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Abstract
Laparoscopic cholecystectomy (LC) is one of the most frequently performed 
gastrointestinal surgeries worldwide. Bile duct injury (BDI) represents the most 
serious complication of LC, with an incidence of 0.3%-0.7%, resulting in 
significant perioperative morbidity and mortality, impaired quality of life, and 
high rates of subsequent medico-legal litigation. In most cases, the primary cause 
of BDI is the misinterpretation of biliary anatomy, leading to unexpected biliary 
lesions. Near-infrared fluorescent cholangiography is widely spreading in clinical 
practice to delineate biliary anatomy during LC in elective and emergency 
settings. The primary aim of this article was to perform an up-to-date overview of 
the evolution of this method 12 years after the first clinical application in 2009 and 
to highlight all advantages and current limitations according to the available 
scientific evidence.

Key Words: Laparoscopic cholecystectomy; Bile duct injury; Biliary anatomy; Fluorescent 
cholangiography; Indocyanine green
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laparoscopic and robotic surgery. The visualization of biliary anatomy using 
fluorescence during surgery is becoming one of the most promising frontier approaches 
in minimally invasive surgery. This novel method is a powerful tool to detect biliary 
variants that could guide surgeons during dissection to prevent major bile duct lesions, 
and it has enormous potential to be considered the gold standard during all cholecystec-
tomies. The up-to-date overview of this method confirms the efficacy of indocyanine 
green fluorescence cholangiography in detecting biliary anatomy, its importance as a 
teaching tool for young surgeons, and the effects on the reduction of conversion rate 
and bile duct injury, even if further considerable research remains necessary to 
optimize its use.

Citation: Pesce A, Piccolo G, Lecchi F, Fabbri N, Diana M, Feo CV. Fluorescent 
cholangiography: An up-to-date overview twelve years after the first clinical application. World 
J Gastroenterol 2021; 27(36): 5989-6003
URL: https://www.wjgnet.com/1007-9327/full/v27/i36/5989.htm
DOI: https://dx.doi.org/10.3748/wjg.v27.i36.5989

INTRODUCTION
Laparoscopic cholecystectomy (LC) is one of the most frequently performed 
gastrointestinal surgeries worldwide. Bile duct injury (BDI) represents the most 
serious complication of LC, with an incidence of 0.3% to 0.7%, resulting in significant 
perioperative morbidity and mortality, impaired quality of life, and high rates of 
subsequent medico-legal litigation[1,2]. In most cases, the primary cause of BDI is the 
misinterpretation of biliary anatomy, leading surgeons to unexpected biliary lesions 
(71%-97% of all cases)[3,4]. Various methods have been proposed and used to prevent 
iatrogenic biliary tract lesions[4]. Among them, near-infrared fluorescent cholan-
giography (NIRF-C) is widely spreading in clinical practice to delineate biliary 
anatomy during LC in elective and emergency settings. It is becoming one of the most 
popular and promising clinical applications in minimally invasive surgery[5,6]. In 
2006, Stiles BM et al[7] first proposed fluorescent cholangiography in a mouse model 
by exploiting the unique auto fluorescent properties of bile for the intraoperative 
identification of the biliary anatomy in mice. The first application in humans was 
performed and described by Ishizawa et al[8] a few years later (2009). This classical 
method involves the intravenous injection of indocyanine green (ICG) dye before 
surgery. ICG binds to plasma proteins, with albumin as the principal carrier (95%), 
and is eliminated exclusively by the liver. The excitation of ICG by means of near-
infrared light causes fluorescence, thereby delineating the anatomy of the biliary 
elements in real time. This innovative method was introduced as a means to prevent 
bile duct injuries during LC due to a better visualization of biliary anatomy during 
dissection. In 2015, we performed a systematic review of available studies by 
analyzing the efficacy of the novel technique in detecting bile duct structures during 
surgery. Detection rates of the biliary anatomy in 590 pooled patients were as follows: 
Cystic duct (CD) 96.2% (94.7%-97.7%), common hepatic duct (CHD) 78.1% (74.8%-
81.4%), CD-CHD junction 72.0% (69.0%-75.0%), and common bile duct (CBD) 86.0% 
(83.3%-88.8%)[9]. Overall, these preliminary studies indicated that ICG fluorescence 
cholangiography is highly sensitive for the detection of extrahepatic biliary anatomy 
and may facilitate the prevention of bile duct injuries. Over the years, several single-
center experiences from different countries[10-12] have been published regarding the 
usefulness of ICG fluorescence cholangiography in detecting biliary anatomy and 
analyzing patient outcomes after LC. The level of scientific evidence on ICG 
fluorescence cholangiography remains low. However, recent studies have significantly 
propelled the literature forward.

The primary aim of this article was to perform an up-to-date overview of the 
evolution of this method 12 years after its first clinical application and to highlight all 
the advantages and current limitations according to the available scientific literature.

http://creativecommons.org/Licenses/by-nc/4.0/
https://www.wjgnet.com/1007-9327/full/v27/i36/5989.htm
https://dx.doi.org/10.3748/wjg.v27.i36.5989
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TECHNIQUES
ICG administration can be performed in two different ways. The classical method 
described by Ishizawa T et al[8] in 2009 consists of the intravenous injection of ICG 30 
min before surgery. Biliary visualization should be obtained prior to any dissection, 
during the dissection of the hepatocystic triangle, and after complete dissection 
according to the critical view of safety (CVS) method[13,14].This approach enables 
surgeons to check the biliary anatomy intraoperatively at any time. Recently, Dip F et 
al[15] summarized 10 important steps for the correct performance of fluorescent 
cholangiography during LC. The first two steps involve ICG intravenous adminis-
tration and complete exposure of the hepatoduodenal ligament prior to any dissection. 
The primary objective of step 3 is the localization of the main biliary structures after 
the partial dissection of the hepatocystic triangle. Steps 4-7 are characterized by the 
identification of the CD, gallbladder-CD junction, CD-CHD junction, and CBD; step 8 
is the identification of the cystic artery, in some cases by repeating ICG injection for 
fluorescent angiography to detect any anatomical arterial variations; step 9 is called 
“time-out”, and it consists of the re-evaluation of the CVS before clipping and cutting 
any structures (as shown in Figures 1-2). After completing gallbladder removal, near-
infrared (NIR) light should be turned on to identify any potential biliary leaks from the 
liver bed (step 10). At the current stage, there are two unresolved issues regarding 
NIRF-C, i.e., the dose and the time required to obtain an optimal bile duct-to-liver 
fluorescence ratio >1. An elevated background liver signal may hinder the correct 
visualization of biliary anatomy. The dose and the time of administration of ICG are 
quite variable, as reported in the literature[16]. A recent study with data from the 
European Fluorescence Image-Guided Surgery (FIGS) registry[17] has shown a wide 
disparity in ICG dose and timing in NIRF-C across different European countries. 
Boogerd L et al[18] demonstrated that the highest bile duct-to-liver ratio was achieved 
3 to 7 h after administration of 5 mg of ICG and 5 to 25 h after administration of 10 mg 
of ICG. Another study by Zarrinpar A et al[19] confirmed that a single dose of 0.25 
mg/kg administered at least 45 min prior to visualization of the hepatocystic triangle 
facilitates intra-operative anatomical identification. Recently, Chen Q et al[20] 
demonstrated that the optimal effect of fluorescent cholangiography can be achieved 
by injecting 10 mg of ICG 10 to 12 h prior to surgery. Matsumura M et al[21] 
recommended the administration of 0.25 mg/kg ICG on the evening before surgery, as 
it may increase bile duct detectability in fluorescence cholangiography during LC. 
Based on our experience, we think that the administration of ICG 45 to 60 min before 
surgery is—from a logistical point of view - more practical since most patients are 
usually hospitalized on the same day as the surgical procedure. Indeed, the debate 
remains open, and a consensus conference may help the surgical community.

The direct injection of ICG into the gallbladder is a technique that allows 
overcoming the strong background signal in the liver. Liu YY et al[22] were the first to 
describe intracholecystic ICG administration during LC in a porcine model, proving 
the feasibility and usefulness of this technique to achieve adequate CVS. Few clinical 
studies of NIR cholecystocholangiography with direct ICG injection into the 
gallbladder were conducted, namely, two case reports, one case-control study, and a 
few prospective cohort studies, for a total of 80 patients, of whom 49 underwent 
surgery for symptomatic cholelithiasis and 31 for acute cholecystitis[22-26], as 
summarized in Table 1.

Liu YY et al[22] and Škrabec C et al[23] conducted the two widest studies, namely, a 
prospective cohort study of 46 patients and a case-control study including 20 patients, 
respectively. The authors described two different routes for intracholecystic ICG 
injection, i.e., percutaneous transhepatic gallbladder drainage (trans-PTGBD) and 
intra-operative direct gallbladder puncture. A 1 mL amount of an ICG bile solution 
was used (ICG concentration = 0.025 mg/mL) made from a combination of 9 mL of 
bile mixed with 1 mL of a preparation of ICG and sterile water at a concentration of 
0.25 mg/mL. NIR cholecystocholangiography with direct gallbladder injection was 
more successful in acute cholecystitis patients who underwent early or interval LC 
after the preliminary positioning of a PTGBD. Among all cases reported in the 
literature, only one patient required conversion to open cholecystectomy due to acute 
necrotic cholecystitis, which precluded safe laparoscopic dissection.

Intracholecystic ICG injection provides relevant advantages compared to 
intravenous NIR cholecystocholangiography, such as the real-time visualization of the 
biliary anatomy, including the gallbladder neck and Hartmann’s pouch, which are safe 
landmarks to start the dissection. Additionally, the timing of ICG injection is 
irrelevant, and small dosages can be used.
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Table 1 Cholecysto-cholangiography with direct intra-gallbladder indocyanine green injection

Ref. Type of 
publication

No. of 
patients

No. of patients 
with gallbladder 
lithiasis

No. of patients 
with acute 
cholecystitis

Technique Complication Conversion to 
open surgery

Jao et al
[26], 2020

Case series 2 0 2 2 trans-PTGBD 
cases

Lymphatic spillage 0

Nitta et al
[24], 2020

Case report 1 0 1 1 case through 
DGBP

- 0

Škrabecet al
[23], 2020

Case-
controlled 
study

20 19 1 20 cases through 
DGBP

ICG bile leakage in 1 case; 
No progression of dye into 
the CD in 3 cases

1

Liu et al
[22], 2017

Cohort study 46 21 25 18 trans-PTGBD 
cases; 28 cases 
through DGBP

ICG leakage in 5 cases 0

Graves et al
[25], 2017

Cohort study 11 9 2 11 cases through 
DGBP

No progression of dye into 
the CD in 1 case

0

PTGBD: Percutaneous transhepatic gallbladder drainage; DGBP: Direct gallbladder puncture; ICG: Indocyanine green; CD: Cystic duct.

Figure 1 Intra-operative real-time identification of biliary structures in a cirrhotic patient, with visible light to the left and NIRF-C to the 
right. A: Pre-dissection visualization of biliary anatomy; B: After complete dissection. One can observe the posterior implantation of the cystic duct on the common 
hepatic duct. CD: Cystic duct; CHD: Common hepatic duct; CBD: Common bile duct.

The downside of direct ICG injection lies in the possibility of ICG bile leakage or 
lymph spillage during gallbladder dissection for acute cholecystitis, as ICG may enter 
through the necrotic gallbladder mucosa into the submucosal lymphatic drainage. In 
regard to the widest experiences reported in the literature[22,23], ICG bile leakage 
occurred in six patients in whom ICG was directly injected through a fine-needle 
puncture. Another limitation lies in the absence of progression of the dye into the CD 
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Figure 2 Classical extrahepatic biliary anatomy with identification of the right and left hepatic ducts using near-infrared fluorescent 
cholangiography. CD: Cystic duct; CHD: Common hepatic duct; RHD: Right hepatic duct; LHD: Left hepatic duct.

in cases of stone obstruction.
Based on the available data, we suggest that larger studies are necessary to validate 

the technique of intracholecystic ICG injection for NIR fluorescent cholangiography.

ICG FLUORESCENT CHOLANGIOGRAPHY IN PATIENTS WITH ACUTE 
CHOLECYSTITIS
Early LC is the gold standard treatment for patients with mild (grade I) and moderate 
(grade II) acute cholecystitis who have no response to initial (within 24 h) conservative 
treatment if performed within 72 h from the onset of symptoms according to 2018 
Tokyo guidelines[27].

Fluorescent cholangiography may be very challenging in an emergency setting, 
when inflammation and adhesions at the hepatoduodenal ligament may impair the 
identification of biliary elements during dissection. Reaching the CVS may be partic-
ularly difficult in such situations[28].

In a recent meta-analysis, Dip F et al[29] suggested that using NIRF-C during 
elective cholecystectomy led to decreased BDI and conversion to open surgery 
compared to white light alone. However, there are limited data about its feasibility in 
an emergency setting. The identification of biliary structures may be challenging, 
especially in cases where there is an abundance of adhesions and severe inflammation 
of the gallbladder wall and surrounding tissues[9].

The literature contains four articles that provide data of patients who underwent LC 
for acute cholecystitis with NIR devices, i.e., two cohort studies[30,31], one interna-
tional European registry[17], and one randomized controlled trial (RCT)[32] are 
reported in Table 2.

In a large retrospective study involving 184 consecutive patients, Daskalaki E et al
[31] reported the results of 24 patients who underwent robotic cholecystectomies (RCs) 
with ICG fluorescence for acute and gangrenous cholecystitis. The authors evaluated 
the detection rate of four biliary structures, i.e., CD, CHD, CBD, and CD-CHD junction. 
In this subset of challenging surgical cases, the CD, CHD, CBD, and CD-CHD junction 
were successfully visualized in 91.6%, 79.1%, 79.1%, and 75% of cases, respectively.

Agnus V et al[17] reported data from the Euro-FIGS database, which enrolled 314 
cases from 12 European surgical centers, including patients affected by symptomatic 
cholelithiasis (n = 248) and patients with acute cholecystitis (n = 58). A 5-point Likert 
scale was used to evaluate the quality of biliary anatomy visualization before and after 
the dissection of the hepatocystic triangle during LC with NIR devices. When the two 
groups (cholelithiasis vs acute cholecystitis) were compared, lower visualization 
quality scores were obtained in the CD group (2.76 ± 1.9 vs 3.54 ± 1.6, P = 0.001) and 
CD-CHD junction (2.43 ± 2 vs 3 ± 1.9, P = 0.04) before the preliminary dissection. The 
impact of variable inflammation on the visualization score of the biliary tree was also 
confirmed by means of multivariate linear regression analysis.
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Table 2 Fluorescent cholangiography in patients with acute cholecystitis

Ref. Type of publication Procedure No. of patients

Agnus et al[17], 2020 Euro-FIGS registry LC 58

Dip et al[32], 2020 RCT LC 44

Di Maggio et al[30], 2020 Prospective cohort study LC 16

Daskalaki et al[31], 2014 Retrospective cohort study RC 24

Yoshiya et al[33], 2019 Retrospective cohort study LC after-PTGBD 130

FIGS: Fluorescence image-guided surgery; RCT: Randomized controlled trial; LC: Laparoscopic cholecystectomy; RC: Robotic cholecystectomy; PTGBD: 
Percutaneous transhepatic gallbladder drainage.

Similar data have been reported in a single-blinded randomized controlled trial[32] 
comparing the efficacy of NIR fluorescent cholangiography vs white light alone. The 
primary objective was the structure detection rate, defined as the total number of 
patients in whom a particular biliary structure was detected, both before and after 
dissection, in each study arm, divided by the total number of patients in each arm. The 
authors found that the degree of gallbladder inflammation was the most important 
variable, affecting the detection of CD and CBD before and after dissection, 
respectively, and of the CD-gallbladder junction only after dissection.

The usefulness of NIRF-C was also confirmed by Yoshiya S et al[33] during LC after 
PTGBD in patients with severe acute cholecystitis. The ICG fluorescence cholan-
giography group showed a significantly shorter operative time, a lower conversion 
rate, and a lower proportion of subtotal cholecystectomies[33].

NIR fluorescence cholangiography in emergency cholecystectomies is a safe and 
useful tool to prevent BDI during LC. However, the available data require further 
elaboration in randomized controlled studies in larger numbers of patients with acute 
cholecystitis undergoing LC with the aid of intra-operative fluorescent cholan-
giography.

DETECTION OF BILIARY VARIANTS USING ICG FLUORESCENCE
Various reports have underlined the importance of fluorescence image-guided 
cholecystectomy in detecting biliary variants. Fluorescent cholangiography allows the 
intraoperative identification of subvesical Luschka’s ducts[34,35], aberrant bile ducts
[36-38], anatomical CD variations[39], and gallbladder aberrations[40,41].

In specific studies, the diagnostic accuracy of NIRF-C in the evaluation of CD 
anatomy has been compared to that of magnetic resonance cholangiopancreatography 
(MRCP), which is the gold standard radiology diagnostic tool for the preoperative 
study of the biliary tree[42,43]. Pesce A et al[44] evaluated the ability of the two 
imaging methods to identify three selected features, namely, the insertion of CD, CD-
CHD junction, and CD course. The level of insertion, course, and wall implantation of 
the CD were achieved by means of NIRF-C with diagnostic accuracy values of 65.2%, 
78.3%, and 91.3%, respectively, in comparison with MRCP data.

In 2017, Diana M et al[45] prospectively evaluated the combination of three imaging 
modalities during robotic cholecystectomy, i.e., virtual reality 3D modeling of MRCP, 
NIRF-C, and intraoperative cholangiogram (IOC). Surprisingly, expert hepatobiliary 
radiologists missed 5 out of 8 anatomical variants on preoperative MRCP, while 
surgeons were able to identify all variants through a virtual surgical exploration 
complemented with intraoperative fluorescent cholangiography.

In another observational study in 65 patients by Hiwatashi K et al[46], the authors 
found a statistically significant correlation between the delineation of CD using ICG 
cholangiography and preoperative MRCP.

Based on the current scientific literature (RCTs shown in Table 3), we strongly 
believe that NIRF-C is a useful tool to detect biliary variants that could guide surgeons 
during dissection to prevent any major bile duct lesions.
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Table 3 Recruiting randomized controlled trials using indocyanine green fluorescence cholangiography

Study 
coordinator; 
NCT No.

Participating 
country

No. of 
patients

Period 
study

Published 
data

Main 
outcome

Controlled 
group

Dose 
indocyanine 
green 

Dosing 
time

Conversion 
to open 
surgery

Bile 
duct 
injury

Dip et al[32]; 
NCT 
02702843

United States 639 April 2016 Ann Surg 
2020

Identification 
of biliary 
anatomy

White light 0.05 mg/kg > 45 min 
prior to 
surgery

One patient 
for bleeding

No

Lehrskov et al
[50]; NCT 
02344654

Denmark 120 March 
2015-
August 
2018

Br J Surg 
2020

Visualization 
of the critical 
junction 

Intraoperative 
cholangiogram

0.05 mg/kg After 
intubation

No No

van den Bos 
et al[61]; NCT 
02558556

The 
Netherlands

308 January 
2016

Ongoing Time to 
achieve 
critical view 
of safety

White light 2.5 mg After 
intubation

NA NA

Koong et al
[60] ; 
NCT04228835

Malaysia 63 March2017-
July 2019

Asian J 
Surg 2021

Time to 
achieve 
critical view 
of safety

White light 2.5 mg Before 
induction 
of 
anesthesia

No No

NA: Not available.

FLUORESCENT CHOLANGIOGRAPHY VS STANDARD INTRAOPERATIVE 
CHOLANGIOGRAPHY
NIRF-C has been recognized as providing some advantages over conventional 
radiographic IOC, such as feasibility and safety, real-time visualization of biliary 
anatomy with safer dissection of the hepatocystic triangle, the lack of a learning curve, 
reduced X-ray exposure, and reduced costs and operative times[5,47-49]. In a Danish 
randomized controlled single-blind clinical trial[50], the authors compared NIRF-C vs 
IOC. They demonstrated that fluorescent cholangiography has the same capacity to 
identify the CVS, and is significantly faster and easier to perform than X-ray cholan-
giography[50]. In a recent meta-analysis by Lim SH et al[51], the authors concluded 
that there was no difference in the visualization of the CD, CBD, and CD-CBD junction 
using ICG fluorescence cholangiography compared to IOC. However, the ICG group 
reported increased rates of CHD visualization.

Dip F et al[52] analyzed medical costs and stated that the median cost of ICG 
fluorescence cholangiography was cheaper than that of IOC (13.97 ± 4.3 vs 778.43 ± 0.4 
USD per patient, P = 0.0001).

Quaresima S et al[53] proposed that NIRF-C is a safe and effective procedure for the 
early recognition of anatomical biliary landmarks, with an important reduction in 
operative times compared to LC with intraoperative cholangiography.

In an article by Prevot F et al[54], the authors analyzed the ability to identify the CD, 
the CD-hepatic duct junction, and the CBD using fluorescence in comparison with 
standard IOC. The results of this study suggested that ICG fluorescence cholan-
giography is more effective than IOC in identifying the biliary tract after dissection.

In conclusion, we believe that there is considerable scientific evidence supporting 
the usefulness of NIRF-C with important advantages over conventional intraoperative 
cholangiography. NIRF-C represents a powerful real-time diagnostic tool for the 
detection of extrahepatic biliary anatomy during LC. Advantages and current 
limitations are summarized in Table 4.

FLUORESCENT CHOLANGIOGRAPHY IN OBESE PATIENTS
As reported in previous studies[9,31,55-57], the presence of dense adipose tissue 
surrounding the hepatocystic triangle may negatively affect the visualization of 
extrahepatic biliary tract using fluorescence. Obesity may represent a limitation of 
NIRF-C because NIR light has a penetration capability of only 5 to 10 mm[7-9]. In 2016, 
Dip F et al[58] conducted a prospective study to evaluate the accuracy of NIRF-C in 
obese vs non-obese patients. The results showed no difference in hepatic duct, CBD, or 
accessory duct detection rates between the two groups (P = 0.09, 0.16, and 0.66, 
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Table 4 Advantages and current limitations of fluorescent cholangiography in comparison to intraoperative cholangiogram and 
laparoscopic ultrasonography

Advantages Limitations

Real-time visualization of biliary anatomy in elective and emergent 
settings

Limited in patients with specific conditions, such as overweight and obesity; it 
needs a preliminary dissection and exposure of the hepatocystic triangle

Safer dissection of the hepatocystic triangle Limited scientific evidence in the setting of acute cholecystitis

Detection of biliary variants and biliary leaks High variability about indocyanine green dose and dosing time

Implementing method in combination with adequate dissection and 
identification technique to achieve critical view of safety

Detection of bile duct stones

Feasibility and safety Need for consensus conference and international guidelines

Reduced medical costs

Time/faster

Lack of X-ray exposure

Simplicity and lack of learning curve

Teaching tool for young surgeons

Possibility to associate fluorescent angiography

Strong potential to become a gold standard during all 
cholecystectomies

respectively) before and after dissection of the hepatocystic triangle.
On the other hand, a German study[59] suggested that a BMI > 25 kg/m² and male 

sex significantly reduced the identification rate of CD before dissection of the hepato-
cystic triangle.

In a randomized controlled multicenter trial[32] comparing ICG vs white light alone, 
an increased BMI was associated with a reduced detection of most biliary structures in 
both groups, especially before dissection.

In general, our opinion is to use fluorescence to perform a complete dissection of the 
hepatocystic triangle in overweight and obese patients to obtain a good quality visual-
ization of the biliary anatomy. In difficult cases where the surgeon is not able to clearly 
check the biliary anatomy, the surgeon should respect a sufficient thickness between 
the dissecting site and the main bile duct by working close to the gallbladder 
infundibulum to avoid unexpected biliary lesions. NIR imaging cannot be considered 
a substitute for good dissection and structure identification.

FLUORESCENT INCISIONLESS CHOLANGIOGRAPHY AS A TEACHING 
TOOL FOR YOUNG SURGEONS
It is well established that the risk of BDI correlates with the quality of the procedure 
performed, rather than the number of cases seen by the surgeon[1,2]. A clear identi-
fication of the biliary anatomy is crucial to perform a safe cholecystectomy and 
achieving CVS is now being taught as a key step of the operation to young surgeons[4,
13]. In a recent randomized controlled trial[60], the time to achieve CVS from the 
gallbladder fundus retraction was measured by analyzing different levels of difficulty. 
The mean time, expressed in minutes, to achieve CVS was 22.3 ± 12.9 in the ICG-LC 
group (n = 30) and 22.8 ± 14.3 in the conventional LC group (P = 0.867). The authors 
concluded that fluorescent cholangiography may be a useful tool in difficult LC and in 
surgical training. A randomized controlled multicenter Dutch trial (FALCON trial) 
regarding the time to visualize CVS with NIRF-C compared to white light alone is still 
ongoing[61]. However, biliary structures are not always easily visualized laparoscop-
ically. Fluorescence incisionless cholangiography may be a promising tool for training 
new surgeons in safe laparoscopic cholecystectomies by helping with biliary anatomy 
identification. To date, few studies have been conducted regarding the potential role of 
this technique in surgical training programs[62-64].

In 2016, Roy M et al[62] tested the ability of surgical students and residents to 
identify major biliary structures at NIR light. Participants were shown pictures taken 
at the same stage of hepatocystic triangle dissection in 10 cases of LC, first with NIR 
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light and then with Xenon white light. Both students and residents had a higher 
success rate of biliary tree identification with NIR fluorescence cholangiography. The 
authors also underlined the importance of NIRF-C to achieve appropriate intraop-
erative communication to guide residents, as it allows us to point out glowing 
structures in real time.

Similarly, in 2020, Rungsakulkij N et al[63] conducted a study to investigate the 
beneficial impact of fluorescence cholangiography on the ability of surgical residents 
to identify biliary structures. Participants were asked to identify the CD and artery, 
CBD and CHD in five LC videos, first without fluorescence, and then with NIRF-C. 
The results showed a higher misidentification rate among surgical residents in the 
without-FC modality than in the with-FC modality, proving the benefit of the 
technique among trainees.

In a study by Pesce A et al[47] on the usefulness of fluorescent cholangiography for 
biliary anatomy identification, surgical residents completed a survey on the perceived 
benefits of the technique. Responses were measured with a Likert scale. All 
participants agreed that NIRF-C facilitates the dissection of the hepatocystic triangle, 
hence being a useful adjuvant to training programs; 92% of respondents found the 
method easy to perform; 88% declared that it was effective in visualizing the biliary 
tree, and 84% found that the image quality was good. Consequently, residents 
consider the novel method a useful tool to visualize biliary anatomy and perform a 
safe dissection of the hepatocystic triangle, decreasing the risk of BDI.

From these experiences, it is safe to conclude that there is a large consensus 
regarding the beneficial role of NIRF-C in the training process of young surgeons. 
However, larger studies proving the benefits on the skills of surgical residents are 
required for the technique to be routinely performed in a teaching setting.

FLUORESCENT CHOLANGIOGRAPHY AND DETECTION OF BILIARY 
STONES
To date, there is no evidence that FC can effectively identify CBD stones by replacing 
IOC[64,65]. Intraoperative laparoscopic ultrasound (IOUS) could well represent a valid 
alternative to IOC in the detection of CBD stones[66,67]. Current limitations are related 
to the difficult learning curve and the lack of randomized controlled trials[66]. 
According to Daskalaki M et al[27], ICG fluorescence cholangiography can help to 
detect CD dilation and gallbladder stones (as shown in Figure 3), but it cannot rule out 
the presence of CBD stones. In a recent correspondence by Labil PL and Aroori S 
published in Br J Surg[65], the authors suggested performing an RCT comparing IOUS 
with X-ray and/or fluorescence cholangiography in LCto detect a difference in the rate 
of bile duct stone identification, as well as viewing the critical junction.

NIRF-C AND ROBOTIC CHOLECYSTECTOMY
Since the introduction of the robotic surgical platform in the 2000s, approximately 10% 
of all cholecystectomies are performed robotically[68] today. ICG technology was soon 
incorporated into the robotic platform, and the first case series involved patients who 
underwent single-incision or multiport robotic cholecystectomy (RC) with NIRF-C, as 
summarized in Table 5.

In a large retrospective cohort study including 184 patients, Daskalaki D et al[31] 
proved the feasibility of this technique. The four main biliary structures (CD, CHD, 
CD-CHD junction, CBD) were recognized using fluorescence imaging in 83% of cases. 
At least one structure was visualized in 99% of cases. Similar data have been reported 
by other authors[55,69-71].

Spinoglio G et al[70] showed that after dissection of the hepatocystic triangle, the 
visualization rates for each structure (CD, CHD, CD-CHD junction, CBD) increased to 
97%. In addition, the rate of patients with two or three ducts visualized with NIR 
fluorescent cholangiography increased from 91% to 97% and from 86% to 95% before 
and after dissection, respectively.

In recent years, some authors compared data of patients who underwent robotic 
cholecystectomy with the use of ICG vs conventional LC[72,73]. In a retrospective 
cohort study, Sharma S et al[72] analyzed 287 consecutive cases, including 96 RCs and 
191 LCs. The authors found a lower open conversion rate in the robotic cohort (2.1% vs 
8.9% in LC), although this difference was not statistically significant.
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Table 5 Studies reporting robotic cholecystectomy and near-infrared fluorescent cholangiography

Ref. Type of publication No. of patients Technique Incidence of conversion rate to open surgery (%)

Sharma et al[72], 2017 Retrospective cohort study 96 RC 2.1

Gangemi et al[73], 2017 Retrospective cohort study 676 RC 0.15

Maker et al[71], 2017 Cohort study 35 RC NR

Daskalaki et al[31], 2014 Retrospective cohort study 184 RC 0.00

Spinoglio et al[70], 2013 Cohort study 45 SIRC 0.00

Buchs et al[55], 2013 Cohort study 23 SIRC 0.00

Buchs et al[69], 2012 Prospective cohort study 12 SIRC 0.00

RC: Robotic cholecystectomy; SIRC: Single-incision robotic cholecystectomy; NR: Not reported.

Figure 3 Identification of cystic duct stones by means of fluorescence.

Gangemi A et al[73] conducted a case-control study comparing the outcomes of 
ICG-aided RC vs LC at the University of Illinois (Chicago, United States). The authors 
reported a statistically significant difference between RC performed with the help of 
ICG and traditional LC in terms of the overall open conversion rate (0.15% vs 4.5%), 
open conversion rate in the acute setting (0.76% vs 9.57%), mean blood loss during 
surgery (14.37 mL vs 21.08 mL), and minor biliary injury rate (0.15% vs 1.04%). 
Additionally, a biliary tree anomaly was found in 2.07% of patients who underwent 
ICG-aided RC compared to 0.69% of patients who underwent LC with conventional 
intraoperative cholangiography.

Recently, Dip et al[29] conducted a meta-analysis evaluating whether NIFC with 
ICG could reduce conversion to open surgery and bile duct injuries during laparo-
scopic and robotic cholecystectomy. Patients who underwent ICG-aided RC showed a 
marked reduction in the rate of conversion to open surgery compared to RC without 
NIFC (weighted rate: 12/10.000 vs 322/10.000). Similar data were reported in the ICG-
aided LC group (weighted rate: 23/10.000 vs 255/10.000). For BDI, a reduction was 
reported in the ICG-aided LC group compared to LC without NIFC (weighted rate: 
23/10.000 vs 255/10.000), while no difference was noted regarding RC with and 
without NIFC. In conclusion, we believe that the use of NIRF-C may reduce the 
conversion rate in both minimally invasive procedures, laparoscopic and robotic 
cholecystectomy, while the reduction rate only exists in LC for BDI. However, further 
studies are required.

CONSENSUS CONFERENCES AND GUIDELINES
During the 4th International Congress of Fluorescence-Guided Surgery in Boca Raton, 
Florida in 2017, Dip F et al[74] conducted a pilot survey of 51 attending surgeons who 
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routinely performed laparoscopic cholecystectomies to identify their surgical practice 
and perceptions of intraoperative fluorescent cholangiography. Ten experts in ICG 
fluorescence-guided LC from North and South America, Europe, and Asia designed 
the survey for conference attendees. Seventy-eight percent of respondents underlined 
the importance for surgeons of having a noninvasive, simple, and reproducible 
diagnostic tool to identify the extrahepatic biliary anatomy in real time. In general, 
they recommended the routine use of NIRF-C during LC as a complimentary imaging 
technique, and 93.3% of them felt that the procedure would be useful in surgical 
training programs.

In a recent state-of-the-art consensus conference on the prevention of BDI during 
cholecystectomy published in Annals of Surgery[75], a pool of experts from five surgical 
societies (Society of Gastrointestinal and Endoscopic Surgeons, Americas Hepato-
Pancreato-Biliary Association, International Hepato-Pancreato-Biliary Association, 
Society for Surgery of the Alimentary Tract, and European Association for Endoscopic 
Surgery) analyzed the scientific evidence among surgical practices to prevent bile duct 
injuries. At question 5B, i.e., “Should intraoperative NIR biliary imaging with white 
light versus white light biliary imaging alone be used to limit the risk or severity of 
BDI during LC?”, they answered the following question: We suggest that the use of 
NIR imaging may be considered an adjunct to white light alone to identify the biliary 
anatomy during cholecystectomy (conditional recommendation, very low certainty of 
evidence).

However, in a Delphi survey of 19 international experts in fluorescence-guided 
surgery attending a 1 d consensus meeting in Frankfurt, Germany in September 2019, 
fluorescence imaging was almost unanimously perceived to be both effective and safe 
across a broad range of clinical settings[76]. No specific recommendations were given 
for fluorescent cholangiography. Moreover, the safety of ICG dye has been underlined: 
the risk of adverse reactions to ICG injection, such as anaphylactic shock, is very small 
(approximately 0.003% at doses exceeding 0.5 mg/kg) according to the literature data
[9,77].

CONCLUSION
The results of the current up-to-date overview confirmed the efficacy of ICG-
fluorescence cholangiography in detecting biliary anatomy, its importance as a 
teaching tool for young surgeons, and the effects on the reduction of conversion rate 
and BDI, even if further considerable research remains necessary to optimize its use. 
This frontier method has enormous potential to become the gold standard during all 
cholecystectomies in elective and emergency settings due to its safety and limited 
costs. However, clear clinical guidelines are necessary for the surgical community.
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Abstract
Pancreatic cancer (PC) is an aggressive human cancer. Appropriate methods for 
the diagnosis and treatment of PC have not been found at the genetic level, thus 
making epigenetics a promising research path in studies of PC. Histone 
methylation is one of the most complicated types of epigenetic modifications and 
has proved crucial in the development of PC. Histone methylation is a reversible 
process regulated by readers, writers, and erasers. Some writers and erasers can 
be recognized as potential biomarkers and candidate therapeutic targets in PC 
because of their unusual expression in PC cells compared with normal pancreatic 
cells. Based on the impact that writers have on the development of PC, some 
inhibitors of writers have been developed. However, few inhibitors of erasers 
have been developed and put to clinical use. Meanwhile, there is not enough 
research on the reader domains. Therefore, the study of erasers and readers is still 
a promising area. This review focuses on the regulatory mechanism of histone 
methylation, and the diagnosis and chemotherapy of PC based on it. The future of 
epigenetic modification in PC research is also discussed.

