic information. Lastly, the possibility to extract valuable information on 
planning CT without additional diagnostic methodologies adds simplicity and the possibility to apply 
this in the clinical practice.

A further frontier of the application of radiomics, not evaluated in the present study, is to analyse the 
change in radiomic features during or after treatment (the so-called delta radiomics)[37,38]. The 
application of delta radiomic might further improve the ability of radiomics to provide predictive 
models for oncological outcomes and instruct clinical decisions. Furthermore, another potential 
application of radiomics in oncology is to realize prognostic and predictive models of the tumour 
pathological response (TRG) to neoadjuvant treatment[39-41]. This information could lead to better 
identification of patients who may or may not benefit from preoperative approach, in order to allow for 
more effective treatment personalization.

This study had several limitations. First, the design was observational, with a retrospective analysis 
and a relatively small sample size. Second, the results may have been biased by the patient selection 
process since indications to chemotherapy, radiotherapy, and surgery were defined on a case-by-case 
basis by the Institutional board. The lack of external validation represents a third limit. An external 
multi-institutional validation may have been preferable. Finally, due to the limited number of events in 
the resected group, we were unable to perform an analysis on the impact of resection status (R0 vs R1) 
on survival.

CONCLUSION
The present CT-radiomic model demonstrated a reliable performance to predict resectability in LAPC 
treated with induction chemotherapy followed by ablative RT. Radiomic information may complement 
clinical and morphological parameters in predicting surgical resectability. If further confirmed, the 
results of this study may allow integrating radiomic information into the pool of clinical and 
biochemical data to consider when a LAPC patient is candidate for surgical exploration after 
neoadjuvant therapy.
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ARTICLE HIGHLIGHTS
Research background
Radiomics is emerging as a promising tool in oncology, potentially improving, through the 
development of predictive and prognostic models, the therapeutic decision-making process. To date, 
however, few data are available regarding the use of radiomics in pancreatic cancer (PC). Since 
computed tomography (CT) misestimate the resectability of locally advanced PC (LAPC) after 
neoadjuvant treatment, the role of radiomics could be decisive to integrate traditional morphological 
parameters in predicting surgical resection.

Research motivation
To explore the potential role of CT-radiomic features to integrate clinical and morphological data to 
predict surgical resection in LAPC treated with neoadjuvant chemotherapy and radiotherapy.

Research objectives
To create and validate a predictive model to predict LAPC resectability, throughout the application of 
machine learning algorithms to planning CT-radiomic features.

Research methods
A total of 1655 radiomic features were extracted from planning CT inside the gross tumour volume. 
Resectability status predictive model was build starting from these radiomic features and clinical data. 
A first step of variable selection and a training/validation step to find the model that better predicted 
the outcome was adopted. Subsequently, the validated model was applied to the whole dataset. The 
discriminating performance of each model was assessed with the area under the receiver operating 
characteristic curve (AUC).

Research results
Seventy-one LAPC patients were included in the analysis. After neoadjuvant chemotherapy and 
radiotherapy, 19 (26.8%) patients underwent surgical resection. The training and validation steps 
resulted in a predictive model of resectability with a median AUC of 0.862 (95%CI: 0.792-0.921) and 
0.853 (95%CI: 0.706-0.960), respectively. This model applied to the entire dataset allowed to select 4 
radiomic features that predict the respectability status with an AUC of 0.944 (95%CI: 0.892-0.996). No 
clinical data contributed to the predictive model.

Research conclusions
The present radiomic model could help predict resectability in LAPC treated with neoadjuvant therapy, 
suggesting a promising role in the context of a complex long-course downstaging and a challenging 
indication to surgery.

Research perspectives
The analysis of the change of radiomic features during or after treatment (delta radiomics) and the 
correlation with tumour response (e.g., tumour regression grade) represent another intriguing 
application of radiomics that needs further exploration.
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Abstract
BACKGROUND 
The impact of pancreatic tumor location on patient survival has been studied in 
large national data-based analyses which yielded controversial results.

AIM 
To explore if pancreatic head cancer (PHC) and pancreatic body/tail cancer 
(PBTC) have different overall survival (OS), molecular signature and response to 
chemotherapy.

METHODS 
We retrospectively queried patient records from July 2016 to June 2020 in our 
institution. Patient demographics, cancer stage on diagnosis, tumor location, 
somatic mutations, treatment, and survival are recorded and analyzed. A test is 
considered statistically significant if the P value was < 0.05.

RESULTS 
We reviewed 101 patients with complete records, among which 67 (66.34%) were 
PHC and 34 (33.66%) were PBTC. More PHC were diagnosed at younger age 
[61.49 vs 68.97, P = 0.010], earlier stages (P = 0.006) and underwent surgical 
resection (P = 0.025). There were no significant differences among all mutations 
and pathways studied except for TP53 mutations (37.0% in PHC vs 70.0% in 
PBTC, P = 0.03). OS was not statistically different between PHC and PBTC (P = 
0.636) in the overall population and in subgroups according to surgical resection 
status or stages. In terms of response to chemotherapy, chemotherapy regimens 
(FOLFIRINOX-based vs gemcitabine-based) didn’t impact disease free interval in 
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those who had surgical resection in either PHC (P = 0.546) or PBTC (P = 0.654), or the duration of 
response to first line palliative treatment in those with advanced disease in PHC (P = 0.915) or 
PBTC (P = 0.524).

CONCLUSION 
Even though PHC and PBTC have similar poor OS and response to chemotherapy, the different 
presentations and molecular profiles indicate they are different diseases. Utilization of molecular 
profiling to develop targeted therapy for individualization of treatment is needed.

Key Words: Pancreatic cancer; Tumor location; Molecular profiling; Survival; Response to chemotherapy

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The study is a retrospective study of the impact of pancreatic cancer location on survival, 
molecular profiling and response to chemotherapy among patients who were diagnosed with pancreatic 
cancer in our institution. Even though there was no significant difference in survival or response to 
chemotherapy between pancreatic head and pancreatic body/tail cancer, we did observe a trend of long-
term survival in stage I/II pancreatic tail patients who underwent surgical resection. TP53 mutations were 
significantly more in pancreatic body/tail cancer than that in pancreatic head cancer and we propose that 
gemcitabine-based chemotherapy should be considered in those patients.

Citation: Sun K, Mylavarapu C, Crenshaw A, Zhang Y, Hsu E, Xu J, Niravath M, Jones SL, Ordonez A, 
Abdelrahim M. Pancreatic head vs pancreatic body/tail cancer: Are they different? World J Gastrointest Oncol 
2022; 14(3): 716-723
URL: https://www.wjgnet.com/1948-5204/full/v14/i3/716.htm
DOI: https://dx.doi.org/10.4251/wjgo.v14.i3.716

INTRODUCTION
Pancreatic cancer is the fourth-leading cause of cancer deaths in the United States. Even though the 
survival rates have improved slightly over the past four decades, the outcome of pancreatic cancer is 
still dismal. Anatomically pancreatic cancer can be divided into pancreatic head cancer (PHC) and 
pancreatic body/tail cancer (PBTC). The lower part of head and uncinate process of pancreas has 
different embryological origins from the rest of the pancreas[1]. This embryological difference leads to 
significant differences in cell composition, blood supply, lymphatic and venous drainage and innerv-
ations between the head and body/tail of pancreas.

Pancreatic tumor location impacts patient presentation and survival, which has been shown in large 
data-based analyses, even though with conflicting results. 49%-77.5% pancreatic cancers are PHC[2-4], 
which tend to present at earlier stages than PBTC. Historically, survival of PBTC cancer is believed to be 
worse than PHC; and PBTC is considered as an independent poor prognostic risk factor. However, 
PBTC was found to have much better survival over PHC (20% vs 9%) when the tumor is localized[2].

Genetic analyses of pancreatic cancer have suggested that PHC and PBTC are different tumors. 
Advanced technology including whole genome sequencing and RNA sequencing further classified 
pancreatic cancer into four subtypes: Classical, squamous, ADEX and immunogenic[5]. The squamous 
subtype is characterized by genes highly expressed in the C2-squamous-like class of tumors (e.g., lung 
and head and neck cancer)[6]. PBTC is found to have more squamous subtypes[7,8].

Pancreatic squamous subtype shares similar molecular abnormalities with lung squamous subtype, 
which include loss of TP53, RB1, CDKN2A and PIK3CA, NOTCH1, NFE2L2, KDM6A and EP300 
mutations. Squamous cell lung cancer was found to be more sensitive to platinum and gemcitabine 
combination therapy[9]. When the combination therapy was tested in advanced pancreatic cancer, there 
was an improvement in overall survival, disease free survival and response rate, even though not 
statistically significant[10]. Given that PBTC had more squamous subtype, it is possible that PBTC is 
more responsive to gemcitabine-based treatment.

We hypothesize that PHC and PBTC are distinct diseases based on their embryological origins and 
current genetic profiling evidence. To further explore the impact of tumor location on molecular 
profiling, survival, and response to chemotherapy, we retrospectively reviewed patients with pancreatic 
cancer in our institution.

https://www.wjgnet.com/1948-5204/full/v14/i3/716.htm
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MATERIALS AND METHODS
The study was approved by the institutional review boards. Informed consent was waived given the 
retrospective nature of the study. The patient data was queried from Epic electronic medical record 
system of Houston Methodist Hospital. Patients who had a diagnosis of pancreatic cancer from July 
2016 through June 2020 were included. Patient demographics, tumor location, pathology, staging, 
molecular profiles, treatment history and survival were collected retrospectively. Molecular profiles 
were performed through a multiplatform approach including next gene sequencing (NGS) and RNA 
sequencing by commercially available testing from Caris Life Sciences (Phoenix, AZ), FoundationOne 
(Cambridge, MA), Guardant360 (Redwood City, CA), Tempus (Chicago, IL) and NeoGenomics (Fort 
Meyers, FL), and in house 50 gene or 70 gene panel that was developed and validated in our institution. 
Panels of gene mutations are available on each company’s website. Duration of response is defined as 
the duration of having complete response, partial response or stable disease. Overall survival is defined 
as the time from pancreatic cancer diagnosis to the date of death or date of last follow-up. Disease free 
interval is defined as the time from definitive treatment to the date of disease recurrence. Patients who 
had response and survival data were included in the survival and response analysis. Patients who had 
molecular profiling data were included in the tumor location analysis. Those who didn’t have either 
records were excluded from the study.