Key Words: Pancreatic cancer; Epigenetics; Histone modification; Methylation; Demethy-
lation; Clinical application

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Pancreatic cancer is a highly lethal malignancy of the digestive tract that is 
difficult to diagnose and treat. Histone methylation/demethylation equilibrium is 
altered in carcinogenesis, resulting in changes in chromatin structure and gene 
expression. Not only are histone methylation writers related to histone methylation 
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erasers but histone methylation is also related to other epigenetic modifications. 
Therefore, histone methylation is addressed as a potentially important chemotherapy 
drug target.
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INTRODUCTION
Pancreatic cancer (PC) is a malignant tumor. The lack of adequate diagnostics for PC 
limits the efficacy of the few currently available treatment options. Current diagnostic 
methods include clinical biomarkers, imaging, biopsy, etc. To date, carcinoembryonic 
antigen 19 (CA-19) is the only PC clinical biomarker approved by the U.S. Food and 
Drug Administration[1], but the use of CA-19 is limited by its inadequate sensitivity 
and specificity[2,3]. Percutaneous biopsy can result in micrometastases in younger 
patients who receive surgery, so it is only appropriate for inoperable patients[4]. 
Current diagnostic methods are either inaccurate or limited. Conventional treatment 
methods for PC mainly include surgery, adjuvant chemotherapy, drug therapy, and 
radiation therapy[5]. Surgery remains the most important treatment, followed by 
adjuvant chemotherapy[5]. At present, only 15% to 20% patients can be surgically 
treated after diagnosis, and only 20% of the patients survive 5 years after receiving 
surgery[6,7]. Regarding chemotherapy, gemcitabine and other drugs have proved 
effective for advanced and metastatic PC, but the development of drug resistance has 
limited the effectiveness[8]. The survival rate of PC patients has not changed much in 
the past 40 years[8]. The robust molecular biomarkers need to be developed for 
diagnosis and targeted therapies.

Cancer development is a complex process involving both genetic and epigenetic 
changes. Genome instability, regulated by both genetic mutations and epigenetic 
modifications, contributes to tumor progression[9]. The concept of epigenetics itself is 
evolving with the increase of our knowledge of the molecular mechanism and 
regulation of gene expression. It is currently widely acknowledged that epigenetics is 
the study of alternations in gene expression patterns without changes in DNA 
sequences[10]. Epigenetic modifications include DNA methylation, histone 
modification and non-coding RNAs. Epigenetic modifications present a new direction 
for cancer prevention, clinical diagnosis, and drug development.

Histone modification is one of the most important and complicated epigenetic 
regulatory mechanisms and is crucial in PC. Histone modification affects chromatin 
structure, transcription, and DNA repair process[11]. Histone modification takes part 
in the regulation of chromatin architecture and specific loci regulation by recruiting 
cell-specific transcription factors and interacting with initiation and elongation factors
[12]. Histone modification also regulates the transcription process by influencing RNA 
processing[12]. In terms of regulating chromatin structure, histone modification affects 
the higher-order chromatin structure by changing the interactions of histones with 
DNA, and/or by recruiting chromatin remodeling complexes indirectly[13-15].

Histone modifications include histone acetylation, methylation, phosphorylation, 
and ubiquitination. Histone methylation plays crucial roles in the development of PC. 
Therefore, this review focuses on histone methylation and its clinical applications.

HISTONE METHYLATION
Post-translational methylation in histone tails is a reversible dynamic chromatin 
modification. Methyl is dynamically added by methyltransferases-writers, removed by 
demethylase-erasers, and interpreted by effector proteins-readers[16]. Readers 
recognize specific sites and promote the recruitment of transcription factors or 
chromatin-associated protein complexes and bind to histones to enable the localization 
of enzymes to specific targets[17].

https://www.wjgnet.com/1007-9327/full/v27/i36/6004.htm
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Histone methylation takes place on the residues of arginine, lysine, and histidine. 
According to the amino acid residues modified, there are arginine residue methyl-
transferases and lysine residue methyltransferases[18]. Histone arginine methylation is 
a universal post-translational modification, and aberrant histone arginine methylation 
is strongly associated with carcinogenesis and metastasis[19]. Arginine residues may 
be differentially methylated by different types of protein arginine N-methyltrans-
ferases (PRMTs)[19].

The maintenance of the balance between histone methylation and demethylation is 
fundamental to normal cellular development and function[20,21]. The break of the 
balance between histone methylation and demethylation results in oncogenesis and 
progression[21,22]. Corresponding to writers, erasers can be divided into arginine 
residue demethylases and lysine residue demethylases. However, current research on 
histone arginine residue demethylases is limited, so we only discuss lysine residue 
demethylases. Based on their mechanism of action, lysine demethylases (KDMs) are 
classified into two families: Flavin adenine dinucleotide (FAD)-dependent and Fe(II) 
and 2-oxoglutarate (2OG)-dependent[23-25].

The appropriate localization of histone methyltransferase and histone demethylase 
is dependent on the readers that can recognize histone modifications[26]. The reader 
can either be an independent polypeptide or a part of methyltransferase/demethylase
[27-31]. Some reader domains such as chromodomain[32,33], Tudor domain[34], 
tryptophan-aspartic acid 40 (WD40) domain[35,36] and plant homeodomain (PHD) 
finger[37,38] are well known. These reader domains all have their own specific 
structure[32-38].

HISTONE METHYLATION WRITERS IN PC
Among histone methylation, arginine and lysine methylation are the most widely 
studied in PC[39]. Histone methylation is performed mainly by two types of writers: 
PRMTs and lysine methyltransferases (KMTs) (Table 1), with S-adenosyl-L-methionine 
(SAM) as the methyl donor[40].

PRMTs
PRMTs catalyze the transfer of a methyl group from SAM to a guanidino-nitrogen 
atom[41]. Three types of methylated arginine residues are found in mammalian cells: 
Asymmetric dimethyl-arginine (ADMA), symmetric dimethyl-arginine (SDMA) and 
monomethyl-arginine (MMA)[41]. Depending on their catalytic activity, PRMTs can be 
classified in three types[42]. Type I PRMTs are responsible for producing ADMA, 
whose methyl groups are linked to the same guanidino nitrogen atom. Type II PRMTs 
add the methyl groups on each of the guanidino nitrogen atom of arginine symmet-
rically, producing SDMA[42]. PRMT7 is the sole member of type III, exclusively 
catalyzing the formation of MMA[43]. PRMT1 and PRMT5 function in PC[44,45]. 
PRMT1 belongs to type I and PRMT5 belongs to type II[42].

PRMT1: PRMT1 is the founding member of the PRMT family, and PRMT1 can 
methylate histone H4 at arginine 3. This modification is associated with transcriptional 
activation[44]. Upregulation of PRMT1 is found in various cancer types[46-49]. PRMT1 
is highly expressed in pancreatic ductal adenocarcinoma (PDAC) cells, and elevated 
PRMT1 levels predict a poor clinical outcome[44]. PRMT1 promotes PC cell growth in 
vitro and in vivo[44]. PRMT1 increases the β-catenin protein level in PC cells[44]. 
Overactivation of β-catenin signaling promotes the growth, migration, and metastasis 
of PC cells[50-52]. PRMT1 downregulation inhibits PC cell proliferation and invasion
[53]. GLI family zinc finger 1 (Gli1) is a substrate of PRMT1 in PDAC. Methylation of 
Gli1 at R597 by PRMT1 promotes its transcriptional activity by enhancing the binding 
of Gli1 to the promoters of its target gene[54]. Interruption of Gli1 methylation 
attenuates oncogenic functions of Gli1 and sensitizes PDAC cells to gemcitabine 
treatment[54].

PRMT5: PRMT5 is a type II writer, responsible for symmetric demethylation[19,55]. 
PRMT5 regulates the expression of a wide spectrum of target genes by modifying the 
chromatin structure or transcriptional machinery[56]. Specifically, PRMT5 can catalyze 
the methylation of arginine 8 on histone H3 and arginine 3 on histone H4 (H4R3)[57]. 
High expression of PRMT5 has been observed in various cancers. PRMT5 expression 
improves cancer cell survival, proliferation, migration and metabolism while 
inhibiting cancer cell apoptosis[55]. PRMT5 expression is significantly upregulated in 
PC tissues[56]. PRMT5 promotes tumorigenesis and PC cell proliferation[45]. PRMT5 
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Table 1 Histone methyltransferases play a major role in pancreatic cancer

Family Subfamily Alias Site Function in pancreatic cancer

PRMTs PRMT1 HRMT1L2, HMT2, 
ANM1

H4R3me2a Increase the β-catenin protein level; Methylate Gli1 at R597[44,54]

PRMT5 HRMT1L5, SKB1, HSL7 H3R2me2s Silence the expression of the tumor suppressor FBW7; Promote 
EMT via activating EGFR/ AKT/β-catenin signaling[45,56,188,
189]

KMTs SMYD3 ZNFN3A1, ZMYND1 H4K5me3 Affect the PC progression by regulating MMP-2; Potentiate Ras 
signaling through methylation of MAP3K2[62,64]

EZH2 KMT6, WVS, ENX-1 H3K27me3 Suppress miR-139-5p expression by upregulating H3K27me3; 
Repress the E-cadherin by tri-methylation of H3K27[78,190]

All current research on reprogramming histone methyltransferases that play a role in pancreatic cancer. EMT: Epithelial-mesenchymal transition; FBW7: F-
Box and WD repeat domain containing 7; KMTs: Histone lysine methyltransferases; PC: Pancreatic cancer; PRMTs: Protein arginine N-methyltransferases.

promotes cell migration, invasion, and the epithelial-mesenchymal transition (EMT) 
via activating EGFR/AKT/β-catenin signaling in PC cells[45]. PRMT5 knockdown 
reduces glucose intake and lactate levels in PC cells[56]. PRMT5 can inhibit the 
expression of F-Box and WD repeat domain containing 7 (FBW7)[58,59]. PRMT5 
inhibits FBW7 via suppression of FBW7 gene promoter activity and elevation of cMyc 
stability, leading to tumorigenicity and aerobic glycolysis in PC cells[56]. PRMT5 
induces the phosphorylation of epidermal growth factor receptor (EGFR) at Y1068 and 
Y1172[45]. Then PRMT5 activates phosphorylation of AKT and its downstream GSK3β
[45].

KMTs
KMTs transfer one, two, or three methyl-groups to histone lysine residues[60]. KMTs 
are categorized into two protein families based on catalytic domain sequence 
similarity and structural organization[61]. Two major writers, SMYD3 (KMT3E) and 
EZH2 (KMT6), are related to PC[62,63]. SMYD3 is a member of SET and MYND-
domain family[64]. EZH2 belongs to the polycomb family[61].

SMYD3: SMYD3 belongs to the SET and MYND-domain family. SMYD3 can promote 
the proliferation, migration, and invasion of many types of cancer[64]. SMYD3 is a 
protooncogene in liver, colon and breast tissue based on its high level of endogenous 
expression and cancer-related promoter polymorphism[65-70]. SMYD3 is upregulated 
in PC. SMYD3 is positively associated with caspase-3 and MMP-2 expression in PC 
tissues[62]. Active Src phosphorylates p300 in the nucleus, and then the complex binds 
to HMGA2 and SMYD3 genes. Therefore, HMGA2 and SMYD3 are regulated to 
promote PC cell migration and invasion[71].

EZH2: EZH2 is the enzymatic subunit of polycomb repressive complex 2 (PRC2), a 
complex that methylates lysine 27 of histone H3(H3K27) to promote transcriptional 
silencing[72]. High expression of EZH2 protein has been associated with several 
cancers[73-75]. EZH2 is overexpressed in PC[76]. FBW7 interacts with EZH2 and 
downregulates EZH2 via ubiquitination and degradation in PC cells[76]. Downregu-
lation of FBW7 induces high EZH2 protein expression and promotes tumor 
progression in PC[76]. Long non-coding RNA (lncRNA) BLACAT1 facilitates prolif-
eration, migration, and aerobic glycolysis of PC cells by repressing CDKN1C via EZH2-
induced histone H3 lysine 27 trimethylation (H3K27me3)[77]. EZH2 regulates the 
expression of miR-139-5p via H3K27me3, and the EZH2/miR-139-5p axis participates 
in the progression of PC, whereby downregulation of EZH2 and upregulation of miR-
139-5p repress the EMT and lymph node metastasis of PC[78]. EZH2 can bind to the 
promoters of P15 and KLF2 to induce H3K27me3[79]. LncRNA SNHG15 knockdown 
inhibits PC cell proliferation and tumorigenesis while inducing cell apoptosis, and the 
SNHG15-mediated oncogenic effect is partly by repressing P15 and KLF2 expression 
via EZH2-induced H3K27me3[79].
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HISTONE METHYLATION ERASERS IN PC
The demethylation of arginine and lysine in histone tails is the two main forms of 
histone demethylation. Due to the large gaps in research on arginine demethylation, 
the main situation of KDMs in PC will be mainly described. KDMs can catalyze 
monomethyl, dimethyl or trimethyl labeling of histone lysine residues[12]. There is 
some evidence that occurrence, development, and therapy of PC are all related to 
KDMs[80,81] (Table 2).

KDM1
Flavin-dependent KDMs are a subfamily of amine oxidases that catalyze the selective 
posttranslational oxidative demethylation of methyl lysine side chains within 
substrates[82]. Two subtypes of KDMs, KDM1A and KDM1B, are related to PC[83,84]. 
They are expressed at high levels in PC tissues. To date, the expression patterns and 
physiological functions of KDM1A/LSD1 in PC have not been fully elucidated. 
KDM1A and hypoxia inducible factor-1α (HIF1α) are the interaction partners of the 
homeobox protein PROX1[85,86]. KDM1A acts synergistically with HIF1α in 
maintaining glycolysis[87]. Compared with KDM1A, KDM1B/LSD2 lacks a "tower 
domain" and has a zinc finger domain in the N-terminal region, which makes KDM1B 
endowed with different biochemical properties[24,25,88]. KDM1B is related to many 
important biological functions, including transcriptional regulation, genome 
imprinting, somatic cell reprogramming, DNA methylation, and signal transduction
[89-92]. The downregulation of KDM1B can inhibit PC cell proliferation and promote 
PC cell apoptosis in vitro[93,94].

JmjC domain-containing protein family
JmjC domain-containing (JMJD) protein family is a type of Fe (II) and α-ketoglutarate-
dependent dioxygenases. The JMJD protein family now consists of 33 members. There 
are 18 members with the ability to demethylate H3K4, H3K9, H3K27, H3K36, and 
H4K20[23,95-108].

KDM2B: KDM2B acts on H3K36 demethylation. KDM2B enhances the bypass of 
primary cell senescence by directly binding to tumor suppressor gene CDKN2A sites 
and demethylating histones, thereby guiding the recruitment of PRC2; thus, it plays an 
important role in cell cycle progression and senescence[109,110]. KDM2B regulates cell 
proliferation, migration, and angiogenesis[111-113]. KDM2B plays a crucial role in 
poorly differentiated PDAC, and there is an interaction between EZH2 and KDM2B
[114].

KDM3A: KDM3A/JMJD1A, one member of the JMJD1 family, participates in 
transcriptional regulation by demethylating monomethyl or dimethyl H3K9[115,116]. 
Since cells are heterogeneous in early PDAC tissues, new progress has been made in 
the study of PDAC morphology, which is specifically manifested by the upregulation 
of DCLK1 expression[117]. KDM3A plays a key role in the upregulation of DCLK1 
expression, and KDM3A expression inhibitors can inhibit the malignant properties of 
PDAC[118].

KDM4: The KDM4 subfamily consists of 12 demethylases including KDM4A, B, C, 
and D, which can catalyze the removal of inhibitory trimethyl marker of H3K9 and 
H3K36 related to transcription[98,119]. KDM4A, B, and D play a role in PC mainly. 
The interaction between regulatory factor X-associated protein RFXAP and KDM4A 
can disrupt DNA damage repair[120]. RFAXP is a key transcription factor for MHC II 
molecules[121,122]. It can bind to the promoter of KDM4A and induce its expression
[120]. In PC, Fisetin can interact with RFXAP/KDM4A to inhibit PC tumor growth in 
vivo and cell proliferation in vitro[120]. In PC, KDM4B shows the ability to 
downregulate E-cadherin[123]. The high nuclear expression of KDM4D in the samples 
of pancreatic resection margins significantly and independently predicts an earlier 
recurrence in PC patients[124].

KDM5: KDM5 subfamily consists of four members, KDM5A, KDM5B, KDM5C, and 
KDM5D[125]. The role of KDM5 family in PC is not completely clear. KDM5A is 
associated with the development of PC[126]. KDM5A inhibits the expression of 
mitochondrial pyruvate carrier-1 (MPC-1) and controls the metabolites of pyruvate in 
mitochondria in PDAC[126]. Upregulation of MPC-1 seems to inhibit the development 
of cancer. Therefore, it can be inferred that KDM5A promotes the development of 
PDAC.
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Table 2 Histone demethylase that plays a major role in pancreatic cancer

Family Subfamily Alias Site Function in pancreatic cancer

KDM1A LSD1 H3K4me1 Promote the occurrence of cancer[83]KDM1

KDM1B LSD2, AOF1 H3K4me2 Related to tumor tissue apoptosis[84]

KDM2B Ndy1, FBXL10, 
JHDM1B

H3K4me3, H3K36me2 Promote senescence of primary cells[109,110]

KDM3A JMJD1A, 
JHDM2A

H3K9me2 
(preferential), 
H3K9me1

Regulate biological and pathological processes, including embryonic 
development, stem cell self-renewal and differentiation, genome 
integrity and tumorigenesis[191,192]

KDM4A JMJD2A H3K36me3, H3K9me3 Destruction of homologous recombination[120,138]

KDM4B JMJD2B H3K9me3 Promote epithelial-mesenchymal transition[123]

KDM4 family

KDM4D JMJD2D H3K9me2/me3 Stimulates in vitro proliferation and cell survival, and plays a vital 
role in DNA double-strand break repair[193,194]

KDM5A JARID1A, 
RBBP2

H3K4me2 Promote the inhibition of active transcription and repair of DNA 
double-strand breaks[139,195]

KDM6A UTX H3K27me2/me3 The effect of KDM6A on PC tissue is currently unclear[196]KDM6 family

KDM6B JMJD3 H3K27me2/me3 Enhance the aggressiveness of cancer cells[176]

Jumonji 
C

PHD finger and 
zinc finger protein 
family

KDM7A JHDM1D H3K9me2, H3K27me2 May be related to the upregulation of E-cadherin gene expression[93]

All current research on reprogramming histone demethylases that play a role in pancreatic cancer. The table is sorted by family. PC: Pancreatic cancer; 
PHD: Plant homeodomain.

KDM6: KDM6 subfamily is mainly composed of KDM6A/UTX, its paralogs UTY and 
KDM6B[127]. They can demethylate the dimethyl and trimethyl groups of H3K27. 
They play important roles in the occurrence and development of many cancers. 
KDM6A/UTX has been the most frequently mutated epigenetic regulator in cancers 
including PC[128-133]. In addition, KDM6A also antagonizes PRC2-mediated H3K27 
trimethylation catalyzed by EZH2, thereby regulating development[99,104,134]. 
KDM6A has not been found to function in PC tissues. Downregulation of KDM6B is 
widespread in many cancer cells[135,136]. Almost all pancreatic epithelial tissues have 
been detected KRAS gene mutations before they become cancerous[137]. KDM6B, 
which is located downstream of the KRAS gene, is upregulated in the pre-tumor phase 
of pancreatic intraepithelial tumors[138]. It is worth noting that the expression of 
KDM6B decreases with cancer development.

KDM7 (PHF and ZF protein subfamily): At present, the effect of KDM7 subfamily on 
PC has been seldom developed. According to relevant data, KDM7A may be related to 
the occurrence and development of PC[139].

READER DOMAIN IN WRITERS AND ERASERS
PHD fingers are central “readers” of histone post-translational modifications. They 
recognize specific histone modifications and bind to histone to ensure the different 
enzymes to locate in special targets[140,141]. They are structurally conserved, 
represented by the canonical C4HC2C/H sequence coordinating two zinc ions. They 
present in many chromatin-modifying proteins, such as demethylases or methyltrans-
ferases, or act as scaffolding proteins that can connect multi-subunit enzymatic 
complexes with a particular genomic region[30,140,141]. In this part, we will discuss 
how PHD fingers regulate histone methylation/demethylation and their binding 
substrates (Table 3).

Regulation of writers by PHD finger
KMT2A-E all have PHD fingers, but the number of PHD fingers in these proteins is 
different. KMT2A and KMT2B have four PHD fingers, while KMT2C has eight PHD 
fingers and KMT2D has seven PHD fingers, but KMT2E only has one PHD finger. 
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Table 3 Different enzymes and plant homeodomain finger domain

Type of enzyme Name of enzyme PHD 
domain Histone substrates Function

KDM1B/LSD2 PHD H3K4me2 Unknown[25]

KDM2A PHD H3K36me2/me1 Unknown[150]

KDM4A-C Two PHD Unknown Unknown[155,197]

PHD1 Unmethylated H3K4 histone tail PHD1 finger by H3 N-terminal tail peptides stabilizes 
binding of the substrate to the catalytic finger and 
improves the catalytic efficiency of demethylation[198,
199]

PHD2 Unmodified H3K4 Unknown[158]

KDM5A

PHD3 H3K4me3 PHD3 finger can recruit substrate and it relates to 
demethylation propagation along nucleosomes via a 
positive-feedback regulatory mechanism[151,199]

PHD1 H3K4me0 PHD1 finger recognizes the N-terminus of histone H3, 
provides an anchoring mechanism for KDM5B and 
PHD1-H3K4me0 is interaction is important for inhibition 
of migration[17]

PHD2 Couldn’t bind to histone Unknown[17]

KDM5B

PHD3 H3K4me3/H3K4me0 PHD3 finger detects H3K4me3, anchors at chromatin and 
spreads the transcriptionally inactive state

KDM5C PHD1 H3K4 PHD1 finger stabilizes the substrate peptide and helps to 
position the H3K4 in the JmjC finger exactly[162]

Histone 
demethylation 
enzyme

PHF8(KDM7subfamily) PHD1 Suppressive marks on 
H3K9me2/me3 and 
H3K27me2/me3 and 
H4k20me2/me3

PHD1 finger plays a significant role in PHF8 substrate 
recognition and helps to improve substrate affinity and 
specificity[164]

PHD1 Unknown PHD1 finger is necessary for a context-dependent 
regulation of holocomplex formation and implicated in 
tumor suppression[143]

PHD2 Unknown PHD2 finger shows the E3 ubiquitin ligase activity and 
involve in homo-dimerization[144,200]. Mutation in 
PHD2 will enhance transactivation ability and help to 
recruit target gene promoters

PHD3 H3K4me3/me2 Unclear, one possibility is binding of H3K4me3 by PHD3 
is necessary for the transcription-promoting effects of 
KMT2A/2B, another is to set a broad, methylated 
chromatin finger[145]

KMT2A, KMT2B

PHD4 Unknown PHD4 finger mediates intramolecular interactions 
between the N-terminal and C-terminal fragments of 
KMT2A with PHD1, and improves its stability[143]

KMT2C Eight PHD 
fingers

Unknown These fingers help KMT2C to recruit to its target genes 
correctly[30,146]

KMT2D Seven 
PHD 
fingers

Unmodified histone H4 and 
asymmetrical H4R3me2

These fingers are essential for methyltransferase activity 
of KMT2D and KMT2D-mediated differentiation[201]

Histone 
methylation 
enzyme

KMT2E PHD H3K4me3 PHD finger binds to H3K4me3 specially and facilitates the 
recruitment of KMT2E to active transcription chromatin 
regions[148,149,202]

All current research on the regulation of writers and erasers by plant homeodomain domain. “Unknown” means that the corresponding literature was not 
mentioned. This table is sorted by types and subfamilies of enzymes. JmjC: Jumonji C; KMT: Histone lysine methyltransferase; PHD: Plant homeodomain.

There are 24 PHD fingers in KMT2A-E[142].

Regulation of KMT2A and KMT2B by PHD finger: KMT2A and KMT2B have similar 
domain architecture and both contain three consecutive PHD fingers, PHD1-3. These 
consecutive PHD fingers are followed by a bromodomain and the fourth PHD4 finger
[142]. The precise function of PHD1 finger in KMT2A and KMT2B is unclear, but it can 
regulate the intramolecular interactions between N-terminal and C-terminal segments
[143]. PHD1 fingers are necessary for holocomplex formation and are implicated in 
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tumor suppression[143]. PHD2 finger has an E3 ubiquitin ligase in the presence of the 
E2-conjugating enzyme CDC34[144]. Mutation of the PHD2 finger will cause increased 
transactivation ability of KMT2A and its recruitment to target genes[142], because of 
increased protein stability[144]. PHD3 finger binds to H3K4me3/me2, but the affinity 
between PHD3 finger and H3K4me2 is eight times lower than the affinity between 
PHD3 finger and H3K4me3[145]. Although PHD3 finger can recognize H3K4me3, the 
special function of KMT2A in transcriptional maintenance is unclear[145]. One 
possibility is that binding of H3K4me3 by PHD3 finger is necessary for the 
transcription-promoting effects of KMT2A, and another possibility is that newly 
deposited H3K4me3 mark helps KMT2A slide along the gene to set a broad, 
methylated chromatin domain[145]. The stability of KMT2A is dependent on its 
intramolecular interaction which is mediated via its PHD1 finger with PHD4 finger 
and the phenylalanine/tyrosine-rich domain of KMT2A[143]. Therefore, PHD4 finger 
in KMT2A can improve the stability of KMT2A in case of hydrolysis.

Regulation of KMT2C by PHD finger: KMT2C contains eight PHD fingers while 
KMT2D contains seven PHD fingers[142]. Although the function of PHD fingers in 
KMT2C is unclear, the functional extended PHD finger is important for KMT2C to be 
recruited to its target genes[146]. PHD4, PHD5, and PHD6 in KMT2D are tandem and 
these tandem PHDs can bind to unmethylated or asymmetrically demethylated H4 
arginine3[147]. This connection is important for nucleosomal methylation activity and 
mediates stem cell differentiation by KMT2D[147]. But this binding ability is repressed 
by symmetrical demethylation on arginine-3 of histone H4 (H4R3me2s), because 
H4R3me2s can hinder the histone binding ability and catalytic activity in PHD4-6[142,
147].

Regulation of KMT2E by PHD finger: The binding of KMT2E and histone is based on 
its single PHD finger which can bind to H3K4me3, and this special spatial structure of 
KMT2E makes it possible to recognize H3K4me3[148]. Although KMT2E can also bind 
to H3K4me2 and H3K4me1, the stability of binding of H3K4me2 and KMT2E is five 
times weaker than H3K4me3, while the stability of binding of H3K4me1 and KMT2E is 
sixteen times weaker than H3K4me3[148]. This can facilitate the recruitment of KMT2E 
to active transcription chromatin regions[148,149].

Regulation of erasers by PHD finger
PHD fingers can be found in KDMs[150,151]. These PHD fingers bind to the tail of H3 
to enable the localization of enzymes to specific targets[152], and promote the 
recruitment of transcription factors or chromatin-associated protein complexes[17].

Regulation of KDM4 subfamily by PHD finger: PHD fingers can be found in KDM4 
subfamily. KDM4A, KDM4B, and KDM4C have a catalytic histone demethylase 
domain, double PHD and Tudor domains, whereas KDM4D contains only a catalytic 
domain and lacks PHD and Tudor domains[153,154]. Although KDM4A-C have PHD 
fingers, the function of PHD fingers is unclear[155].

Regulation of KDM5 subfamily by PHD finger: KDM5 subfamily, including 
KDM5A-D, catalyze demethylation of the transcriptionally activating trimethylated 
and demethylated lysine-4 mark on H3[100,103,156,157]. KDM5A contains three PHD 
fingers (PHD1, PHD2, PHD3). Qualitative pull-down assays with isolated PHD1 
domain of KDM5A show that it binds to unmodified H3K4 peptide[158]. The PHD1 
finger preferentially recognizes unmethylated H3K4 histone tail, which is a KDM5A-
mediated trimethylation products of H3K4 (H3K4me3) demethylation[151]. The 
function of PHD2 finger is unknown. PHD3 finger has been studied in the context of 
its fusion with nucleoporin NUP98 and it specifically binds to the H3K4me3, with a 
decrease in affinity for lower methylation states[17,158]. Since these preferred binding 
substrates are the products of KDM5A-mediated demethylation, a model in which 
demethylation can propagate along nucleosomes via a positive-feedback regulatory 
mechanism, has been put forward[151].

The KDM5B PHD1 finger can recognize the N-terminus of H3, which is unmodified 
or methylated at Lys9[17]. The KDM5B PHD2 finger cannot bind to histone. The 
KDM5B PHD3 finger prefers to bind to H3K4me3[17]. The PHD1 finger specifically 
binds to H3K4me0, and the PHD3 finger is selective for H3K4me3. A combination of 
two ‘readers’ capable of recognizing distinctive epigenetic marks is likely to impact 
KDM5B activity. Binding of PHD1 to H3K4me0 may provide an anchoring mechanism 
for KDM5B to sense H3K4me3 through PHD3 and slide along the H3K4me3-enriched 
promoters, demethylating nearby methylated H3K4 and further spreading the 
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transcriptionally inactive state of chromatin[17]. In addition, abrogation of H3 tail 
recognition by point mutation in the PHD1 domain of KDM5B decreases H3K4 
demethylation in cells, resulting in the repression of tumor suppressor genes[159]. 
Therefore, the importance of interaction between PHD1 and H3 tail is proved.

Similarly, the PHD1 finger domain in KDM5C is close to the JmjC domain, and the 
linker of JmjC domain is 13 amino acids long and is expected to recognize and bind to 
H3K9me3[157,160]. Although the PHD1 domain is not necessary for the demethylase 
activity, it helps to recognize the substrate peptide[157,161]. The interaction between 
PHD1 domain and JmjC domain stabilizes the substrate peptide and the PHD1 
domain can help precisely position H3K4 in the JmjC domain[162].

Regulation of KDM7 by PHD finger: PHF8 belongs to KDM7 subfamily and 
transcriptionally removes suppressive demethylation and monomethylation of lysine 9 
and 27 on H3 and lysine 20 on H4[163]. PHF8 has a PHD finger which is closed to the 
catalytic domain. PHD finger in PHF8 plays a significant role in PHF8 substrate 
recognition, because it helps to improve substrate affinity and specificity[164]. PHF8 
can be recruited to the promoters through the combination of its PHD finger and 
H3K4me2/3 during the cell cycle transition from G1 to S[107]. Although the functions 
of PHD fingers can be found in gastric cancer[165], breast cancer[166], colorectal 
cancer[167], lung cancer[168], etc., the functions of PHD finger are still unclear in PC.

CLINICAL APPLICATION
Epigenetic genes play vital roles in maintaining structural stability and physiological 
functions of normal chromosomes and are deficient in some patients with PC, thereby 
serving as potential targets for correcting these deficiencies and precisely killing these 
aberrant PC cells[169]. The discovery of histone methyltransferases, demethylases and 
their active sites has provided new insights in the diagnosis and treatment of PC. The 
active sites and mechanism of the inhibitors in PC treatment are shown in Table 4.

Histone modifications define the previously unrecognized subsets of PC patients 
with different epigenetic states and therefore represent the prognostic and predictive 
biomarkers that can be used to guide clinical decisions, such as the use of fluorouracil 
chemotherapy[170]. H3K4me2, H3K9me2, or H3K18AC expressed at low levels are 
positively correlated with the poor prognosis of PC[170]. EZH2 expression is higher in 
PC cells than in normal cells; thus, EZH2 can be used as a potential biomarker for early 
diagnosis of PDAC[171]. High expression of KDM4D in benign cells near the edge of 
surgically resected PC tissues is predictive of early recurrence[124]. The discovery of 
epigenetic biomarkers can provide a great reference for early diagnosis, drug selection 
and surgery prognosis of PC.

SMYD3 is a candidate therapeutic target against PC, lung cancer and potentially 
other RAS-driven tumors[172]. In mice, complete loss of SMYD3 function with no 
apparent phenotype suggests that SMYD3 inhibitors, as chemotherapeutic agents, 
cause minimal collateral toxicity. The clinically used combination of Raf protein kinase 
or dual specificity threonine/tyrosine kinase inhibitors and SMYD3 inhibitors can 
reduce drug toxicity and suppress the development of drug resistance[172].

SMYD3 inhibitor piperidine-4-formamide-acetanilide compound, BCI-121, is a small 
molecule inhibitor that significantly inhibits proliferation in PC cell lines with high 
expression of SMYD3. BCI-121 and histone competitively bind to SMYD3; BCI-121 
binds inside the lysine channel, which connects cofactor binding sites and histone 
peptide binding sites[173].

The PRMT5 inhibitor EZP015556 targets MTAP (a gene commonly lost in PC) 
negative tumors, which indicates that it is an effective treatment for a subpopulation of 
MTAP positive tumors. According to the individualized medication approach, the 
therapeutic response in different patient-derived organoids (PDOs), developed 
directly from patient tumor tissue is different. The PDO model is used to validate the 
effectiveness of PMRT5 inhibition as a potential treatment for PDAC[174]. EZH2 
expression in PC cells is significantly higher than that in normal pancreatic duct cells 
and fibroblasts. 3-Deazaneplanocin A (DZNeP) regulates the expression of EZH2 and 
H3K27me3, synergically enhancing the anti-proliferative activity of gemcitabine and 
significantly increasing the apoptosis rate of cells[175]. DZNeP is an S-adenosine 
homocysteine hydrolase inhibitor. DZNeP also enhances the mRNA and protein 
expression of nucleoside transporter HENT1/HCNT1[175]. The combination of 
DZNeP and DZNeP/gemcitabine significantly reduces the growth volume of PDAC 
spheres in selective medium[175].
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Table 4 Inhibitors for the treatment of pancreatic cancer

Drug type Drug name Active site Mechanism Effect Targeting tumors

SMYD3 inhibitor 
piperidine-4-
formamide-
acetylaniline 
compound (BCI-
121)

It competes with histones 
to bind SMYD3, binding 
sites are formed within 
the SET and post-SET 
fingers and contained in a 
deep and narrow 
substrate binding cavity

BCI-121 is a competitive 
inhibitor significantly inhibits; 
SMYD3-substrate interaction 
and chromatin recruitment

It inhibits cancer cell 
growth and accumulates 
during the cell cycle S

High expression of 
SMYD3 protein in 
cancer cell lines 
(pancreatic cancer, 
lung, prostate and 
ovarian cancer)[173]

PRMT5 inhibitor 
EZP015556

MTAP - It works for MTAP He 
and MTAP PDO

A negative tumor 
MTAP (a commonly 
lost gene in 
pancreatic cancer)
[174]

Relating to histone 
methyltransferase

EZH2 inhibitor 3-
Dazocycline A 
(DZNeP)

It regulates EZH2 and 
H3K27me3 protein 
expression

DZNeP inhibit the activity of S-
adenosine-L-homocysteine 
(AdoHcy) hydrolase, which 
reversely hydrolyzes AdoHcy 
to adenosine and homocysteine, 
thereby inhibiting histone 
methylation

It synergistically 
enhanced 
antiproliferative activity 
of gemcitabine and 
significantly increased 
apoptosis rate

Pancreatic ductal 
carcinoma[175]

Relating to histone 
demethylase

BET inhibitor JQ1 
related to KDM6A

Reducing activity and p63 
levels of MYC pathways

GLI1 is the main target gene of 
the Hh pathway JQ1 reduces 
the mRNA and protein levels of 
primary human CAFs. TGF-β is 
an interstitial activator that JQ1 
its induced response

Altered KMT2C (MLL3)-
KDM6A (UTX)- PRC2 
regulating axis

Pancreatic ductal 
carcinoma[169,176,
177]

All current research on inhibitors for the treatment of pancreatic cancer developed based on histone methylation modification. “-” means that the content 
does not exist here. This table is sorted according to the correlation with histone methyltransferases and demethylases. CAF: Cancer-associated fibroblast; 
KMT: Histone lysine methyltransferases; PDO: Patient-derived organoid; PRC2: Polycomb repressive complex 2; TGF-β: Transforming growth factor β.