Mean and standard deviation were calculated for the continuous variables and frequency and 
percentage [n (%)] were calculated for those categorical variables. T-test was used to compare the mean 
of a continuous variables between the 2 groups of pancreatic cancer and the Fisher’s exact test was used 
to find the association between a patient’s characteristic and the pancreatic cancer’s groups. Kaplan 
Meier curves and Log-rank test were used to compare the survival time between the two location 
groups of pancreatic cancer. Stata/MP 16.1 for Windows was used to analyze the data. A test was 
considered statistically significant if the P value was < 0.05.

RESULTS
Patients
From July, 2016 to June, 2020, a total of 500 records was retrieved and 101 patients with complete 
medical records were included in the analysis. 67 patients had PHC and 34 patients had PBTC. 
Compared to patients with PHC, patients with PBTC are older at diagnosis (68.97 vs 61.49, P = 0.01), 
diagnosed at more advanced stage (P = 0.006) and are less likely to undergo surgical resection (P = 
0.025) (Table 1). There is no significant difference in gender, ethnicity between patients with PHC and 
patients with PBTC (P = 0.10 and 0.53 respectively).

Survival and tumor location
In the total population, the OS between PHC and PBTC was not statistically different (P = 0.64, 
Figure 1A). Patients who underwent surgical resection had better OS than patients who did not (P < 
0.001, Figure 1B), with a median OS of 2.05 years (interquartile range, 1.21 to 2.86) and 1.00 year 
(interquartile range, 0.77 to 1.70) respectively. There were no differences in survival between PHC and 
PBTC in those who underwent surgical resection, those who didn’t undergo surgical resection, or those 
who had Stage IV disease on presentation. In the subgroup of patients who had stage I and II disease, 
there were 3 patients with PBTC and those were long-term survivors. However, due to small number of 
patients, no definite conclusion can be made.

Molecular profiling and tumor location
A total of 66 patients (46 PHC and 20 PBTC) who had complete medical records and molecular profiling 
were reviewed. 20/66 (30.3%) had molecular testing performed on biopsy specimen, 24/66 (36.4%) on 
peripheral blood, 14/66 (21.2%) on surgical resection specimen and the remaining on samples with 
unknown sources. Rates of pathogenic mutations were recorded and compared between PHC and PBTC 
(Figure 2). PHC and PBTC have similar tumor mutation numbers (P = 0.79). The most common 
mutations were KRAS mutations (63.6% in total, 65.2% in PHC vs 60.6% in PBTC, P = 0.78), TP53 
mutations (47.0% in total, 37.0% in PHC vs 70.0% in PBTC, P = 0.03), SMAD mutations (12.1% in total, 
15.2% in PHC vs 5.0% in PBTC, P = 0.42) and CDKN2a/b mutations (19.7% in total, 19.6% in PHC vs 
20.2% in PBTC, P = 1.00). Only TP53 mutations were significantly different. 12.1%% of the mutations 
were involved in cell cycle pathway (15.2% in PHC vs 5%% in PBTC, P = 0.47), 34.9% in MAPK pathway 
(34.8% in PHC vs 35.0% in PBTC, P = 0.99) and 15.1% in DNA repair pathway (17.4% in PHC vs 10.0% in 
PBTC, P = 0.71). There were no differences in the mutations involved in these pathways.

Response to chemotherapy and tumor location
In patients who underwent resection, there were no statistical differences in disease free interval 
between patients with PHC or PBTC who received FOLFIRINOX based chemotherapy and those who 
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Table 1 Patient characteristics by location

Total Head Body/tail P value

n = 101, % n = 67, % n = 34, %

Age at diagnosis 63.90 (13.03) 61.49 (13.96) 68.97 (9.12) 0.010

Gender 0.095

Female 51 (50.50) 38 (56.72) 13 (38.24)

Male 50 (49.50) 29 (43.28) 21 (61.76)

Ethnicity 0.53

Caucasian 76 (75.25) 48 (71.64) 28 (82.35)

Black 11 (10.89) 8 (11.94) 3 (8.82)

Other 14 (13.86) 11 (16.42) 3 (8.82)

Pathologic initial stage 0.006

I 5 (4.95) 3 (4.48) 2 (5.88)

II 19 (18.81) 18 (26.87) 1 (2.94)

III 17 (16.83) 13 (19.40) 4 (11.76)

IV 51 (50.50) 28 (41.79) 23 (67.65)

Missing 9 (8.91) 5 (7.46) 4 (11.76)

Surgical resection 0.025

Yes 34 (33.66) 28 (41.79) 6 (17.65)

No 67 (66.34) 39 (58.21) 28 (82.35)

Figure 1 Survival and tumor location. A: Kaplan-Meier curve of overall survival in pancreatic head cancer and pancreatic body/tail cancer in the total 
population; B: Kaplan-Meier curve of overall survival in patients who underwent surgical resection versus those who did not.

received gemcitabine-based chemotherapy (P values are 0.55 and 0.65 respectively, Figure 3A and B). In 
patients with metastatic disease, there were no statistical differences in duration of response to first line 
palliative chemo between patients with PHC or PBTC who received FOLFIRINOX-based chemotherapy 
and those who received gemcitabine-based chemotherapy (P values are 0.91 and 0.52 respectively, 
Figure 3C and D).

DISCUSSION
In this retrospective study, patients with PHC and PBTC were retrieved and the relationships of tumor 
locations with molecular profiling, overall survival, or response to chemotherapy were explored. Our 
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Figure 2 Comparison of mutations between pancreatic head and pancreatic body/tail cancer. 

study showed that patients with PBTC tend to present at later stages and are less likely to undergo 
resection, consistent with previous studies[11-13]. PBTC are older at diagnosis in our study, which could 
have explained the lower resection rate.

The impact of tumor location on survival has been a controversy. Several population-based studies[2,
3,11,14,15] reported contradictory survival of PBTC and PHC in the overall population; however, better 
survival in PBTC is seen in early stage patients, especially stage I and II. Winer et al[14] examined the 
relationship of survival and tumor location in patients who had tumor resection and found that even 
though PHC were more of early stage at presentation and more likely to be resected, they tended to 
have higher grade, more positive lymph nodes and worse overall survival. The survival advantage of 
PBTC from this study was further supported by a single center study[16] which examined survival in 
matched stage II PBTC and PHC. Only one single center study[12] reported worse outcome for PBTC 
patients who had resection and among those patients with Stage I disease, the survival seemed to be 
better in PBTC however not statistically significant. Even though our study didn’t show a survival 
difference in PHC and PBTC, long-term survival was seen in three patients with Stage I/II PBTC who 
underwent resection. The findings from previous studies and our study suggest that resected early stage 
PBTC have better survival than those with PHC.

The four most common mutations in our study were KRAS, TP53, SMAD and CDKN2a/b mutations, 
which is consistent with previous reports[13,17]. Among these most common mutations, only TP53 
mutations were found to be significantly higher in PBTC in our study. Even though the frequency of 
SMAD mutations was higher in PHC (15.5%) compared to PBTC (5%), this result was not statistically 
significant because the total number of SMAD mutations observed was only 12.12% in our study. The 
lower frequencies of those mutations detected in our study could be explained by NGS being performed 
on insufficient tissues, as majority of samples were biopsy specimens or peripheral blood (66.7%). TP53 
mutation is enriched in pancreatic squamous cell type[5] that is similar to lung squamous subtype, and 
might be similarly more sensitive to gemcitabine therapy. TP53 was also found to predict sensitivity to 
gemcitabine-based adjuvant therapy in a survival and mutational analysis from CONKOO-001 study
[17]. Based on these, our finding of more TP53 mutations in PBTC suggest gemcitabine-based adjuvant 
therapy to be considered in PBTC, especially in those who can’t tolerate FOLFIRINOX therapy.

To our knowledge, our study is the first study that looked at the impact of tumor location on response 
to different chemotherapy regimens. Neither PHC or PBTC responded differently to FOLFIRINOX 
based or gemcitabine-based chemotherapies, suggesting a universal poor prognosis of pancreatic cancer 
regardless of tumor location when compared based on chemotherapy response. However, differential 
response to targeted therapy or immunotherapy is yet to be explored given the different distribution of 
pancreatic cancer subtype like immunogenic.

Limitations 
Our study was a retrospective study in a single institution and a relatively small number of patients was 
retrieved. Due to the retrospective nature, the NGS platforms utilized, and the depths of sequencing 
were not uniform. This added another layer of bias in data interpretation. However, this reflects the 
real-world experience in many community and academic cancer centers that often rely heavily on 
commercial NGS platforms. Even though there is a trend to suggest better survival in early stage PBTC 
patients after resection, there were few patients and events in this subgroup and no definitive 
conclusion can be made.
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Figure 3 Response to chemotherapy and tumor location. A: Kaplan Meier curve of recurrence free interval in patients with pancreatic head cancer who 
had resection and received FOLFIRINOX-based therapy versus gemcitabine based therapy (P = 0.5463); B: Kaplan Meier curve of recurrence free interval in patients 
with pancreatic body/tail cancer who had resection and received FOLFIRINOX-based therapy versus gemcitabine-based therapy (P = 0.6540); C: Kaplan Meier curve 
of response duration in patients with metastatic pancreatic head cancer who received FOLFIRINOX-based therapy versus gemcitabine-based therapy (P = 0.9146); 
D: Kaplan Meier curve of response duration in patients with metastatic pancreatic body/tail cancer who received FOLFIRINOX-based therapy versus gemcitabine-
based therapy (P = 0.5244).

CONCLUSION
There is no difference in OS between PHC and PBTC but the long-term survival observed in early stage 
PBTC after resection suggests better survival in this subgroup of patients. PBTC has significantly more 
mutations involved in TP53 mutations and its predictive role in gemcitabine sensitivity should be 
explored in future studies.

ARTICLE HIGHLIGHTS
Research background
Pancreatic head and pancreatic body/tail have different embryological origins. Tumors arising at 
different locations of pancreas might carry different mutations and respond differently to 
chemotherapy.

Research motivation
To better define pancreatic cancer and search for precision oncological targets that yield better 
outcomes.

Research objectives
To study the relationships of pancreatic cancer location with molecular profiling, response to 
chemotherapy and survival.
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Research methods
This is a single institution retrospective study that retrieved patients who carry a diagnosis of pancreatic 
cancer from July 2016 to June 2020. Patient demographics and molecular profiling information were 
reviewed and the relationship between tumor location and molecular profiling, response to 
chemotherapy and survival were analyzed.

Research results
Pancreatic head cancer and pancreatic body/tail cancer (PBTC) have different presentations but similar 
overall survival and response to chemotherapy. PBTC have significantly more TP53 mutations.

Research conclusions
Given that TP53 mutations predict gemcitabine sensitivity, gemcitabine containing chemotherapy 
should be considered for PBTC as first line.

Research perspectives
A larger and prospective study should be performed to explore the role of gemcitabine in PBTC.
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Abstract
BACKGROUND 
The use of radiofrequency ablation (RFA) has been reported in the treatment of 
gastric low-grade intraepithelial neoplasia (LGIN). However, its efficacy and 
prognostic risk factors have not been well analyzed.

AIM 
To explore the efficacy and prognostic risk factors of RFA for gastric LGIN in a 
large, long-term follow-up clinical study.

METHODS 
The clinical data of 271 consecutive cases from 198 patients who received RFA for 
treatment of gastric LGIN at the Chinese PLA General Hospital from October 2014 
to October 2020 were reviewed in this retrospective study. Data on operative 
parameters, complications, and follow-up outcomes including curative rates were 
recorded and analyzed.

RESULTS 
The curative rates of endoscopic RFA for gastric LGIN at 3 mo, 6 mo, and 1-5 
years after the operation were 93.3%, 92.8%, 91.5%, 90.3%, 88.5%, 85.7%, and 
83.3%, respectively. Multivariate analyses revealed that Helicobacter pylori (H. 
pylori) infection and disease duration > 1 year had a significant effect on the 
curative rate (P < 0.001 and P = 0.013, respectively). None of patients had 
bleeding, perforation, infection, or other serious complications after RFA, and the 
main discomfort was postoperative abdominal pain.

CONCLUSION 
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RFA was safe and effective for gastric LGIN during long-term follow-up. H. pylori infection and 
disease course > 1 year may be the main risk factors for relapse of LGIN after RFA.

Key Words: Endoscopic radiofrequency ablation; Gastric low-grade intraepithelial neoplasia; Clinical 
efficacy; Prognostic risk factors

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This is a retrospective study to explore the efficacy and prognostic risk factors of radiofrequency 
ablation (RFA) for gastric low-grade intraepithelial neoplasia (LGIN). The curative rates of endoscopic 
RFA for gastric LGIN at 3 mo, 6 mo, and 1-5 years after the operation were 93.3%, 92.8%, 91.5%, 90.3%, 
88.5%, 85.7%, and 83.3%, respectively. Multivariate analyses revealed that Helicobacter pylori infection 
and disease duration > 1 year had a significant effect on the curative rate. No serious complications 
occurred after RFA in all 198 patients. RFA was safe and effective for gastric LGIN during long-term 
follow-up.

Citation: Wang NJ, Chai NL, Tang XW, Li LS, Zhang WG, Linghu EQ. Clinical efficacy and prognostic risk 
factors of endoscopic radiofrequency ablation for gastric low-grade intraepithelial neoplasia. World J Gastrointest 
Oncol 2022; 14(3): 724-733
URL: https://www.wjgnet.com/1948-5204/full/v14/i3/724.htm
DOI: https://dx.doi.org/10.4251/wjgo.v14.i3.724

INTRODUCTION
Gastric cancer is a commonly occurring cancer, with morbidity and mortality ranking second among all 
malignant tumors[1]. In 2000, the World Health Organization (WHO) introduced the concept of intrae-
pithelial neoplasia in the new classification of digestive system tumors[2]. This classification divides 
gastric mucosal intraepithelial neoplasia into low-grade intraepithelial neoplasia (LGIN) and high-grade 
intraepithelial neoplasia (HGIN) according to the degree of cellular and structural atypia. Currently, the 
consensus has been reached on the treatment of HGIN[3,4]. For LGIN, relevant studies[5,6] have shown 
that it can still develop into gastric cancer; thus, some guidelines advocate endoscopic therapy for long-
term gastric LGIN[7-9].

At present, endoscopic treatment of gastric LGIN mainly includes two methods: resection therapy 
and damage therapy. Although resection therapy, such as endoscopic mucosal resection and endoscopic 
submucosal dissection (ESD), has shown to be effective in treating LGIN, the operation is difficult, the 
treatment cost is high, postoperative management is complex, and there is still the possibility of serious 
complications[10]. Radiofrequency ablation (RFA), as a kind of damage therapy, has been preliminarily 
reported in some small clinical studies for treatment of gastric LGIN[11-13], which has the advantages of 
simple operation, lower risk, lower cost and rapid recovery. However, its efficacy and especially the 
prognostic risk factors are still not fully understood. The aim of this research was to further explore the 
efficacy and prognostic risk factors of RFA for gastric LGIN in a large clinical sample study.

MATERIALS AND METHODS
Study population and data source
The records of 271 consecutive lesions from 198 patients who received RFA to treat gastric LGIN at the 
Chinese PLA General Hospital between October 2014 and October 2020 were reviewed for this 
retrospective study. The detailed flowchart of the study is shown in Figure 1. All the patients provided 
written informed consent for the procedure. The clinicopathological characteristics and treatment 
outcomes were retrospectively reviewed using our medical digital engineering database system 
(Medcare, Qingdao, Shandong Province, China). The study was reviewed and approved by the Ethics 
Committee of the Chinese PLA General Hospital.

The inclusion criteria were: (1) Macroscopic types of lesion defined as type IIa (superficially elevated), 
type IIb (flat), and type IIc (superficially depressed), according to the Paris classification[14]; and (2) 
preoperative biopsy confirmed the lesion as LGIN using the WHO standards before treatment[2]. The 
exclusion criteria were: (1) Patients with severe systemic disease or advanced chronic liver disease and a 
history of gastric surgery; (2) a lesion in which HGIN or early gastric cancer (EGC) was found in the 
biopsy specimen before treatment; and (3) patients with coagulation dysfunction or those unable to 
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Figure 1 Flowchart of the patients enrolled in this study. RFA: Radiofrequency ablation; APC: Argon plasma coagulation; EMR: Endoscopic mucosal 
resection; ESD: Endoscopic submucosal dissection.

comply with follow-up requirements.

RFA techniques
A gastroscope (GIF-Q260J; Olympus Medical, Tokyo, Japan) and the BARRX System (Covidien GI 
Solutions, Sunnyvale, CA, United States) were used for RFA. A disposable injector (NM-200L-0425; 
Olympus, Tokyo, Japan) with a normal saline solution was used for submucosal injections. The 
accessory of the BARRX System (Covidien TTS-1100, 60RFA Conduit 909300) was used for lesion 
damage. Hemostatic forceps (FD-410 LR; Olympus) and EZ Clip (HX-610-135) were used to prevent 
hemorrhage and perforation. Other equipment and accessories included a high-frequency generator 
(ICC-200; ERBE Elektromedizin, Tübingen, Germany) and an argon plasma coagulation unit (APC 300; 
ERBE) for RFA.

The specific procedures for RFA were as follows. After the lesions were found by routine upper 
gastrointestinal endoscopy, the lesions were further observed using magnifying endoscopy (ME) 
combined with narrow-band imaging (NBI) to determine the size and range. Subsequently, with 
endoscopic assistance, the RFA electrode was attached to the lesions. We set the power output for RFA 
as 57 W and the energy density as 15 J/cm2. After ablation, the surface of the lesions showed white 
coagulation and necrosis. The ablation was repeated three times for each lesion to ensure that the lesion 
was completely ablated. Before the next ablation, the coagulated necrotic tissue on the surface was 
removed, which was accomplished with the aid of RFA electrodes. Moreover, there was also a 
possibility of administering a submucosal injection to the lesion, which is easier to operate. Other details 
of the RFA procedures were described in our previous study[13].

The RFA procedure, which was performed by three experienced GI endoscopists (Linghu EQ, Chai 
NL and Wang NJ), is shown in Figure 2. Hemorrhage after ESD was defined as symptomatic bleeding 
with the need for emergency endoscopy. Perforation was diagnosed by endoscopy or by the presence of 
free air on abdominal computed tomography. Postoperative abdominal pain was evaluated by Wong-
Baker FACES Pain Rating Scale[9,15]. Hemorrhage, perforation, and postoperative abdominal pain were 
the variables recorded and analyzed as complications to evaluate the safety of the procedure. We 
recommend ME-NBI and targeted biopsies for histological prediction before RFA to treat gastric LGIN. 
Additionally, along with ME-NBI, it is necessary to combine various endoscopic techniques, including 
endoscopic ultrasound and chromoendoscopy, in some difficult cases before RFA.

Additional treatments and follow-up
Each patient fasted for 4-6 h after surgery. After that, a liquid or semiliquid diet was administered, 
followed by gradual transition to a normal diet. At the same time, patients needed oral proton pump 
inhibitor (PPI) and mucosal protectant for 1 mo after surgery. In addition, we explained the Wong-Baker 
FACES Pain Rating Scale to each patient and provided them with a form used for self-recording their 
daily pain score in the first month after RFA. The form was returned 3 mo after the patient came back to 
our hospital for the first review.

The curative effect was determined by the pathological results of the biopsy from the original 
treatment area when patients came back to the hospital for a review after surgery. The specific time of 
gastroscopy follow-up was 3 mo, 6 mo, and 1-5 years after the operation. The evaluation criteria were: 
(1) Disappearance of LGIN in the original treatment area indicated by pathological biopsy was 
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Figure 2 The radiofrequency ablation procedure of gastric low-grade intraepithelial neoplasia. A: White-light imaging of the lesion (reversed view); 
B: Magnifying endoscopy with narrow-band imaging of the lesion (weak magnification); C: Magnifying endoscopy with narrow-band imaging of the lesion (strong 
magnification); D: After ablation, the surface of the lesions showed white coagulation and necrosis; E: Radiofrequency ablation for the same area was repeated three 
times; F: After scraping off the necrotic mucosal tissue on the surface.

considered as curative effect; (2) biopsy of the area of the original treatment that still indicated LGIN 
was considered as relapse; (3) pathological result of biopsy in the nontherapeutic area indicating LGIN 
was considered as recurrence; and (4) pathological result of biopsy of the original treatment area 
indicating HGIN or cancer was considered as disease progression.

We judged the safety of the operation by monitoring the occurrence of complications such as periop-
erative bleeding and perforation and the time and degree of postoperative abdominal pain in all 
patients.

Statistical analysis
Data analysis was performed using SPSS Statistics for Windows, version 24.0 (IBM, Armonk, NY, 
United States). Measurement data are expressed as mean value ± SD, whereas numerical data are 
described by frequency and percentage and were compared by χ2 or Fisher’s exact test. The 
measurement data were analyzed by t-test and one-way analysis of variance or rank-sum test according 
to whether the data conformed to a normal distribution. Survival curves were drawn with the 
Kaplan–Meier method, and intragroup comparisons were made with a log-rank test. Univariate survival 
analysis was performed with the Cox proportional hazards model, where the variables with P < 0.10 
were included in Cox multivariate survival analysis. The hazard ratio and its 95% confidence interval 
were used to express the relative risk, and the relationship of each variate with the recurrence-free and 
overall survival of patients was analyzed. P < 0.05 was considered statistically significant.