Bromodomain and extra-terminal (BET) inhibitors and EZH2 inhibitors are 
designed to rescue the dysregulated KMT2C/MLL3-KDM6A/UTX-PRC2 regulatory 
axis and have achieved preliminary success in preclinical models. The regulatory axis 
regulates the expression of various downstream tumor suppressor genes[169]. 
Therefore, rebalancing this axis represents a new approach to PDAC therapy.

Defects in KDM6A make sex-specific squamous PC sensitive to bromouracil and 
BET inhibitors[169]. BET inhibitor JQ1 reverses squamous cell differentiation and 
inhibits tumor growth in vivo by decreasing MYC pathway activity and p63 levels
[176]. JQ1 affects cancer-associated fibroblast (CAF) activation by acting on the 
Hedgehog and TGF-β pathways. JQ1 inhibitor converts α-SMA-positive CAFs to α-
SMA-negative CAFs, but does not eliminate CAFs[177].

Small molecules containing 8-hydroxyquinoline structure are competitive inhibitors 
of KDM4 (also known as JMJD2) family, binding active iron to inhibit the activity of 
KDM4 and regulate demethylation of H3K9 sites[178]. KDM4C inhibitor SD70 can 
inhibit the growth of prostate cancer cells[179].

Many types of inhibitors of KDM1A have been reported, but the inhibitors of this 
enzyme are mainly targeted at acute myeloid leukemia or small cell lung cancer, etc. 
And there are few studies on PC. For example, SP2509 is a noncompetitive inhibitor, 
and is used in current clinical trials for the treatment of acute myeloid leukemia or 
small cell lung cancer[180]. Ory-1001 effectively inactivates LSD1 and is highly 
selective for FAD-dependent ammonia oxidase[181]. The application of histone 
demethylase inhibitors in the treatment of PC is still limited, so it is necessary to 
strengthen the exploration of the treatment of PC based on the existing research.

FUTURE DIRECTIONS
Histone writers and erasers do not work independently. In fact, the interactions 
between writers and erasers include the positive correlativity between EZH2 and 
KDM2B, and the synergistic effects of EZH2 and KDM6A[182,183]. In bladder cancer, 
the H3K27 demethylase KDM6A gene often has mutations[131,184]. This makes cancer 
tissues that have lost KDM6A more vulnerable to EZH2 attack[185]. This accelerates 
the onset of tumors. The expression of EZH2 and KDM2B in ovarian cancer is 
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positively correlated[183]. Therefore, knocking down the KDM2B gene is beneficial to 
inhibit the migration of ovarian cancer cells in vitro.

Many problems remain in the research of histone modifications. Research on histone 
methyltransferases is relatively adequate, but there are few articles about the 
mechanism of SMYD2, so SMYD2 is not mentioned in our review. Current research on 
histone arginine residue demethylases has not yet fully achieved results. Therefore, 
only histone lysine residue demethylases are discussed. However, the effect of KDM7 
subfamily demethylases on PC has seldom been proved, so only some guesses about 
the effect of KDM7A are mentioned. Besides, the study of the interactions between 
writers and erasers in PC is still in a blank state. The role of the reader domain in PC 
remains unclear. This review only lists the roles of the PHD domain in the localization 
of histone modifications and the recruitment of related protein complexes. Reader 
domain is still a potential research direction in PC.

The study of histone methylation and demethylation has enlightening effects on the 
diagnosis, treatment, and prognosis of PC. Histone modifications can be used to 
predict in the prognosis of PC patients[171]. Histone methyltransferase and 
demethylase inhibitors are used clinically to treat PC. The corresponding inhibitors act 
on the signal regulatory pathway and change the signal expression of downstream 
target cells, thus regulating the growth and development of cancer cells. At present, 
the research of histone demethylase inhibitors is inadequate. Therefore, histone 
demethylase inhibitors need to be further explored.

The effect of histone modifications on PC is interdependent. The interactions 
between histone modifications and other epigenetic forms can influence the occurrence 
and progression of cancers such as cervical cancer and breast cancer. The effect of 
these interactions enlightens the research on PC. DNA methylation and the expression 
of miRNAs can be regulated by histone methyltransferases and demethylases, thereby 
causing alternations of developing process of cancer. Histone methyltransferase EZH2 
epigenetically silences tumor-suppressor miRNAs, such as miR-139-5p, miR-125b, 
miR-101, let-7c and miR-200b, thereby promoting cancer cell metastasis[186]. Histone 
demethylase KDM5B targets H3K4 demethylation of miR-let-7e and promotes tumor 
cell proliferation through epigenetically inhibiting the tumor suppressor miR[187]. The 
combination of EZH2 and promoter region induces the expression of specific target 
protein H3K27me3, thereby reducing the expression of downstream gene, DNA 
(cytosine-5)-methyltransferase 3A (DNMT3A)[10]. EZH2-H3K27me3-DNMT3A is the 
key factor of regulating cervical total stimulus molecule Tim-3/galectin-9, which 
results in immune escape in the process of malignant transformation[10]. It is 
reasonable to speculate that the interaction between histone methylation and other 
epigenetic modifications may also play a role in PC. This opinion draws some 
inspiration and reference to future research of PC.

CONCLUSION
This review focuses on the mechanism of histone methylation in PC. Histone 
methylation is mainly regulated by writer, reader and eraser. Writer refers to histone 
methyltransferase, eraser refers to histone demethylase and reader refers to the 
modification domain of histone methyltransferase and demethylase. Reader can be an 
independent polypeptide or a component of methyltransferase and demethylase. On 
the one hand, histone methyltransferase can promote the proliferation and invasion of 
PC cells. On the other hand, histone methyltransferase can inhibit the proliferation of 
cancer cells. Histone demethylase promotes the occurrence of PC and is related to 
apoptosis. Reader domain plays a role in guiding related methyltransferases and 
demethylases to identify corresponding sites during the methylation and 
demethylation process.
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Abstract
Elimination of viral hepatitis in sub-Saharan Africa by 2030 is an ambitious feat. 
However, as stated by the World Health Organization, there are unprecedented 
opportunities to act and make significant contributions to the elimination target. 
With 60 million people chronically infected with hepatitis B virus (HBV) of whom 
38800 are at risk of developing highly fatal hepatocellular carcinoma (HCC) every 
year, sub-Saharan Africa faces one of the greatest battles towards elimination of 
viral hepatitis. There is a need to examine progress in controlling the dispropor-
tionate burden of HBV-associated HCC in sub-Saharan Africa within the context 
of this elimination target. By scaling-up coverage of hepatitis B birth dose and 
early childhood vaccination, we can significantly reduce new cases of HCC by as 
much as 50% within the next three to five decades. Given the substantial reservoir 
of chronic HBV carriers however, projections show that HCC incidence and 
mortality rates in sub-Saharan Africa will double by 2040. This warrants urgent 
public health attention. The trends in the burden of HCC over the next two 
decades, will be determined to a large extent by progress in achieving early 
diagnosis and appropriate linkage to care for high-risk chronic HBV infected 
persons.
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hepatocellular carcinoma (HCC) in sub-Saharan Africa. In 2020, HBV-associated HCC 
accounted for approximately 36700 deaths. By 2040, it is projected that approximately 
72200 people will die each year from this disease without an intensive public health 
response. The high mortality-to-incidence ratio associated with HCC in sub-Saharan 
Africa suggests significant inequities in access to appropriate health care. This review 
examines the evidence on the extent of the disease burden in sub-Saharan Africa and 
advocates for prioritizing HCC control as part of ongoing viral hepatitis elimination 
strategies within this region.
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INTRODUCTION
Despite the availability of a safe and effective prophylactic vaccine since 1982, chronic 
hepatitis B which is a serious liver disease caused by hepatitis B virus (HBV), remains 
a major global public health threat. Estimates from the World Health Organization’s 
(WHO) current Global Hepatitis Report suggest that in 2015, 3.5% (257 million 
persons) of the world’s population were living with chronic hepatitis B, with the 
Western Pacific and sub-Saharan African regions bearing the brunt (68%) of the 
disease burden (WHO, 2017). In addition to this, 887000 deaths due to HBV-associated 
hepatic sequelae such as acute hepatitis, liver cirrhosis and liver cancer or hepato-
cellular carcinoma (HCC), were recorded worldwide[1].

With an estimated 830180 associated deaths recorded in 2020, liver cancer remains a 
leading cause of cancer-related death worldwide, third only to lung (1.8 million 
deaths) and colorectal (935153 deaths) cancers[2]. Globally, incidence rates of liver 
cancer have remained high, with 905677 newly diagnosed cases in 2020 [compared to 
748000 (5.9% of all cancers) new cases in 2008, for example[3]], representing 4.7% of all 
cancer cases recorded in that year alone[2]. The most common type of malignant 
transformation in the liver is HCC (75%-85%), followed by intrahepatic cholangiocar-
cinoma (10%-15%), with other rare types accounting for the remainder of all primary 
liver cancers. The geographic distribution of the incidence of HCC tends to mirror that 
of its major risk factors, chronic hepatitis B and hepatitis C virus (HCV) infection, 
which account for approximately 56% and 20% of all HCC cases, respectively[2,4-6]. 
This implies that the highest incidence rates [age-standardized incidence rate (ASIR) > 
20 cases per 100000 persons per year] of HCC are recorded in hepatitis B endemic 
countries including those in sub-Saharan Africa, while non-endemic regions like 
Europe and North America report relatively lower incidence rates (ASIR < 10 cases per 
100000 persons per year)[2,7-9]. A further cause for concern in most resource limited 
countries within regions like sub-Saharan Africa where HCC screening and diagnostic 
services, and medical interventions are often inadequate, is the poor survival and 
extremely high mortality rates associated with HCC. Approximately 93% of patients 
die within a year of the onset of symptoms[7,9-11]. Evidently, elimination of viral 
hepatitis caused by HBV and HCV presents the best opportunity to reduce the 
incidence of HCC, especially in regions like sub-Saharan Africa, where the disease 
burden and need for intervention are oftentimes the greatest.

Recognizing the devastating impact of viral hepatitis on global health, the WHO in 
May 2016 adopted a Global Health Sector Strategy on Viral Hepatitis aimed at 
achieving a 90% reduction in new cases and a 65% reduction in mortality due to HBV 
and HCV infection, towards an ambitious target of eliminating viral hepatitis by 2030
[12]. To eliminate chronic hepatitis B, the health service targets to be attained by 2030 
include; 90% coverage of routine childhood hepatitis B vaccination, a reduction in 
mother-to-child transmission (MTCT) of HBV such as through > 90% coverage of 
hepatitis B birth dose vaccination, 100% of all blood donations screened for HBV, 90% 
of all HBV infections diagnosed, and 80% of eligible persons with chronic hepatitis B 
linked to appropriate treatment and care[12]. While largely in the planning phase of 
executing this global strategy, a recent WHO report suggests that overall, member 
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states are making progress in developing national viral hepatitis management 
guidelines and strategic plans towards attaining the elimination targets, although 
availability of dedicated funding to support implementation appears to be an 
important challenge in some countries[13].

To contribute to the knowledgebase on the scope of the burden of chronic hepatitis 
B in sub-Saharan Africa, the status and public health response to HBV-associated HCC 
in sub-Saharan Africa are reviewed. Opportunities and challenges towards achieving 
the 2030 viral hepatitis elimination target – at least where chronic hepatitis B and HCC 
are concerned – are also identified, with the intent of arguing for continued financial 
and technical investments to support ongoing health sector strategies and 
interventions within sub-Saharan Africa.

GLOBAL BURDEN OF CHRONIC HEPATITIS B
The seroprevalence of chronic hepatitis B which is based on the detection of the 
hepatitis B surface antigen (HBsAg) within the general population, is highly variable 
worldwide. This variability is demonstrated by substantial regional and inter-country 
disparities in the burden of the disease. Available estimates[14] suggest that HBsAg 
prevalence rates in the Americas, for example, range from < 2% in countries like the 
United States of America, Mexico, and Guatemala, to 13.55% (95%CI: 9.00-19.89) in 
Haiti. In the South East Asian region, HBsAg prevalence rates range from 0.82% 
(95%CI: 0.80–0.84) in Nepal to as high as 6.42% (95%CI: 6.37–6.47) in Thailand. Overall, 
countries within the Eastern Mediterranean and European regions mostly have lower-
intermediate endemicity levels (HBsAg prevalence ranging from 2% to 4.99%) while 
the Western Pacific can be classified as a high-intermediate endemic region with most 
countries recording HBsAg prevalence rates > 5%. Within the African region, the 
lowest HBsAg prevalence rates are reported in countries like Seychelles [0.48% 
(95%CI: 0.12-1.90)], Eritrea [2.49% (95%CI: 2.32-2.67)], and Algeria [2.89% (95%CI: 2.50-
3.33)], while Mauritania [16.16% (95%CI: 14.92-17.49)], Liberia [17.55% (95%CI: 15.70-
19.55)], Swaziland [19% (95%CI: 17.65-20.43)], and South Sudan [22.38% (95%CI: 20.10-
24.83)] have recorded some of the highest prevalence estimates[14].

EPIDEMIOLOGICAL SHIFT IN THE BURDEN OF CHRONIC HEPATITIS B IN 
SUB-SAHARAN AFRICA
Historically, sub-Saharan Africa has been classified as hyper-endemic for chronic 
hepatitis B based on the detection of HBsAg among ≥ 8% of the general population. 
Table 1 shows the variable prevalence of HBsAg among populations in some sub-
Saharan African countries prior to introduction of universal hepatitis B vaccination 
and how this has changed over time post-vaccine introduction[15-47]. At the peak of 
the hepatitis B epidemic in sub-Saharan Africa, the disease burden was characterized 
by a preponderance of horizontal transmission of HBV among young children 
(between 1-4 years of age), 30%-50% of whom would go on to develop chronic 
hepatitis B, and later progress to potentially fatal sequelae (mainly liver cirrhosis and 
HCC) within 30-50 years after infection[15,29,48]. This contrasts with HBV infection 
acquired during adulthood which carries a considerably lower risk (< 5%) of 
progression to chronic disease as observed in non-endemic regions of the world.

Currently, the prevalence of HBsAg in sub-Saharan Africa is reported to be 6.1%, 
equating to 60 million people living with chronic hepatitis B, of which approximately 
4.8 million are children < 5 years of age[1]. The decline in the prevalence of HBsAg 
within the population can be largely attributed to the success of universal childhood 
hepatitis B vaccination programmes implemented in sub-Saharan Africa since the 
early 1990s[49]. In most sub-Saharan African countries, the first dose of the hepatitis B 
vaccine is administered at 6 weeks of age, with the remainder of the regimen 
completed within the 1st year of life in an effort to interrupt transmission and prevent 
incident HBV infection in early childhood. Coverage of the third dose of the hepatitis B 
vaccine in the region is currently estimated at 73%[50]. Countries like The Gambia and 
South Africa with longstanding hepatitis B vaccination programmes have achieved 
marked declines in incident infections over time, especially among children < 5 years 
of age (Table 1).

Despite this success, we are still decades away from realizing the full benefits of 
universal childhood hepatitis B vaccination programmes in sub-Saharan Africa, given 
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Table 1 Prevalence of hepatitis B surface antigen among pre- vs post-hepatitis B vaccine introduction populations in some sub-
Saharan African countries

Prevalence of HBsAg (%)

Post-vaccine introductionCountry Year of hepatitis B vaccine introduction1

Pre-vaccine introduction
< 15-yr-olds ≥ 15-yr-olds

Burundi 2004 11.0[15] 2.6[16] 1.0-4.6[17]

Democratic Republic of Congo 2007 > 20.7[18] 2.2[19] 3.7[19]

Ethiopia 2007 11.0[20] 4.4[21] 7.4[22]

Gambia 1990 20.0[23] 0.4[24] 10.0[25]

Kenya 2002 11.4[26] 0.9[16] 3.4[27]

Mali 2003 > 8.7[28] 4.9[16] 8.5[16]

Mozambique 2001 14.6[29] 3.7[16] 4.5[30]

Namibia 2009 14.0[31] 2.7[32] 1.8[33]

Nigeria 2004 13.3[34] 11.5[35] 8.2[36]

Rwanda 2002 Approximately 5.0[37] 1.7[16] 2.2[38]

Senegal 2004 11.8[39] 1.6[40] > 11.0[41]

South Africa 1995 9.6[15] 0.4[42] 4.0[43]

Uganda 2002 10.3[44] 0.6[45] 4.1[45]

Zimbabwe 2000 15.4[46] 4.4[16] 3.3[47]

1The year the hepatitis B vaccine was introduced into national Expanded Programme on Immunization. HBsAg: Hepatitis B surface antigen.

the protracted natural history of chronic hepatitis B, and the long interval between 
early childhood infection and development of chronic sequelae[51,52]. As such, high 
prevalence rates of HBsAg persist among a reservoir of adult populations, including 
women of childbearing age, most of whom were born before the introduction of the 
hepatitis B vaccine or were not fully vaccinated in infancy (Table 1). This continues to 
feed the epidemic in sub-Saharan Africa, contributing to the 87890 HBV-associated 
deaths (approximately 10% of the global total) recorded each year[1]. What further 
compounds the situation in sub-Saharan Africa is the disproportionate burden of 
human immunodeficiency virus (HIV) co-infection (69% of all HBV-HIV co-infected 
persons reside in sub-Saharan Africa) which is associated with a more severe 
prognosis than that observed in HBV mono-infected individuals[53-55]. Emerging 
evidence also suggests that perinatal transmission or MTCT of HBV, which was 
previously presumed to be insignificant in the epidemiology of chronic hepatitis B in 
sub-Saharan Africa, actually contributes to 367250 incident HBV infections (twice the 
number of paediatric HIV infections) among neonates annually[56]. In fact, the risk of 
HBV MTCT increases by up to 2.5-fold among the substantial population of HBV-HIV 
co-infected pregnant women in sub-Saharan Africa, compared to their HBV mono-
infected counterparts[57-60]. This is concerning, given that perinatally acquired HBV 
infections carry a 90% risk of progression to chronic hepatitis B. This implies that 
hepatitis B vaccination from 6 weeks of age may be inadequate in preventing incident 
HBV infections among neonates, especially where the burden of maternal HBV-HIV 
co-infection is high and prevention of HBV MTCT (PMTCT) strategies are sub-optimal, 
as is the case in most sub-Saharan African countries. This is a stark contrast to HIV 
MTCT in sub-Saharan Africa which is on course for elimination due to rapid 
expansion of antenatal screening and access to timely HIV antiretroviral therapy[61]. 
The marked decline in HIV MTCT has led to a growing population of HIV-exposed 
uninfected children in sub-Saharan Africa. Of the 14.8 million HIV-exposed uninfected 
children in the world, 90% live in sub-Saharan Africa[62]. Although inconclusive, there 
is some evidence to suggest that HIV-exposed uninfected children may have a 
modified immune response to hepatitis B vaccination and may also be at increased risk 
for HBV infection, presenting an additional complexity to elimination strategies in 
sub-Saharan Africa[58,63-66].
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EPIDEMIOLOGICAL TRENDS IN HBV-ASSOCIATED HCC IN SUB-
SAHARAN AFRICA
Of the 60 million people currently living with chronic hepatitis B in sub-Saharan 
Africa, 38800 are at risk of developing HCC every year, characterized by an aggressive 
clinical course[2,67,68]. In addition, approximately 93% (36700) of persons with HCC 
will die within a year of their diagnosis without appropriate and timely medical 
intervention[2,11,67]. Most of these HCC cases (and deaths) will occur among a 
predominantly male population (sex ratio of 2:1) with age at diagnosis ranging 
between 38-67 years (compared to 50-70 years in resource rich countries), who are in 
their prime reproductive and working years, draining productive capacity, and 
placing a further burden on already strained economic, societal, and health, systems in 
sub-Saharan Africa[9,11,69-71]. While cases of paediatric HCC are diagnosed more 
frequently in some sub-Saharan African countries than those in Europe and North 
America for example, they remain uncommon when compared to the HCC incidence 
among adult populations[72-75]. Within the next two decades, HCC incidence and 
mortality rates in sub-Saharan Africa are predicted to double (Figure 1[67,76,77]) 
unless addressed through reforms in regional and national health policy and practice, 
including intensifying prevention, diagnostic and treatment strategies, in a whole 
system approach.

A comparison of the 2020 estimates of age-standardized liver cancer (mainly HCC) 
incidence and mortality (ASMR) rates in sub-Saharan Africa vs other regions of the 
world is shown in Figure 2[2,67,78]. With ASIRs of 8.1 and 4.2, and ASMRs of 7.8 and 
4.0 per 100000 persons per year among men and women, respectively, HCC is a 
common cause of cancer-related morbidity and mortality in sub-Saharan Africa. There 
are substantial regional variations in HCC incidence and mortality rates across sub-
Saharan Africa. Among males for example, the highest HCC ASIRs (> 12.9 per 100000 
persons per year) and ASMRs (> 12.6 per 100000 persons per year) are recorded in 
West African countries, while East African countries generally appear to experience a 
lower burden (ASIRs < 5.1 and ASMRs < 4.9 per 100000 persons per year) of the 
disease (Figures 3 and 4)[2,67,78]. It should be noted however, that the true burden of 
HCC in sub-Saharan Africa is grossly underestimated by as much as 40%, given that 
cases are often underreported due to challenges in effectively diagnosing the disease, 
while the quality and coverage of data in population-based cancer registries are 
suboptimal[9,11,79].

The overall HCC mortality-to-incidence ratio (MIR = 0.95) in sub-Saharan Africa is 
comparable to that in the Western Pacific and South-East Asian regions (MIR = 0.95) 
but higher than that in Northern America (MIR = 0.82)[80]. This high MIR reflects 
disparities in outcomes of HCC in sub-Saharan Africa compared to resource-rich 
regions, owing to limited availability and accessibility of diagnostic and treatment 
services[81,82]. These disparities go beyond the clinical context and are rooted in socio-
economic inequities. A recent South African study[82] investigating trends in liver 
cancer-associated mortality found key socio-economic and sex disparities. The average 
MIR for black South African men and women was 4.0 and 3.3 respectively, compared 
to 2.2 and 1.8 among their white counterparts. This underscores the inequities in HCC 
prognosis experienced by socio-economically disadvantaged populations[82]. 
Evidently, addressing the disproportionate burden of HCC in sub-Saharan Africa will 
require careful consideration of socio-economic and demographic inequities prevalent 
within its population.

PREDOMINANCE OF HBV-ASSOCIATED HEPATOCARCINOGENESIS IN 
SUB-SAHARAN AFRICA
The association of chronic hepatitis B with the development of most cases of HCC 
[attributable fraction, AF = 50% (95%CI: 39-60)] occurring among sub-Saharan African 
populations is well established in the literature[5,6,83,84]. The remainder of HCC cases 
are typically associated with HCV infection [AF = 21% (95%CI: 13-32)] and exposure to 
the dietary carcinogen, aflatoxin B1, although metabolic syndrome is emerging as an 
important risk factor in sub-Saharan Africa[6,85-88]. In comparison, the major risk 
factors for HCC development in low incidence regions of the world (North America, 
and Western, Central, and Eastern Europe) include host and environmental factors 
such as genetic predisposition to primary liver cancer, chronic alcohol intake, obesity, 
hemochromatosis, and exposure to nitrosamines, followed by HCV infection[71,89-
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Figure 1 Projected increase in estimated number of cases and deaths due to cancers of the liver and intrahepatic bile ducts within sub-
Saharan Africa from 2020 to 2040[67,76,77]. GLOBOCAN 2020 (https://gco.iarc.fr/). A: Estimated number of cases from 2020 to 2040, both sexes, age (0-
85+); B: Estimated number of deaths from 2020 to 2040, both sexes, age (0-85+).

Figure 2 Estimated age-standardized liver cancer incidence and mortality rates per 100000 persons per year shown worldwide in 2020[2,
67,78]. GLOBOCAN 2020 (https://gco.iarc.fr/). WHO: World Health Organization; ASR: Liver cancer age standardized incidence rate.

91]. It is worth noting however, that the potential for interaction among these different 
risk factors, leading to synergistic or additive effects in the development of HCC in 
both endemic and non-endemic regions of the world cannot be undervalued.

The mechanism underlying HBV-associated hepatocarcinogenesis is multifactorial, 
involving various direct and indirect viral mechanisms required to stimulate the host 
oncogenic pathway and achieve hepatocyte transformation[92,93]. These mechanisms, 
which may act synergistically, include integration of the viral DNA into host genome, 
persistent and enhanced HBV replication, as well as infection with specific HBV 
genotypes and HBV genetic variants. Important HBV-specific risk factors involved in 
the development of HCC have been identified in previous studies conducted in sub-
Saharan Africa. In a recent case control study, Atsama Amougou et al[94] demonstr-
ated the role of circulating quasi-genotypes and viral genetic variations in HBV-

https://gco.iarc.fr/
https://gco.iarc.fr/
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Figure 3 Estimated age-standardized liver cancer incidence rates per 100000 persons per year in males in Africa (2020)[2,67,78]. 
GLOBOCAN 2020 (https://gco.iarc.fr/). The designations employed and the presentation of the material in this publication do not imply the expression of any opinion 
whatsoever on the part of the World Health Organization/International Agency for Research on Cancer concerning the legal status of any country, territory, city, or 
area or of its authorities, or concerning the delimitation of its frontiers or boundaries. Dotted or dashed lines on maps represent approximate borderlines for which 
there may not yet be full agreement.

Figure 4 Estimated age-standardized liver cancer mortality rates per 100000 persons per year in males in Africa (2020)[2,67,78]. 
GLOBOCAN 2020 (https://gco.iarc.fr/). The designations employed and the presentation of the material in this publication do not imply the expression of any opinion 
whatsoever on the part of the World Health Organization/International Agency for Research on Cancer concerning the legal status of any country, territory, city, or 
area or of its authorities, or concerning the delimitation of its frontiers or boundaries. Dotted or dashed lines on maps represent approximate borderlines for which 
there may not yet be full agreement.

associated hepatocarcinogenesis among Cameroonian HCC patients. A previous study
[95] conducted in South Africa found an increasing risk of HCC with increasing HBV 
viremia, showing an increasing trend in odds ratio (OR) from ≥ 2000 IU/mL (OR = 
8.55, 95%CI: 3.00 ± 24.54) to ≥ 200000 IU/mL (OR 16.93, 95%CI: 8.65 ± 33.13). While 
this finding is consistent with that from another study conducted in The Gambia, there 
is evidence to suggest that low-level viremia may also be a significant risk factor for 
HCC[96]. The South African study further demonstrated a 4-fold increase in the risk of 
developing HCC among participants with occult HBV infection (HBsAg negative but 
HBV DNA positive infections) compared to controls[95]. Interestingly, a previous 
longitudinal study conducted in The Gambia which followed chronic carriers of HBV 

https://gco.iarc.fr/
https://gco.iarc.fr/
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over a median duration of 28.4 years (interquartile rage = 17.7-32.7) found that 
maternal HBsAg positivity – as a proxy of MTCT of HBV – was statistically 
significantly (P < 0.001) associated with a higher incidence of HCC [crude incidence 
rates of 89.2 (95%CI: 22.3–356.8) vs 0 (unadjusted) per 100 000 persons per year, among 
those born to HBsAg positive vs HBsAg negative mothers][70]. Based on these 
findings, the authors recommend further investigation into the feasibility of scaling-up 
implementation of hepatitis B birth dose vaccination and other PMTCT strategies 
within sub-Saharan Africa in order to interrupt incident HBV infections among 
neonates[70]. Of the 111 countries which report having introduced a hepatitis B birth 
dose as part of national routine immunization programmes, only 11 (Algeria, 
Botswana, Cabo Verde, Côte d'Ivoire, The Gambia, Mauritania, Namibia, Nigeria, Sao 
Tome and Principe, Senegal, and Zambia) are in Africa[50]. While the global coverage 
of the birth dose is reported to be suboptimal (43%), that in the sub-Saharan African 
region is even more dismal at an estimated 6%[50]. When considered together with the 
reported low coverage of maternal screening for HBV infection and linkage to antiviral 
prophylaxis, current PMTCT strategies are inadequate to significantly reduce perinatal 
transmission and avert neonatal HBV infections within the region[97,98].

CHALLENGES AFFECTING MANAGEMENT OF HBV-ASSOCIATED HCC IN 
SUB-SAHARAN AFRICA
Management of chronic hepatitis B involves suppressing HBV viremia and minimizing 
the risk of progression to liver cirrhosis, chronic liver failure and HCC, using oral 
nucleotide/nucleoside analogues like tenofovir disoproxil fumarate (TDF) and 
entecavir. Treatment with nucleotide/nucleoside analogues is indicated in chronic 
carriers with elevated HBV viremia, elevated liver enzymes, and evidence of liver 
fibrosis and cirrhosis. Appropriate linkage to care requires the identification of 
chronically infected individuals who are eligible for treatment through HBV screening 
programmes[99]. It is estimated that < 1% of chronic HBV infected individuals in sub-
Saharan Africa are currently being diagnosed[100]. In addition, there are major gaps in 
determining treatment eligibility. Significant limitations have been identified when 
applying internationally recommended treatment eligibility criteria in the sub-Saharan 
African context. Only 10%–15% of persons with liver cirrhosis are detected for linkage 
to appropriate treatment[99-102].

Low uptake of HBV screening and treatment services in sub-Saharan Africa has 
been attributed to the lack of publicly funded, national HBV screening and treatment 
programmes. This leaves the responsibility for seeking an HBV test to the patient, 
which is highly detrimental when considered in the context of limited public 
awareness of the virus, and the asymptomatic nature of the infection until onset of 
late-stage sequelae[103]. As currently available nucleotide/nucleoside analogues 
cannot eradicate intrahepatic HBV DNA, treatment is typically lifelong, and this 
amounts to a significant cost[100,102]. A recent WHO report indicates that by 2019, < 8 
of the 47 member states within the WHO African region (WHO AFRO) had 
established subsidized HBV treatment programmes[16]. This suggests that a 
substantial proportion of chronic HBV carriers continue to incur undue financial 
burden as a consequence of paying out-of-pocket for the treatment they need, while 
others may be unable to afford it altogether. In Ghana, the annual cost of TDF is 
estimated at $670 which, when considered against an average annual income of $1778, 
is a major constraint to accessing lifesaving treatment[104]. It should not come as a 
surprise then that most patients in sub-Saharan Africa present to health care facilities 
with established liver cirrhosis or symptomatic advanced-stage HCC, at which point 
the prognosis is grim and therapeutic options are limited to palliative care.

TOWARDS ELIMINATION OF CHRONIC HEPATITIS B AND CONTROL OF 
HCC IN SUB-SAHARAN AFRICA
Future trends in the burden of HCC in sub-Saharan Africa will be determined by our 
progress in preventing new HBV infections, screening and treating existing chronic 
hepatitis B cases, as well as detecting and appropriately managing HCC. As part of a 
scorecard to monitor progress towards elimination of viral hepatitis within WHO 
AFRO in 2019, six core indicators were listed; (1) development of national hepatitis 
policies in the form of a national strategic plan for viral hepatitis; (2) implementation 
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of hepatitis B birth dose vaccination; (3) achieving > 90% national coverage of the third 
dose of the hepatitis B vaccine; (4) being on track for the HBV and HCV 2020 testing 
target; (5) implementation of a national hepatitis treatment programme; and (6) 
commemoration of World Hepatitis Day in 2018. Overall, most sub-Saharan African 
countries were found lagging in almost all indicators[16].

Within the next decade, there is a need to scale-up primary prevention of incident 
HBV infections in sub-Saharan Africa. Despite adopting resolutions to improve 
hepatitis B birth dose and routine childhood vaccination in WHO AFRO by 2020, 
implementation and coverage of the birth dose remains unacceptably low, while 
coverage of routine childhood vaccination remains well below the global average of 
84%[49,105,106]. Recognizing the significant threat of HBV MTCT to public health in 
sub-Saharan Africa, there have been renewed calls to expand access to the hepatitis B 
birth dose and leverage HIV PMTCT infrastructure in screening pregnant women and 
providing timely prophylaxis[56,98,107]. The future research agenda in sub-Saharan 
Africa should include investigating the need for tailored hepatitis B vaccination 
strategies for unique populations like HIV-exposed uninfected children.

As national governments grapple with the feasibility of implementing subsidized 
hepatitis surveillance and treatment programmes, the success of the HIV test and treat 
model in sub-Saharan Africa has been recognized as an opportunity to expand 
screening and antiviral treatment for chronic hepatitis B in the interim. To ensure a 
comprehensive package of care, there is a need to prioritize integration of cost-
effective point-of-care screening tests with good diagnostic accuracy, guided by 
appropriate treatment eligibility criteria[49,108].

Within the past decade, there have been significant advances in the development of 
new diagnostic and therapeutic approaches for HCC, with prospects for further 
innovation in the field[109,110]. These advances present unique opportunities to 
improve surveillance and management of HCC. Biannual surveillance among high-
risk chronic carriers of HBV using both liver ultrasonography and serum α-fetoprotein 
concentrations, is commonly used for early detection of progression to HCC. Curative 
treatment approaches for early-stage HCC include surgical resection, tumour ablation, 
or liver transplantation. For advanced-stage HCC, combination treatment using atezol-
izumab and bevacizumab over sorafenib alone, have shown promising long-term 
outcomes in phase III clinical trials[110]. Other immunotherapeutic agents for the 
treatment of late-stage HCC have also been recently explored[109]. While all these 
advancements present much needed opportunities to improve the quality of life of 
patients with HCC, the cost and feasibility of implementation within the sub-Saharan 
African public health context are always important considerations.

CONCLUSION
Ultimately, sub-Saharan Africa faces one of the toughest battles against chronic 
hepatitis B and HCC. Despite this, there are opportunities to achieve significant 
reductions in incident HBV infections and alter future trends in the burden of HCC. 
This calls for strong political will, regional coordination, and effective partnerships 
with donor agencies and non-governmental organizations in order to mobilize 
financial investments and technical support. Finally, the role of advocacy and 
awareness campaigns like World Hepatitis Day in enabling public ownership and 
demand for accessible, equitable, and quality health services cannot be undervalued.
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Abstract
The global social, economic and political crises related to coronavirus disease 2019 
(COVID-19) presumably had more indirect than direct negative impacts on health 
systems. Drastic lifestyle changes, social isolation and distancing, and individual 
and global financial crises resulted in robust populations forfeiting healthy habits 
and seeking comfort in alcoholic beverages, drugs and unhealthy diets. The 
inevitable consequences are increases in the incidence of nonalcoholic fatty liver 
disease, viral hepatitis, acute alcoholic hepatitis, liver cirrhosis decompensation 
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and ultimately liver-related mortality. The inaccessibility of regular clinical and 
sonographic monitoring systems has caused difficulties in the treatment of 
patients with chronic liver disease (CLD) and has prevented prompt hepato-
cellular carcinoma detection and treatment. A dramatic reduction in the number 
of liver donors and the transformation of numerous transplantation centers into 
COVID-19 units drastically decreased the rate of orthotopic liver transplantation. 
The indirect, unavoidable effects of the COVID-19 pandemic in the following 
years have yet to be determined. Substantial efforts in the management of patients 
with liver disease in order to overcome the inevitable COVID-19-related mor-
bidity and mortality that will follow have yet to be initiated. Several questions 
regarding the impact of the COVID-19 pandemic on liver disease remain. The 
most important question for general CLD patients is: How will the modification of 
clinical practice during this pandemic affect the outcomes of CLD patients? This 
article reviews the influence of COVID-19 on patients with liver disease during 
the pandemic, with particular emphasis on the disease course associated with 
pandemic resolution.

Key Words: COVID-19; Pandemic; Chronic liver disease; Management; Impact; Liver-
related mortality
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Core Tip: The global social, economic and political crises related to coronavirus disease 
2019 (COVID-19) presumably cause more indirect than direct negative impacts on the 
health system. Drastic lifestyle changes, social isolation and distancing, and individual 
and global financial crises resulted in a robust population forfeiting healthy habits and 
seeking comfort in alcoholic beverages, drugs and unhealthy diets. The inevitable 
consequence is the increasing incidence of liver disease, liver cirrhosis decompensation 
and ultimately liver-related mortality. The indirect unavoidable effects of the COVID-
19 pandemic in the following years have yet to be determined.

Citation: Mikolasevic I, Bozic D, Pavić T, Ruzic A, Hauser G, Radic M, Radic-Kristo D, 
Razov-Radas M, Puljiz Z, Milic S. Liver disease in the era of COVID-19: Is the worst yet to 
come? World J Gastroenterol 2021; 27(36): 6039-6052
URL: https://www.wjgnet.com/1007-9327/full/v27/i36/6039.htm
DOI: https://dx.doi.org/10.3748/wjg.v27.i36.6039

INTRODUCTION
The coronavirus disease 2019 (COVID-19) pandemic has spread rapidly worldwide 
and poses a serious threat to healthcare systems globally. It is common to encounter 
patients with both COVID-19 and abnormal liver function. Because COVID-19 is a 
newly discovered disease, additional data are needed to improve our understanding 
of its impact on the liver and of the appropriate management of such patients[1-15]. 
Information on how COVID-19 infection affects the liver and the relevance of pre-
existing liver disease in acquiring the infection or developing severe disease is in-
creasing, although we still do not know the exact mechanism. Additionally, consider-
ations with regard to liver transplant patients, those with hepatocellular carcinoma 
(HCC) and those under immunosuppressive therapy are being analyzed as informa-
tion is being generated. Various treatments for COVID-19 are currently under study 
but some of these may be potentially hepatotoxic[4-6,15].

The first and most evident consequence of the COVID-19 pandemic is its impact on 
the routine care of patients with chronic liver disease (CLD). The COVID-19 pandemic 
shifted our perception of ambulatory patient care from face-to-face examinations to 
virtual patient management[15-18]. Expert recommendations guiding clinicians in the 
treatment of patients with CLD and of transplanted patients during the pandemic are 
available in the form of guidelines published by the European Association for the 
Study of the Liver (EASL) and the American Association for the Study of Liver 
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Diseases (AASLD)[16-18].
Although patients with CLD are not at higher risk of acquiring the infection, 

whether COVID-19 and the underlying liver disease will follow an unfavorable course 
remains to be answered[19]. Nonetheless, questions regarding the treatment of 
patients with CLD following resolution of the COVID-19 pandemic remain unknown. 
One must consider that a considerable number of patients with CLD did not attend 
regular appointments, prevented by fear of acquiring the infection. Preventive, 
surgical and transplant programs have become secondary focuses. In light of the 
present circumstances, it is evident that the burdens of the pandemic-related con-
sequences have yet to be elucidated, not only regarding global economics but also 
global health[19].

This article reviews the effects of COVID-19 in patients with liver disease during the 
pandemic, with particular emphasis on the disease course associated with pandemic 
resolution (Figure 1). We performed a PubMed search using the keywords “chronic 
liver disease” and “COVID-19”. When using this algorithm there were 396 results. In 
this review, 74 articles with particular emphasis on COVID-19 and liver disease were 
analyzed.

PRE-EXISTING CLD AND COVID-19
The reported prevalence of patients with CLD in cohorts of patients with COVID-19 
does not exceed 1%, suggesting that the risk of infection acquisition is similar to that in 
the general population[18,20]. However, the risk of a severe course of disease might be 
increased due to the etiology of the underlying liver disease along with the degree of 
liver fibrosis[18].

Liver test abnormalities
According to reports from regular and intensive care units, elevated liver enzymes, 
lactate dehydrogenase, creatinine kinase and myoglobin, as well as prolonged 
prothrombin time, are found in more than one-third of patients during COVID-19 
progression[21]. A retrospective Chinese study revealed a dynamic pattern of liver 
molecules regardless of the severity of infection: Aspartate aminotransferase (AST) 
increased, followed by an increase in alanine aminotransferase (ALT) concurrent with 
mild oscillations in bilirubin levels. AST levels were significantly associated with 
mortality risk in this group of patients[22]. Another comprehensive Chinese review 
also reported elevated AST and ALT levels in 6%-22% and 21%-28% of patients, 
respectively[23]. Compared to other Chinese regions in which 16% of patients had AST 
elevation, studies from Wuhan reported a higher percentage, ranging from 24% to 
37%. Studies have revealed a high prevalence of liver test abnormalities in men and 
elderly individuals[23,24]. A large American study including 5700 patients reported 
that 58.4% of patients had elevated AST levels (> 40 U/L) and 39% had elevated ALT 
levels (> 60 U/L)[25]. Two percent of patients developed acute hepatic injury and the 
majority of this subgroup (95%) did not survive[25]. A severe cholestatic pattern has 
not been reported as correlating with COVID-19 but studies have reported hyperbi-
lirubinemia in 11%-18% of cases[21].

Several pathological mechanisms are considered to be involved in liver injury, 
including direct viral infection of liver cells, drug hepatotoxicity, cytokine storm and 
pneumonia-associated hypoxia[15,26,27]. According to several studies, the expression 
of ACE2 receptors on liver cells facilitates SARS CoV-2 entrance; expression is 
increased in bile duct cells, whose destruction appears to be primarily responsible for 
COVID-19-related liver injury[15,26]. Studies clarifying the exact mechanisms of liver 
injury are warranted[15,27-30].

It must be considered that elevated aminotransferases might be of cardiac or 
muscular origin and that abnormalities in liver tests are frequently transient. On the 
other hand, studies have reported an increased risk of severe disease in patients who 
present with liver injury on admission[15,28]. The severity of liver dysfunction seems 
to be closely associated with the severity of COVID-19[15]. As predicted by multiple 
studies, the usual culprits of pathological biochemical liver abnormalities are 
underlying CLD, sepsis-related cholestasis and drug hepatotoxicity[6]. We must not 
ignore the fact that the frequency and severity of liver injury in asymptomatic 
individuals and patients under out-of-hospital treatment remains unknown[6]. 
Therefore, further investigations are needed to strengthen conclusions.

Finally, the most crucial question for clinicians treating COVID-19 patients is in 
whom and how often to perform liver function tests. The optimal interval has not yet 
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Figure 1 Global and individual effects of the coronavirus disease 2019 pandemic on liver-related morbidity and mortality. ACLF: Acute-on-
chronic liver failure; AH: Arterial hypertension; ASH: Alcoholic steatohepatitis; CLD: Chronic liver disease; COVID-19: Coronavirus disease 2019; DILI: Drug-induced 
liver injury; HBV: Hepatitis B virus; HCC: Hepatocellular carcinoma; HCV: Hepatitis C virus; NAFLD: Non-alcoholic fatty liver disease; NASH: Non-alcoholic 
steatohepatitis; OLT: Orthotopic liver transplantation.

been defined, but physicians should certainly be attentive when treating severely ill 
patients and individuals taking novel antiviral drugs such as remdesivir or tocilizu-
mab[6].

Nonalcoholic fatty liver disease and COVID-19
Nonalcoholic fatty liver disease (NAFLD), also known as metabolic dysfunction-
associated fatty liver disease, is a common manifestation of metabolic syndrome and is 
remarkably prevalent in Western industrialized countries[21]. It is usually comorbid 
with obesity, which represents a significant risk factor for severe COVID-19 pneu-
monia[3,18,31]. The assumed mechanism relies on the immunological properties of 
adipose tissue, which also plays a role as a viral reservoir[3,18,25]. Additional risk 
factors accompanying NAFLD, such as arterial hypertension, obesity and diabetes, are 
also commonly observed in patients with a severe COVID-19 course[3,18,25].

As predicted in several studies, patients with NAFLD seem to have a longer period 
of viral replication and dispersion[32] and experience progression to the severe form of 
disease, with worsening dyspnea, hypoxia and typical radiological findings [32], even 
in younger patients without other comorbidities[33,34]. Among patients with NAFLD, 
the underlying liver fibrosis seems to correlate with severe COVID-19 presentation, 
regardless of other metabolic comorbidities[11,21,35]. Targher et al[35] also found an 
interrelation between advanced liver fibrosis (defined as increased Fibrosis 4 and 
NAFLD fibrosis scores) and severe COVID-19 presentation in a subgroup of 94 (30.3%) 
patients with NAFLD. However, Lopez-Mendez et al[36] did not confirm these fin-
dings. According to their study, although the prevalence of NAFLD and significant 
liver fibrosis was high in COVID-19 patients, it was not associated with worse clinical 
outcomes.

The exact mechanism of NAFLD-associated liver fibrosis leading to an undesired 
COVID-19 course has not yet been defined but presumably is potentiated by the 
hepatic release of multiple proinflammatory cytokines, exacerbating the severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2)-induced cytokine storm[35]. On the 
other hand, virus-related cytokines might increase the risk of liver inflammation. This 
interplay of cytokine-related events forms a vicious cycle, making the NAFLD popu-
lation at very high risk of COVID-19 complications[11,21].

Additional large-scale analyses are needed to determine whether NAFLD is an 
independent risk factor for severe COVID-19 or whether confounding factors are 
responsible for the previously published results. Studies based on other available 
noninvasive methods, including transient elastography and acoustic radiation force 
impulse-based techniques, are also warranted.
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It is also important to note the increased predisposition for drug-induced liver 
injury in patients with liver steatosis[6]. Antiretrovirals such as lopinavir/ritonavir, 
antibiotics, antifungal agents and other drugs required to treat acute respiratory 
distress syndrome and systemic inflammation may induce drug-induced liver injury
[37]. The possible mechanism of increased susceptibility in this group of patients is 
associated with oxidative stress, diminished activity of xenobiotic-metabolizing 
enzymes, mitochondrial malfunction and changes in lipid homeostasis[37-39]. Caution 
must be taken with steatogenic drugs such as amiodarone, sodium valproate, ta-
moxifen, methotrexate and frequently used glucocorticoids because they may induce 
steatohepatitis in predisposed individuals[40].

Finally, the effect of the COVID-19 pandemic on the social aspects of an individual’s 
daily routine is the last but not least important undesirable sequela. A sedentary 
lifestyle, social isolation and increased consumption of processed foods are all 
metabolic antagonists that are especially unfavorable in patients with NAFLD[18]. The 
COVID-19 “blues” associated with lockdowns, loss of income and deterioration of 
socioeconomic status might lead to unhealthy lifestyles and consequently the pro-
motion of obesity and associated metabolic diseases[41]. Therefore, COVID-19 will 
presumably be an indirect cause of expansion of the NAFLD epidemic[42]. In light of 
the global psychosociological COVID-19 burden, the Mayo Clinic advocates increased 
caution against NAFLD-promoting behaviors[42,43].

Increases in body mass index uncontrollable arterial hypertension and underreg-
ulated diabetes will certainly contribute to the worsening of NAFLD. It is therefore 
mandatory to treat associated metabolic comorbidities in these patients[18]. In addi-
tion, the deleterious effects of delayed detection of HCC in hepatic steatosis patients 
are the consequences of missed routine ultrasound examinations.

In conclusion, the EASL suggests considering early admission for all patients with 
NAFLD and COVID-19[18]. Encouraged by the AASLD guidelines, we recommend 
regular monitoring of liver function in all hospitalized COVID-19 patients[17,21]. 
Governments and policy makers should implement certain interventions in response 
to the increase in NAFLD that will insidiously follow after the COVID-19 pandemic
[41]. Finally, when contemplating the introduction of lockdown in the future, the 
potential consequences on metabolic health should be considered[41].

Autoimmune liver disease and COVID-19
Evidence of the influence of immunosuppressive regimens on the acquisition of 
COVID-19 is still scarce. However, observational studies have suggested an asso-
ciation between glucocorticoid therapy and a severe COVID-19 course[18,44]. When 
treating autoimmune hepatitis (AIH) flares, the EASL suggests the administration of 
budesonide rather than systemic corticosteroid therapy in patients without liver 
cirrhosis[18]. In the clinical setting of a chronic immunosuppressive regimen it is 
recommended to continue treatment, except in cases of severe COVID-19, superin-
fections or lymphopenia that frequently follow SARS-CoV-2 infection[16]. According 
to the largest study of patients with AIH and COVID-19 infection there were no 
significant differences in the incidence of major adverse COVID-19 outcomes between 
patients with AIH and those with other CLD[10]. However, in this study, independent 
risk factors for adverse events (i.e., death) in these patients were age and baseline liver 
disease severity. In this study, the use of immunosuppression was not associated with 
death in AIH patients[10]. Additional studies are needed to determine whether AIH 
per se or adjacent immunosuppressive treatment affect COVID-19 outcomes[18].

Alcoholic liver disease and COVID-19
Patients with alcohol use disorder (AUD) and alcohol-associated liver disease (ALD) 
are exemplars of the wide range of potentially negative impacts of COVID-19[45]. 
Primarily, social isolation and the unavailability of professional help may lead to 
psychological decompensation and an increased risk of relapse[45]. Depressed im-
mune systems and other underlying comorbidities, including renal failure, obesity, 
chronic viral hepatitis, sarcopenia, alcoholic cardiomyopathy, tobacco use disorder 
and many others, make these patients easy targets for viral infection. Finally, ac-
cording to published data, these patients are more prone to developing interstitial 
pneumonia and acute respiratory distress syndrome secondary to SARS-CoV-2 
infection than their counterparts[18]. Case series of ALD individuals reported a rapid 
disease course, including bilobar pneumonia and acute respiratory distress syndrome 
requiring mechanical ventilation, with unfavorable outcomes including cardiopul-
monary insufficiency and multiorgan failure[46,47]. Patients admitted for acute al-
coholic steatohepatitis (ASH) are usually assessed using Maddrey’s discriminant 
function (DF) score, with DF > 32 predicting a higher mortality rate[46]. The usual 
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treatment of ASH in patients with DF > 32 using the classical prednisone regimen is an 
additional risk factor for a severe course of COVID-19 and is therefore not recom-
mended for patients who are self-isolating or considered at high risk of acquiring 
SARS-CoV-2 infection[45]. Liver impairment is frequently observed in patients with 
COVID-19[46]. It is also well known that ASH increases the risk of hepatorenal 
syndrome development, especially after contrast agent application. Cytokine damage, 
inadequate organ perfusion, nephrotoxic drug effects and nosocomial infections all 
potentiate the acute kidney injury, usually resulting in the need for continuous renal 
replacement therapy[47].

In order to obviate the described critical disease course with severe consequences 
and high mortality rate, we should focus on two main aspects in the care of ALD 
patients. The primary focus is the prevention, of infection by following strict epidemi-
ologic recommendations, as well as the prevention of AUD relapse by implementing 
vigorous social and psychiatric care by telephone. The unavailability of support 
groups such as Alcoholics Anonymous should be bridged using individual or smaller 
group treatment[47]. The secondary focus is the prevention of a deleterious disease 
course using vigilant intrahospital clinical care and timely recognition of hepatobiliary, 
renal and respiratory complications[18].

Viral hepatitis and COVID-19
Whether chronic viral hepatitis specifically affects the COVID-19 course remains 
unknown. In a retrospective Italian multicenter study that included 50 patients with 
liver cirrhosis and SARS-CoV-2 infection, 28% had hepatitis C virus (HCV)-related 
cirrhosis and 10% had hepatitis B virus (HBV)-related cirrhosis. The patients were 
either HCV-RNA negative after anti-HCV treatment or on long-term anti-HBV 
treatment. The severity of liver disease was an independent predictor of mortality[29]. 
The same conclusion was derived from an international registry that included 152 
patients with CLD and COVID-19, among which 22.5% of the CLD was due to chronic 
HBV or HCV infection[30].

In the last year, the COVID-19 outbreak has redirected attention from other mor-
bidities, including viral hepatitis: as a consequence of this pandemic, most viral 
hepatitis elimination programs have diminished or stopped altogether[14,19,48,49]. 
The World Health Organization’s goal of eliminating HBV and HCV and thus 
significantly reducing the associated mortality until 2030 has therefore been put on 
hold. Elimination programs are already scarce, as well as involvement by liver disease 
societies, epidemiologists, infection specialists and general practitioners, despite the 
WHO Global Hepatitis Report 2017 stating that the viral hepatitis global mortality is 
1.5 million per year[19,48,49]. Preventing mother-to-child transmission and promoting 
blood safety are presumably the only intact weapons in the battle against HBV and 
HCV[19,48]. Although we will realize the full impact of reducing or delaying pro-
grams targeting hepatitis elimination in the near future, there are some mathematical 
models that can predict the possible impact on the global burden of viral hepatitis and 
hepatitis-associated morbidity and mortality that will result as a consequence of 
program delay[49]. A recent study used certain mathematical models to analyze the 
impact of delayed programs on viral hepatitis elimination[49]. The authors reported 
that a 1-year delay in viral hepatitis diagnosis and treatment will result in an 
additional 44800 HCC cases as well as 72300 deaths from HCV globally in the next 10 
years[49].

If we cannot make progress in achieving the aforementioned elimination goals due 
to the COVID-19 crisis, then education campaigns, extensive screening, diagnostic 
tests, vaccination programs and treatment should at least be maintained at the former 
level[19,48,49].

Liver cirrhosis and COVID-19
Patients with liver cirrhosis, particularly decompensated cirrhosis, are by far the most 
vulnerable liver disease patients. Immune dysfunction makes them prone to any kind 
of infection, including SARS-CoV-2, with potentially deleterious effects on the disease 
course. Data suggest that the course of COVID-19 is directly connected to the degree of 
liver disease defined by the Child-Pugh (CP) and Model for End Stage Liver Disease 
scores[18].

An international registry including 103 patients with liver cirrhosis reported a 40% 
mortality rate, strongly correlated with the grade of liver failure: 23.9% mortality in 
patients with CP class A, 43.3% mortality in patients with CP class B and 63.0% 
mortality in patients with CP class C cirrhosis[50]. Similarly, an Italian study involving 
50 patients with liver cirrhosis suffering from COVID-19 found a 30-d mortality rate of 
34%, among which 71% of patients died due to COVID-related respiratory failure[51].
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The largest published study to date was based on two international registries and 
included 745 patients with CLD (among which 52% had liver cirrhosis) and acute 
COVID-19 infection. When compared to the data of non-CLD patients with SARS-
CoV-2 infection in a UK hospital network, a statistically significant difference in 
mortality (P < 0.001) was reported: 32% in patients with liver cirrhosis compared to 8% 
in those without[52]. The main cause of death was respiratory failure, with acute 
decompensation of liver cirrhosis occurring in 46% of patients. The authors concluded 
that the CP score and ALD were independent risk factors for death due to COVID-19
[52].

A prospective American multicenter study by Singh and Khan[53] compared 
patients with both liver cirrhosis and COVID-19 to patients with only COVID-19 and 
found a significant difference in the outcome (30% vs 13%, P = 0.03). However, the fact 
that there was no significant difference in the outcomes of patients with liver cirrhosis 
regarding COVID-19 infection is intriguing. It seems important to emphasize that the 
proportion of SARS-CoV-2-positive cirrhosis patients in this study was approximately 
three times lower than that in the other two subgroups.

In summary, in patients suffering from COVID-19, mortality is significantly greater 
in those with liver cirrhosis than in those without and is directly related to the stage of 
liver failure[18]. However, it remains unclear whether COVID-19-related mortality is 
higher than that related to other causes of decompensation that are often also infective 
in origin[18].

Liver cirrhosis causes 2 million deaths globally per year. Prevention of liver 
decompensation and prompt diagnosis and treatment of cirrhosis-related complic-
ations are of the utmost importance[54,55]. Management with endoscopic variceal 
screening, primary and secondary prophylaxis, implementation of telecommunication 
and electronic communication in drug titration, especially regarding beta-blockers and 
diuretic therapies, is warranted. HCC screening and diagnostic persuasion, including 
radiologic methods and liver biopsy, as well as therapeutic treatments ranging from 
radiofrequency ablation to liver transplantation (LT), should be preserved despite 
scarce resources, physician burnout and lack of hospital capacity[54,55].

Tapper and Asrani[55] proposed a three-wave theory to explain the effects of the 
COVID-19 pandemic on liver cirrhosis from the current period to future years. The 
first wave describes the period of physical distancing and is defined by high-acuity 
care and delayed elective procedures[55]. For example, patients with esophageal 
varices are admitted only for bleeding episodes, and elective endoscopic band ligation 
(EBL) is not performed due to fear of viral spread and limited healthcare resources. 
The direct consequence of the first phase is the second wave, appearing after the 
resolution of physical distancing and characterized by a high frequency of cirrhosis 
decompensation[55]. Continuing with the given example, a substantial number of 
patients with indefinitely delayed or skipped EBL procedures will begin to experience 
variceal bleeding episodes, leading to cirrhosis decompensation or even acute-on-
chronic liver failure. Accessible, inexpensive, processed foods rich in salt, as well as 
alcoholic beverages, both highly consumed during pandemics, will result in the 
exacerbation of volume overload and also potentiate sarcopenia, which is a well-
known risk factor for cirrhosis-associated morbidity and mortality[55]. The third wave 
will presumably comprise long-term complications. Delayed diagnosis of hepato-
biliary malignancies, progression of HCC reaching the Milan criteria and the con-
sequent elimination of patients from transplant lists, insidious deterioration of renal 
function, no standardized recertification of patients awaiting LT and many more 
complications are to be encountered. As Tapper and Asrani[55] stated, the curable will 
be transformed into the incurable.

HCC and COVID-19
Although there are no specific data on the outcomes of patients with HCC and 
COVID-19 infection, it is assumed that HCC patients will have poor outcomes, similar 
to those in other oncology patients[15]. However, we know that most HCC patients 
have pre-existing CLD and in comparison to other patients with cancers we can 
assume that such patients are more susceptible to the effects of COVID-19: that is, 
hepatic injury caused by COVID-19 can complicate existing CLD in most patients with 
HCC. The COVID-19 pandemic has greatly limited the medical care of HCC patients, 
with effects ranging from early diagnosis to treatment. As ultrasound screening 
examinations have mostly been delayed indefinitely, without precise upcoming 
appointment dates and resulting in prolonged periods without control, the risk of 
discovering HCC at a later stage increased in approximately 25% of patients with the 
biologically aggressive type of disease[55,56].
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Elective hospital admissions were also delayed in the peak of the COVID-19 pan-
demic due to low hospital capacity and the fear of viral spread. Outpatient ambulatory 
care was unavailable for a certain time. Subsequently, a substantial number of patients 
were afraid to visit medical facilities. Therefore, diagnostic procedures such as con-
trast-enhanced ultrasound, multislice computed tomography, magnetic resonance 
imaging and liver biopsies have been delayed. Additionally, treatment options have 
been insufficiently maintained. Surgical resection and LT are the most affected due to a 
shortage of anesthetists and other medical personnel[6]. Procedures such as transar-
terial (chemo)embolization (TACE/TAE) and radiofrequency ablation are therefore 
the most important tools in treating patients with HCC. Data on the impact of COVID-
19 on HCC patient care are underrepresented[56,57]. A colleague from an Italian 
center managed HCC patients with the goal of minimizing the impact of COVID-19 
and reported their experience from February 24 to March 20, 2020, regarding the 
treatment of HCC patients in comparison to the same period during 2019[57]. The 
authors found that 11% of patients had delayed treatment of HCC for 2 mo or longer. 
The delayed treatment modalities comprised transarterial procedures in eight HCC 
patients, thermal ablation in three HCC patients and systemic therapy in two patients. 
Thermal ablation in the three patients was performed as an alternative procedure to 
surgical treatment. The results of this study represent the best efforts of clinicians to 
manage HCC during the COVID-19 pandemic[57].

In the case of early-stage HCC, the capacity of most hospitals for surgical treatment 
(resection) is limited due to the limited number of anesthesiologists as well as shor-
tages in intensive care unit beds. Clinicians can select some patients who have been 
prioritized for resection and have a relatively low disease burden. Treatment mo-
dalities such as radiofrequency and microwave ablation, upfront transarterial treat-
ment and systemic therapy may be considered as alternative methods according to the 
guidelines for each treatment modality[56,58]. Additionally, during the pandemic, the 
number of LTs were reduced or reached zero for some time due to reduced anesthetic 
capacity as well as a shortage of donors[56,58]. In the case of intermediate-stage HCC, 
a more selective approach can be used with respect to TACE in hospitals that are 
greatly affected by the COVID-19 pandemic. Additionally, if a specific center cannot 
perform TACE, systemic therapy or adequate surveillance, then imaging could be an 
alternative approach[56,58]. Finally, in the case of advanced-stage HCC, HCC patients 
who receive oral multitargeted tyrosine kinase inhibitors could be followed by cli-
nicians for prolonged intervals or monitored by telephone or another telemedicine 
interface, depending on the patient’s tolerance and clinical status during the COVID-
19 pandemic[56,58]. The impact on the long-term outcomes of HCC due to these 
modifications in treatment options, as well as the delays in treatment, will soon be 
realized[57].

The decision to treat HCC during the pandemic should consider the availability of 
medical staff, risk of infection and the risk-benefit ratio for an individual patient. The 
management of HCC in patients is complex because it relies heavily on multidiscip-
linary approaches involving gastroenterologists, radiologists, hepatobiliary surgeons 
and oncologists, who are significantly burdened during this pandemic[15,56]. Extra 
coordination among different specialties is necessary to maintain clinical services for 
patients with HCC. It is recommended that the care and treatment of HCC patients is 
maintained according to the guidelines by using alternative methods of communi-
cation whenever possible in order to minimize the COVID-19 exposure risk to medical 
staff[15]. Widely available SARS-CoV-2 polymerase chain reaction testing is recom-
mended before elective hospital admission, although there can never be a definite 
guarantee for medical personnel because a patient may be in the incubation phase of 
infection or the patient may contract the infection in the hospital. If the patient is 
acutely infected, it is reasonable to defer HCC treatment for a few weeks until after 
recovery from COVID-19[6].

LT AND COVID-19
LT programs have been weakened globally, even in regions where the COVID-19 
prevalence has been low[59-61]. During this period of readjustment no specific gui-
delines were offered; however, multiple organizations released recommendations for 
medical personnel involved in solid organ transplantation[59-66].

Primarily, obtaining an organ from a SARS-CoV-2-infected patient is contrain-
dicated. Moreover, screening of deceased donors, as well as recipients, is highly 
recommended[59-66]. In the case of unidentified infection, the donor could spread the 
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virus to multiple recipients, which would presumably have an unfavorable or even 
lethal course under severe immunosuppression[6,62].

As the risk of contracting the virus is high, even under hospital conditions, it would 
be appropriate to limit the number of face-to-face contacts for patients at risk of severe 
COVID-19. They should be advised against travel and should strictly practice physical 
distancing[6]. Due to cirrhosis-associated immune dysfunction, the aforementioned 
recommendations apply to all patients awaiting transplantation.

A further challenge is related to the staff involved in LT, who cannot be easily 
replaced. Quarantined, infected or redistributed personnel can prevent program 
realization for a certain period of time, which can have deleterious effects on potential 
LT recipients[59]. Therefore, splitting the team involved in LT and postoperative care 
into smaller subteams, as well as screening and segregating staff working with 
immediate post-LT patients, is recommended[59]. Compared to some other solid 
organ transplantations, LT is performed to preserve life. In contrast, although renal 
transplantation reduces dialysis morbidity and future medical costs, it is not directly 
lifesaving and can therefore be postponed[62]. Lifesaving transplantations, such as 
liver, heart and lung, have far more urgent indications and postponement may have 
deleterious consequences. Accordingly, it is of utmost importance that LT centers 
worldwide aim to restore their transplantation services.

Finally, according to preliminary data, age and comorbidity are key to determining 
the outcome from SARS-CoV-2 infection in LT patients[6,9].

Whether to receive vaccination is currently an unavoidable global question po-
tentiated by substantial social media involvement. Three vaccines were approved by 
February 2021. Two of these, the BNT162b2 (Pfizer-BioNTech) and mRNA-1273 
(Moderna) vaccines, are based on mRNAs that encode variants of the SARS-CoV-2-
spiked glycoprotein[63]. Both must be administered twice, 21-28 d apart. The third 
approved vaccine is AZD1222, also known as the Oxford-AstraZeneca vaccine. This is 
an adenovirus vector that contains the full-length, codon-optimized gene that encodes 
the SARS-CoV-2 spike protein and should also be administered in two doses, with the 
second dose administered 4-12 wk after the first dose[63]. The EASL position paper 
recommends vaccination against SARS-CoV-2 in patients with CLD, hepatobiliary 
cancer and LT[63].

Post-transplant patients and COVID-19
Patients taking immunosuppressive drugs after transplantation are at increased risk of 
infection or viral reactivation. The exact influence of the SARS-CoV-2 virus in post-LT 
patients is unclear[15].

Regarding the disease course in post-transplant patients, it seems that immunosup-
pression might have favorable effects by disabling cytokine release syndrome, charac-
terized by increased serum levels of interleukin (IL)-6, IL-8 and tumor necrosis factor
[15,64]. A Spanish study analyzed 111 LT patients diagnosed with COVID-19[65]. 
During a median follow-up of approximately 3 wk, 86.5% of patients were admitted to 
hospital, among which 19.8% required respiratory support[65]. Surprisingly, their 
mortality rate (18%) was lower than in the complementary general population. 
Mycophenolate mofetil (MMF) administered at a dose of > 1000 mg/d was an in-
dependent predictor of severe COVID-19[65]. In contrast, treatment with calcineurin 
inhibitors and the mammalian target of rapamycin (mTOR) inhibitor everolimus were 
not associated with a severe COVID-19 course. Complete withdrawal of immunosup-
pression showed no benefit[65]. Therefore, MMF withdrawal or transient conversion 
to calcineurin inhibitors or everolimus could be beneficial for hospitalized patients 
until the COVID-19 resolves[65].

Vaccination in post-LT patients is recommended at approximately 3-6 mo after 
transplantation when immunosuppression can be reduced. This is because the im-
mune system is too suppressed to mount the proper vaccination response in the early 
post-transplant period. Accordingly, vaccination of household members and of health-
care professionals caring for immunocompromised patients is advocated[63].

LIVER DISEASE AND COVID-19 IN CHILDREN
A recent review by Di Giorgio et al[67] nicely summarizes the current data from 105 
studies on the association among pre-existing CLD and COVID-19 infection in chil-
dren. According to the data, the most common liver manifestation was an elevation of 
transaminases[67]. The authors found that children with CLD, including those on 
immunosuppressive therapy (autoimmune liver disease and LT), actually do not have 
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a higher risk for a severe disease course of COVID-19. Additionally, they have little or 
no liver dysfunction[67]. As mentioned earlier, we still do not know the exact pa-
thogenetic mechanism of liver damage in either adults or children, therefore we still 
do not fully understand the clinical outcomes of patients with CLD infected with 
COVID-19. Furthermore, there are no clear data on infectivity rates in children with 
CLD or regarding the presence of asymptomatic carriage of the virus in children[67]. 
Finally, there are no data regarding the long-term outcome of COVID-19 infection in 
this group of immunocompromised children[67]. Thus, further data are needed.

CURRENT STUDIES AND FUTURE DIRECTIONS
The COVID-19 pandemic has caused serious damage to the global health system and 
prevented the anticipation, recruitment or completion of numerous clinical trials. 
However, according to ClinicaTrials.gov, there are currently more than 1500 studies 
related to ‘liver disease’ in the recruitment phase[68]. In line with active clinical 
research and databases including patients with NAFLD and CLD, it is evident that this 
remains a trending topic, despite the COVID-19 pandemonium. The utilization of 
noninvasive methods in the assessment of liver and spleen stiffness and indirect 
prediction of portal hypertension remains the desired goal in the field of CLD. At the 
same time, clinicians worldwide are determined to find a proper therapy for NAFLD. 
The effects of glucagon-like peptide agonist (GLP-1) semaglutide, peroxisome prolif-
erator-activated receptor (PPAR) agonist lanifibranor, thiazolidinediones, sodium-
glucose cotransporter 2 inhibitors, prebiotics and probiotics are currently being tested 
in clinical trials[69-73]. Furthermore, the impact of fecal microbiota transplantation on 
obese patients with NAFLD is being researched on participants in India[74]. A 
selective thyroid hormone receptor-β agonist, resmetirom (MGL-3196), is in its third 
trial phase and the mitochondrial-derived peptide (MOTS-c) analog CB4211 is in its 
1a/1b phase of evaluation among the NAFLD population[75,76]. Considering the 
global proportion of obese patients suffering from NAFLD, whose number under the 
COVID-19-created environment will undoubtedly grow, extension of the mentioned 
research and anticipation of future studies is encouraged.

CONCLUSION
The global social, economic and political crises related to the COVID-19 pandemic 
presumably had more indirect than direct negative impacts on health systems. Drastic 
lifestyle changes, social isolation and distancing, and individual and global financial 
crises resulted in a robust population forfeiting healthy habits and seeking comfort in 
alcoholic beverages, drugs and unhealthy diets[19,41]. The inevitable consequences are 
the rising incidence of NAFLD, viral hepatitis, acute alcoholic hepatitis, liver cirrhosis 
decompensation and ultimately liver-related mortality[19].

The inaccessibility of regular clinical and sonographic examinations has resulted in 
difficulties in the treatment of patients with CLD or prompt HCC detection and 
treatment. A dramatic reduction in the number of liver donors and the transformation 
of numerous transplantation centers into COVID-19 units have greatly reduced the 
rate of orthotopic LT.

The indirect unavoidable effects of the COVID-19 pandemic in the following years 
have yet to be determined[19]. Although the health system has been tremendously 
challenged, resulting in overwhelming damage that is continuously being revealed, 
focus should remain on the current and upcoming periods involving patients with 
uncontrolled chronic diseases[16,19]. Swift resumption of care practices, especially for 
patients with HCC or individuals requiring LT, must be initiated while simultaneously 
maintaining social distancing and balancing inadequate hospital resources[16,19].

Substantial efforts should be initiated for the management of patients with liver 
disease in order to prevent and control the inevitable COVID-19-related morbidity and 
mortality that will follow.