RESULTS
Baseline characteristics of patients
Among all 271 cases that underwent RFA therapy, 253 completed postoperative follow-up. The basic 
characteristics and endoscopic features of all 253 cases are summarized in Table 1. This study included 
167 men, aged 22-84 years (mean 58.51 years), and 86 women, aged 43-78 years (mean 58.23 years). Most 
of the lesions were located in the antrum of the stomach - pylorus area, while no lesions were ulcerated. 
All cases underwent RFA in a day ward or outpatient setting and did not require hospitalization.

Therapeutic efficacy and long-term outcomes of RFA
The data of all 253 cases that received RFA and completed follow-up are shown in Table 2. All 253 cases 
were followed up for 3 mo after surgery, and the curative, relapse, recurrence and progression rates 
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Table 1 The basic characteristics and endoscopic features of all 253 cases

Curative Relapse Total P value

Patients, n 188 (74.3) 65 (25.7) 253

Age, mean ± SD (yr) 58.51 ± 10.53 58.23 ± 8.33 58.43 ± 9.99 0.83

Sex, n (%) 0.24

Male 128 (68.1) 39 (60.0) 167 (66.0)

Female 60 (31.9) 26 (40.0) 86 (34.0)

Location of lesions, n (%) 0.08

Gastric fundus - cardia area 5 (2.7) 1 (1.5) 6 (2.4)

Gastric body 19 (10.1) 5 (7.7) 24 (9.5)

Angle of stomach 32 (17.0) 21 (32.3) 53 (20.9)

Antrum of the stomach - pylorus area 132 (70.2) 38 (58.5) 170 (67.2)

Ulceration 0 0 0

Helicobacter pylori infection, n (%) < 0.001

Yes 8 (4.3) 37 (56.9) 45 (17.8)

No 180 (95.7) 28 (43.1) 208 (82.2)

Atrophy, n (%) < 0.001

Yes 49 (26.1) 39 (60.0) 88 (34.8)

No 139 (73.9) 26 (40.0) 165 (65.2)

A course of disease, n (%) < 0.001

< 1 yr 138 (73.4) 14 (21.5) 152 (60.1)

> 1 yr 50 (26.6) 51 (78.5) 101 (39.9)

Table 2 The data of all 253 cases that received radiofrequency ablation and completed follow-ups

Follow-up period n Curative, n (%) Relapse, n (%) Recurrence, n (%) Progression, n (%)

3 mo 253 236 (93.3) 17 (6.7) 18 (7.1) 2 (0.8)

6 mo 208 193 (92.8) 15 (7.2) 11 (5.3) 0

1 yr 141 129 (91.5) 12 (8.5) 14 (9.9) 0

2 yr 93 84 (90.3) 9 (9.7) 8 (8.6) 1 (1.1)

3 yr 61 54 (88.5) 7 (11.5) 6 (9.8) 2 (3.3)

4 yr 28 24 (85.7) 4 (14.3) 4 (14.3) 0

5 yr 6 5 (83.3) 1 (16.7) 1 (16.7) 0

were 93.3%, 6.7%, 7.1% and 0.8%, respectively. During the 6-mo follow-up, there were no cases of 
progression, and the curative, relapse and recurrence rates were 92.8%, 7.2% and 5.3%, respectively. 
Similarly, there were also no cases that had progressed at 1-year follow-up, and the curative, relapse 
and recurrence rates were 91.5%, 8.5% and 9.9%, respectively. The 2-year curative rate of RFA was 
90.3%, and the relapse rate, recurrence rate, and progression rate were 9.7%, 8.6%, and 1.1%, 
respectively. Moreover, 3 years of postoperative follow-up were completed in 61 cases, and the curative, 
relapse, recurrence and progression rates were 88.5%, 11.5%, 9.8% and 3.3%, respectively. Among all 
cases, 28 completed the 4-year follow-up, and the curative, relapse and recurrence rates were 85.7%, 
14.3% and 14.3%, respectively, with no cases of progression. Only six cases completed the 5-year follow-
up, and the curative, relapse and recurrence rates were 83.3%, 16.7% and 16.7%, respectively, and there 
were also no cases of progression.

Among the five cases with progression in postoperative follow-up, four were pathologically indicated 
as HGIN, and one was highly differentiated adenocarcinoma. Three cases with HGIN received 
additional ESD, while one highly differentiated adenocarcinoma case and one case with HGIN were 
treated with additional surgery. All of these cases achieved curative resection with no recurrence or 
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local lymph node metastasis during follow-up. In addition, some of the relapse and recurrent cases were 
treated with RFA again, while others chose to remain under observation. So far, there are still a few 
cases of LGIN that did not disappear, none of which progressed to HGIN or EGC.

Complications
No bleeding, perforation, infection or other serious complications occurred in any of 253 cases. 
Regarding postoperative abdominal pain, 136 cases showed varying degrees of pain (from grade A to 
C), with an incidence of 53.8% (136/253). The first day to 12 d after RFA was the main time period for 
pain occurrence. There were 126 cases with abdominal pain in the curative group and 10 cases in the 
relapse group, with no significant difference between them (126/236 vs 10/17, P = 0.815).

Analysis of prognostic risk factors
The univariate and multivariate analyses of the outcomes of LGIN after RFA are shown in Table 3. 
According to results of univariate analysis, sex, age and location of the lesion had no significant effect 
on the prognosis of LGIN after RFA, with P values of 0.43, 0.89 and 0.29, respectively, while patients 
with Helicobacter pylori (H. pylori) infection, atrophic gastritis and disease course > 1 year were more 
likely to relapse after the procedure (P < 0.001). Subsequently, we included three variables, H. pylori 
infection, atrophic gastritis, and disease course > 1 year in multivariate analysis, which showed that the 
two factors of H. pylori infection and disease course > 1 year might be the main risk factors leading to 
relapse of LGIN after RFA (P < 0.001 and P = 0.013, respectively) (Figure 3).

DISCUSSION
The working principle of RFA is to cause the movement of charged particles in tissues to generate heat 
through the action of high-frequency alternating current, so as to make the water inside and outside 
cells evaporate, dry, shrink and fall off, resulting in aseptic necrosis. The power output and energy 
density of each RFA is rated and does not increase with the duration of operation. RFA is easy to 
perform and can be completed if the endoscopic physician has the ability to operate the gastroscope. At 
the same time, there is no bleeding, perforation, infection or other serious complications after RFA. All 
the above advantages show that RFA has good clinical development prospects.

In our study, the curative rates of endoscopic RFA for gastric LGIN at 3 and 6 mo, and 1-5 years after 
the operation were 93.3%, 92.8%, 91.5%, 90.3%, 88.5%, 85.7% and 83.3%, respectively. Both the short-
term and long-term efficacy were satisfactory. However, these results showed that gastric LGIN still 
relapsed in some cases after RFA. Therefore, we included multiple variables for univariate and 
multivariate analyses to try to find risk factors affecting prognosis. The results of the multivariate 
analysis suggested that H. pylori infection and disease duration > 1 year may be the risk factors for 
disease relapse, while age, sex, and location of the lesion were not related to disease relapse. Univariate 
analysis indicated atrophic gastritis as one of the possible risk factors for relapse after RFA; however, 
the results of multivariate analysis were not fully consistent; thus, the accuracy of this conclusion needs 
to be further investigated. Alternatively, the longer course of the disease and infection of H. pylori may 
change the overall state and microenvironment of the gastric mucosa to some extent, which may be one 
of the possible reasons for the recurrence of LGIN. This is similar to the results of some previous studies
[16,17], because the presence of H. pylori makes the mucosa more prone to intestinal metaplasia, and the 
probability of intraepithelial neoplasia in atrophic and intestinal metaplasia is higher than that in 
normal mucosa. At the same time, we noted that about two thirds of the lesions were concentrated in 
the gastric antrum, which may be related to the early occurrence of mucosal atrophy in the gastric 
antrum and its susceptibility to H. pylori. This also supports our conclusions.

As for the risk factors of LGIN progressing to HGIN or EGC, some studies have reported that it may 
be related to lesion size > 1 cm, various changes of the lesion surface such as erythema, nodules, erosion 
and ulceration, and obvious depression of the lesion[18,19]. By reviewing five cases that progressed to 
HGIN or EGC in the present study, we found that they were all > 1 cm in size. Moreover, four of them 
showed erythematous nodular changes on the surface, while the other case showed obvious erosion on 
the surface. All these factors were reflected in the aforementioned studies. We have added ESD or 
surgical procedures for all five of these cases, which achieved short-term cure, and the long-term 
prognosis is still being followed up.

Our diagnosis of LGIN was mainly based on preoperative endoscopic biopsy pathology. However, 
the pathological diagnosis based on endoscopic biopsy is not completely consistent with the real nature 
of the lesion[20]. Some small and early cancers may exist in the deep mucosa, which exceeds a depth of 
200 μm, that can be seen by ME, resulting in diagnostic deviation. However, after RFA treatment, these 
cancers in the deep mucosa are more likely to be detected by re-examination. The above two reasons 
may have some influence on the efficacy of RFA for gastric LGIN. Therefore, prospective studies based 
on a unified pathological definition pathology are needed to verify the reported findings[21].
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Table 3 Univariate and multivariate analysis of demographic and clinical features covariates for relapse

Univariate Multivariate

P value HR (95%CI) P value HR (95%CI)

Sex 0.43 0.817 (0.494-1.351)

Age 0.89 0.998 (0.974-1.023)

Location 0.29

Gastric body 0.674 (0.092-4.919)

Angle of stomach 1.242 (0.487-3.167)

Antrum of the stomach - pylorus area 1.644 (0.963-2.808)

H. pylori infection < 0.001 6.053 (3.679-9.957) < 0.001 2.662 (1.225-5.788)

Atrophy < 0.001 2.136 (1.024-4.453) 0.597 1.170 (0.653-2.097)

Course of disease < 0.001 5.482 (3.029-9.919) 0.013 2.662 (1.225-5.788)

H. pylori: Helicobacter pylori.

Figure 3 Relapse-free survival curves. A: Non-Helicobacter pylori (H. pylori) infection vs H. pylori infection (P < 0.001); B: Disease course less than 1 year vs 
disease course over 1 year (P = 0.013). RFS: Relapse-free survival.

In terms of complications, more than half of the cases had abdominal pain (136/253) after RFA. The 
grade of pain was mainly graded as A or B (123/136), with a few grade C (13/136). The pain was 
tolerated by all patients and gradually relieved with oral PPI and mucosal protectant. Based on the 
principle of RFA, we considered that such postoperative pain was associated with the local mucosal 
injury caused by RFA. A small comparative study has shown that submucosal injection can have a 
protective role in the treatment of mucosal damage and effectively relieve postoperative pain[22], which 
needs to be confirmed in subsequent large comparative studies.

In this study, we only included LGIN lesions that were macroscopic type 0-II as type 0-I and 0-III 
were at risk of progressing to HGIN or EGC. Flat lesions were also more conducive to the effective 
adhesion of the RFA electrode so as to fully achieve the therapeutic effect. Therefore, after taking the 
above factors into consideration, we chose such inclusion criteria.

During RFA, the electrode should be closely attached to the mucosal surface so that the energy can be 
fully transmitted. Before the next ablation, the necrotic mucosal tissue on the lesion surface after the 
previous ablation should be fully removed to avoid reduction of energy conduction, so as to ensure the 
ablation effect[13]. The above steps can be completed by rotating the endoscope, inhalation, and 
aeration.

RFA has the following advantages. First, in addition to the satisfactory efficacy and safety 
demonstrated in our study, the procedure is simple and easy to learn, generally taking 10-20 min to 
complete. Second, RFA has low cost, which can reduce the economic burden of patients. Third, patients 
can eat on the day after surgery, without the need for prophylactic antibiotics, which is conducive to 
recovery. Last but not least, RFA can be performed on an outpatient basis without requiring hospital-
ization, which is important for saving medical resources. Therefore, based on the above advantages, the 
future clinical application and popularization of RFA is worth exploring.
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The present study had several limitations. First, it was a single-center retrospective study, and future 
multicenter comparative and randomized trials are needed to confirm our findings. Second, the number 
of patients with follow-up > 3 years was small, which may affect our prediction of the long-term 
prognosis of LGIN after RFA. Finally, more cases are needed to evaluate the difference in pain grades 
between the submucosal and the nonsubmucosal injection groups. Also, future prospective studies 
based on a unified pathological definition are warranted.

CONCLUSION
RFA is a safe and effective treatment strategy for gastric LGIN, which is worthy of clinical application 
and promotion. H. pylori infection and disease course > 1 year may be the main risk factors leading to 
relapse of LGIN after RFA. For relapsing and recurrent cases, secondary RFA therapy may be 
considered.

ARTICLE HIGHLIGHTS
Research background
The efficacy and prognostic risk factors of radiofrequency ablation (RFA) for gastric low-grade intrae-
pithelial neoplasia (LGIN) have not been well analyzed.

Research motivation
We look forward to promoting the use of RFA ablation for gastric LGIN in the future.

Research objectives
To explore the efficacy and prognostic risk factors of RFA for gastric LGIN.

Research methods
The large sample clinical data of RFA for gastric LGIN were reviewed in this retrospective study. Data 
on operative parameters, complications, and follow-up outcomes including curative rates were recorded 
and analyzed.

Research results
The near- and long-term efficiency of RFA is satisfactory. Multivariate analyses revealed that Helico-
bacter pylori (H. pylori) infection and disease duration > 1 year had a significant effect on the curative 
rate. None of patients had bleeding, perforation, infection, or other serious complications after RFA, and 
the main discomfort was postoperative abdominal pain.

Research conclusions
RFA is a safe and effective treatment strategy for gastric LGIN, which is worthy of clinical application 
and promotion. H. pylori infection and disease course > 1 year may be the main risk factors leading to 
relapse of LGIN after RFA.

Research perspectives
We look forward to conducting a multicenter prospective controlled study in the future to further 
confirm the efficacy of RFA in the treatment of gastric LGIN.
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Abstract
BACKGROUND 
Recently, there have been several findings that showed intestinal colonisation of 
Blastocystis hominis (Blastocystis) as a risk factor to the worsening of colorectal 
cancer (CRC). However, studies have shown controversial results in the 
pathogenicity of Blastocystis.

AIM 
To review systematically the evidence available on the association between CRC 
and Blastocystis and the prevalence of Blastocystis in CRC patients and to 
investigate cytopathic and immunological effects of Blastocystis in in vitro and in 
vivo studies.

METHODS 
PRISMA guidelines were utilised in conducting this systematic review. Original 
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articles published before February 2, 2020 were included. PubMed, Science Direct, Scopus and 
Google scholar databases were searched. Manual searching was carried out to find articles missed 
during the online search.

RESULTS 
Out of 12 studies selected for this systematic review, seven studies confirmed the prevalence of 
Blastocystis and found it to be between 2%-28% in CRC patients, whereby subtype 1 and subtype 3 
were predominantly seen. A total of four studies employing in vitro human colorectal carcinoma 
cell line study models showed significant cytopathic and immunological effects of Blastocystis. In 
addition, one in vivo experimental animal model study showed that there was a significant effect of 
infection with Blastocystis on exacerbation of colorectal carcinogenesis.

CONCLUSION 
Blastocystis is a commonly identified microorganism in CRC patients. These studies have provided 
supportive data that Blastocystis could exacerbate existing CRC via alteration in host immune 
response and increased oxidative damage. Future studies of CRC and Blastocystis should attempt 
to determine the various stages of CRC that are most likely to be associated with Blastocystis and 
its relationship with other intestinal bacteria.

Key Words: Blastocystis hominis; Colorectal cancer; Cytopathic effect; Immunological effect

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Certain gut microorganisms are known to be important factors associated with initiation and 
development of colorectal cancer (CRC). However, data on the roles of parasites are vague and restricted. 
Blastocystis hominis (Blastocystis) is one of the most commonly recovered microorganisms in faecal 
specimens, and its widespread presence is found in CRC patients. This systematic review aims to quantify 
the studies published so far that revealed the association of Blastocystis and CRC. We sought to identify 
the prevalence of Blastocystis and its subtypes among CRC patients, in vitro studies using Blastocystis 
antigen and in vivo studies using animal models.

Citation: Kumarasamy V, Atroosh WM, Anbazhagan D, Abdalla MMI, Azzani M. Association of Blastocystis 
hominis with colorectal cancer: A systematic review of in vitro and in vivo evidences. World J Gastrointest Oncol 
2022; 14(3): 734-745
URL: https://www.wjgnet.com/1948-5204/full/v14/i3/734.htm
DOI: https://dx.doi.org/10.4251/wjgo.v14.i3.734

INTRODUCTION
Blastocystis hominis (Blastocystis) is one of the most commonly recovered microorganisms in faecal 
specimens, and its widespread presence is found in colorectal cancer (CRC) patients[1]. Its distribution 
is known to be prevalent in both rural and urban areas[2]. This microorganism has been in discussion 
since early 1900s[3,4]; however, the taxonomic position of Blastocystis remains unanswered. Blastocystis 
treatment is often difficult due to its drug resistance and the failure of the host defenses to counter the 
infection[5]. Previous studies suggest that Blastocystis is a common and diverse element of microbiota in 
human host, as it has been highly prevalent in healthy individuals[6-8]. Blastocystis is commonly found 
in both patients with gastrointestinal symptoms and in healthy people widely across the world. More 
recently, researchers consider Blastocystis as an emerging zoonotic disease, and its pathogenic potential 
in human is somewhat controversial[9]. Although accumulating data suggest that Blastocystis is a 
pathogen, the pathogenic role in humans is still a matter of debate.

It is suggested that around 20% of cancer reported worldwide could have been due to infectious 
agents[10,11]. Viruses such as hepatitis B virus, human papilloma virus and Epstein-Barr virus have 
been associated with carcinogenesis. Various other bacteria also have been described previously to 
exacerbate cancer[12]. There are numerous epidemiological evidences that strongly support the fact that 
parasites can be a factor of various malignant tumours[13], but it is challenging to validate this 
relationship. Previously, a review article highlighted the correlation of various protozoan parasites 
including Blastocystis with carcinogenesis[13]. In addition, there was a case report in India that 
demonstrated a possible association of subtype 3 Blastocystis in the worsening of CRC[14].

https://www.wjgnet.com/1948-5204/full/v14/i3/734.htm
https://dx.doi.org/10.4251/wjgo.v14.i3.734


Kumarasamy V et al. Association of Blastocystis with colorectal cancer

WJGO https://www.wjgnet.com 736 March 15, 2022 Volume 14 Issue 3

There are a few other systematic reviews on the interventional studies done on Blastocystis, but we 
did not find any systematic reviews on the association between Blastocystis and CRC. Therefore, this 
systematic review aimed to (1) identify prevalence of Blastocystis in CRC patients; (2) review in vitro 
colorectal carcinoma cell line study models on the cytopathic and immunological effects of Blastocystis 
antigens; and (3) review an in vivo experimental animal model study to investigate the effect of infection 
with Blastocystis on exacerbation of colorectal carcinogenesis.

MATERIALS AND METHODS
PRISMA guidelines were utilised in conducting this review[15].

Eligibility criteria
Original articles that reported the prevalence and association of Blastocystis subtypes with CRC patients, 
in vitro studies using Blastocystis antigen and an in vivo study using an animal model published before 
February 2, 2020 were included.

Exclusion
Articles that reported the association of Blastocystis with cancer in general without specific findings on 
its association with CRC, reviews papers, conference proceedings and case reports were excluded from 
this review.

Search
PubMed, Science Direct, Scopus and Google scholar databases were searched.

The various keywords used were: Blastocystis infection and CRC and their MESH terms and 
synonyms. Manual searching through reference lists of included journal articles was done to find the 
missed studies during online search.

Study selection
We identified 872 papers in the initial screening (Figure 1).

Identification
First, two authors developed a search strategy with different key words and their synonyms. All articles 
were moved to the Endnote X7 software (Clarivate Analytics, Philadelphia, PA, United States), and 146 
duplicate papers were removed. Two authors independently went through the titles and abstracts of the 
remaining 726 papers. Subsequently, a total of 22 papers were retained for full text review. The 
eligibility of retained papers was evaluated by two other authors. Authors checked the reference lists of 
all included articles for any relevant studies that met this systematic review inclusion criteria and had 
not been found during the database searches.

After full review of the 22 papers, 12 were selected. All authors have completed data extraction and 
agreed eligibility of included papers (Figure 1).

Quality assessment
For in vivo studies, the quality of the studies was assessed using Quasi experimental appraisal tool[16], 
which contained nine questions. For in vitro studies, checklist of Systematic Review Center for 
Laboratory Animal Experimentation’s Risk of Bias tool for assessing risk of bias as quality assessment 
was used[17]. The quality of all included studies was acceptable.