Several questions regarding the impact of the COVID-19 pandemic on liver disease 
remain. One of the most important questions is: What will be the effect of long-term 
anticoagulants on liver disease? The main question for general CLD patients is: How 
will the modification of clinical practice during this pandemic affect outcomes in CLD 
patients.
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Abstract
Hepatitis B virus (HBV) infection is one of the main causes of morbidity and 
mortality worldwide. Most children acquire the infection perinatally or during 
early childhood and develop a chronic hepatitis characterized by a high viral 
replication and a low-inflammation phase of infection, with normal or only 
slightly raised aminotransferases. Although a conservative approach in children is 
usually recommended, different therapies exist and different therapeutic 
approaches are possible. The main goals of antiviral treatment for children with 
chronic HBV infection are to suppress viral replication and to warn the disease 
progression to cirrhosis and hepatocellular carcinoma, although these complic-
ations are rare in children. Both United States Food and Drug Administration (US-
FDA) and European Medicines Agency (EMA) have approved interferon alfa-2b 
for children aged 1 year and older, pegylated interferon alfa-2a and lamivudine 
for children aged 3 years and older, entecavir for use in children aged 2 years and 
older, and adefovir for use in those 12 years of age and older. Tenofovir disoproxil 
fumarate is approved by EMA for children aged 2 years and older and by US-
FDA for treatment in children aged 12 years and older. Finally, EMA has 
approved the use of tenofovir alafenamide for treatment of children aged 12 years 
and older or for children weighing more than 35 kg independent of age. This 
narrative review will provide the framework for summarizing indications to 
antiviral therapy in the management of chronic HBV infection in children and 
adolescents.

Key Words: Hepatitis B; Children; Adolescents; Antiviral therapy; Tenofovir disoproxil 
fumarate; Entecavir; Interferon
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Core Tip: Hepatitis B virus (HBV) is a major cause of acute and chronic liver disease. 
During childhood, asymptomatic chronic hepatitis B is the most common outcome of 
the infection, and a conservative approach is usually recommended. In selected patients 
there is a strict indication for treatment. Different drugs have been approved by United 
States Food and Drug Administration and European Medicines Agency for treatment of 
children and adolescents with chronic HBV infection. The main goal of the treatment is 
to reduce the risk of progression to cirrhosis and hepatocellular carcinoma through the 
suppression of HBV replication.

Citation: Stinco M, Rubino C, Trapani S, Indolfi G. Treatment of hepatitis B virus infection in 
children and adolescents. World J Gastroenterol 2021; 27(36): 6053-6063
URL: https://www.wjgnet.com/1007-9327/full/v27/i36/6053.htm
DOI: https://dx.doi.org/10.3748/wjg.v27.i36.6053

INTRODUCTION
Hepatitis B virus (HBV) infection is one of the major causes of acute and chronic liver 
disease and associated morbidity and mortality worldwide. In 2015, 257 million people 
were estimated as being chronically infected by the World Health Organization 
(WHO), with a global prevalence of 3%-5%, and 887,000 people died due to chronic 
HBV infection (CHB)[1].

Hepatitis B is a vaccine-preventable disease but, despite the availability of effective 
vaccine and vaccination programs, it remains a global health problem[2]. It has been 
estimated that annually there are almost 2 million new infections in children younger 
than 5 years of age. Most of the infected children acquire the infection around the time 
of birth through vertical transmission or during early childhood through horizontal 
transmission[3-5].

NATURAL HISTORY OF HBV INFECTION IN CHILDREN
The natural history and the long-term outcome of HBV infection acquired in childhood 
vary depending upon the age at infection. CHB is the most common outcome (90%) of 
the infection acquired vertically in neonates and infants. The risk of CHB is reduced to 
30% when infection occurs during the first 5 years of life and < 5% for older immuno-
competent children and adults[5].

HBV infection is usually asymptomatic during childhood, but sometimes acute 
infection could present with severe symptoms and fulminant hepatitis both in adult 
and children[6]. The development of complications of CHB, such as cirrhosis, hepato-
cellular carcinoma, and extrahepatic manifestations, is manly observed in adulthood 
but can also present in infancy and early childhood[7-10].

In 2017 the European Association for the Study of the Liver (EASL) proposed a new 
nomenclature for CHB that is no more based on the concept of immune-tolerant, 
immune-active, immune-control, and immune-escape, which have been previously 
used to describe the different phases of infection[7]. The new nomenclature 
emphasizes the distinction between infection and active hepatitis (defined basing on 
the presence of normal or raised alanine aminotransferase levels, respectively) and is 
based on Hepatitis B e Antigen (HBeAg) status, HBV viremia, and liver histology 
(Table 1)[11].

Another biomarker to monitoring HBV infection is the covalently closed circular 
DNA (ccc-DNA), a new biomarker related to viral replication and persistence of 
infection. A “complete cure” of HBV infection requires also the clearance of ccc-DNA, 
as well as HBsAg loss and undetectable serum HBV DNA (otherwise it is defined 
“functional cure”)[12].

TREATMENT FOR CHRONIC HBV INFECTION
The common and main goals of antiviral treatment for adults, adolescents, and 

https://www.wjgnet.com/1007-9327/full/v27/i36/6053.htm
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Table 1 Patients’ categories and phases in natural history of chronic hepatitis B virus infection defined by European Association for 
the Study of the Liver guidelines 2017[11]

HBeAg positive HBeAg negative HBsAg negative

High HBsAg Low HBsAg HBcAb-positive with/without positive 
HBsAb

HBV DNA > 107 IU/mL HBV DNA < 2000 IU/mL HBV DNA usually undetectable

None/minimal liver disease No liver disease No liver disease

HBV infection (normal 
ALT)

Old terminology: Immune-
tolerant

Old terminology: Inactive carrier/immune 
control

Old terminology: Occult HBV infection

High or intermediate HBsAg Intermediate HBsAg

HBV DNA 104-107 IU/mL HBV DNA > 2000 IU/mL

Moderate to severe liver disease Moderate to severe liver disease

Hepatitis B (abnormal ALT)

Old terminology: immune-active Old terminology: immune escape

HBV: Hepatitis B virus; ALT: Alanine aminotransferase levels; HBeAg: Hepatitis B e antigen; HBsAg: Hepatitis B s antigen; DNA: Deoxyribonucleic acid; 
HBcAb: Hepatitis B c antibodies.

children with chronic HBV infection are the effective and sustained suppression of 
HBV replication and consequently to decrease the risk of disease progression to 
cirrhosis and hepatocellular carcinoma[13-15]. Guidelines for treatment of children 
and adolescents have been issued by the European Society for Pediatric Gastroen-
terology Hepatology and Nutrition (ESPGHAN), EASL, American Association for the 
Study of Liver Diseases (AASLD), and Asian Pacific Association for the Study of the 
Liver (APASL)[11,16-18].

The aim of this narrative review is to summarize the available evidence on the use 
of drugs for treatment of CHB in children and adolescents, to summarize the main 
recommendations for treatment, and to highlight research gaps.

Interferon alfa-2b
Interferon alfa-2b has both antiviral and immunomodulatory actions. Binding to the 
specific transmembrane receptor, it activates intracellular signaling and gene 
transcription, resulting in the reduction of viral DNA level and viral injury. 
Furthermore, it directly stimulates the cell-mediated immune response against HBV-
infected hepatocytes, thus reducing the number of cells containing ccc-DNA[19].

Interferon alfa-2b for subcutaneous injection is approved by European Medicines 
Agency (EMA) and United States Food and Drug Administration (US-FDA) for 
treatment of children and adolescents (1-17 years of age) with CHB. Treatment 
duration is 16 to 24 wk. The recommended dose is 6 million IU/m2 three times a week 
(Table 2).

A large open-label, multinational randomized controlled trial evaluated the safety 
and efficacy of interferon alfa-2b[20]. Interferon alfa-2b was started at a dose of 3 
million IU/m2 of body surface area three times a week for 1 week. The dose was 
increased to 6 million IU/m2 of body surface area at the second week, and this was 
continued for a minimum of 16 wk and a maximum of 24 wk based on results of 
virological testing for evidence of response (treatment was stopped at 16 or 20 wk if 
HBeAg was undetectable on two serum determinations taken 1 month apart). One 
hundred and forty-nine children were enrolled, 144 were evaluable of whom 70 
received the treatment and 77 were untreated controls. Patients in the treatment arm 
had a better response (loss of HBV DNA and HBeAg at 24 wk of follow-up) compared 
to the untreated controls (26% vs 11%, P = 0.02). Loss of HBsAg occurred in 7 treated 
children (10%) but in only 1 untreated child (1.2%) (P = 0.03). Patients with lower 
baseline HBV DNA (< 50 pg/mL) were more likely to respond to interferon alfa-2b 
therapy than patients with a baseline HBV DNA greater than 200 pg/mL (41% vs 7%, 
respectively). All children in the treatment group reported at least one adverse event, 
the most common being influenza-like symptoms (100%), irritability, sleep disturbance 
and depression (40%), nausea or vomiting (40%), diarrhea or gastrointestinal distress 
(46%), alopecia (17%), and neutropenia (19%). The dose of interferon alfa-2b was 
reduced in 17 children (23%), most commonly because of neutropenia, thrombocyt-
openia, and fever. Three children discontinued treatment because of an adverse event. 
Subsequent studies confirmed the same efficacy and safety results[21-23].
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Table 2 Antiviral drugs approved for children and adolescents with chronic hepatitis B virus infection[14]

Ages approved for drug 
administration Drug dosage Drug formulations

Interferon alfa-2b ≥ 1 yr 6 million UI/m2 three times a 
week

Subcutaneous injection

Peginterferon alfa-2a ≥ 3 yr 180 µg/1.73 m2 once a week Subcutaneous injection

Lamivudine ≥ 3 yr 3 mg/kg daily (maximum 100 mg) Oral solution (5 mg/mL) or tablets (100 mg)

10-30 kg: 0.015 mg/kg daily 
(maximum 0.5 mg)

Entecavir ≥ 2 yr

> 30 kg: 0.5 mg daily

Oral solution (0.05 mg/mL) or tablets (0.5 mg and 1 
mg)

Adefovir ≥ 12 yr 10 mg daily Tablets (10 mg)

≥ 2 yr1 8 mg/kg daily (maximum 300 mg)Tenofovir disoproxil 
fumarate

≥ 12 yr1 300 mg daily

Oral powder (40 mg per 1 g) or tablets (150 mg, 200 
mg, 250 mg and 300 mg)

Tenofovir alafenamide ≥ 12 yr2 25 mg daily Tablet (25 mg)

1Approved for ≥ 2 yr by the European Medicines Agency and ≥ 12 yr by the United States Food and Drug Administration.
2Approved independent of age for weight > 35 kg.

Peginterferon alfa
Peginterferon alfa comprises an inert, branched, 40 kD polyethylene glycol molecule 
attached to interferon alfa. Through the direct stimulation of immune system, it is 
effective in the achievement of serological response and reduction of ccc-DNA level
[19].

Peginterferon alfa-2a
Peginterferon alfa-2a for subcutaneous injection is approved by EMA and US-FDA for 
treatment of children and adolescents (3-17 years of age) with CHB. Treatment 
duration is 16 to 24 wk. The recommended dose is 180 μg/1.73 m2 once a week 
(Table 2).

The efficacy and safety of peginterferon alfa-2a treatment in children with CHB was 
assessed in the PEG-B-ACTIVE study, a phase III randomized, controlled, open-label, 
multicenter study[24]. Peginterferon alfa-2a was prescribed at a dose of 180 μg/1.73 m2 
once a week and was continued for a minimum of 48 wk. One hundred and sixty-one 
HBeAg-positive children with raised aminotransferase levels without advanced 
fibrosis or cirrhosis were enrolled. One hundred and fifty-one were evaluable, of 
whom 101 received the treatment and 50 were untreated controls. Twenty-four weeks 
after the end of treatment, patients who received peginterferon alfa-2a had a better 
response compared to untreated controls with higher HBeAg seroconversion rates 
(25.7% vs 6%, P = 0.0043), higher rates of hepatitis B surface antigen (HBsAg) clearance 
(8.9% vs 0%, P = 0.03), HBV DNA < 2000 IU/mL (28.7% vs 2%, P < 0.001) or 
undetectable (16.8% vs 2.0%, P = 0.0069), and alanine aminotransferase (ALT) normal-
ization (51.5% vs 12%, P < 0.001). Loss of HBsAg occurred in 9 treated children (8.9%) 
and in none of those who were untreated. The most common adverse events included 
fever (49%), headache (30%), abdominal pain (19%), and neuropsychiatric disorder 
(12%). Laboratory abnormalities reported during treatment were ALT flares (53%) and 
neutropenia (10%) and were managed without dose modification. Short-term effects 
on growth appeared minimal. The study highlighted the efficacy and positive 
benefit/risk profile of peginterferon alfa-2a for the treatment in children and 
adolescents with CHB, consistent with the extensive data available in adults.

Peginterferon alfa-2b
Peginterferon alfa-2b is not approved by the US-FDA or EMA for treatment of children 
or adolescents with CHB but is approved for treatment of chronic hepatitis C for 
children 3 years of age or older (Table 2)[25-30].

Lamivudine
Lamivudine is a synthetic nucleoside analogue (analogue of cytidine) that inhibits 
viral replication in human cells by interfering with the DNA polymerase enzyme of 
HBV, and it acts as a chain terminator of DNA synthesis. If the nucleoside analogue is 
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incorporated in the DNA chain, it prevents the formation of the 5' to 3' phosphodiester 
linkage essential for DNA chain elongation, consequently terminating viral DNA 
growth[31].

Lamivudine is approved by EMA and US-FDA for treatment of children and 
adolescents (3-17 years of age) with CHB. The recommended dose is 3 mg/kg daily, 
oral (maximum 100 mg; Table 2).

The efficacy and safety of lamivudine treatment in children with CHB was 
originally assessed in one randomized, double-blind, placebo-controlled study[32]. 
Children and adolescents aged between 2 and 17 years received either oral lamivudine 
(n = 191) or placebo (n = 97) once daily for 52 wk. This study demonstrated that 
treatment with lamivudine was safe, efficacious, and superior to placebo, consistent 
with the results observed in adults with CHB. Virologic response defined by the loss of 
serum HBeAg and by the reduction of serum HBV DNA to undetectable levels 
occurred by week 52 in 23% of the children in the treatment group, as compared with 
13% of children in the placebo group (P = 0.04). The rate of virologic response 
increased with higher baseline ALT values and scores on the histologic activity index. 
Loss of HBsAg occurred in 3 treated children (2%) and in none of those who were 
untreated. The treatment was highly safe and the nature, incidence, and severity of 
adverse clinical events and abnormal laboratory values in patients receiving 
lamivudine were similar to those receiving placebo. The emergence of YMDD-variant 
HBV was detected in 19% of patients who received lamivudine for 52 wk. YMDD-
variant HBV may reverse the response in some patients and has been considered a 
limitation of lamivudine therapy.

The efficacy of lamivudine was explored in other studies. According to a recent 
systematic review with meta-analysis, lamivudine, when compared to placebo, was 
associated with significantly higher likelihood of ALT normalization, HBeAg clearance 
or loss, and HBV DNA suppression but not HBeAg seroconversion or HBsAg 
clearance after 48 wk of treatment[33-35].

Although lamivudine is a safe drug, it has low barrier to resistance.

Entecavir
Entecavir is a nucleoside analogue (analogue of deoxyguanosine). In the intracellular 
environment, it is rapidly phosphorylated to the active intracellular 50-triphosphate 
form; this active metabolite competes with the natural substrate (i.e., deoxyguanosine 
triphosphate) of HBV polymerase and inhibits HBV replication[36].

Entecavir is approved by US-FDA and EMA for treatment of children and 
adolescents aged 2 years and older with CHB. The recommended treatment dose is 
0.015 mg/kg daily (maximum 0.5 mg; weight > 30 kg: 0.5 mg daily; Table 2).

The efficacy and safety of entecavir were studied in a randomized, double-blind, 
multicenter study including children and adolescents (2 to < 18 years) with CHB[37]. 
Blinded treatment was administered for a minimum of 48 wk. One hundred and 
seventeen patients received entecavir treatment, and 56 received placebo. Patients who 
achieved HBeAg seroconversion continued blinded treatment while those who did not 
(n = 50) were switched to open-label entecavir up to week 96 of treatment. Response 
rates for the combined endpoint of HBeAg seroconversion and HBV DNA < 50 IU/mL 
at treatment week 48 occurred in 24.2% in the entecavir group, as compared with 3.3% 
in the placebo group (P = 0.0008). After 48 wk of treatment, patients who received 
entecavir had a better response compared to untreated controls with higher rates of 
virological suppression (49.2% vs 3.3%, P < 0.0001), ALT normalization (67.5% vs 
23.3%, P < 0.0001), and HBeAg seroconversion (24.2% vs 10, P = 0.02). At week 96, loss 
of HBsAg occurred in 7 treated children (5.8%) and in none of those who were 
untreated. The rate of virologic response increased with low baseline HBV DNA (< 8 
Log10 IU/mL) and high baseline ALT (> 2 × upper limit of normal). The cumulative 
probability of emergent entecavir resistance through years 1 and 2 of entecavir was 
0.6% and 2.6%, respectively. The treatment was well tolerated with no observed 
differences in adverse events or changes in growth compared with placebo. A 
subsequent study confirmed the same efficacy and safety results[38].

Adefovir
Adefovir is an acyclic nucleotide analogue (analogue of deoxyadenosine-5´-
monophosphate). It is converted by adenylate kinase to adefovir diphosphate, an 
active derivate that selectively inhibits the HBV polymerase. Adefovir diphosphate 
competes with deoxyadenosine-5´-triphosphate during HBV DNA synthesis, and, 
when incorporated into the HBV DNA chain, it discontinues further elongation of 
DNA chain, stopping HBV replication[39].
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Adefovir is approved by US-FDA and EMA for treatment adolescents aged 12 years 
and older with CHB. The recommended treatment dose is 10 mg daily (Table 2).

The efficacy and safety of adefovir were studied in a randomized, double-blind, 
multicenter study including children and adolescents (2 to < 18 years) with CHB[40]. 
Treatment was administered for 48 wk. One hundred and eighteen patients have 
received adefovir treatment and 58 received placebo. Response rates for the combined 
endpoint of HBV DNA < 1000 copies/mL and normal ALT at treatment week 48 
occurred in 19.1% in the adefovir group, as compared with 1.7% in the placebo group (
P < 0.001). This result was primarily due to response in the 12 to 17 years age group as 
in the younger children, although there were apparent differences in response to those 
treated with adefovir compared to those who received placebo, they did not reach 
statistical significance. After 48 wk of treatment, patients who received tenofovir had a 
better response compared to untreated controls with higher rates of ALT normal-
ization (56% vs 21%, P < 0.0001) and HBeAg seroconversion (15.9% vs 5.3%). More 
patients treated with adefovir met the combined endpoint of HBeAg seroconversion 
and HBV DNA < 1000 copies/mL plus normal ALT (10.6% vs 0/57, P = 0.009). Only 1 
patient in the adefovir group achieved HBsAg seroconversion. The rate of virologic 
response increased with low baseline HBV DNA (< 8.8 Log10 IU/mL) and high 
baseline ALT (> 2.3 X upper limit of normal). No subject developed the rtA181V or 
rtN236T mutation associated with adefovir resistance by treatment week 48. The 
treatment was well tolerated with no observed differences in adverse events compared 
with placebo.

A subsequent study confirmed the same efficacy and safety results[41].

Tenofovir disoproxil fumarate
Tenofovir disoproxil fumarate (DF) is an inhibitor of DNA polymerase. In vivo it is 
converted by diester hydrolysis to tenofovir, an acyclic nucleotide analogue (analogue 
of deoxyadenosine-5´-monophosphate), and after two phosphorylation steps to its 
active metabolite, tenofovir diphosphate. In this form, tenofovir binds to active site of 
enzyme, avoiding the attaching of the natural substrate deoxyadenosine-5´-
triphosphate, and inhibits the HBV DNA polymerase activity[42].

Tenofovir DF is approved by EMA for children aged 2 years and older and by US-
FDA for treatment of children aged 12 years and older with CHB. The recommended 
treatment dose is 8 mg/kg daily (maximum 300 mg) for younger children and 300 mg 
daily for those older than 12 years (Table 2).

The efficacy and safety profile of tenofovir DF were studied in a randomized, 
double-blind, multicenter study including adolescents (12 to < 18 years) with CHB
[43]. Blinded treatment was administered for 72 wk. One hundred six patients were 
enrolled, and 101 completed 72 wk of treatment. Fifty-two patients have received 
tenofovir DF treatment and 54 received placebo. Virologic response (HBV DNA < 400 
copies/mL) at treatment week 72 was observed in 89% of patients who received 
tenofovir DF and none of those who received placebo (P < 0.001). The treatment was 
well tolerated with no observed differences in adverse events compared with placebo. 
No resistance to tenofovir DF developed through week 72.

Tenofovir alafenamide
Tenofovir alafenamide is a pro-drug of tenofovir diphosphate, thus it presents the 
same action mechanism of tenofovir DF causing causes viral DNA chain termination 
and preventing viral DNA transcription[42].

Tenofovir alafenamide is approved by EMA for treatment of children aged 12 years 
and older and, independent of age, for children weighing more than 35 kg. The 
recommended treatment dose is 25 mg daily. Tenofovir alafenamide was approved on 
the basis of studies in children with human immunodeficiency virus infection[44,45].

Telbivudine
Telbivudine is not approved by the FDA or EMA for pediatric use.

Pros and cons of anti-HBV treatment 
Overall interferon based treatments are associated with higher HBeAg and HBsAg 
seroconversion rates and could be used for treatment of finite duration. Concerns are 
present with regard to tolerance and safety, and recently the availability of the drug on 
the market has been questioned. Furthermore, interferon and peginterferon treatments 
have the disadvantage of subcutaneous administration that is relevant for treatment of 
children.



Stinco M et al. HBV infection therapy in children

WJG https://www.wjgnet.com 6059 September 28, 2021 Volume 27 Issue 36

Nucleot(s)ide analogues have been classified as having low (lamivudine, adefovir, 
telbivudine) and high (tenofovir, entecavir) genetic barrier to resistance and are 
generally used for oral treatment of indefinite duration, with an overall good safety 
profile[14,15].

New prospective antiviral treatment strategies
Recently, there is a growing interest in some new therapeutic strategies, targeting viral 
life cycle or improving antiviral immune response, that could eliminate all replicative 
intermediates, including ccc-DNA. The drugs targeting different steps of HBV life 
cycle include entry inhibitors; polymerase inhibitors; core protein (nucleocapsid) 
inhibitors; HBsAg release inhibitors; RNA silencers. On the other hand, the new 
therapies to improve anti-HBV immunity response include therapeutic vaccines, 
generating “new” T cells; toll-like receptor 7 and toll-like receptor 8 agonists, 
stimulating antiviral effector cells; retinoic acid-inducible gene I agonist; anti-HBV 
antibodies; checkpoint inhibitors; programmed cell death protein 1 (PD1) and PD1 
ligand inhibitors, rescuing the T-cell exhaustion that can be observed in chronic HBV 
infection. Results of preclinical and early clinical studies are promising; thus, soon, 
these treatment options could be available and could potentially transform the future 
indications for hepatitis B treatment[46-49].

INDICATION FOR TREATMENT
The decision to start treatment in a child with CHB is based on the combined 
assessment of stage of liver disease, HBV DNA and ALT concentrations, and HBeAg 
status. Presence of other features, such as a family history of hepatocellular carcinoma, 
human immunodeficiency virus coinfection or other concomitant liver disease, is an 
additional factor to support treatment initiation. Regardless of age, all guidelines 
recommend treatment for children with cirrhosis, histological evidence of necroinflam-
mation and fibrosis (active hepatitis), and fulminant or severe acute hepatitis B 
infection and for those undergoing immunosuppression or chemotherapy with 
evidence of past or ongoing HBV infection[11,13,16-18].

There are some differences between recommendations provided by the available 
guidelines for the treatment of CHB in children not satisfying the above treatment 
criteria that are highlighted in Table 3[14].

Interferon, entecavir, and tenofovir DF are recommended for treatment of chronic 
HBV infection in children by ESPGHAN, AASLD, and APASL. Entecavir is 
recommended for children aged 2–12 years in WHO guidelines while interferon is not 
included because its use in resource limited settings is often not feasible as a result of 
its high cost, requirement for injection, and high rate of adverse effects that require 
careful monitoring. The advantages of interferon and peginterferon as compared with 
nucleoside and nucleotide analogues are the absence of viral resistance and the 
predictable finite duration of treatment. However, the use of interferon and 
peginterferon requires subcutaneous injections and is associated with a high risk of 
adverse events. Tenofovir (tenofovir DF or tenofovir alafenamide) or entecavir have 
high genetic barrier and are recommended as preferred initial therapies for adults by 
EASL, AASLD, and WHO.

CONCLUSION
Treatment guidelines provided by the different major scientific international societies 
(ESPGHAN, AASLD, APASL, EASL) clearly agree on treating all patients with 
advanced liver disease (cirrhosis) and histological features of active hepatitis and 
patients with fulminant or severe acute hepatitis B infection, preventing uncontrolled 
HBV replication and serious complications such as cirrhosis and hepatocellular 
carcinoma in young adult life. The guidelines also recommended antiviral therapy for 
children and adolescents with HBV infection (immune-tolerant patients) undergoing 
immunosuppressive therapy, such as those patients who will be receiving chemothe-
rapy or stem cell or solid organ transplantation.

All others HBV infected children who not satisfy the above treatment criteria are not 
typically candidates for treatment. For these patients a tight clinical, biochemical and 
no invasive imaging (abdominal ultrasound) follow-up will be important to 
monitoring the natural course of HBV infection, to identify patients undergoing 
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Table 3 Differences among recommendations and indications for treatment of chronic hepatitis B virus infection in adults, adolescents, 
and children from five professional societies or international organizations

Organization

HBeAg-positive adolescents and children with persistent alanine aminotransferase elevation for at least 6 mo

HBeAg-negative adolescents and children with persistent alanine aminotransferase elevation for at least 6 mo for at 
least 12 mo

HBV DNA > 2000 IU/mL and either

Moderate necroinflammation or fibrosis

ESPGHAN[16]

Mild inflammation or fibrosis with a family history of hepatocellular carcinoma

HBeAg-positive adolescents and children with both elevated alanine aminotransferase and measurable HBV DNA 
concentrations

AASLD[17]

Therapy should be deferred when HBV DNA is < 10000 IU/mL, until spontaneous HBeAg seroconversion is 
excluded

Non-cirrhotic HBeAg-positive adolescents and children when HBV DNA level is higher than 20000 IU/mL and 
alanine aminotransferase is more than twice the upper limit of normal for more than 12 mo

Non-cirrhotic HBeAg-positive adolescents and children either HBV DNA > 20000 IU/mL and ALT more than two 
times ULN for more than 12 mo, or a family history of hepatocellular carcinoma or cirrhosis and moderate-to-severe 
inflammation or pronounced fibrosis

Non-cirrhotic, HBeAg-positive chronic HBV infection, HBV DNA < 20000 IU/mL and moderate to severe 
inflammation or pronounced fibrosis

APASL[18]

Non-cirrhotic, HBeAg-negative chronic HBV infection, HBV DNA > 2000 IU/mL, and ALT more than two times 
ULNNon-cirrhotic, HBeAg-negative chronic HBV infection and moderate to severe inflammation or pronounced 
fibrosis, regardless of HBV DNA concentration

EASL[11] A conservative approach is warranted

ESPGHAN: European Society for Paediatric Gastroenterology Hepatology and Nutrition; HBeAg: Hepatitis B e antigen; HBV: Hepatitis B virus; DNA: 
Deoxyribonucleic acid; AASLD: American Association for the Study of Liver Diseases; APASL: Asian Pacific Association for the Study of the Liver; ALT: 
Alanine aminotransferase levels; ULN: Upper limit of normal; EASL: European Association for the Study of the Liver.

spontaneous HBeAg seroconversion, and above all to recognize rapidly those children 
with chronic HBV infection who may benefit from treatment (e.g., patients with 
persistently abnormal ALT levels).

The establishment of pediatric treatment registries and of new international associ-
ations would be the most important strategy to inform best practices for the 
management, care, and treatment of children with HBV infection and to promote 
collaborative research.
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Abstract
BACKGROUND 
Colorectal cancer (CRC) is the third most common cancer and the second most 
common cause of cancer-related death worldwide. The 5-year survival rate of 
patients with early-stage CRC could reach 90%, but it is very low in patients with 
advanced-stage CRC. Recent studies have shown that circular RNAs play 
important roles in regulating the migration and invasion of CRC cells.

AIM 
To elucidate the role of circRNA_0084927 (circ_0084927) in the migration and 
invasion of CRC cells and its underlying mechanism.

METHODS 
Clinical tissue samples and cells were collected, and the expression of 
circ_0084927 was detected by quantitative polymerase chain reaction (qPCR). The 
diagnostic performance of circ_0084927 was assessed by receiver operating 
characteristic curve analysis. The role of circ_0084927 in CRC cell proliferation, 
migration, and invasion was determined using cell counting kit-8 assay, wound 
healing assay, and transwell assay, respectively. The regulatory relationship 
among circ_0084927, miRNA-20b-3p (miR-20b-3p), and glutathione S-transferase 
mu 5 (GSTM5) was identified using databases, luciferase reporter assay, qPCR, 
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and Western blot analysis. AKT-mTOR signaling was also verified after 
circ_0084927 knockdown or miR-20b-3p mimic treatment.

RESULTS 
The expression of circ_0084927 was significantly increased in CRC tissues and 
cells, and it was higher in advanced-stage CRC compared with early-stage CRC. 
The area under the curve (AUC) of circ_0084927 was 0.806 [95% confidence 
interval (CI): 0.683-0.896]. In addition, the AUC was 0.874 (95%CI: 0.738-0.956) in 
patients with advanced-stage CRC and 0.713 (95%CI: 0.555-0.840) in those with 
early-stage CRC. Knockdown of circ_0084927 inhibited the migration and 
invasion of HCT116 cells. Moreover, circ_0084927 was found to act as a sponge of 
miR-20b-3p. MiR-20b-3p activation reduced the circ_0084927 level, whereas miR-
20b-3p inhibition increased the circ_0084927 level. But the effect was not found 
after circ_0084927 mutation. In addition, miR-20b-3p expression in CRC patients 
was also reduced and negatively correlated with circ_0084927 expression. The 
function of circ_0084927 in HCT116 cells with circ_0084927 knockdown was 
rescued by miR-20b-3p. Moreover, GSTM5 expression was significantly decreased 
after overexpressing miR-20b-3p or inhibiting circ_0084927, but its expression was 
rescued when circ_0084927 and miR-20b-3p were both inhibited. Finally, AKT-
mTOR signaling was markedly regulated by circ_0084927 and miR-20b-3p.

CONCLUSION 
The expression of circ_0084927 is significantly increased in CRC and higher in 
advanced-stage CRC than in early-stage CRC. Moreover, circ_0084927 potentially 
regulates CRC cell migration and invasion via the miR-20b-3p/GSTM5/ 
AKT/mTOR pathway.

Key Words: Colorectal cancer; CircRNA_0084927; MiRNA-20b-3p; Glutathione S-
transferase mu 5; Migration; Invasion

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The 5-year survival rate of patients with early-stage colorectal cancer (CRC) 
could reach 90%, but it is very low in patients with advanced-stage CRC. Recent 
studies have shown that circular RNAs play important roles in regulating the migration 
and invasion of CRC cells. To elucidate the role of circRNA_0084927 (circ_0084927) 
in the migration and invasion of CRC cells and the underlying mechanism, this study 
was performed. The expression of circ_0084927 was significantly increased in CRC 
tissues and cells, and it was markedly higher in advanced-stage CRC compared with 
early-stage CRC. Knockdown of circ_0084927 inhibited the migration and invasion of 
HCT116 cells. Moreover, circ_0084927 potentially regulates CRC migration and 
invasion via the miRNA-20b-3p/glutathione S-transferase mu 5 pathway.

Citation: Liu F, Xiao XL, Liu YJ, Xu RH, Zhou WJ, Xu HC, Zhao AG, Xu YX, Dang YQ, Ji G. 
CircRNA_0084927 promotes colorectal cancer progression by regulating miRNA-20b-
3p/glutathione S-transferase mu 5 axis. World J Gastroenterol 2021; 27(36): 6064-6078
URL: https://www.wjgnet.com/1007-9327/full/v27/i36/6064.htm
DOI: https://dx.doi.org/10.3748/wjg.v27.i36.6064

INTRODUCTION
Colorectal cancer (CRC) is the third most common cancer and the second most 
common cause of cancer-related death worldwide, and the numbers of new cases and 
deaths in 2018 were 1.8 million and 881000, respectively[1]. With the development of 
diagnostic and therapeutic technologies, the 5-year survival rate for CRC patients has 
reached 65%[2] and can reach 90% in early-stage CRC patients. However, the 5-year 
survival rate of patients with advanced-stage CRC is very low due to tumor metastasis 
and other complications. Although colonoscopy is the gold standard of CRC 
screening, approximately 60% of CRC patients are diagnosed at an advanced stage 
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P-Editor: Liu JH given the rate of missed lesions and incomplete colonoscopy coverage[3-5]. Therefore, 
it is urgent to elucidate the pathogenesis and molecular mechanism of CRC with 
metastasis.

Circular RNAs (circRNAs), as important regulatory noncoding RNAs, have become 
a new research hotspot following microRNAs (miRNAs) and long noncoding RNAs. 
Researchers have demonstrated that circRNAs play important roles in tumors, 
including CRC[6-9], and their functions are completed in a variety of ways, such as 
acting as sponges of miRNAs[6,7], acting as transcriptional regulators[10,11], and 
translating proteins by combining with RNA binding proteins[12-15]. However, to 
date, the functions of circRNAs in CRC remain largely unknown, especially in CRC 
with metastasis. Further study to elucidate the function of circRNAs in CRC with 
metastasis is needed.

In this study, we first verified the differential expression of circRNA_0084927 
(circ_0084927) according to previous circRNA sequencing data[16] and further found 
that circ_0084927 was associated with the pathological stage of CRC. Then, we 
demonstrated that knockdown of circ_0084927 markedly inhibited HCT116 cell 
migration and invasion. Regarding the regulatory mechanism of circ_0084927, it acts 
as a sponge of miRNA-20b-3p (miR-20b-3p), regulating glutathione S-transferase mu 5 
(GSTM5) and the AKT-mTOR pathway. Therefore, our findings elucidated the role of 
circ_0084927 and provided a new treatment strategy for CRC with metastasis.

MATERIALS AND METHODS
Clinical tissue specimens
Thirty pairs of CRC tissues and adjacent normal tissues (normal) were obtained during 
surgery at the Longhua Hospital Affiliated to Shanghai University of Traditional 
Chinese Medicine (Shanghai, China). The diagnosis of CRC was confirmed based on 
pathological evidence. Tissues were snap-frozen in liquid nitrogen and stored at -80 °C 
before detection. The study was approved by the Ethics Committee of Longhua 
Hospital (No. 2019LCSY020), and informed consent was obtained from all 
participants.