Data extraction
The data extracted included author-year, country, sampling, setting, methods, results and study 
conclusion (Table 1).

RESULTS
Prevalence of Blastocystis in CRC patients
Based on the seven reviewed articles, the prevalence of Blastocystis sp. in CRC patients were found to be 
between 2.8%-46.7%, whereby subtype 1 and subtype 3 were predominantly isolated.

A study by Esteghamati et al[35] evaluated the prevalence of Blastocystis in 85 cancer patients, 
including 39 CRC and 46 cancers outside gastrointestinal tract (COGT). In this study, Blastocystis was 
identified in 11/39 (28.2%) among CRC group. Another study in China by Zhang et al[18] showed the 
prevalence of Blastocystis in 4 among 49 (8.1%) patients with CRC. In another study conducted in Saudi 
Arabia, the prevalence of Blastocystis among CRC patients was 29.7%[19]. Subtype I was the 
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Table 1 Data extraction table

Method

No. Ref. Country Sampling Setting
Please note: (1) Main outcomes 
assessed; (2) If the protocol is 
published; and (3) If risk of bias is 
reported

Main results Conclusion

Prevalence studies

1 Esteghamati et 
al[35], 2019

Tehran, 
Iran

Study design: cross-sectional. 
Study duration: July 2016 and 
November of 2017. Sample size 
(190): 80 patients (Primary 
Immunodeficiency), 85 (cancer 
patients) and 25 (organ transplant 
recipients)

3 hospitals in in Tehran, 
Iran

The aim of this study to determine the 
prevalence of intestinal parasites in 3 different 
groups of patients referred to 3 hospitals. 
Method used for parasite identification: 
Conventional methods, nested PCR and 
amplification of the 18S rRNA gene

The prevalence of Blastocystis hominis among CRC 
patient was 13/39 (28.2%)

The prevalence of 
Blastocystis hominis was 
found high in cancer 
patients, especially CRC 
patients

2 Zhang et al
[18], 2017

China Sample size: 381 faecal specimens 
were collected from cancer patients 
including CRC. Study duration: 
2016 to 2017

Tumor Hospitalof Harbin 
Medical University

The aim of this study to determine the 
prevalence and genotypes/subtypes-
Blastocystis in CP and analysed for the 
Blastocystis by PCR amplifying and 
sequencing

Prevalence of Blastocystis was 4 (8.1%) among CRC 
patient

Blastocystis subtype 1 and 3 
have been identified in 
humans and animals

3 Mohamed et al
[19], 2017

Saudi 
Arabia

Total sample size: 218. Two groups 
of participants: (1) CP (138) of 
which 74 had CRC and 46 had 
cancers outside gastrointestinal 
tract; and (2) NCP (80). Exclusion 
criteria: (1) Patient started 
chemotherapy regime; and (2) 
Receiving any anti-parasitic 
medication. Study duration: 2013-
2015

King Abdulla Medical city 
(KAMC), Makkah

Case control study design: Aim, to determine 
the prevalence of Blastocystis among CRC 
patients compared to patients who had 
cancers outside gastrointestinal tract and 
control group. Obtained Blastocystis isolates 
were grouped into 2 categories (A and C), 
then subtyped into 3 various subtypes; 
subtype-I, subtype-II and subtype-V

Prevalence of Blastocystis among CRC = 22 (29%). 
Blastocystis infection frequency was significantly 
different between CP group and NC group. There 
was a higher probability of Blastocystis sp. among 
CP. Subtype I was the common subtype among 
CRC patients (54.5%). Interestingly, an association 
risk between Blastocystis subtype 1 with a greater 
risk of association in CRC group

The study revealed a 
probable association 
between subtype 1 of 
Blastocystis and CRC

4 Toychiev et al
[20], 2018

Uzbekistan A total sample of 400 participants, 
two groups of participants: (1) 200 
CRC patients; and (2) 200 of 
Tashkent residents (without any 
gastrointestinal tract complaints). 
Exclusion criteria: (1) patient had 
problems with stool sample 
collection; and (2) received any 
treatment 2–3 wk before the study. 
Study duration: 2015-2017

Research Institute of 
Epidemiology, 
Microbiology and 
Infectious Diseases and 
the Research Center of 
Oncology, Tashkent, 
Uzbekistan, during the 
period

Study design: Prospective cohort: Prevalence 
of some parasites including Blastocystis sp. in 
CRC patients before and after surgery and 
chemotherapy compared to control group. 
Methods: “3 stool samples for parasitological 
examination were taken at 2-d intervals 
during CRC diagnosis before and after 
surgery and chemotherapy”

A significantly higher prevalence of protozoa was 
found in CRC patients than in control population 
“the prevalence of Blastocystis in CRC patients is 4 
times as high as in the control population. The 
overall prevalence of Blastocystis sp. was 2.8% and 
was higher than the other protozoa”

Data revealed a potential 
role for Blastocystis sp. in 
CRC pathogenesis

Sample size: 425 patients who go 
through diagnostic colonoscopy. 
faecal samples and colonic 
washouts were obtained from 221 
control patients and 204 patients 

To determine the Blastocystis genotype present 
by comparing the prevalence using colonic 
washouts and faecal samples PCR and 
standard stool culture. Both techniques were 
used to detect Blastocystis from control and 

The prevalence of Blastocystis was 15.29% (65/425). 
“Colonic washouts and faecal samples showed 
12.24% (n = 52) and 5.65% (n = 24) of Blastocystis 
infection respectively”. A total of 43 individuals 
were positive for Blastocystis in CRC patients and 

5 Kumarasamy 
et al[21], 2014

Malaysia University of Malaya 
Medical Centre

Blastocystis sp. is common in 
CRC patients. Subtype 3 is 
the most common genotype 
in the infected individuals
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with CRC. Study duration: 2010 
and 2012

patients with CRC. was significantly higher compared to control group. 
Subtype 3 was predominant compared to other 
subtypes. It was significantly higher in CRC group 
as compared with control group

6 Chandramathi 
et al[1], 2012

Malaysia Stool samples were obtained from 
46 and 15 breast cancer and CRC 
patients, respectively

Department of 
Parasitology, Faculty of 
Medicine, University of 
Malaya

Aim: To investigate whether intestinal 
parasites can be an opportunistic infection in 
breast cancer and CRC patients who are 
undergoing chemotherapy treatment. 
Molecular detection of microsporidia species 
was done using a PCR technique. The 
presence of Blastocystis hominis was further 
confirmed by culturing stool samples

This study found that 7 out of 15 CRC patients were 
positive Blastocystis in various chemotherapy cycles 
accounting for 46.7%

Blastocystis hominis and 
microsporidia could appear 
as opportunistic infections 
during chemotherapy 
treatment of CP. This 
infection may diminish the 
efficacy of chemotherapy 
treatments and 
consequently advance the 
progression of cancer

7 Majeed et al
[22], 2019

Iraq 116 faecal specimens with 
Blastocystis and Helicobacter pylori 
infection, 15 biopsy specimens 
from CRC patients 

Middle Technical 
University/Baghdad 1st 
Feb 2018-15th June 2018

Faecal specimens were screened for 
Blastocystis and Helicobacter pylori. Direct DNA 
sequencing was done to evaluate mutations in 
CRC-associated molecular pathways

Prevalence of Blastocystis infection statistically 
insignificant in various age groups. Prevalence of 
Blastocystis infection was more in females [females 
29 (46.9 %), males 22(43.1%)]. Prevalence of mixed 
infection (Blastocystis and Helicobacter pylori) was 27 
(23.32%)

Prevalence of Blastocystis 
infection was more in 
females. KRAS and TP53 
gene mutation was observed 
in the CRC patients with 
mixed infection (Blastocystis 
and H. pylori)

In vitro studies

8 Chandramathi 
et al[7], 2010

Malaysia In vitro study model. PBMCs were 
isolated from blood collected from 
healthy persons. Solubilised 
antigen of Blastocystis isolate was 
obtained from a human subject. 
Human colorectal carcinoma cell 
line, HCT116, was used

University of Malaya, 
Kuala Lumpur

Effect solubilised antigen of Blastocystis on the 
HCT116 proliferation quantified. Gene 
expressions of certain genes in HCT116 and 
PBMCs evaluated via real-time reverse 
transcription PCR. PBMCs were isolated from 
blood using Histopaque technique. Cell prolif-
erations were measured using MTT assay

Increased number of PBMCs/ HCT116 cells 
observed with Blastocystis antigen. IFN-γ and TNF-α 
were downregulated and IL-6, IL-8 and NF-κB, p53 
were upregulated in the PBMCs treated with the 
antigen. IFN-γ was downregulated and IL-6 and NF-
κB was upregulated in HCT116 cells

Solubilised antigen of 
Blastocystis could facilitate 
increased number of 
PBMCs/ HCT116 cell and 
has the ability to 
downregulate immune cell 
responses

9 Chan et al[23], 
2012

Malaysia In vitro study model. Solubilised 
antigen of Blastocystis isolate was 
obtained from symptomatic and 
asymptomatic human subject. 
HCT116 was used

University of Malaya, 
Kuala Lumpur

Effects of solubilised antigen of Blastocystis 
isolate was obtained from symptomatic and 
asymptomatic human subject on HCT116. 
Gene expressions of certain genes in HCT116 
and PBMCs evaluated via real-time reverse 
transcription PCR

Increased number of HCT116 cells observed with 
symptomatic Blastocystis antigen. Th2 cytokines/
CTSB were upregulated in HCT116. NF-κB was 
observed upregulated in HCT116 exposed to 
symptomatic Blastocystis antigen

Solubilized antigen of 
Blastocystis from 
symptomatic individual was 
more virulent than that in 
asymptomatic. Higher 
inflammatory reaction and 
increased proliferation of 
cancer cells was observed

10 Kumarasamy 
et al[24], 2013

Malaysia, In vitro study model using HCT116 
treated with solubilised Blastocystis 
antigen from 5 Blastocystis subtypes

University Malaya 
research Lab

In vitro study. HCT116 treated with 
solubilised antigen from Blastocystis. 
Following Assays: Proliferation of the cell line, 
HCT116 on exposure to different Blastocystis 
subtypes; Gene expression profile of apoptotic 
genes like p53 and CTSB; Transcription factor 
gene expression profile

Blastocystis subtypes (5) increased the proliferation 
of HCT116, especially subtype 3. Blastocystis antigen 
caused the upregulation of Th2 and Th1 cytokines, 
and downregulation of IFN-γ and p53 in HCT116 
cells. Blastocystis antigen caused a higher 
stimulation of gene expression of CTSB and TGF-β 
genes

Infection with Blastocystis 
caused exacerbation of 
existing colon cancer cells. 
The effect may be due to 
weakening of the cellular 
immune response and 
dysregulation of IFN-γ and 
p53 expression. Infection 
with Blastocystis subtype 3 
has a higher pathogenic 
potential
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11 Ahmed et al
[25], 2019

Cairo, 
Egypt

Seven Blastocystis isolates were 
from stools specimen from patients 
with early diagnosed CRC 
(Oncology and Surgery and 
Colonoscopy unit) of a Hospital in 
Egypt. The different groups were: 
Group I (GI), 12 isolates from 
infected non-CRC; Group II (GII), 6 
from infected symptomatic patients 
and Group III (GIII), 6 from 
infected non-symptomatic carriers

Department of 
Parasitology lab, Faculty 
of Medicine, Ain Shams 
University, Cairo, Egypt

Aim: To investigate some phenotypic 
characters like the surface ultrastructure, 
protein profiles and protease activity of 
Blastocystis from three different clinical 
groups. Techniques performed: Scanning 
electron microscopy to study morphology of 
the organism; SDS-PAGE to analyse the 
Blastocystis protein profiles and their protease 
activities

Observations: All CRC Blastocystis isolates showed a 
very rough intensely folded surface when compared 
to less rough and smooth surface of isolates from 
symptomatic and asymptomatic and non-CRC 
isolates; SDS-PAGE showed presence of 2 protein 
bands of 230 and 32 KDa in 42.9% of Blastocystis 
CRC isolates and these proteins were absent in Non-
CRC isolates. When the protease activity of the 
parasite was tested, no significant difference existed 
between isolates of the three groups

There was significant 
difference in the surface 
structure and the protein 
profiles between different 
clinical isolates of 
Blastocystis. Differences 
indicate that it may be: (1) 
secondary to the altered gut 
environment in the presence 
of CRC or (2) indicators of a 
different pathogenic 
potential of the parasite in 
inducing malignancy

In Vivo studies

12 Kumarasamy 
et al[26], 2017

Malaysia Different specimens collected: 
Blood, urine, faecal samples and 
gastrointestinal tract sections from 
24 male Wistar rats. Age of the rats: 
3 wk. Weight of each rat: Average 
of 65 g/rat

University Malaya 
research Lab

In vivo experimental study. Aim: To 
investigate the effect of infection with 
Blastocystis cyst on exacerbation of carcino-
genesis. Twenty-four rats divided into 
different groups for the study (4 groups, 6 rats 
each): Control group, AOM group, group 
inoculated with Blastocystis cyst, the group 
inoculated with Blastocystis cyst and AOM 
injection. Body weights recorded once a week. 
Rat faecal samples screened for presence of 
Blastocystis post-inoculation. Histopatho-
logical assessment of the rat colon for aberrant 
crypts. Urine and blood samples assessed for 
oxidative stress

Observations: lower body weight showed by 
Blastocystis infected rats than rats infected with 
Blastocystis and injected with AOM (P < 0.05). Stools 
from AOM-rats with Blastocystis infection were 
softer and watery compared to the AOM-rats 
without Blastocystis infection. Blastocystis was 
present in the stool of all infected rats from Day 3 to 
7 post-inoculation. All the rats injected with AOM 
developed numerous abnormal, hyperplastic 
colonic crypts. Co-administration of Blastocystis cyst 
showed a 1.6-fold increase in the number of crypts 
when compared with control rats treated with AOM 
only. Two of the co-Blastocystis infected AOM-rats 
were found to have adenomas. Major dysplasia and 
presence of hyperplastic aberrant crypts were 
observed in rats injected with AOM and co-infected 
with Blastocystis

Blastocystis infection consid-
erably enhanced the AOM-
induced carcinogenesis 
because of the oxidative 
damage of the intestinal 
epithelium

AOM: Azoxymethane; CP: Cancer patients; CRC: Colorectal cancer; CTSB: Cathepsin B; IFN: Interferon; IL: Interleukin; NCP: Non cancer patients; NF-kB: Nuclear factor kappa B; PBMCs: Peripheral blood mononuclear cells; PCR: 
Polymerase chain reaction; SDS-PAGE: Sodium dodecyl sulphate–polyacrylamide gel electrophoresis.

predominant (54.5%) among CRC patients, while subtype II was predominant (43.7%) among COGT 
patients[19]. Higher prevalence of intestinal helminths and protozoa was observed in CRC patients than 
in the control population in a study conducted in Uzbekistan. The prevalence of Blastocystis in CRC 
patients was four times higher than that in the control population. The overall prevalence of Blastocystis 
(2.8%) was significantly higher than the other protozoa[20]. In a study by Kumarasamy et al[21] in 
Malaysia, among 221 control patients and 204 CRC patients with colorectal malignancies, the overall 
prevalence of Blastocystis infection was 15.29% (65/425). A total of 43 (21.08%) samples were positive for 
Blastocystis infection in CRC patients and was significantly higher compared to normal individuals (n = 
22, 9.95%, P < 0.01). Subtype 3 was present at higher levels compared to other subtypes detected in both 
groups and was significantly higher in CRC patients as compared with control patients[21].

Another study was designed to investigate the emergence of Blastocystis and Microsporidia infections 
in breast and CRC patients undergoing chemotherapy treatment. This study found that 7 out of 15 CRC 
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Figure 1 Search strategy.

patients were positive Blastocystis in various chemotherapy cycles, accounting for 46.7%. However, the 
researchers did not mention whether the isolate was from the same patients in different cycles[1]. In a 
study carried out in Iraq, stool samples from 116 patients with Blastocystis and H. pylori infections were 
investigated. Fifteen tissue samples of CRC were taken from 15 suspected patients out of 116 infected 
cases, and it was shown that the infection with Blastocystis and H. pylori was associated with 
pathological gene mutation in the CRC patients[22].

In vitro colorectal carcinoma cell line studies on the cytopathic and immunological effects of 
Blastocystis antigen
Three of the reviewed articles used in vitro study models and observed considerable cytopathic and 
immunological effects induced by the solubilised antigen of Blastocystis to the human colorectal 
carcinoma cell line[7,23,24]. These findings speculated that Blastocystis infection may enhance the prolif-
eration, invasiveness and metastatic properties of CRC cells. One study investigated some phenotypic 
characteristics of Blastocystis isolated from CRC patients[25].

The three in vitro model studies used the human colorectal carcinoma cell line HCT116 and the 
Blastocystis isolated from a human subject[7,23,24]. One of the studies demonstrated the cytopathic effect 
of Blastocystis antigen on peripheral blood mononuclear cells. This study findings showed increased cell 
proliferations in Blastocystis antigen-stimulated HCT116 cell-lines, which suggested that the infection by 
Blastocystis may facilitate the growth of colon cancer cells[7]. Another in vitro study showed that the five 
subtypes of Blastocystis significantly increased the proliferation of HCT116, especially subtype 3. 
Blastocystis antigen caused the upregulation of T helper (Th)2 and Th1 cytokine gene expressions, and 
downregulation of interferon gamma and p53 gene expressions in HCT116 cells. In addition, Blastocystis 
antigen caused a significantly higher stimulation of Cathepsin B (CTSB) and Transforming growth 
factor beta (TGF-β) gene expression, which indicates the pathogenic potential of this protozoan[24]. 
Another study showed an increase in cell proliferation in HCT116 cells inoculated with the symptomatic 
Blastocystis antigen. Gene expression studies carried out in this research also showed a significant 
upregulation of Th2 cytokines, which indicates the parasites’ potential in weakening the cellular 
immune response[23]. HCT116 cells exposed to symptomatic and asymptomatic Blastocystis antigen 
caused a significant upregulation of CTSB, which led to the postulation that the Blastocystis antigen may 
enhance the invasive and metastasis properties of CRC[23].

Another study sought to investigate some phenotypic characteristics such as the surface 
ultrastructure, protein profiles and protease activity of Blastocystis isolated from three different clinical 
groups: CRC patients, non-CRC symptomatic and asymptomatic infected persons. This study showed 
the presence of two protein bands of 230 and 32 KDa in 42.9% of Blastocystis CRC isolates with their 
complete absence from non-CRC isolates. There was no significant difference in the protease activity of 
the protein among isolates of the three groups, CRC and Non-CRC Blastocystis isolates[25].
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In vivo experimental animal model to investigate the effects of infection with Blastocystis on 
exacerbation of colorectal carcinogenesis
An animal model study compared the effects of Blastocystis infected rats and rats infected with 
Blastocystis co-administered with Azoxymethane (AOM), a potent carcinogen. This finding showed that 
the co-administration of Blastocystis cyst resulted in a 1.6-fold increase in the number of colonic crypts 
when compared with control rats treated with AOM only. Two of the co-Blastocystis infected AOM rats 
were found to have adenomas. Major dysplasia and the presence of hyperplastic aberrant crypts were 
also observed in rats injected with AOM and co-infected with Blastocystis[26].

DISCUSSION
Blastocystis is one of the most common gut microorganisms found in healthy individuals[27]. Besides 
being associated with a healthy gut microbiota[27,28], Blastocystis infection is also known to be 
opportunistic in immunocompromised patients[29]. CRC is the third most common cancer diagnosed 
worldwide and one of the major causes of cancer-associated fatality[30]. The reason for high mortality is 
due to the asymptomatic progression of the disease that usually results in late diagnosis[31,32]. Certain 
gut microorganisms are known to be one of the important factors that had been associated with 
initiation and development of CRC[33]. However, data on the roles of parasites are vague and restricted. 
Various findings have been reported regarding the association between Blastocystis among CRC 
patients, whereby positive association was shown in all the studies[1,23,24]. Therefore, the aim of this 
systematic review was to quantify the studies published so far that revealed the direct association of 
Blastocystis and CRC. This paper outlines the results of a systematic review to evaluate the prevalence of 
Blastocystis in CRC patients, in vitro studies using Blastocystis antigen and an in vivo study using animal 
models.

Out of the data extracted from 12 studies relevant to this topic, all the studies showed positive 
association between Blastocystis and CRC. Prevalence studies, in vitro investigations and in vivo studies 
were used to evaluate the pathogenicity of Blastocystis with CRC.