Cell culture and transfection
Normal colon cells (FHC) and CRC cells (HCT116, HT29, SW480, and SW620) 
(Shanghai Cell Bank, shanghai, China) were cultured in Dulbecco’s modified Eagle’s 
medium supplemented with 10% fetal bovine serum and penicillin/streptomycin (100 
U/mL) (Gibco, Carlsbad, United States) in an incubator with 5% CO2 at 37 °C. In 
addition, human embryonic kidney 293T (HEK-293T) cells obtained from American 
Type Culture Collection (ATCC) (Manassas, United States) were cultured in Roswell 
Park Memorial Institute 1640 medium with 10% fetal bovine serum and peni-
cillin/streptomycin (100 U/mL). Short hairpin circ_0084927 plasmid (sh-circ_0084927; 
GeneChem, China) and miR-20b-3p mimic/inhibitor or negative control (NC, 
Genomeditech, China; 200 nM) were transfected using FuGene HD transfection 
reagent (Promega, United States) according to previous studies[17,18].

Cell counting kit-8 assay
After transfection, HCT116 cells were seeded into 96-well plates at a concentration of 1 
× 104 cells and cultured for 0 h, 24 h, 48 h, and 72 h. Then, 10 μL of cell counting kit-8 
reagent was added to each well. After incubation at 37 °C for 1 h, the absorbance value 
was detected at 450 nm.

Wound healing assay
After transfection, HCT116 cells were seeded in a 6-well dish with a culture insert 
(Ibidi, Germany) at a concentration of 3 × 104 cells. After 24 h, the culture insert was 
removed, and the cells were washed twice with polybutylene succinate. Two milliliters 
of serum-free medium were added to each dish for 48 h. Images were captured, and 
the wound area was measured using Image J software (National Institutes of Health, 
United States).

Cell migration invasion assay
Six-well plates with 8-μm chambers (Corning, United States) were used to assess 
cellular migration (without Matrigel) or invasion (with Matrigel). Briefly, transfected 
HCT116 cells were seeded in 6-well plates at a concentration of 1 × 105 cells. Two 
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hundred microliters of serum-free medium was added to the upper chamber, and six 
hundred microliters of medium with 30% fetal bovine serum was added to the lower 
chamber for 48 h. Then, the cells were fixed with 4% paraformaldehyde for 30 min and 
stained with 0.1% crystal violet solution for 15 min. Four fields were randomly 
selected to calculate the number of migrating or invading cells and to evaluate the 
ability of cell migration or invasion.

Quantitative polymerase chain reaction
Total RNA was extracted using TRIzol reagent (Ambion, United States). For circRNA 
and mRNA analysis, cDNA was synthesized using an EVM-MLV reverse transcription 
kit (Aikeri Biotech, Hunan, China). For miRNA analysis, cDNA was synthesized using 
a miRNA cDNA synthesis kit (Sangon Biotech, Shanghai, China). The amplification 
reaction was performed using the SYBR-Green quantitative polymerase chain reaction 
(qPCR) kit (Thermo Fisher Scientific, MA, United States) or the miRNA fluorescence 
quantitative PCR kit (Sangon Biotech). Gene expression was normalized using β-actin 
or U6. The primers are listed in Table 1.

Western blot analysis
Cells were collected and lysed. Protein concentration was determined using a protein 
assay kit (Beyotime, China). The protein was separated and transferred to a 
polyvinylidene fluoride membrane followed by incubation with 5% milk at room 
temperature for 1 h. The membrane was incubated at 4 °C overnight with the 
following antibodies: GSTM5 (GTX108776, Genetex, United States), PI3 kinase p85 
(PI3K, 4292S, CST, United States), phospho-PI3K (BS-3332R, Bioss, China), Akt (4685S, 
CST), phospho-Akt (4060S, CST), mTOR (2983S, CST), phospho-mTOR (5536S, CST), 
and β-actin (4970s, CST). Then, the secondary antibody was added and incubated at 
room temperature for 2 h, and protein expression was observed using a chemilumin-
escence gel imaging system (Tanon 5200, China).

Double luciferase reporter assay
HEK-293T cells were seeded in 24-well plates and transfected using FuGene HD 
transfection reagent (Promega, United States) according to previous studies[17,18]. 
Briefly, HEK-293T cells were transfected using circ_0084927 wild type (circ_0084927-
WT; Genomeditech, China) or circ_0084927 mutant (circ_0084927-Mut; Genomeditech) 
plasmid with or without miR-20b-3p mimic/inhibitor. After transfection for 22 h, 
luciferase activity was detected using the dual-luciferase reporter system (Promega).

Statistical analysis
Statistical analyses were conducted using SPSS 24.0 software. Data were assessed 
using Student’s t-test or one-way ANOVA. Pearson correlation was used to analyze 
the correlation between circRNA and miRNA. Receiver operating characteristic (ROC) 
curve analysis was performed to evaluate the diagnostic value using MedCalc 
software. P < 0.05 was considered statistically significant. Dr. Ming Yang from the 
Good Clinical Practice Office, Longhua Hospital, Shanghai University of Traditional 
Chinese Medicine reviewed the statistical methods of this study before submission.

RESULTS
Circ_0084927 is markedly increased in CRC and associated with the pathological 
stage of CRC
Our previous study has proved that circRNAs play important roles in the transition of 
adenoma into CRC[16], but the function of circRNAs in advanced-stage CRC remains 
largely undetermined. According to previous circRNA sequencing data[16], five differ-
entially expressed circRNAs were chosen and verified. The results showed that 
circ_0084927 expression was significantly increased in the CRC group compared with 
the normal group and was higher in advanced-stage CRC compared with early-stage 
CRC (Figure 1A and B). The other four circRNAs were not significantly different 
(Supplementary Figure 1). In addition, circ_0084927 expression in CRC cells (HCT116, 
HT29, and SW620) was also increased (Figure 1C). ROC curve analysis was used to 
evaluate the diagnostic performance of circ_0084927 in CRC. The area under the curve 
(AUC) of circ_0084927 was 0.806 (95%CI: 0.683 to 0.896) (P < 0.001). In addition, the 
AUC was 0.874 (95%CI: 0.738-0.956) in patients with advanced-stage CRC and 0.713 
(95%CI: 0.555-0.840) in those with early-stage CRC, indicating that circ_0084927 had 

https://f6publishing.blob.core.windows.net/2d03dad0-b78e-450b-80fd-e9921f9be627/WJG-27-6064-supplementary-material.pdf
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Table 1 Sequence of primers used in the study

Gene name Forward (5'→3') Reverse (5'→3')

β-actin GGCTGTATTCCCCTCCATCG CCAGTTGGTAACAATGCCATGT

circRNA_0084927 AGCACTACAGAGGCACAAACATC GTGCCCTGACTACGGTGTTATC

circRNA_0138996 CTGATCCCAATGGATTGCATC GTCCTCCCGTTCCTCTTCG

circRNA_0110477 CGAATCAAAGCAGCCTATCAAG TGCCACATAGAATTTGGGTGTC

circRNA_0133544 CATGAGGTTAGGCAGTTGTATCG TGTTTTTAGCCTTTTCTCCATCTC

circRNA_0002867 AACCAGAGCACATTAGCCAAAG CAAACTCGGCGTGTTCTTCTC

GSTM5 GAAGATGGGAGGGAGGAG CCTTGGGGAAGAGAAGAGA

U6 AGAGAAGATTAGCATGGCCCCTG ATCCAGTGCAGGGTCCGAGG

miRNA-20b-3p ACTGTAGTATGGGCACTTCCAG ATCCAGTGCAGGGTCCGAGG

GSTM5: Glutathione S-transferase mu 5; U6: U6 small nuclear RNA 1.

Figure 1 CircRNA_0084927 expression is markedly increased in colorectal cancer. A: Expression of circRNA_0084927 (circ_0084927) in colorectal 
cancer (CRC); B: Expression of circ_0084927 in advanced-stage and early-stage CRC; C: Expression of circ_0084927 in CRC cells; D: Receiver operating 
characteristic (ROC) curve analysis of circ_0084927; E: ROC analysis of circ_0084927 in advanced-stage and early-stage CRC. Data are presented as the mean ± 
SEM. aP < 0.05; bP < 0.01; cP < 0.001. Circ_0084927: CircRNA_0084927; Normal: Adjacent normal tissues; CRC: Colorectal cancer; ROC: Receiver operating 
characteristic; AUC: Area under the curve.

higher diagnostic performance in advanced-stage CRC (P = 0.0153) (Figure 1D and E).

Knockdown of circ_0084927 inhibits HCT116 cell migration and invasion
To explore the function of circ_0084927 in CRC, circ_0084927 expression was inhibited 
in HCT116 cells using shRNA plasma (Figure 2A), and circ_0084927 knockdown 
markedly inhibited HCT116 cell proliferation at 48 h and 72 h (Figure 2B). In addition, 
circ_0084927 knockdown also significantly inhibited HCT116 cell migration and 
invasion (Figure 2C-G). These results demonstrated that circ_0084927 is an oncogene 
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Figure 2 Knockdown of circRNA_0084927 inhibits the migration and invasion of HCT116 cells. A: Knockdown of circRNA_0084927 
(circ_0084927); B: Vability of HCT116 cells after circ_0084927 knockdown; C-G: Migration and invasion of HCT116 cells tested by wound healing assay (C and D) 
and transwell assay (E-G). Data are presented as the mean ± SEM. bP < 0.01; cP < 0.001. Circ_0084927: CircRNA_0084927; Sh-circ_0084927: Short hairpin 
circ_0084927 plasmid; Sh-NC: Short hairpin negative control plasmid.

that promotes CRC function.

Circ_0084927 acts as a sponge of miR-20b-3p in CRC
The biological function of circRNAs mainly involves acting as a sponge of miRNAs
[19]. In this study, circ_0084927 may act as a sponge of miR-20b-3p as demonstrated by 
bioinformatics analysis (Figure 3A). The miR-20b-3p mimic markedly reduced the 
luciferase activity of circ_0084927, whereas the miR-20b-3p inhibitor markedly 
increased the luciferase activity of circ_0084927, but had no effect on circ_0084927-Mut 
(Figure 3B and C). qPCR results also indicated that knockdown of circ_0084927 
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Figure 3 CircRNA_0084927 acts as a sponge of miRNA-20b-3p in colorectal cancer. A: CircRNA_0084927 (Circ_0084927) potentially acts as a 
sponge of miRNA-20b-3p (miR-20b-3p) in database; B: miR-20b-3p mimic could markedly reduce the luciferase activity of circ_0084927; C: miR-20b-3p inhibitor 
could markedly increase the luciferase activity of circ_0084927; D: circ_0084927 knockdown markedly increased the level of miR-20b-3p; E: Expression of miR-20b-
3p in colorectal cancer (CRC); F: Correlation of circ_0084927 and miR-20b-3p. Data are presented as the mean ± SEM. aP < 0.05; bP < 0.01. Circ_0084927: 
CircRNA_0084927; MiR-20b-3p: MiRNA-20b-3p; NC: Negative control; CRC: Colorectal cancer; Normal: Adjacent normal tissues; Circ_0084927-WT: 
CircRNA_0084927 wild type; Circ_0084927-Mut: CircRNA_0084927 mutant; Sh-circ_0084927: Short hairpin circ_0084927 plasmid; Sh-NC: Short hairpin negative 
control plasmid.

promoted the expression of miR-20b-3p (Figure 3D). We also tested the expression of 
miR-20b-3p in CRC tissue samples, and its expression was significantly reduced 
(Figure 3E). Spearman correlation coefficient analysis revealed that circ_0084927 was 
negatively correlated with miR-20b-3p (Figure 3F). All of the data suggested that 
circ_0084927 acts as a sponge of miR-20b-3p.

The function of circ_0084927 in HCT116 cells with circ_0084927 knockdown is 
rescued by miR-20b-3p
To assess whether the function of circ_0084927 in HCT116 cells is mediated by miR-
20b-3p, HCT116 cells with circ_0084927 knockdown was transfected with or without 
miR-20b-3p inhibitor (Figure 4A). The CCK-8 assay showed that circ_0084927 
knockdown inhibited the proliferation of HCT116 cells, while the effect was rescued 
by the miR-20b-3p inhibitor (Figure 4B). Wound healing and transwell assays showed 
that circ_0084927 knockdown inhibited the migration and invasion of HCT116 cells, 
whereas miR-20b-3p inhibition rescued this effect (Figure 4C-G).
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Figure 4 The function of circRNA_0084927 in HCT116 cells with circRNA_0084927 knockdown is rescued by miRNA-20b-3p. A: Expression 
of miRNA-20b-3p (miR-20b-3p); B: Viability of HCT116 cells detected after transfecting circRNA_0084927 (circ_0084927) or miR-20b-3p inhibitor; C-G: Migration and 
invasion of HCT116 cells tested by wound healing assay (C and D) and transwell assay (E-G) after transfecting sh-circ_0084927 plasmid or miR-20b-3p inhibitor. 
Data are presented as the mean ± SEM. aP < 0.05; bP < 0.01; cP < 0.001. Sh-circ_0084927: Short hairpin circ_0084927 plasmid; Sh-NC: Short hairpin negative 
control plasmid; miR-20b-3p: miRNA-20b-3p.

GSTM5 is a target of miR-20b-3p
According to bioinformatics analysis, we found that GSTM5 is a target of miR-20b-3p. 
We then assessed GSTM5 expression after overexpressing miR-20b-3p. The results 
showed that GSTM5 mRNA expression was significantly reduced after overexpressing 
miR-20b-3p (Figure 5A). GSTM5 protein level was consistent with its mRNA level 
(Figure 5B). Moreover, GSTM5 mRNA and protein expression was also markedly 
reduced after silencing circ_0084927 (Figure 5C and D). After transfecting the miR-20b-
3p inhibitor into HCT116 cells with circ_0084927 knockdown, GSTM5 mRNA and 
protein expression was rescued (Figure 5E and F). The survival curve results using The 
Cancer Genome Atlas (TCGA) data also showed that patients with high GSTM5 levels 
had a poor survival, indicating that GSTM5 was negatively correlated with CRC 
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Figure 5 Glutathione S-transferase mu 5 is a target of miRNA-20b-3p. A and B: Expression of glutathione S-transferase mu 5 (GSTM5) after transfecting 
miRNA-20b-3p (miR-20b-3p) mimic; C and D: Expression of GSTM5 after transfecting circRNA_0084927 (circ_0084927); E and F: Expression of GSTM5 after 
transfecting sh-circ_0084927 plasmid and miR-20b-3p inhibitor; G: Overall survival by GSTM5 expression. Data are presented as the mean ± SEM. aP < 0.05, bP < 
0.01. NC mimic: Negative control mimic; GSTM5: Glutathione S-transferase mu 5; miR-20b-3p: miRNA-20b-3p; Sh-circ_0084927: Short hairpin circ_0084927 
plasmid; Sh-NC: Short hairpin negative control plasmid.

patient survival (Figure 5G).

The AKT-mTOR pathway is inactivated by circ_0084927 knockdown and rescued by 
miR-20b-3p
Further experiments found that circ_0084927 knockdown or miR-20b-3p overex-
pression both reduced the phosphorylation levels of AKT and mTOR (Figure 6A and 
B). In addition, AKT and mTOR phosphorylation levels were rescued after inhibiting 
miR-20b-3p in HCT116 cells with circ_0084927 knockdown (Figure 6C). These results 
showed that circ_0084927 regulated CRC migration and invasion via the miR-20b-
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Figure 6 AKT-mTOR pathway is inactivated by circRNA_0084927 knockdown and rescued by miRNA-20b-3p. A: Expression of AKT-mTOR 
pathway molecules after transfecting miRNA-20b-3p (miR-20b-3p) mimic; B: Expression of AKT-mTOR pathway molecules after transfecting circRNA_0084927 
(circ_0084927); C: Expression of AKT-mTOR pathway molecules after transfecting sh-circ_0084927 plasmid and miR-20b-3p inhibitor. Data are presented as the 
mean ± SEM. aP < 0.05; bP < 0.01. Sh-circ_0084927: Short hairpin circ_0084927 plasmid; Sh-NC: Short hairpin negative control plasmid; NC mimic: Negative control 
mimic.

3p/GSTM5/AKT-mTOR pathway.

DISCUSSION
As a malignant tumor, the incidence of CRC has recently increased. Although the 5-
year survival rate of CRC patients is 65%[2], it is very low in patients with advanced-
stage CRC. Therefore, it is urgent to develop techniques for the early diagnosis of 
CRC, which would improve patient survival. Moreover, new treatment strategies for 
advanced-stage CRC are also very important. Studies have indicated that circRNAs 
are very stable and not easily degraded due to loop properties[20] and have 
demonstrated the specificity of their expression in particular tissues and tumor 
developmental stages[20-23]. Therefore, circRNAs, such as serum exosomal hsa-circ-
0004771 and circ-PNN[24,25], could act as biomarkers for the diagnosis of CRC. In 
addition, circRNAs could promote the progression of CRC and act as therapeutic 
targets[6,8,26,27]. Circ_0084927 originates from epithelial splicing regulatory protein 1 
(ESRP1), which is upregulated in CRC (Supplementary Figure 2) and associated with 
the pathogenesis of CRC[28]. Studies have demonstrated that circ_0084927 facilitates 
cervical cancer advancement[29-31], but its function in CRC is unclear. In this study, 
we found that circ_0084927 expression was significantly increased in CRC tissues and 
cells, and was higher in advanced-stage CRC than in early-stage CRC. Further studies 
indicated that knockdown of circ_0084927 inhibited the migration and invasion of 
CRC cells, showing that circ_0084927 played an important role in CRC progression.

CircRNAs perform biological functions by acting as sponges of miRNAs[6,7]. In 
cervical cancer, miRNAs related to circ_0084927 mainly include miR-142-3p, miR-634, 
and miR-1179[29-31]. Our study found that circ_0084927 acts as a sponge of miR-20b-
3p in CRC. In addition, miR-20b-3p activation reduced circ_0084927 level, whereas 
miR-20b-3p inhibition increased circ_0084927 level. The expression of circ_0084927 
was not altered after the binding site with miR-20b-3p was mutated. In addition, miR-
20b-3p expression in CRC patients was also reduced and was negatively correlated 
with circ_0084927. Studies have shown that miR-20b-3p is related to temozolomide 

https://f6publishing.blob.core.windows.net/2d03dad0-b78e-450b-80fd-e9921f9be627/WJG-27-6064-supplementary-material.pdf
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resistance in glioblastoma[32] and diabetic retinopathy progression[33], but the 
function of miR-20b-3p in CRC has not been reported. In this study, we demonstrated 
that miR-20b-3p rescued the effect of circ_0084927 on CRC cells, indicating the role of 
miR-20b-3p in CRC.

Further studies found that GSTM5 is a target of miR-20b-3p. GSTM5 expression was 
significantly reduced after overexpressing miR-20b-3p or silencing circ_0084927. 
However, GSTM5 expression was rescued after silencing circ_0084927 and inhibiting 
miR-20b-3p. Studies have demonstrated that glutathione S-transferases are pro-
carcinogenic in CRC[34]. AS a glutathione S-transferase, GSTM5 is also involved in 
various tumors, including breast cancer[35,36], prostate cancer[36], ovarian carcinoma
[37], and CRC[38,39]. Although previous studies have demonstrated that glutathione 
metabolism is involved in the progression of tumors[40-42] and GSTM5 could be a 
prognostic and predictive marker in CRC[38,39], the regulatory mechanism is 
unknown. In this study, we demonstrated that circ_0084927 regulated the migration 
and invasion of CRC by the miR-20b-3p/GSTM5 axis and finally regulated the AKT-
mTOR pathway, which plays an important role in CRC[43-45]. Therefore, our results 
revealed that circ_0084927 regulated the progression of CRC via the miR-20b-
3p/GSTM5/AKT-mTOR pathway.

CONCLUSION
In summary, we have demonstrated that circ_0084927 expression is significantly 
increased in CRC and is higher in advanced-stage CRC than in early-stage CRC. 
Mechanistically, circ_0084927 regulates the migration and invasion of CRC cells via the 
miR-20b-3p/GSTM5/AKT-mTOR pathway. This is the first study to demonstrate the 
role of circ_0084927 in CRC, and these findings provide a new perspective for targeted 
therapy of CRC with metastasis.

ARTICLE HIGHLIGHTS
Research background
Colorectal cancer (CRC) is the third most common cancer and the second most 
common cause of cancer-related death worldwide. Recent studies have shown that 
circular RNAs play important roles in regulating the progression of CRC. However, 
the biological role and underlying mechanism of circRNA_0084927 (circ_0084927) in 
CRC remain unclear.

Research motivation
Due to tumor metastasis and other complications, the 5-year survival rate of patients 
with advanced-stage CRC is very low. We hope to provide a new treatment strategy 
for CRC with metastasis.

Research objectives
The present study aimed to investigate the role and mechanism of circ_0084927 in 
regulating the progression of CRC.

Research methods
Clinical tissue samples and cells were collected, and the expression of circ_0084927 
was detected by quantitative polymerase chain reaction (qPCR) The diagnostic 
performance of circ_0084927 was assessed by receiver operating characteristic curve 
analysis. The role of circ_0084927 in proliferation, migration, and invasion was 
determined using cell counting kit-8 assay, wound healing assay, and transwell assay, 
respectively. The regulatory relationship among circ_0084927, miRNA-20b-3p (miR-
20b-3p), and glutathione S-transferase mu 5 (GSTM5) was identified using databases, 
luciferase reporter assays, qPCR, and Western blot analysis. AKT-mTOR signaling was 
also verified after circ_0084927 knockdown or miR-20b-3p mimic treatment.

Research results
The expression of circ_0084927 was significantly increased in CRC tissues and cells, 
and was increased in advanced-stage CRC compared with in early-stage CRC. The 
area under the curve (AUC) of circ_0084927 was 0.806 (95%CI: 0.683 to 0.896). In 
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addition, the AUC was 0.874 (95%CI: 0.738-0.956) in patients with advanced-stage 
CRC and 0.713 (95%CI: 0.555-0.840) in those with early-stage CRC. Knockdown of 
circ_0084927 inhibited the migration and invasion of HCT116 cells. Moreover, 
circ_0084927 was found to act as a sponge of miR-20b-3p. MiR-20b-3p activation 
reduced the circ_0084927 level, whereas miR-20b-3p inhibition increased the 
circ_0084927 level. But the effect was not found after circ_0084927 mutation. In 
addition, miR-20b-3p expression in CRC patients was also reduced and negatively 
correlated with circ_0084927 expression. The function of circ_0084927 in HCT116 cells 
with circ_0084927 knockdown was rescued by miR-20b-3p. Moreover, GSTM5 
expression was significantly decreased after overexpressing miR-20b-3p or inhibiting 
circ_0084927, but its expression was rescued when circ_0084927 and miR-20b-3p were 
both inhibited. Finally, AKT-mTOR signaling was markedly regulated by circ_0084927 
and miR-20b-3p.

Research conclusions
The expression of circ_0084927 is significantly increased in CRC and higher in 
advanced-stage CRC than in early-stage CRC. Moreover, circ_0084927 potentially 
regulates CRC migration and invasion via the miR-20b-3p/GSTM5/AKT/mTOR 
pathway.

Research perspectives
Circ_0084927 could promote CRC progression and provide a new treatment strategy 
for CRC with metastasis.
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Abstract
BACKGROUND 
Gastric cancer is a prevalent malignant cancer with a high incidence and 
significantly affects the health of modern people globally. Cisplatin (DDP) is one 
of the most common and effective chemotherapies for patients with gastric cancer, 
but DDP resistance remains a severe clinical challenge.

AIM 
To explore the function of M2 polarized macrophages-derived exosomal 
microRNA (miR)-588 in the modulation of DDP resistance of gastric cancer cells.

METHODS 
M2 polarized macrophages were isolated and identified by specific markers using 
flow cytometry analysis. The exosomes from M2 macrophages were identified by 
transmission electron microscopy and related markers. The uptake of the PKH67-
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labelled M2 macrophages-derived exosomes was detected in SGC7901 cells. The 
function and mechanism of exosomal miR-588 from M2 macrophages in the 
modulation of DDP resistance of gastric cancer cells was analyzed by CCK-8 
assay, apoptosis analysis, colony formation assay, Western blot analysis, qPCR 
analysis, and luciferase reporter assay in SGC7901 and SGC7901/DDP cells, and 
by tumorigenicity analysis in nude mice.

RESULTS 
M2 polarized macrophages were isolated from mouse bone marrow stimulated 
with interleukin (IL)-13 and IL-4. Co-cultivation of gastric cancer cells with M2 
polarized macrophages promoted DDP resistance. M2 polarized macrophages-
derived exosomes could transfer in gastric cancer cells to enhance DDP resistance. 
Exosomal miR-588 from M2 macrophages contributed to DDP resistance of gastric 
cancer cells. miR-588 promoted DDP-resistant gastric cancer cell growth in vivo. 
miR-588 was able to target cylindromatosis (CYLD) in gastric cancer cells. The 
depletion of CYLD reversed miR-588 inhibition-regulated cell proliferation and 
apoptosis of gastric cancer cells exposed to DDP.

CONCLUSION 
In conclusion, we uncovered that exosomal miR-588 from M2 macrophages 
contributes to DDP resistance of gastric cancer cells by partly targeting CYLD. 
miR-588 may be applied as a potential therapeutic target for the treatment of 
gastric cancer.

Key Words: Gastric cancer; Cisplatin resistance; M2 polarized macrophages; Exosome; 
miR-588; Cylindromatosis
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Core Tip: In this study, we uncovered that exosomal miR-588 from M2 macrophages 
contributes to cisplatin resistance of gastric cancer cells by partly targeting cylindro-
matosis. miR-588 may be applied as a potential therapeutic target for the treatment of 
gastric cancer.
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INTRODUCTION
Gastric cancer belongs to the most common malignant tumors and is the third cause of 
cancer-related death throughout the world[1]. Patients diagnosed with gastric cancer 
are usually at an advanced or late stage, which makes chemotherapy a prevalent 
strategy over the past decades[2]. Among the clinical chemotherapy agents, cisplatin 
(DDP) is capable of disrupting DNA repairment, which further causes DNA damage 
and apoptosis of cancer cells[3]. However, the developed therapeutic resistance makes 
the chemotherapy far less satisfactory in clinical application, which makes it urgent to 
decipher the mechanisms underlying this chemoresistance[4].

Tumor-associated macrophage (TAMs) are macrophages that participate in the 
tumor microenvironment function, and play a critical role in tumor development, 
including growth, metastasis, angiogenesis, and therapeutic resistance[5]. Recent 
studies have proposed that TAMs were capable of communicating with neighboring 
or distant cells via secreting exosomes[6,7]. Exosomes are membrane-derived 
transporting vesicles secreted by almost all types of cells, usually defined with a 
diameter ranging from 40 nm to 100 nm[8]. It is widely recognized that exosomes act 
as a communicator between cells through transporting various cargos such as mRNA, 
lipid, proteins, as well as microRNAs (miRNAs), and hence are related to various 
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functions of targeted cells[9,10]. miRNAs are endogenous short noncoding RNAs that 
play pivotal roles in the regulation of cancer development by directly targeting mRNA
[11]. Besides, miRNAs are recently proposed to be involved in drug resistance of 
cancer cells[12-14]. Among which, miR-588 is upregulated in human prostate cancer 
with prognostic significance and notably facilitates the proliferation of prostate cancer 
cells[15]. Importantly, it has been reported that miR-588 serves as a promising 
prognostic marker for gastric cancer[16]. However, the role of miR-588 in DDP 
resistance of gastric cancer cells is still unknown. Accordingly, we were interested in 
the correlation of TAM-derived exosomes with miR-588 and its role in the modulation 
of DDP resistance of gastric cancer cells.

Cylindromatosis (CYLD) is a representative deubiquitinating enzyme that could 
counteract the E3 ubiquitin ligases-mediated protein ubiquitination[17]. It plays an 
important role in multiple cellular processes during tumorigenesis, such as cell 
apoptosis, cell cycle, cell migration, and DNA damage[17]. Mechanistically, CYLD is 
profoundly related to multiple critical signaling transduction pathways, especially the 
NF-κB signaling pathway, and acts as a tumor suppressor[18]. It has been extensively 
demonstrated that CYLD could negatively regulate the activation of NF-kB through 
deubiquitinating its upstream K63, which further inhibits the activation of NF-kB-
related pro-survival signaling and promotes caspase-8-induced cell apoptosis[19]. It is 
noteworthy that recent studies also proposed that loss of CYLD could trigger DDP 
resistance in several cancers, including gastric cancer and oral squamous cell 
carcinoma[20,21].

In this study, we adopted a M2-polarized macrophage model to mimic TAM 
function, and testified that TAM-derived exosomes conferred DDP resistance in gastric 
cancer. We showed that the exosomes secreted by TAM contained miR-588, which 
directly interacts with the 3’ untranslated region of CYLD to suppress its expression 
and its tumor-suppressing function. This process subsequently hindered cell apoptosis 
and promoted the proliferation as well as DDP resistance of gastric cancer cells. Our 
study illustrated the connection between TAM and DDP resistance of gastric cancer 
cells, providing a potential target for gastric cancer therapy.

MATERIALS AND METHODS
Cell culture and treatment
Gastric cancer cell line SGC7901, purchased from ATCC, was maintained in DMEM 
containing 10% fetal bovine serum (FBS) and 1% penicillin and streptomycin (Sigma, 
United States) at 37 °C with 5% CO2. DDP-resistant SGC7901/DDP cells were 
developed from the parental SGC7901 cells that were subjected to persistent gradient 
exposure to DDP for about 12 mo, through increasing DDP concentration from 0.05 
μg/mL until the cells acquired resistance to 1 μg/mL[22]. Mouse bone marrow cells 
(MBMCs) were purchased from Chinese Academy of Sciences Cell Bank of Type 
Culture Collection, and cultured in a normal DMEM:F12 medium containing 10% FBS 
and macrophage colony-stimulating factor (Sigma). To achieve polarization to M2, 
MBMCs were stimulated with interleukin (IL)-4 and IL-13 (30 ng/mL, Sigma) for 2 d. 
A transwell chamber assay was adopted to perform co-culture experiments, in which 
polarized macrophages were placed in the upper tanswell chamber and gastric cancer 
cells were cultured in the bottom well.

Flow cytometry
The M2 polarization was determined by staining for critical biomarkers and detection 
by flow cytometry. Briefly, cells were collected and incubated with fluorescence probe-
conjugated antibodies against CD86, CD68, CD11b, CD80, CD206, CD163, and F4/80 
at 4 °C for 30 min. Next, the cells were washed with PBS and analyzed by flow 
cytometry (BD Biosciences, United States). The antibodies used in this experiment 
were purchased from Abcam (United States).

For cell apoptosis, cells were processed with an apoptosis detection kit (Solarbio, 
China). Briefly, cells were collected and suspended in binding buffer, followed by 
staining with PI and Annexin V at room temperature for 20 min in dark. Next, the 
stained cells were collected and resuspended in binding buffer for analysis by flow 
cytometry.

Exosome isolation and analysis
Macrophages were cultured in medium containing 10% exosome-free FBS for 48 h. The 
medium was collected for extraction of exosomes with an exoEasy Maxi Kit (QIAGEN, 
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Germany) following the manufacturer’s instruction.
To determine exosome internalization, the exosomes were labeled with PKH67 

(Sigma) according to the manufacturer’s protocol. Subsequently, the labeled exosomes 
were used to incubate with cells in each experiment, and observed using a confocal 
microscope (Carl Zeiss, Germany).

Transmission electron microscopy
The images of exosomes were captured by transmission electron microscopy (TEM). In 
brief, the samples were dropped on cleaned cooper grids coated with carbon, and 
washed with Milli-Q water to remove extra samples, followed by 1-min staining with 
uranyl acetate and air dry. Then, the samples were observed and pictured with a 
transmission electron microscope (Carl Zeiss).

Cell transfection
SGC7901 cells were placed in 6-well plate at a density of 3 × 105 cells per well. After 
incubation for 12 h, miR-588 mimic (RiboBio, China), miR-588 inhibitor (RiboBio, 
China), or negative control (RiboBio, China) was mixed with lipofectamine 200 
(Invitrogen, United States) in Opti-MEM medium (Sigma, United States) for 20 min 
and added into cell culture medium. Eight hours after transfection, the medium was 
replaced with fresh DMEM containing 10% FBS to incubate for another 24 h. Then, the 
cells were used for further experiments.

Cell viability and colony formation assay
Cell viability was determined with a CCK-8 kit (Beyotime, China). MFC cells and 
SGC7901 cells were seeded in 96-well plates at a density of 3 × 103 cells/well and 
processed accordingly. Twenty-four hours after incubation, the CCK-8 reagent was 
added into each well. The absorbance values were detected at 450 nm at 24 h, 48 h, and 
72 h, respectively.

For colony formation experiment, SGC7901 cells transfected with miR-588 inhibitor 
or negative control were placed in a 6-well plate (1000 cells per well), and incubated in 
complete medium for 2 wk to form visible colonies. Subsequently, the colonies were 
washed, stained with crystal violet, and captured with a microscope (Carl Zeiss).

RNA extraction and quantitative real-time PCR
Total RNA was extracted with TRIzol reagent (Takara, Japan) and reversely 
transcribed to cDNA with an EasyScript Reverse Transcriptase kit (TransGen, China). 
The quantification of cDNA was performed by using a TransStart Green qPCR 
SuperMix kit (TransGen), and PCR was performed on a Real-Time PCR System (BD 
bioscience). For detection of miR-588, the extracted RNA was processed with a poly(A) 
tailing kit (Invitrogen) before reverse transcription. For normalization of mRNA and 
miRNA, GAPDH and U6 were used as the internal controls, respectively. The quanti-
fication of cDNA was analyzed by the 2–ΔΔCt method. The sequences of primers are as 
follows: GAPDH sense, 5’- ACAACTTTGGTATCGTGGAAGG-3’ and antisense, 5’-
GCCATCACGCCACAGTTTC-3’; U6 sense, 5’-AGTAAGCCCTTGCTGTCAGTG-3’ 
and antisense, 5’-CCTGGGTCTGATAATGCTGGG-3’; Arg1 sense, 5’-GTGGAAACT-
TGCATGGACAAC-3’ and antisense, 5’-AATCCTGGCACATCGGGAATC-3’; IL-10 
sense, 5’-GTACCACAGCAATGGCTACC-3 and antisense, 5’-TGTTGGTGACG-
GTCCAGTTG-3’; TGF-β sense, 5’-CTAATGGTGGAAACCCACAACG-3’ and 
antisense, 5’-TATCGCCAGGAATTGTTGCTG-3’; miR-588, 5′-CCGCTATTGCACAT-
TACTAAGTTGCA-3

Western blot analysis
SGC7901 cells were placed in a 6-well plate at a density of 3 × 105 cells per well and 
transfected with miR-588 inhibitor. Total protein was extracted by using ice-cold RIPA 
buffer, separated by SDS-PAGE, and transferred to a nitrocellulose membrane. The 
membrane was then blocked by 5% non-fat milk at room temperature for 1 h, and 
incubated with specific primary antibodies against CD63 (1:1000, Abcam), CD9 
(1:1000, Abcam), CD81 (1:1000, Abcam), HSP70 (1:500, Abcam), GAPDH (1:1000, 
Proteintech), Bax (1:1000, CST), pro-caspase-3 (1:2000, CST), cleaved caspase-3 (1:1000, 
CST), pro-caspase-9 (1:1000, CST), cleaved caspase-9 (1:1000, CST), CYLD (1:1000, 
Proteintech), and β-actin (1:2000, Proteintech) at 4 °C overnight. Next day, the blots 
were washed and incubated with secondary antibodies at room temperature for 2 h. 
The blots were visualized by using an ECL reagent and a gel imaging system (BD 
Bioscience).
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Xenograft tumor model
C57 nude mice aged 5 wk were purchased from Shanghai Laboratory Animal Center 
of China. SGC7901 cells were transfected with miR-588 inhibitor or negative control, 
and suspended in saline at a density of 1 × 107 cells/mL. A total of 200 μL of SGC7901 
cell suspension was subcutaneously injected to the left back of mice. A week after 
tumor cell inoculation, the mice were intraperitoneally injected with 15 mg/kg DDP. 
The mice were euthanized at day 30, and the tumors were isolated, weighted, and 
processed for subsequent analysis. Tumor size was measured every 5 d and calculated 
using the following formula: Width2 × length/2.