The global prevalence of Blastocystis infection ranged from 1.5%-20% in developed countries, which 
was much less than that in developing countries, which was 30%-50%[34]. Based on our review, the 
prevalence of Blastocystis infection in CRC patients ranged between 2.8%-46.7%. It has been widely 
reported in the world, in developing countries such as Iran, China, Saudi Arabia, Uzbekistan and 
Malaysia[18-20,24,35]. The first demonstration of Blastocystis infection in Iran was reported in 11 CRC 
patients in Tehran province[35]. In Malaysia, a total of 43 samples were positive for Blastocystis from 204 
CRC patients[21]. This study utilised colonic washout in addition to stool sample to recover the 
parasites. Subtype 3 Blastocystis was detected predominantly as compared to other subtypes[21]. Some 
of these findings highlighted the high prevalence of certain subtypes of Blastocystis among these patients
[19,21]. A previous study showed that subtype 1 was the most common genotype identified (54.5%) 
among CRC patients[19]. DNA was extracted from Blastocystis cultures via conventional method and 
subtyped using multiplex polymerase chain reaction (PCR) with restriction fragment length 
polymorphism and sequence-tagged site primers-based PCR. In another study, subtype 3 was 
predominant compared to other subtypes found in both CRC patients and healthy individuals[21]. 
Subtype 3 is speculated as the most pathogenic subtype in symptomatic individuals[36]. Some 
researchers have attributed subtype 3 to be more pathogenic compared to other subtypes[37,38]. 
Blastocystis was initially screened via in vitro culture and conventional PCR using stool samples and 
colonic washouts. The presence of Blastocystis infection in CRC patients could be contributed by various 
reasons including health status. For instance, positive cases were more likely in patients with 
gastrointestinal symptoms compared to healthy individuals[18]. Besides, Blastocystis was also identified 
in higher frequency in immunosuppressed CRC patients who were undergoing chemotherapy 
treatment[1,18].

A total of three in vitro studies were carried out using colorectal carcinoma cell line models to study 
cytopathic and immunological effects of Blastocystis antigen[7,23,24]. Some of the research studies 
suggested that solubilised antigen of Blastocystis could facilitate the exacerbation of CRC cells, HCT116
[7,23]. In another study by Kumarasamy et al[24], Blastocystis subtype 3 stimulated significantly higher 
CTSB and TGF-β gene expression in HCT116, which indicates the pathogenic potential of this protozoan. 
Result of in vitro studies that were performed in Malaysia were similar[7,23,24].

Blastocystis is commonly found in both patients with gastrointestinal symptoms and in healthy people 
widely across the world. More recently, researchers consider Blastocystis as an emerging zoonotic 
disease, and its pathogenic potential in human is unclear[9]. The pathogenic potential of Blastocystis was 
widely debated, as they are found in both symptomatic and asymptomatic patients. The significant 
expression of nuclear factor kappa light chain enhancer of activated B cells was observed in HCT116 
exposed to Blastocystis antigen isolated from individuals with gastrointestinal symptoms, but such 
observations were not found when the colon cells treated with Blastocystis antigen isolated from 
asymptomatic individuals. This finding shows the potential pathogenicity of symptomatic Blastocystis in 
CRC patients[23]. Similarly, HCT116 cells exposed to symptomatic and asymptomatic Blastocystis 
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antigen caused a significant upregulation of CTSB. These gene expression findings lead to a postulation 
that the Blastocystis antigen may enhance the invasive and metastasis properties of CRC[23]. Besides, 
proliferation of HCT116 when exposed with Blastocystis antigen could be a result of higher levels of 
interleukin (IL)-6 and IL-8 expression[23].

Another study revealed that solubilised antigen isolated from subtype 2 and 3 isolates introduced to 
colon cancer cells showed significant IL-8 and IL-6 expression[24]. The production of inflammatory 
cytokines such as IL-8 together with reactive oxygen species could contribute to the pathogenesis of 
cancer[38]. In a few studies conducted previously, IL-6 expression was associated with proliferation of 
colon carcinoma[39,40]. Besides that, subtype 3 Blastocystis also triggered positive expression of CTSB in 
cancer cells. A previous study showed that CTSB expression is significant in CRC patients[41].

Only one study was conducted to investigate the in vivo effect of Blastocystis in Wistar rats. In parallel 
with in vitro studies, an in vivo study showed similar findings on the possible role of Blastocystis to 
exacerbate CRC. The results demonstrated that Blastocystis may cause damage to the intestinal mucosal 
layer and result in increased crypts formation. Furthermore, an increased oxidative stress was also 
observed in these rats. There have been numerous animal models of human CRC and animal model of 
tumour carried out via quantification of aberrant crypt foci[42,43]. This allows the study of gut 
microbiome and its role in pathogenesis. In humans, there are many potential pathogenic and non-
pathogenic gut microbial infections, and various animal models have been used for such studies. 
Aberrant crypt foci are known as putative precancerous lesions of the colon in both animal models and 
humans[44,45]. Even though various studies associating Blastocystis and CRC were carried out via in 
vitro model using colon cancer cells, this study utilised animal model to bridge between in vitro findings 
in the laboratory and studies in humans. As such, this extensive in vivo study showed that Blastocystis 
had a major impact on normal intestinal function in Wistar rats resulting in damage to the intestinal 
mucosal layer and inducing oxidative stress, which caused increase in crypts formation in AOM-treated 
rat models. The study establishes that Blastocystis is a pathogen, and there is a need to screen cancer 
patients for harbouring this parasite.

This systematic review has some limitations. According to these investigations, a greater prevalence 
of Blastocystis was found in CRC patients, but the question whether increased prevalence of Blastocystis 
could be linked with increased high risk to CRC is unclear. The studies discussed in this review did not 
highlight the association of Blastocystis according to cancer stages, and it was unclear if Blastocystis itself 
could result in the initiation of malignancy as Blastocystis acquisition alone is insufficient for cancer 
development. Even though strong association between Blastocystis and CRC is apparent, some questions 
remain unanswered. Therefore, we propose future studies should focus on the pathogenicity of 
Blastocystis in various stages of CRC by concentrating on the molecular pathways involved in tumori-
genesis.

CONCLUSION
In conclusion, according to various recent studies, Blastocystis is one of the most commonly identified 
microorganisms in CRC patients, whereby subtype 1 and subtype 3 were predominantly isolated. It is 
apparent in most cases that the prevalence is higher in developing countries compared to developed 
countries. These studies have provided supportive data that Blastocystis could exacerbate existing CRC 
via alteration in host immune response and increased oxidative damage. An in vivo study well-
established that Blastocystis infections resulted in tissue damage from host inflammatory responses that 
may predispose the host towards neoplasm exacerbation. Upregulation of gene expression responsible 
for proinflammatory cytokines and downregulation of apoptotic genes was observed in in vitro studies. 
Through continued research in Blastocystis and CRC, we may discover new findings as well as develop 
new effective means of prevention. Future studies of CRC and Blastocystis should attempt to determine 
the various stages of CRC that are most likely to be associated with Blastocystis and its association with 
other intestinal bacteria. In addition, future in vivo studies should evaluate exposure to various subtypes 
of Blastocystis.

ARTICLE HIGHLIGHTS
Research background
Intestinal colonisation of Blastocystis hominis (Blastocystis) as a risk factor to the worsening of colorectal 
cancer (CRC).

Research motivation
There has been an increase in the prevalence of Blastocystis in CRC patients. Besides, various in vitro and 
in vivo studies have highlighted Blastocystis as an important risk factor for the worsening of CRC.
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Research objectives
To perform a systematic review on all evidence on the association between CRC and Blastocystis.

Research methods
A systematic review of the literature was performed by searching PubMed, Science Direct, Scopus and 
Google scholar databases up to February 2020.

Research results
Out of 12 studies selected for this systematic review, seven studies have confirmed the prevalence of 
Blastocystis. A total of four studies employing in vitro human colorectal carcinoma cell line study models 
showed significant cytopathic and immunological effects of Blastocystis. One in vivo experimental animal 
model study showed that there was a significant effect of infection with Blastocystis on exacerbation of 
colorectal carcinogenesis.

Research conclusions
Blastocystis is a commonly identified microorganisms in CRC patients. These studies have provided 
supportive data that Blastocystis could exacerbate existing CRC via alteration in host immune response 
and increased oxidative damage.

Research perspectives
Future studies of CRC and Blastocystis should attempt to determine the various stages of CRC that are 
most likely to be associated with Blastocystis and its association with other intestinal diseases.
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Abstract
The association between celiac disease and enteropathy-associated T cell 
lymphoma has been known. The pathogenesis of the development of malignant 
neoplasms remains limited. In addition to celiac disease, we believe that other 
underlying mechanisms contribute to the developing malignant neoplasms.
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Core Tip: The pathogenesis of enteropathy-associated T cell lymphoma (EATL) remains 
limited. This letter suggests oncogene mutations were reported and would be pertinent 
to develop malignant neoplasms in EATL.
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TO THE EDITOR
I read with great interest the paper by Wang et al[1] in the issue 13 of World Journal of 
Gastrointestinal Oncology, a review article regarding the association between 
intestinal neoplasms and celiac disease. The authors showed that the total risk of small 
bowel cancer (SBC) and enteropathy-associated T cell lymphoma (EATL) increased in 
celiac disease (CD) patients. I have agreed with the authors opinions and they mainly 
mentioned EATL type I, which is associated with CD. The pathogenesis of EATL 

https://www.f6publishing.com
https://dx.doi.org/10.4251/wjgo.v14.i3.746
mailto:kenjiokumura@kyudai.jp
https://www.wjgnet.com/1948-5204/full/v14/i3/746.htm
https://dx.doi.org/10.4251/wjgo.v14.i3.746


Okumura K. Letter to intestinal neoplasms and celiac disease

WJGO https://www.wjgnet.com 747 March 15, 2022 Volume 14 Issue 3

remains limited, however, as the authors mentioned in the manuscript that CD disrupts cell-level 
regulation and chronic intestinal inflammation, which leads to the proliferation of intestinal intrae-
pithelial lymphocytes. The presence of chronic inflammation leads to increase the turnover of cell cycle 
and contribute to the development of neoplasm due to gene mutation in oncogenes or tumor suppressor 
genes in EATL.

We previously showed that c-myc mutation was seen in EATL type 2[2]. Our findings support that 
gene mutation is one of the factors developing malignant neoplasm in the absence of celiac disease. 
JAK/STAT3 signaling pathway was also reported as the main drivers of CD associated lymphoma-
genesis[3]. JAK/STAT pathway regulates MYC expression[4], which lead to proliferation of malignant 
cells.

CD is one of the significant gastrointestinal diseases and increases the risk of malignant neoplasms. In 
addition to CD, we believe that other underlying mechanisms contribute to the developing malignant 
neoplasms[3]. We believe that these facts would be a helpful to understand CD and EATL and these 
findings are highly pertinent and provide a context that helps understand those reported by Wang et al
[1].
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