Statistical analysis
All experiments in this study were performed at least three times independently. All 
data are presented as the mean ± SD and analyzed with GraphPad Prism 6.0 software. 
The statistical difference between two groups or multiples groups was analyzed by 
Student’s t-test or one-way ANOVA, and was considered significant at P < 0.05.

RESULTS
M2 polarized macrophages-derived exosomes can transfer in gastric cancer cells to 
enhance DDP resistance
To evaluate the effect of M2 polarized macrophages on DDP resistance of gastric 
cancer cells, M2 polarized macrophages were isolated from murine bone marrow 
induced with IL-13 and IL-4 and were identified by the M2 specific marker CD206 
(Figure 1A). Meanwhile, we found that the expression of M1 polarized marker iNOS 
was not chanced but the M2 markers, such as Arg1, IL-10, and TGF-β, were enhanced 
in M2 polarized macrophages compared with inactivated macrophages (Figure 1B). 
Then, the exosomes were isolated from M2 polarized macrophages and analyzed by 
TEM and identified by the expression of CD63, CD9, CD81, and HSP70 (Figure 1C and 
D). Moreover, the delivery of PKH67-labelled exosomes from M2 polarized 
macrophages was found in SGC7901 cells (Figure 1E). Significantly, M2 macrophages-
derived conditioned medium and exosomes enhanced the cell survival of SGC7901 
cells exposed to DDP (Figure 1F). The exosomes from M2 polarized macrophages 
repressed DDP-treated SGC7901 cell apoptosis (Figure 1G).

Co-culture of gastric cancer cells with M2 polarized macrophages promotes DDP 
resistance
Next, we found that DDP treatment reduced the proliferation of SGC7901 cells in a 
time-dependent manner (Figure 2A). The co-culture of inactivated macrophages 
inhibited apoptosis of DDP-treated SGC7901 cells, while the co-culture of M2 
polarized macrophages further reduced the cell apoptosis (Figure 2B and C).

Exosomal miR-588 from M2 macrophages contributes to DDP resistance of gastric 
cancer cells
We then observed that the expression of miR-588 was elevated in the exosomes from 
M2 macrophages compared with inactivated macrophages (Figure 3A). The miR-588 
expression was enhanced in macrophages relative to SGC7901 cells, especially in the 
M2 polarized macrophages (Figure 3B). Meanwhile, the expression of miR-588 was 
increased in the DDP-resistant SGC7901 cells co-cultured with M2 macrophages or 
exosomes from M2 macrophages (Figure 3C). Moreover, we found that the inhibition 
of miR-588 by inhibitor repressed colony formation of DDP-resistant SGC7901 cells 
(Figure 3D). The repression of miR-588 induced DDP-resistant SGC7901 cell apoptosis 
(Figure 3E). The expression of Bax, cleaved caspase-3, and cleaved caspase-9 was 
enhanced by miR-588 inhibitor in DDP-resistant SGC7901 cells (Figure 3F). Moreover, 
the IC50 of DDP in the inhibition of SGC7901 cell viability was inhibited by miR-588 
inhibitor (Figure 4A). Treatment with DDP induced apoptosis of SGC7901 cells, in 
which miR-588 inhibitor reinforced this effect (Figure 4B and C).

miR-588 can target CYLD in gastric cancer cells
We then identified the binding site for miR-588 in CYLD in the bioinformatic analysis 
(Figure 5A). The luciferase activity and mRNA expression of CYLD were significantly 
repressed by miR-588 mimic in the DDP-resistant SGC7901 cells (Figure 5B and C). 
Similarly, the protein levels of CYLD were inhibited by miR-588 mimic in DDP-
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Figure 1 M2 polarized macrophages-derived exosomes can transfer in gastric cancer cells to enhance cisplatin resistance. A and B: Flow 
cytometry for identifying the M2 polarized macrophages isolated from murine bone marrow induced with interleukin (IL)-13 and IL-4. The M2 specific marker CD206 
was identified. Un-Mac represents inactivated macrophages and M2 represents macrophages activated by IL-13 and IL-4. The mRNA expression of iNOS, Arg1, 
IL-10, and TGF-β was detected by qPCR in Un-Mac and M2 macrophages; C: Identification of exosomes from M2 macrophages by transmission electron microscopy; 
D: Detection of expression of CD63, CD9, CD81, HSP70, and GAPDH by Western blot analysis; E: Detection of uptake of the PKH67-labelled M2 exosomes (M2-
Exo) in SGC7901 cells; F: Analysis of cell viability by CCK-8 assay. M2 macrophages-derived conditioned medium and M2-Exo were used to treat SGC7901 cells 
exposed to cisplatin (DDP) for 48 h; G: Analysis of cell apoptosis by flow cytometry SGC7901 cells were co-treated with DDP and M2-Exo. Data shown are the mean 
± SD.  aP <0.05; cP < 0.001. DDP: Cisplatin; Un-Mac: Inactivated macrophages; M2-Exo: M2 exosomes.

Figure 2 Co-culture of gastric cancer cells with M2 polarized macrophages promotes cisplatin resistance. A: Detection of cell viability by CCK-8 
assay in SGC7901 cells treated with cisplatin (DDP); B and C: Analysis of cell apoptosis by flow cytometry in SGC7901 cells co-cultured with inactivated 
macrophages and M2 macrophages exposed to DDP for 48 h. Data shown are the mean ± SD. bP < 0.01; cP <0.001. DDP: Cisplatin.

resistant SGC7901 cells (Figure 5D).

miR-588/CYLD axis regulates DDP resistance of gastric cancer cells
Next, we evaluated the effect of miR-588/CYLD axis on DDP resistance of gastric 
cancer cells. Our data showed that treatment with DDP inhibited SGC7901 cell prolif-
eration; miR-588 inhibitor enhanced the function of DDP, while the depletion of CYLD 
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Figure 3 Exosomal miR-588 from M2 macrophages contributes to cisplatin resistance of gastric cancer cells. A: Detection of expression of 
miR-588 by qPCR in the exosomes from M2 macrophages and inactivated macrophages; B: Detection of expression of miR-588 by qPCR in cisplatin (DDP)-resistant 
SGC7901 cells, M2 macrophages, and inactivated macrophages; C: Detection of expression of miR-588 by qPCR in DDP-resistant SGC7901 cells co-cultured with 
M2 macrophages or exosomes from M2 macrophages; D-F: Analysis of cell proliferation by colony formation assay (D), cell apoptosis by flow cytometry (E), and 
expression of Bax, capase-3, caspase-9, cleaved caspase-3 (c-caspase-3), and cleaved caspase 9 (c-caspase-9) by Western blot analysis (F) in DDP-resistant 
SGC7901 cells treated with miR-588 inhibitor. Data shown are the mean ± SD, bP < 0.01; cP < 0.001.
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Figure 4 miR-588 contributes to cisplatin resistance of gastric cancer cells. A: Detection of cell viability by CCK-8 assay in SGC7901 cells treated with 
miR-588 inhibitor and exposed to cisplatin (DDP) at the indicated doses; B and C: Detection of cell apoptosis by flow cytometry in DDP-resistant SGC7901 cells co-
treated with DDP and miR-588 inhibitor. Data shown are the mean ± SD, bP < 0.01. DDP: Cisplatin.

by siRNA reversed the effect of miR-588 inhibition (Figure 6A). Moreover, treatment 
with DDP induced apoptosis of SGC7901 cells; miR-588 inhibitor further enhanced the 
cell apoptosis, while CYLD knockdown reversed the effect of miR-588 inhibitor 
(Figure 6B). Moreover, tumorigenicity analysis in nude mice demonstrated that miR-
588 inhibitor suppressed the tumor growth in vivo (Figure 7A-D). Meanwhile, we 
validated that the overexpression of CYLD or treatment with miR-588 inhibitor 
repressed the tumor growth in nude mice, while the depletion of CYLD rescued miR-
588 inhibitor-reduced tumor growth in the model (Figure 7E and F).

DISCUSSION
Gastric cancer is a common malignant cancer with a high death rate and limited 
therapeutic strategies. DDP is widely applied in the treatment of gastric cancer 
patients with significant effectiveness, but DDP resistance remains a critical clinical 
issue. In this study, we identified that M2 polarized macrophages-derived exosomal 
miR-588 contributes to DDP resistance of gastric cancer cells.

Previous investigations have shown that M2 polarized macrophages-derived 
exosomes are involved in the modulation of cancer development. It has been reported 
that tumor-related macrophages-derived exosomes contribute to gastric cancer cell 
invasion via apolipoprotein E[23]. Macrophage-derived exosomal miR-21 regulates 
DDP resistance of gastric cancer cells[24]. M2 macrophages-derived exosomes promote 
metastasis of hepatocarcinoma by delivering αMβ2 integrin[25]. These studies have 
shown the critical function of macrophages-derived exosomal miRNAs in the 
modulation of cancer development. Meanwhile, miR-588 is a widely reported cancer 
regulator in previous studies. It has been found that miR-588 is enhanced in prostate 
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Figure 5 miR-588 can target cylindromatosis in gastric cancer cells. A: The binding site of miR-588 and cylindromatosis (CYLD) was predicted in 
TargetScan database; B-D: After cisplatin (DDP)-resistant SGC7901 cells were treated with miR-588 mimic, the luciferase activity of CYLD was measured by 
luciferase reporter assays (B); the expression of CYLD was determined by qPCR (C); and the expression of CYLD was measured by Western blot analysis (D). Data 
shown are the mean ± SD. bP < 0.01. CYLD: Cylindromatosis.

cancer and is correlated with a poor prognosis[15]. miR-588 modulates epithelial-
mesenchymal transition, migration, and invasion of gastric cancer cells by targeting 
EIF5A2 signaling[26]. The PICSAR/miR-588/EIF6 axis contributes to the regulation of 
hepatocellular carcinoma progression by targeting AKT/mTOR signaling[27]. 
Moreover, it has been reported that miR-588 serves as a prognosis biomarker for 
gastric cancer[16]. In previous reports, miR-588 has not been prominently implicated 
in gastric cancer through interaction between tumor and the surrounding microenvir-
onment. We were interested in the function of M2 macrophages-derived exosomes in 
cancer development and noticed the potential function of miR-588 in gastric cancer. 
Therefore, we explored the correlation of M2 macrophage-derived exosomes with 
miR-588 and their function in gastric cancer. Our data showed that co-cultivation of 
gastric cancer cells with M2 polarized macrophages promoted DDP resistance. M2 
polarized macrophages-derived exosomes could transfer in gastric cancer cells to 
enhance DDP resistance. Exosomal miR-588 from M2 macrophages contributed to 
DDP resistance of gastric cancer cells. miR-588 promoted DDP-resistant gastric cancer 
cell growth in vivo. These data not only provide new evidence of the critical function of 
M2 polarized macrophages-derived exosomes in regulating cancer progression, but 
also indicate the innovative role of miR-588 in gastric cancer. The correlation of M2 
polarized macrophages-derived exosomal miR-588 and miR-588 in the cancer cells in 
regulating cancer development is an interesting scientific issue, which is needed to 
explore in the future. Besides, the function of other pivotal miRNAs that have been 
described as crucial regulators in exosomes-mediated cellular communication should 
be explored by more investigations. Meanwhile, the mechanisms of miR-588 transfer 
from macrophage to gastric cancer cells remain unclear. According to previous 
studies, the communications between macrophages and gastric cancer cells can be 
mediated by exosomes, which can engulf local tissues immediately or swarm into 
body fluid to affect distant target organs through endocytosis[7,24,28]. The 
mechanisms of miR-588 transfer from macrophage to gastric cancer cells should be 
confirmed by more complicated investigations in future.

Moreover, it has been reported that inhibition of CYLD enhances IFN-γ-regulated 
PD-L1 expression in thymic epithelial cancer[29]. LINC01260 serves as a tumor 
inhibitor by regulating the miR-562/CYLD axis in lung cancer[30]. CYLD enhances 
nasopharyngeal carcinoma cells apoptosis by modulating NDRG1[31]. MiR-454 
contributes to oxaliplatin resistance and cell proliferation by targeting CYLD in gastric 
cancer[32]. These reports have identified the tumor suppressive function of CYLD in 
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Figure 6 miR-588/cylindromatosis axis regulates cisplatin resistance of gastric cancer cells. A: Cell viability detected by CCK-8 assay; B: Cell 
apoptosis analyzed by flow cytometry. The SGC7901 cells were treated with cisplatin (DDP), or co-treated with DDP and miR-588 inhibitor with or without 
cylindromatosis siRNA. Data shown are the mean ± SD. bP < 0.01. DDP: Cisplatin; CYLD: Cylindromatosis.

cancer progression. Our mechanical investigation showed that miR-588 targeted CYLD 
in gastric cancer cells and miR-588/CYLD axis contributed to the progression of 
gastric cancer. It presents a crucial mechanism underlying miR-588-mediated cancer 
development. CYLD may not be the only downstream factor underlying miR-588-
mediatde tumorigenesis. Other regulators in miR-588-modulated cancer pathogenesis 
and their crosstalk may be investigated further in future. Targeting exosomal miR-588 
from M2 macrophages may be a promising therapeutic strategy for gastric cancer and 
the clinical translation should be explored in future investigations.

CONCLUSION
In conclusion, we uncovered that exosomal miR-588 from M2 macrophages 
contributes to DDP resistance of gastric cancer cells by partly targeting CYLD. miR-588 
may be applied as a potential therapeutic target for the treatment of gastric cancer.
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Figure 7 miR-588/cylindromatosis axis modulates cisplatin-resistant gastric cancer cell growth in vivo. A-D: The nude mice were injected with 
SGC7901 cells treated with miR-588 inhibitor, the tumor tissues (A), tumor volume (B), and tumor weight (C) were measured, and the expression of cylindromatosis 
(CYLD) was detected by Western blot analysis in the tumor tissues (D); E and F: The nude mice were injected with SGC7901 cells treated with CYLD overexpressing 
plasmid or miR-588 inhibitor, or co-treated with miR-588 inhibitor and CYLD siRNA, and the tumor tissues (E) and tumor weight (F) were measured. Data shown are 
the mean ± SD (n = 5). bP < 0.01. CYLD: Cylindromatosis.

ARTICLE HIGHLIGHTS
Research background
Gastric cancer is a prevalent malignant cancer with a high incidence and significantly 
affects the health of modern people globally. Cisplatin (DDP) is one of the most 
common and effective chemotherapies for patients with gastric cancer, but DDP 
resistance remains a severe clinical challenge.

Research motivation
To identify the function of M2 polarized macrophages-derived exosomal miR-588 in 
gastric cancer cells.

Research objectives
To explore the effect of M2 polarized macrophages-derived exosomal miR-588 on DDP 
resistance of gastric cancer cells.
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Research methods
M2 polarized macrophages were isolated and identified by specific markers using flow 
cytometry analysis. The exosomes from M2 macrophages were identified by TEM and 
related markers. The uptake of the PKH67-labelled M2 macrophages-derived 
exosomes was detected in SGC7901 cells. The function and mechanism of exosomal 
miR-588 from M2 macrophages in the modulation of DDP resistance of gastric cancer 
cell was analyzed by CCK-8 assay, apoptosis analysis, colony formation assay, 
Western blot analysis, qPCR analysis, and luciferase reporter assay in SGC7901 and 
SGC7901/DDP cells, and by tumorigenicity analysis in nude mice.

Research results
Polarized macrophages were isolated from mouse bone marrow stimulated with 
interleukin (IL)-13 and IL-4. Co-culture of gastric cancer cells with M2 polarized 
macrophages promoted DDP resistance. M2 polarized macrophage-derived exosomes 
could transfer in gastric cancer cells to enhance DDP resistance. Exosomal miR-588 
from M2 macrophages contributed to DDP resistance of gastric cancer cells. miR-588 
promoted DDP-resistant gastric cancer cell growth in vivo. miR-588 was able to target 
cylindromatosis (CYLD) in gastric cancer cells. The depletion of CYLD reversed miR-
588 inhibition-regulated cell proliferation and apoptosis of gastric cancer cells exposed 
to DDP.

Research conclusions
In conclusion, we uncovered that exosomal miR-588 from M2 macrophages 
contributes to DDP resistance of gastric cancer cells by partly targeting CYLD.

Research perspectives
miR-588 may be applied as a potential therapeutic target for the treatment of gastric 
cancer.
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Abstract
BACKGROUND 
Pancreatic cancer (PC) is one of the deadliest malignancies with an alarming 
mortality rate. Despite significant advancement in diagnostics and therapeutics, 
early diagnosis remains elusive causing poor prognosis, marred by mutations and 
epigenetic modifications in key genes which contribute to disease progression.

AIM 
To evaluate the various biological tumor markers collectively for early diagnosis 
which could act as prognostic biomarkers and helps in future therapeutics of PC 
in Kashmir valley.

METHODS 
A total of 50 confirmed PC cases were included in the study to evaluate the levels 
of carbohydrate antigen 19-9 (CA 19-9), tissue polypeptide specific antigen (TPS), 
carcinoembryonic antigen (CEA), vascular endothelial growth factor-A (VEGF-A), 
and epidermal growth factor receptor (EGFR). Mutational analysis was performed 
to evaluate the mutations in Kirsten rat sarcoma (KRAS), Breast cancer type 2 (
BRCA-2), and deleted in pancreatic cancer-4 (DPC-4) genes. However, epigenetic 
modifications (methylation of CpG islands) were performed in the promoter 
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regions of cyclin-dependent kinase inhibitor 2A (p16; CDKN2A), MutL homolog 1 
(hMLH1), and Ras association domain-containing protein 1(RASSF1A) genes.

RESULTS 
We found significantly elevated levels of biological markers CA 19-9 (P ≤ 0.05), 
TPS (P ≤ 0.05), CEA (P ≤ 0.001), and VEGF (P ≤ 0.001). Molecular genetic analysis 
revealed that KRAS gene mutation is predominant in codon 12 (16 subjects, P ≤ 
0.05), and 13 (12 subjects, P ≤ 0.05). However, we did not find a mutation in DPC-4 
(1203G > T) and BRCA-2 (617delT) genes. Furthermore, epigenetic modification 
revealed that CpG methylation in 21 (P ≤ 0.05) and 4 subjects in the promoter 
regions of the p16 and hMLH1 gene, respectively.

CONCLUSION 
In conclusion, CA 19-9, TPS, CEA, and VEGF levels were significantly elevated 
and collectively have potential as diagnostic and prognostic markers in PC. Global 
data of mutation in the KRAS gene commonly in codon 12 and rare in codon 13 
could augment the predisposition towards PC. Additionally, methylation of the 
p16 gene could also modulate transcription of genes thereby increasing the predis-
position and susceptibility towards PC.

Key Words: Pancreatic cancer; Genetic mutations; Epigenetic modifications; Biomarkers; 
Risk factors; Diagnostics

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study demonstrates that the collective evaluation of genetic mutations, 
epigenetic modifications in key genes and elevated levels of serum carbohydrate 
antigen 19-9, tissue polypeptide specific antigen, carcinoembryonic antigen, and 
vascular endothelial growth factor-A could be used as predictive biomarkers for 
diagnostics and prognostics in pancreatic cancer patients of the ethnic Kashmiri 
population. This could be useful to track the disease status of pancreatic cancer patients 
who are on a different regimen of chemotherapeutic interventions. To validate these 
results in the ethnic Kashmiri population, future studies need comprehensive, cohort, 
and replicative studies with large sample size.

Citation: Rah B, Banday MA, Bhat GR, Shah OJ, Jeelani H, Kawoosa F, Yousuf T, Afroze D. 
Evaluation of biomarkers, genetic mutations, and epigenetic modifications in early diagnosis of 
pancreatic cancer. World J Gastroenterol 2021; 27(36): 6093-6109
URL: https://www.wjgnet.com/1007-9327/full/v27/i36/6093.htm
DOI: https://dx.doi.org/10.3748/wjg.v27.i36.6093

INTRODUCTION
Pancreatic cancer (PC) is one of the deadliest malignancies among several solid 
malignancies. It is the 15th leading cancer in the world with an overall estimated 
incidence of 277000 new cases which is being diagnosed every year[1]. In the United 
States, PC is the fourth leading cause of death with a 5-year survival rate of less than 
5%[2]. PC is mostly found in elderly people and has been reported to be associated 
with several risk factors[3]. The predominant risk factors include age, cigarette 
smoking, a high-fat diet, decreased serum levels of folate, diabetes mellitus, obesity, 
and chronic pancreatitis[4,5]. The familial history of pancreatitis increases the 
probability of developing PC by around 40%[6]. PC has the lowest prognosis among 
several solid-type tumors, mainly because almost 80% of PC patients are diagnosed 
when the disease is in the advanced or metastatic stage[7]. Owing to the lack of 
specific biological biomarkers used in clinical practice for the detection of PC and its 
nonspecific symptomology at the initial stage of the malignancy, the early diagnosis is 
extremely critical to detect and analyze disease progression[8]. Therefore, it is vital to 
identify specific biomarkers that play a key role in early diagnosis thereby improving 
the management and therapeutic outcome in PC.
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P-Editor: Xing YX Tumor biomarker(s) are the substances that can be examined in body fluids (blood, 
urine, and other fluids), synthesized and excreted by malignant cells within the tumor 
tissue besides exceeding the normal level potentiating its use for cancer diagnosis 
and/or prognosis[9]. Thus, ideally, the tumor markers should have high sensitivity 
and specificity, however, none of the tumor biomarkers have attained such precision
[10]. Recent reports suggest that commonly used biomarkers for various malignancies 
include carbohydrate antigen 19-9 (CA 19-9), tissue polypeptide specific antigen (TPS), 
carcinoembryonic antigen (CEA), vascular endothelial growth factor-A (VEGF-A), and 
epidermal growth factor receptor (EGFR)[11]. The CA 19-9 and CEA are high 
molecular weight glycoproteins attached to the surface of tumor cells predominantly 
used in the diagnosis and prognosis of gut-associated cancers. However, marred by 
low sensitivity and specificity, they far from qualify for the diagnosis of other cancers
[12]. The group of intermediate filament proteins to which TPS belongs is mainly used 
to measure cytokeratin 18 and 19 and expected to reflect the tumor progression. A few 
studies have examined TPS expression in PC; however, the findings are contentious. 
Although, individually TPS expression in PC may not provide significant information 
about the disease progression; in concert with other tumor biological markers it is 
worthwhile to evaluate its role for early diagnosis, prognosis, and to predict metastatic 
growth of PC[13]. A predominant dimeric, heparin-associated glycoprotein, VEGF-A 
has powerful pro-angiogenic and mitogenic activity. Elevated expression of VEGF-A 
enhances vascular permeability of endothelial cells and is reported to be involved in 
PC-associated angiogenesis[14], thus potentiates as a predictive biomarker. EGFR is a 
transmembrane protein that regulates cell growth and development. Mutation or 
elevated expression of EGFR is a key event in the pathogenesis of various 
malignancies such as glioblastoma, lung and oral carcinomas. There are reports of 
EGFR-mediated signaling associated with EGFR mutation in PC patients[15]. 
Consequently, these reports suggest that evaluation of serum EGFR levels in PC can be 
a promising putative biomarker for early diagnosis and prognosis to monitor the 
disease status post-therapeutic interventions. Although, individually the tumor 
biomarkers could aid in diagnostic and prognostic evaluation to a certain level, 
however, collectively, they can be more beneficial to track tumor progression and 
could be more useful to monitor disease status. Therefore, the current study aims to 
evaluate the collective role of various tumor biomarkers in PC patients for their 
potential role in early diagnosis and application in prognosis to examine post-
treatment disease status in the ethnic Kashmiri population.

Genetic mutations play a pivotal role in tumor progression and genetic markers are 
critically important for the detection of malignant changes in PC[16]. Approximately, 
97% of PC patients have alterations in genes that either follow the germline inheritance 
mode of transmission or occur sporadically[17]. These mutations could be either 
oncogenic (gain of function) or diminish tumor suppressor activity (loss of function). 
Gain-of-function in Kirsten rat sarcoma (KRAS) a proto-oncogene that encodes 
guanosine triphosphatase (GTPase), is one of the prominent mediators in signal 
transduction pathways that are implicated in neoplastic transformation and inflam-
mation[18]. Approximately 95% of all cancers including PC are reported to harbor a 
KRAS gene mutation which is a key event in early tumorigenesis. The major KRAS 
activating gene mutations reportedly occur at codon 12 and less commonly at codon 13 
and codon 61. Therefore, evaluation of genetic mutational analysis at the hotspot 
regions of the KRAS gene could help in early diagnosis and prognosis in PC. Breast 
cancer type 2 (BRCA-2), a tumor suppressor gene is associated with the maintenance of 
the genome by enhancing homologous recombination of a double-stranded break. 
Around 80% of BRCA-2 mutations are either frameshift or nonsense mutations that 
result in the formation of premature stop codons to encode non-functional BRCA-2 
protein[19]. Almost 7.3% of PC patients have a hereditary mutation in the BRCA-2 
gene which increases the risk of developing PC by approximately 20-fold[20] 
implicating a critical role of BRCA-2 in the early diagnosis of PC. Another vital gene, 
‘deleted in pancreatic cancer-4’ (DPC-4) also known as SMAD family member 4, 
mothers against decapentaplegic homolog 4 (SMAD-4) is a tumor suppressor gene 
involved in the regulation of gene transcription. DPC-4 protein a downstream target of 
transforming growth factor-beta (TGF-β) pathway plays a critical role in the activation 
of TGF-β signaling thereby promotes neoplastic growth. It is reported that 30% of PC 
cases develop due to homozygous mutations in the DPC-4 gene[21,22]. Thus, 
mutational analysis of the DPC-4 gene could be a promising factor for the early 
diagnosis and prognosis of PC.

Besides genetic mutations, recent evidence suggests the epigenetic modifications 
such as DNA methylation plays a critical role in the pathogenesis of PC. In the recent 
past, reports suggest that methylation at the promoter regions of key tumor 
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suppressor genes induces gene silencing and contributes to the development and 
progression of tumorigenesis[23]. Various tumor suppressor genes were inactivated by 
epigenetic modifications. Cyclin-dependent kinase inhibitor 2A (p16; CDKN2A), a 
tumor suppressor gene that encodes a member of cyclin-dependent kinase inhibitor 
which arrests the G1-S phase of the cell cycle to prevent tumor cell progression. Loss of 
the p16 gene is reported in 70% of cancers and around 10%-15% of the loss was due to 
promoter methylation[24]. Thus, screening of epigenetic modifications at the promoter 
region of the p16 gene could help in the early diagnosis of PC. MutL homolog 1 (
hMLH1) a tumor suppressor gene that belongs to the mismatched repair gene family 
and prevents DNA damage by radiations and other associated mechanisms. hMLH1 is 
also reported to be inactivated epigenetically by promoter methylation which leads to 
DNA damage. The accumulation of mismatched and damaged DNA promotes tumor 
cell progression[25]. Ras association domain-containing protein 1(RASSF1A) is another 
tumor suppressor gene inactivated by promoter methylation. It is a component of 
RAS/PI3K/AKT and RAS/MAPK pathways. Recent reports suggest that epigenetic 
modifications in the RASSF1A promoter region promote tumor progression in various 
cancers including kidney, breast, lung, prostate, and thyroid[26]. Recent evidence 
suggests that 64% of pancreatic adenocarcinoma patients have RASSF1A hyperme-
thylation at the promoter region, indicating that analysis of hypermethylation of 
RASSF1A at promoter region could be a promising approach for early diagnosis of PC. 
To summarize, these studies suggest that genetic mutations, epigenetic modulations, 
and elevated levels of serum biological markers play a critical role in the early 
diagnosis, therapeutics, and prognosis of various cancer. Therefore, keeping in consid-
eration the documented role of tumor biomarkers, genetic mutations, and DNA 
methylation of tumor suppressor/protooncogenes in various malignancies including 
PC. The current study aimed to evaluate the serum levels of various biological tumor 
markers, genetic mutations, and epigenetic modifications of some key regulatory 
genes in PC. This would prove immensely helpful in the early diagnosis of PC, which 
helps in the identification of high-risk PC and may enable their development as 
biomarkers for future diagnostics, therapeutic interventions, and prognostics in the 
ethnic Kashmiri population.

MATERIALS AND METHODS
In this study, a total of 50 patients with pancreatic carcinoma and 50 healthy controls 
were included.

Inclusion criteria
Only the patients with histologically confirmed pancreatic carcinoma were included in 
this study. Written consent was taken at the very beginning from all the patients and 
healthy controls that were included in the study.

Exclusion criteria
The patients with a history of other malignancies and those who were not willing to 
comply with pre-requisite protocol were excluded from the study.

Physical examination and lifestyle habits
The study was designed and approved by the institutional review board of the Sher-i-
Kashmir Institute of Medical Sciences (SKIMS), and informed consent was obtained 
from all participants. A comprehensive physical/clinical examination was performed 
in the Department of Medical Oncology, SKIMS, and the patients were evaluated for 
Jaundice (by examining features like yellowing of eyes and skin), pruritis (by 
examining features like redness, bumps, spots or blisters, dry/cracked skin and 
leathery/scaly skin), muscle wasting (by evaluating features like weakness or 
numbness in the limbs, loss of muscle coordination, tingling or weakness of the 
extremities, impaired balance while walking, fatigue and a general illness, facial 
weakness, progressive weakness, gradual memory loss and liver enlargement (were 
examined by features like abdominal pain, nausea/vomiting, fatigue, whitening of 
eyes and yellowing of the skin).

Besides the physical examination, lifestyle activities of the PC patients were also 
recorded which included smoking status, salt tea consumption, spicy and non-spicy 
food intake, dried vegetable consumption, mutton, and beef consumption, fish 
consumption, oil intake, urine habits, bowel habits, and daily physical activity were 
also recorded.
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Laboratory findings
The basic clinical laboratory findings were performed by using automated analyzers. 
The laboratory findings are liver function test (like aspartate transaminase-AST, 
alanine transaminase-ALT, bilirubin, and alkaline phosphatase-ALP), diabetic status 
(hyperglycemia) by measuring glucose levels, and anemia by measuring red blood cell 
(RBC) count.

Diagnostic imaging
For any other malignancy PC patients were initially screened by using multiphase 
multidetector computed tomography (CT) scan, magnetic resonance imaging (MRI), 
ultrasonography (USG), endoscopic ultrasound (EUS), and chest X-ray (CXR).

Sample collection
A total of 5 mL blood sample was collected in clot activator and Ethylenediaminetet-
raacetic acid (EDTA) vial from PC patients. The serum was separated from the clot 
activator vials using centrifugation and was stored at -80 °C for further analysis. EDTA 
vials contain blood was stored at -20 °C for DNA extraction. A tissue chunk (12-50 μm 
thick tumor tissue section) was obtained from the PC patient by endoscopy using 
USG-guided probes for mutational analysis and epigenetic modifications.

Tumor biomarkers
Tumor markers including CA19-9, TPS, CEA, VEGF-A, and EGFR were estimated in 
the serum obtained from blood collected from the PC patients. Measurement of CA 19-
9, CEA, VEGF-A, and EGFR levels in serum were performed by using a modular E-170 
analyzer. However, TPS levels in the serum were measured by using an Immulite 
instrument.

Genetic mutation analysis 
Genomic DNA was extracted by the phenol-chloroform method from mononuclear 
cells. Hypaque density gradient centrifugation was performed to extract leucocytes 
from blood and tissue samples obtained from PC patients. The quantity and quality 
control analysis of genomic DNA was performed by carrying out UV spectropho-
tometer (Eppendorf Biospectrometer®, Hamburg Germany) analysis and Gel electro-
phoresis, respectively. However, polymerase chain reaction (PCR) was carried out 
with a different set of primers for KRAS, DPC-4, and BRACA-2 genes under different 
PCR conditions. The PCR products obtained were subjected to Restriction Fragment 
Length Polymorphism (RFLP) using restriction enzymes BstN1 and BglI for 
mutational analysis of KRAS codon 12 and 13, respectively. GGA→TGA in exon 8, 
codon 358 of DPC-4 gene was analyzed by using MnlI restriction enzyme. 6174delT of 
BRCA-2 was analyzed by using allele-specific PCR technique and polyacrylamide gel 
electrophoresis (PAGE) was carried out to study any change in the BRCA-2 gene.

Epigenetic analysis
The epigenetic analysis was performed by examining the methylation status of the 
promoter and exon regions of genes including p16, RASSF1A, and hMLH1. The 
methylation status of p16, RASSF1A, and hMLH1 genes was determined by 
methylation-specific (MSP) PCR. Briefly, DNA extracted from tissue samples was first 
subjected to bisulfite conversion using EZ direct methylation kit. The bisulfite-
converted DNA was then subjected to PCR using methylated and unmethylated 
primers specific for the respective genes. The results were analyzed on 2% agarose gel.

Statistical analysis 
Numerical data collected from experiments for statistical analysis were performed by 
using non-parametrical statistical analysis tools which are the Kruskal-Wallis test and 
Mann-Whitney U test.

RESULTS
The current study included 50 PC patients with a mean age of 47.82 years at the time 
of diagnosis for the evaluation of various tumor biological markers for the PC 
diagnosis. Radio-diagnostics such as USG and CT, confirmed that all 50 patients had 
PC. Further, histopathological analysis supported the radio-diagnostic results and 
revealed that out of 50 confirmed PC patients, 47 PC patients had characterized to 
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have adenocarcinoma whereas the remaining 3 PC patients have neuroendocrine 
carcinoma in the pancreas as shown in Figure 1. The other demographic parameters 
and daily activities of all confirmed 50 PC patients are presented in Table 1.

Owing to have relative ease in blood collection and non-invasive, it is preferred to 
evaluate the biological tumor markers in serum. Therefore, we also intended to 
evaluate the biological tumor markers which included CA 19-9, TPS, CEA, VEGF-A, 
and EGFR levels in the blood collected from PC patients. Our results demonstrated 
that the levels of serum biological tumor markers CA 19-9, CEA, VEGF-A, TPS, EGFR 
of PC patients were significantly raised in 33 (66%), 32 (64%), 48 (96%), 48 (96%) and 0 
out of 50 PC patients, respectively (Table 2) and Figure 2.

Although the PC progression is a heterogeneous and complex process that includes 
cell proliferation of intraepithelial and dysplasia to form a mass of cells, followed by 
an invasion of cells to neighboring tissues. Subsequently, one of the important driving 
factors of PC progression is genetic mutations of protooncogenes (gain-of-function) 
and tumor suppressor genes (loss-of-function). Among genetic mutations, KRAS 
mutation is the key point mutation followed by deletion mutation in tumor suppressor 
genes BRCA-2, DPC-4, and p16 in PC. To evaluate whether the PC patients in our 
study harbor these mutations, we sought to perform mutational analysis of KRAS 
hotspot codons (codon 12 and codon 13), DPC-4 (1203G>T), and BRCA-2 mutation 
(6174delT) in our PC subjects. Our mutational analysis results revealed that out of 50 
PC patients, 16 and 12 PC patients had KRAS mutation at codons 12 and 13, 
respectively. However, we could not find mutation(s) at codons 12 and 13 of the KRAS 
gene in the remaining 34 and 38 PC patients, respectively Figure 3. The representative 
agarose gel picture of the amplification product of codons 12 and 13 of the KRAS gene 
and their RFLP pattern is shown in Figures 4 and 5. Subsequently, the mutational 
analysis of tumor suppressor gene DPC-4 (1203G>T) and BRCA-2 (6174delT) were also 
evaluated in all PC subjects. Interestingly, we did not find any mutations in DPC-4 and 
BRCA-2 mutation at (1203G>T) (6174delT) sites, respectively Figure 3. The repres-
entative agarose gel picture of DPC-4 (1203G>T) amplification and RFLP pattern is 
shown in Figure 6, respectively, and that of amplification and RFLP pattern of BRCA-2 
(6174delT) is shown in Figure 7. The results obtained from the genetic mutation 
analysis are summarized in Table 3.

Epigenetic alterations have been documented to play a crucial role in PC 
progression. The p16, RASSF1A, and hMLH1 are key tumor suppressor genes 
regulating mismatch repair to minimize DNA damage and are frequently inactivated 
by epigenetic modification in various malignancies. Therefore, we intended to 
investigate the epigenetic modification (methylation of CpG islands) of p16, RASSF1A, 
and hMLH1 genes by determining the methylation in their respective promoter regions 
in all PC subjects. Our epigenetic modification results demonstrated that 21 out of 50 
PC subjects were found methylated in the CpG islands of the promoter region of the 
p16 gene while the remaining 29 were unmethylated. However, the CpG islands in the 
promoter region of RASSF1A were found to be unmethylated in all 50 PC patients. 
Additionally, we observed that 4 out of 50 PC patients showed methylation patterns in 
the promoter region of the hMLH1 gene, whereas the remaining 46 PC patients had the 
hMLH1 gene unmethylated in their promoter regions. The representative agarose gel 
pic of MS-PCR for hMLH1 and RASSF1A is shown in Figure 8. The methylation and 
unmethylation status as observed in the present study for p16, hMLH1, and RASSF1A 
are summarized in Table 4 and Figure 9.

DISCUSSION
Despite new therapeutic approaches to improve the outcome of PC patients by the 
introduction of molecular target approaches and combinatorial therapy, there is an 
unmet need to find the prospective biomarkers for early diagnosis of PC[27]. 
Therefore, the aim of the current study was to collective evaluation of tumor biological 
markers, mutational status, and epigenetic modulations in PC patients of the ethnic 
Kashmiri population for early diagnosis. Our findings revealed the elevated levels of 
serum biomarkers CA 19-9, TPS, CEA, and VEGF-A, in the blood samples of PC 
patients, however, EGFR levels were found to be in the normal range. The mutational 
analysis demonstrated that the KRAS gene mutation which is the major driver in PC 
progression was found in codons 12 (16 subjects) and 13 (12 subjects). Furthermore, 
DNA of CpG islands of 21 subjects was found significantly methylated in the promoter 
regions of the p16 gene. Collectively, these results suggest that in combination with 
mutational analysis and epigenetic modulations (CpG methylation), the biological 
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Table 1 Characteristics and clinical presentations of cases in the present study, n (%)

Patient characteristics Cases, n = 50 P value

Age in yr

≤ 50 28 (56.0)

> 50 22 (44.0)

0.0377

Gender

Male 29 (58.0)

Female 21 (42.0)

0.031

Family history

Smoker

Yes 22 (44.0)

No 28 (56.0)

0.034

Lifestyle

Active 44 (88.0)

Sedentary 06 (12.0)

0.001

Residence

Rural 40 (80.0)

Urban 10 (20.0)

0.01

Dietary habits

Salt tea

Yes 47 (94.0)

No 03 (06.0)

0.01

Spicy food

Yes 28 (56.0)

No 22 (44.0)

0.043

Appetite 

Yes 25 (50.0)

No 25 (50.0)

0.05

Vegetables

Yes 48 (100.0)

No 02 (00.0)

0.001

Non-veg.

Yes 47 (100.0)

No 03 (00.0)

0.001

Edible oil

Saturated 43 (86.0)

Unsaturated 07 (17.0)

0.01

Urine habits

Normal 28 (56.0)

Disturbed 22 (44.0)

0.05

Bowel habits

Normal 30 (60.0)

Disturbed 20 (40.0)

0.05
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Table 2 Analysis of tumor biological marker in the serum of pancreatic cancer patients

Tumor 
marker

Normal 
level

PC patients with elevated levels 
of tumor markers

PC patients with normal levels 
of tumor markers

P value for PC patients with elevated 
levels vs normal levels

CA19-9 < 37 U/mL 33 17 0.05

TPS < 80 U/L 32 18 0.05

CEA < 5 ng/mL 48 02 0.003

VEGF-A 31.2-2000 
pg/mL

48 02 0.003

EGFR 62.5-4000 
pg/mL

0 50 0.001

PC: Pancreatic cancer; CA19-9: Carbohydrate antigen 19-9; TPS: Tissue polypeptide specific antigen; CEA: Carcinoembryonic antigen; VEGF-A: Vascular 
endothelial growth factor-A; EGFR: Epidermal growth factor receptor.

Table 3 Mutational analysis of KRAS (Codon 12 and 13), DPC-4, and BRCA-2 gene mutations within pancreatic cancer subjects

Key genes in PC patients evaluated for mutational 
analysis

Mutation’s 
present

Mutation’s 
absent

P value for mutations present vs 
absent

KRAS mutation (codon 12) 16 34 0.05

KRAS mutation (codon 13) 12 38 0.05

DPC-4 mutation (1203G>T) 0 50 0.001

BRCA-2 mutation (6174delT) 0 50 0.001

KRAS: Kirsten rat sarcoma; DPC-4: Deleted in pancreatic cancer-4; BRCA-2: Breast cancer type 2.

Table 4 Methylation and unmethylation status in the promoter region of p16, RASSF1A, and hMLH1within pancreatic cancer subjects

Genes Promoter methylation analysis 
status

Promoter unmethylation analysis 
status

P value for promoter methylation vs 
ummethylation

p16 21 29 0.05

RASSF1A 0 50 0.001

hMLH1 4 46 0.165

tumor markers evaluated in PC subjects could be valuable for early diagnostics and 
could strongly predict the PC prognostics. Additionally, these types of studies could 
further strengthen the validation of biological tumor markers and have a promising 
perspective for the predisposition and susceptibility towards PC.

A biological tumor marker is an entity in the body that gives information about a 
diagnosis, prognosis, and therapeutic modalities for a particular disease. The preferred 
entity to be eligible as a biomarker should be available in body fluids and non-invasive
[28]. One of the important tumor biomarkers used in various malignancies is a high 
molecular weight glycoprotein CA 19-9. Biochemically, a carbohydrate antigen, CA19-
9 is mainly expressed by the cells of the pancreaticobiliary system. Previous studies 
suggest that CA 19-9 levels were elevated in gut-associated malignancies such as 
gastric, bile duct, colorectal, and ovarian cancers. Owing to its relatively higher 
sensitivity and specificity among other biomarkers in PC patients, CA 19-9 is an 
important and valuable biomarker in the diagnostics of PC[29]. Although reports 
suggest a significant progress in overall survival and reduction in CA19-9 levels in PC, 
however, a recent study by Hess et al[30] did not support these findings. O’Brien et al
[31] reported that CA 19-9 levels were raised in PC patients and may act as a better 
biomarker for the early diagnosis of PC. Besides, the levels of CA 19-9 were found 
directly associated with tumor size, tumor burden, and stage of tumorigenesis in PC, 
the pre-and post-operative levels of CA 19-9 in PC patients could be used as a 
prognosticator. Consistent with these findings, our results revealed that out of 50 PC 
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Figure 1 Distribution of samples (cases) based on subtypes of pancreatic cancer. PC: Pancreatic cancer.

Figure 2 Analysis of tumor biological marker (carbohydrate antigen 19-9, tissue polypeptide specific antigen, carcinoembryonic antigen, 
vascular endothelial growth factor-A, and epidermal growth factor receptor) in the serum of pancreatic cancer patients. PC: Pancreatic 
cancer; CA19-9: Carbohydrate antigen 19-9; TPS: Tissue polypeptide specific antigen; CEA: Carcinoembryonic antigen; VEGF-A: Vascular endothelial growth factor-
A; EGFR: Epidermal growth factor receptor.

patients 33 had significantly elevated levels of CA 19-9 in their blood samples, which 
indicates that more studies with a large cohort size are needed in the future to validate 
CA 19-9 as a better early diagnostic biomarker in PC.

Another valuable biomarker used in the diagnosis of various malignancies is TPS. It 
is essentially an antigen that binds to the epitope of soluble cytokeratin 18 fragments. 
The striking feature of TPS is to differentiate between PC and chronic pancreatitis and 
it is a better marker than CA 19-9 for differentiating PC and pancreatitis[32]. Previous 
studies suggested that serum TPS levels have a better correlation with gastric, 
colorectal, and pancreatic cancer than CA 19-9, CA 195, or CEA biomarkers[33,34]. 
Consistent with the previous studies, our results revealed that 48 out of 50 confirmed 
PC patients had significantly elevated levels of TPS, which suggests that elevated 
levels of serum TPS are better correlated with PC than CA 19-9 and could act as a 
better diagnostic and prognostic biomarker in PC. CEA, a glycoprotein, first identified 
in 1965, is present normally in the fetal pancreas, gastrointestinal tract, and liver. In the 
adolescent stage, it is found in lesser quantity in endodermal tissue and colon. CEA 
was used as a diagnostic marker of PC decades before and is now replaced by markers 
that have greater sensitivity for the detection of PC[35]. Elevated serum levels of CEA 
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Figure 3 Mutational analysis of KRAS (Codon 12 and 13), DPC-4, and BRCA-2 gene mutations within pancreatic cancer cases. KRAS: 
Kirsten rat sarcoma; DPC-4: Deleted in pancreatic cancer-4; BRCA-2: Breast cancer type 2.

Figure 4 Representative agarose gel picture of polymerase chain reaction amplification (A) and restriction fragment length polymorphism 
using BstN1 (B) for KRAS codon 12. The arrow represents the 157 bp amplicon and M denotes the DNA marker (50 bp). Lane M represents a DNA marker 
(50 bp). Lanes 2, 4, 7, 8, and 10 represent the mutant band (undigested) of 157 bp. Lane 1, 3, 6, and 9 represent the wild band (digested) of 128 bp. U represents the 
undigested band used as mutant control.

Figure 5 Representative gel picture of polymerase chain reaction amplification (A) and restriction fragment length polymorphism using 
BglI (B) for K-RAS codon 13. The arrow represents the 157 bp amplicon and M denotes the DNA marker (100 bp). Lane M represents a DNA marker (100 bp). 
Lanes 2, 3, 6, 7, 8, 9, 10, and 11 represent the mutant band (undigested) of 157 bp. Lanes 1, 4, 5, and 8 represent a wild band (digested) of 125 bp.

have been documented in more than 60% of cases of PC. Consistent with previous 
findings, our results demonstrated that 64% of patients (32 out of 50 confirmed PC) 
had elevated levels of serum CEA. However, if used with other biomarkers for early 
diagnostics, CEA could be adding up great value to early diagnostics of PC[36]. High 
expression of VEGF-A is associated with tumor size and progression. Overexpression 
of VEGF-A has been reported in head and neck, non-small cell lung, ovarian, 
endometrial, osteosarcoma, bladder, B cell lymphoma, ocular adnexal lymphoma, 
papillary renal cell carcinoma, and pancreatic cancers. VEGF-A is reported to have an 
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Figure 6 Representative gel picture of polymerase chain reaction amplification and restriction fragment length polymorphism using MnlI 
of DPC-4. The arrow represents the 184bp amplicon and M denotes the DNA marker (100 bp). Lane M represents a DNA marker (50 bp). 117 bp and 67 bp 
represent the wild bands (digested). U represents the mutant control band of 184 bp (undigested).

Figure 7 Representative agarose gel picture of AS-polymerase chain reaction amplification (A) and gel picture representing 
polyacrylamide gel electrophoresis (20% gel) (B) of BRCA-2. All the lanes show 151 bp amplicon which is the wild band and M denotes the DNA marker 
(100 bp). M is the marker lane (25 bp). Here also, the only wild band (151 bp) is observed in all the lanes.

Figure 8 Gel picture representing MS-polymerase chain reaction for hMLH1 (A, 100 bp) and RASSF1A (B, 25 bp). M represents DNA marker; 
UMC represents unmethylated control; MC represents methylated control; NM represents normal methylated; NUM represents normal unmethylated; TUM represents 
tumor unmethylated; TM represents tumor methylation.

80 gene loci whose alterations are reported in hepatocarcinoma, lung, pancreatic, and 
endometrial cancers[36]. A study conducted by Seo et al[37] demonstrated that 93% of 
ductal pancreatic adenocarcinomas showed high expression of VEGF-A protein. In the 
recent past, around 77% of VEGF-A expression was observed in PC tissues whereas 
only 15% of VEGF-A expression was found in the normal range[38]. Consistent with 
these findings, our results showed that out of 50 confirmed PC subjects, 48 cases had 
elevated levels of VEGF-A expression, which indicates that VEGF-A plays a critical 
role and had a strong causal association with PC progression, thus could act as a 
valuable tumor biomarker in combination with other biomarkers for early diagnosis of 
PC.

Besides, the currently available biomarkers for PC diagnostics, it is worthy to 
introduce genetic markers to develop more sophisticated tools for early detection of 
PC. PC is a disease that harbors somatic as well as hereditary mutations. Approx-
imately, 5%-10% of the familial PC is caused by a mutation in a myriad of genes and 
surges the predisposition to PC by several-fold[24]. Previous studies reported that 
several genes showed a strong causal association with PC progression, among these 
most important are KRAS, DPC-4, and BRCA-2 which in turn are associated with 
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Figure 9 Methylation and unmethylation status in the promoter region of p16, RASSF1A, and hMLH1 within pancreatic cancer subjects. 
PC: Pancreatic cancer.

different other genes using different interactions like physical interaction, genetic 
interaction, shared protein interaction, etc. as depicted in Figure 10[39]. The most 
common mutation reported in PC is KRAS mutation and is the earliest recognizable 
event in its pathogenesis. Studies have reported that mutations in the KRAS gene are 
mainly limited to codon 12 and rarely on codon 13[40,41]. The pathological mutation 
in KRAS encodes constitutive Ras protein which belongs to GTP binding protein 
family. The constitute Ras protein facilitates the oncogenic signaling pathway which 
leads to inflammation, deregulated cellular growth, cell motility, and remodeling of 
the cytoskeletal elements. KRAS gene mutations are known to be driver mutations that 
occur sporadically. It accounts for 30% of early neoplasms of the pancreas and nearly 
100% in pancreatic adenocarcinomas. Besides PC, a mutation in the KRAS gene is 
adequate to promote lung cancer, colon cancer, breast cancer, and other cancers as well
[42,43]. Recent clinical data suggest that KRAS mutations act as significant prognostic 
biomarker to predict therapeutic intervention for PC management. Kim et al[44] 
demonstrated that out of 136 PC patients, 70 PC patients harbored point mutation in 
codon 12 of the KRAS gene, and these patients have shown dismal response to 
gemcitabine-based chemotherapy compared to those who had wild type allele for 
KRAS gene[44]. Another study revealed that out of 173 PC patients, 121 were found to 
harbor point mutations in codon 12 of the KRAS gene, and among them are 
nonresponders to erlotinib. However, patients with wild-type alleles displayed a 
promising overall survival rate[45]. Consistent with these studies, our mutational 
analysis results revealed that 16 PC patients had KRAS point mutation at codon 12, 
interestingly we observe point mutation in the KRAS gene at codon 13. These findings 
suggest that further studies are needed to validate the high frequency of point 
mutation in codon 13 of the KRAS gene. BRCA-1 and BRCA-2 germline mutations 
substantially increase the lifetime risk of breast cancer tumorigenesis. Recent reports 
suggest that the mutations in these genes also have a strong causal association with 
other cancers including PC[46]. The primary role of the BRCA-2 gene is the 
maintenance of the genome by enhancing homologous recombination of a double-
stranded break. Approximately, 80% of BRCA-2 mutations are either frameshift or 
non-sense mutations which result in the formation of premature stop codons to encode 
non-functional BRCA-2 protein. BRCA-2 mutations have been found in 7.3% of familial 
PC patients which indicates an increased risk of cancers by about 20-fold[47]. DPC-4 (
SMAD-4) is a tumor suppressor gene intricated in the regulatory mechanisms of gene 
transcription. Approximately, 30% of PC cases have been reported to harbor 
homozygous mutations in the DPC-4 gene[21]. The mutated DPC-4 gene-encoded 
hyperactivated Smad-4 protein leads to the activation of TGF-β pathways thereby 
promote cell proliferation and tumor growth. Mutations in the DPC-4 gene have been 
reported in approximately 50% of PCs and serves as a leading cause of protein 
inactivation[48]. Inconsistent with previous studies, our mutational analysis of BRCA-2 
and DPC-4 genes revealed a zero frequency of DPC-4 1203 G>T and BRCA-2 6174 
deletion in PC patients. Collectively, these findings suggest that a larger sample size is 
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Figure 10  Interaction of KRAS, SMAD4 (DPC4), and BRCA2 with other genes based on various parameters. KRAS: Kirsten rat sarcoma; DPC-4: 
Deleted in pancreatic cancer-4; BRCA-2: Breast cancer type 2.

needed to validate our results in the ethnic Kashmiri population.
Epigenetic modulations play a critical role in tumorigenesis. Change in DNA 

methylation of tumor suppressor genes has indispensable importance in therapeutics 
and could serve as biomarkers for diagnostics and prognostics in various cancers[49]. 
p16 is a tumor suppressor gene that encodes cyclin-dependent kinase inhibitors to 
arrest the cellular growth of malignant cells. Besides point mutations and homozygous 
deletions in the p16 gene, recent evidence suggests that methylation of CpG islands in 
the promoter regions of p16 stimulates transcriptional silencing of the p16 gene and 
contributes to PC progression. In the recent past, hypermethylation in the promoter 
region of p16 is significantly raised in chronic pancreatitis compared to normal; 
suggesting that hypermethylation in the promoter region of the p16 gene might 
deregulate cell cycle kinetics and could promote PC progression. Further, reports 
demonstrated that p16 hypermethylation in chronic pancreatitis might increase the 
risk of PC development many-fold[48]. Moore et al[50] demonstrated the role of p16 
promoter hypermethylation and associated molecular pathways involved in exocrine 
and endocrine development of PC. Further, studies suggest that the reduction in 
overall survival rate associated with p16 alterations signifies the fact that p16 could act 
as an important diagnostic and prognostic biomarker in resected ductal PC patients
[51]. RASSF1A is another tumor suppressor and an important component of 
RAS/PI3K/AKT and RAS/RAF/MEK/ERK pathways that have been epigenetically 
inactivated in various sporadic human malignancies. A higher frequency of promoter 
methylation status of RASSF1A has been implicated in several cancers. The highest 
frequency of RASSF1A promoter hypermethylation was reported in prostate cancer 
(99%), followed by lung cancer (95%) and breast cancer (88%)[52]. Recent reports 
suggest that a low frequency of hMLH1 hypermethylation was detected in PC. The loss 
of the hMLH1 gene which encodes for Mut L protein homology 1 is common in various 
cancers. Further, whole-genome sequencing revealed that somatic hMLH1 mutations 
are rare in cancers with an observed frequency of < 1%[53]. In the present study, we 
carried out epigenetic modifications (CpG methylation) of promoter regions of p16, 
RASSF1A, and hMLH1 genes. Our results demonstrate that significant 
hypermethylation (CpG islands) was reported in the promoter regions of the p16 gene 
in PC patients. However, we observed an extremely low frequency of methylation in 
the promoter region of the hMLH1 gene in PC patients. Interestingly, the CpG 
methylation in the promoter region of the RASSF1A gene was completely absent in PC 
patients. Additionally, in-silico analysis suggest that plethora of genes are associated 
through various interactions with the key genes (hMLH1, RASSF1A, and CDKN2A) as 
in Figure 11, which could play a key role in the progression of PC[39]. Together, these 
results suggest that a cohort and comprehensive study with larger sample size is 
needed to document our findings in the ethnic Kashmiri population.

CONCLUSION
In conclusion, the present study strongly suggests that the elevated levels of serum CA 
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Figure 11  Interaction of MLH1, RASSF1, and CDKN2A (p16) with other important genes which have a role in the progression of 
pancreatic cancer.

19-9, TPS, CEA, and VEGF-A can be used as predictive biomarkers in PC patients of 
the ethnic Kashmiri population and may act as prognostic biomarkers to benefit the 
patients who are on a different regimen of chemotherapeutic interventions. Further, 
mutational analysis data suggest that besides harboring point mutation in codon 12 of 
KRAS gene, the PC patients of the current study significantly harbored codon 13-point 
mutation as well, which is very rarely reported in the previous studies. This may act as 
a genetic risk predictor in the development of PC. Additionally, considerable 
hypermethylation (CpG islands) in the promoter region of the p16 gene in the current 
study may lead to silencing of the p16 gene and could also increase the predisposition 
towards PC. However, we could not find the association of DPC-4G>T and BRCA-2 
6174 deletion mutations and hypermethylation of CpG islands in the promoter region 
of RASSF1A and hMLH1 gene towards the risk of PC. To validate these results in the 
Kashmiri population the future studies need to be comprehensive and with larger 
sample sizes.

ARTICLE HIGHLIGHTS
Research background
Pancreatic cancer (PC) is one of the deadliest malignancies with an alarming mortality 
rate. Despite significant advancement in diagnostics and therapeutics, early diagnosis 
remains elusive causing poor prognosis, marred by mutations and epigenetic modific-
ations in key genes which contribute to disease progression.

Research motivation
To explore the various biological tumor markers collectively and mutational analysis 
of key regulatory genes for early diagnosis and prognosis of PC.

Research objectives
To evaluate various biological tumor markers collectively in PC and their association 
with genetic mutation and epigenetic modification of key regulatory genes that could 
act as early diagnostic and prognostic biomarkers and will help in future therapeutics 
of PC in Kashmir valley.

Research methods
The current study includes 50 confirmed PC cases to evaluate the levels of 
carbohydrate antigen 19-9 (CA 19-9), tissue polypeptide specific antigen (TPS), 
carcinoembryonic antigen (CEA), vascular endothelial growth factor-A (VEGF-A), and 
epidermal growth factor receptor (EGFR) by enzyme-linked immunosorbent assay 
(ELISA) method. Mutational analysis of key genes Kirsten rat sarcoma (KRAS), Breast 
cancer type 2 (BRCA-2), and deleted in pancreatic cancer-4 (DPC-4) genes was 
performed to evaluate the mutations at hotspot regions. Furthermore, epigenetic 
modifications were performed in the promoter regions of cyclin-dependent kinase 
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inhibitor 2A (p16; CDKN2A), MutL homolog 1 (hMLH1), and Ras association domain-
containing protein 1 (RASSF1A) genes.

Research results
Besides significant elevation in levels of tumor markers CA 19-9 (P ≤ 0.05), TPS (P ≤ 
0.05), CEA (P ≤ 0.001), and VEGF (P ≤ 0.001), our mutational analysis observed that 
KRAS gene mutation is predominant in codon 12 (16 subjects, P ≤ 0.05), and 13 (12 
subjects, P ≤ 0.05). Additionally, epigenetic modification analysis suggests that CpG 
methylation was observed in 21 (P ≤ 0.05) and 4 subjects in the promoter regions of the 
p16 and hMLH1 gene, respectively.

Research conclusions
The study revealed the significant elevation of serum biological markers in PC patients 
and the causal association of hotspot mutations and epigenetic modification of key 
with PC pathogenesis thus indicates the potential of biological markers, mutational 
status, and epigenetic modifications of key genes collectively for predisposition, 
susceptibility as well as diagnostics and prognostics of PC.

Research perspectives
The study strongly suggests that the elevated levels of serum CA 19-9, TPS, CEA, and 
VEGF-A can be used as predictive biomarkers in PC subjects. Additionally, mutational 
analysis epigenetic modifications in the promoter region of key genes may act as 
prognostic biomarkers to benefit the patients who are on a different regimen of 
chemotherapeutic interventions. Further to validate these results, future studies need 
comprehensive, cohort, and explicative studies with large sample sizes.
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Abstract
BACKGROUND 
Esophageal cancer (ESCA) is the sixth most common malignancy in the world, 
and its incidence is rapidly increasing. Recently, several microRNAs (miRNAs) 
and messenger RNA (mRNA) targets were evaluated as potential biomarkers and 
regulators of epigenetic mechanisms involved in early diagnosis. In addition, 
computed tomography (CT) radiomic studies on ESCA improved the early stage 
identification and the prediction of response to treatment. Radiogenomics 
provides clinically useful prognostic predictions by linking molecular character-
istics such as gene mutations and gene expression patterns of malignant tumors 
with medical images and could provide more opportunities in the management of 
patients with ESCA.

AIM 
To explore the combination of CT radiomic features and molecular targets 
associated with clinical outcomes for characterization of ESCA patients.

METHODS 
Of 15 patients with diagnosed ESCA were included in this study and their CT 
imaging and transcriptomic data were extracted from The Cancer Imaging 
Archive and gene expression data from The Cancer Genome Atlas, respectively. 
Cancer stage, history of significant alcohol consumption and body mass index 
(BMI) were considered as clinical outcomes. Radiomic analysis was performed on 
CT images acquired after injection of contrast medium. In total, 1302 radiomics 
features were extracted from three-dimensional regions of interest by using 
PyRadiomics. Feature selection was performed using a correlation filter based on 
Spearman’s correlation (ρ) and Wilcoxon-rank sum test respect to clinical 
outcomes. Radiogenomic analysis involved ρ analysis between radiomic features 
associated with clinical outcomes and transcriptomic signatures consisting of 
eight N6-methyladenosine RNA methylation regulators and five up-regulated 
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miRNA. The significance level was set at P < 0.05.

RESULTS 
Of 25, five and 29 radiomic features survived after feature selection, considering 
stage, alcohol history and BMI as clinical outcomes, respectively. Radiogenomic 
analysis with stage as clinical outcome revealed that six of the eight mRNA 
regulators and two of the five up-regulated miRNA were significantly correlated 
with ten and three of the 25 selected radiomic features, respectively (-0.61 < ρ < -
0.60 and 0.53 < ρ < 0.69, P < 0.05). Assuming alcohol history as clinical outcome, 
no correlation was found between the five selected radiomic features and mRNA 
regulators, while a significant correlation was found between one radiomic 
feature and three up-regulated miRNAs (ρ = -0.56, ρ = -0.64 and ρ = 0.61, P < 
0.05). Radiogenomic analysis with BMI as clinical outcome revealed that four 
mRNA regulators and one up-regulated miRNA were significantly correlated 
with 10 and two radiomic features, respectively (-0.67 < ρ < -0.54 and 0.53 < ρ < 
0.71, P < 0.05).

CONCLUSION 
Our study revealed interesting relationships between the expression of eight N6-
methyladenosine RNA regulators, as well as five up-regulated miRNAs, and CT 
radiomic features associated with clinical outcomes of ESCA patients.

Key Words: Esophageal cancer; Radiogenomics; Computed tomography; Radiomics; 
MicroRNAs; N6-methyladenosine

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This is a retrospective study aiming at investigating the relationship between 
the expression levels of transcriptomic features (eight N6-methyladenosine RNA 
methylation regulators and five up-regulated microRNAs) and radiomic features 
extracted from computed tomography images that were significantly associated to 
clinical outcomes (stage, alcohol history, body mass index) in patients with esophageal 
cancer . Radiogenomic analysis revealed significant correlations between the 
expression of the N6-methyladenosine RNA regulators, as well as five up-regulated 
microRNAs, and several computed tomography radiomic features associated with three 
investigated clinical outcomes of esophageal cancer patients.

Citation: Brancato V, Garbino N, Mannelli L, Aiello M, Salvatore M, Franzese M, Cavaliere C. 
Impact of radiogenomics in esophageal cancer on clinical outcomes: A pilot study. World J 
Gastroenterol 2021; 27(36): 6110-6127
URL: https://www.wjgnet.com/1007-9327/full/v27/i36/6110.htm
DOI: https://dx.doi.org/10.3748/wjg.v27.i36.6110

INTRODUCTION
Esophageal cancer (ESCA) is one of the most common malignancies and ranks sixth as 
a cause of lethal cancer worldwide[1]. Despite the different types of treatment, ESCA 
remains a devastating pathology with an overall 5-year survival rate of 15%–25%. The 
main issue related to ESCA is that, given the late symptoms manifestation, most 
patients are diagnosed with advanced-stage ESCA characterized by unresectability or 
metastatic disease, for which the best treatment choices are palliative interventions 
such as concurrent chemoradiotherapy and combination chemotherapy[2,3]. The 
majority of ESCAs fall into two main histologic subtypes: Esophageal adenocarcinoma 
and esophageal squamous cell carcinoma (ESCC)[4]. Imaging plays a key role in each 
step of the management of ESCA. Computed tomography (CT) plays an important role 
in the diagnosis, staging and treatment guidance of ESCA. This imaging technique 
allows to evaluate the loco-regional extension of ESCA by showing the extent of 
involvement of the esophageal wall by tumor, as well as the tumor invasion of the 
peri-esophageal fat[5]. Moreover, it is also useful to detect the presence of distant 
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metastases[6,7]. However, CT has several limitations associated with the ability to 
evaluate the intra-tumor heterogeneity of the ESCA, as well as in visually distin-
guishing the post-treatment residual tumor[8,9].

Therefore, since it is well-recognized that information arising from images may be 
substantially enhanced by quantitative imaging analysis, the radiomics role has 
rapidly increased in the last decade for cancer applications, including those related to 
ESCA[10-12]. Radiomics is evolving as medical technology and is currently one of the 
most interesting research fields. Through radiomics, quantitative data can be 
extrapolated from diagnostic images, and these extracted parameters (radiomic 
features) have the potential to identify tumor characteristics[10,11,13]. The innovative 
field of radiomics could provide opportunities in the management of ESCA patients 
for improvements in every step of ESCA management[12,14]. Recent studies on CT 
radiomics in ESCA analyzed CT radiomics features for several steps of ESCA 
management, such as preoperative stage identification[15] and prediction of response 
to treatment[3,16].

On the other hand, the emerging clinical relevance of genomics in cancer medicine 
by applying the next generation sequencing technologies has provided unprecedented 
opportunities to understand the biological basis of different cancer types, identify 
genomic biomarkers in carcinogenesis, identify potential bio-molecular targets for 
drug response and resistance and to guide clinical decision-making regarding the 
personalized medicine and the clinical practice[17,18].

Gene expression profiling can improve knowledge about the molecular alterations 
during carcinogenesis. Biomarkers of these molecular alterations, in turn, may be 
useful in diagnosing cancers, particularly early, curable cancers. Recently, results from 
gene expression data analyses have made it possible to investigate the complex 
pathological mechanisms involved in ESCA, with the aim to discover novel molecular 
markers for tumor diagnosis and to customize therapy based on an individual tumor 
genetic composition[19-21]. Several microRNA (miRNA), such as miR-93, miR-21, 
miR-4746 and miR-196a, were evaluated as potential biomarkers for the early 
diagnosis of cancer, highlighting their diagnostic values[22]. Recently, several studies 
also suggested that N6-methyladenosine (m6A) methylation can play a crucial role in 
cancer progression by regulating biological functions that affect noncoding RNA 
expression[23,24] In particular, a recent study[25] highlighted the role of m6A 
methylation regulators aberrantly expressed in ESCA to predict clinical outcomes.

Combining radiomic features with molecular and genomic characteristics can 
provide insights to characterize tumor phenotype[26]. In this direction, radiogenomics, 
as a new field that provides clinically useful prognostic predictions by linking 
molecular characteristics such as gene mutations and gene expression patterns of 
malignant tumors with medical images, could provide more opportunities in the 
management of patients with ESCA for improvements in staging, predicting treatment 
response and survival[7,21]. Based on promising results obtained from preliminary 
CT-based radiomics studies on ESCA[16,27] and considering the capability of miRNAs 
as potential biomarkers able to characterize differential expression of different cancer 
tissues, as well as the critical role of m6A as epigenetic regulator in cancer biology, we 
aimed to combine these findings in a radiogenomic study, using appropriate variables 
as clinical endpoints. Specifically, we used the preoperative ESCA stage as a clinical 
outcome, since the survival of ESCA patients with early stage (stage I−II) could be up 
to 85%[28]. Additionally, surgical resection, chemoradiation or other optimal 
therapeutic approaches depend on accurate preoperative staging. Therefore, accurate 
preoperative staging is important for predicting prognosis and choosing a suitable 
therapeutic strategy for patients with ESCA[15]. We also used the history of significant 
alcohol consumption as a clinical outcome, since this is considered as one of the major 
risk factors for ESCA[29]. Lastly, we evaluated body mass index (BMI) as a clinical 
outcome, due to its association with increased risk of ESCA[30,31].

Using publicly available integrated ESCA cohort from The Cancer Genome Atlas 
(TCGA) and The Cancer Imaging Archive (TCIA)[32,33], we aimed at investigating 
possible relationships between CT-radiomic features associated with the three above-
mentioned clinical outcomes and correlated with esophageal up-regulated miRNAs, 
which were in silico-validated from Zeng et al[22], in order to evaluate potential 
biomarkers for the early diagnosis of ESCA. Furthermore, we evaluated if the same 
CT-radiomics features could be associated with epigenetic signatures, considering 
m6A RNA methylation regulators-based prognostic signature for ESCA from Xu et al
[25] in order to support important information for developing diagnostic and 
therapeutic strategies.
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MATERIALS AND METHODS
Patient population and definition of clinical outcomes
The study was conducted in accordance with the Declaration of Helsinki, and the 
study protocol was approved by the Ethics Committee of the Istituto Nazionale 
Tumori “Fondazione G. Pascale (protocol number 1/20). Sixteen patients with 
diagnosed ESCA were extrapolated by combining the public databases TCIA-TCGA 
and included in this study[32,33]. All subjects performed CT investigation with 
iodized contrast medium injection. Of 16 patients, one was excluded due to the 
presence of artifacts on acquired images. Due to their availability for all 15 patients, 
the transcriptome profiling and the following clinical variables were extracted and 
considered as outcomes for this study: Cancer stage, history of significant alcohol 
consumption and BMI value. We did not perform analyses on smoking measurements 
(tobacco history, age at starting smoking, pack-year smoked) due to the incomple-
teness of these data. To perform radiogenomic analyses, we divided patients into two 
groups according to stages I−II or III−IV, making stage outcome binary. Refer to 
Table 1 for clinical characteristics and outcomes of included patients.

Image acquisition and processing
CT examinations were acquired on GE Medical Systems (9 patients) and Siemens (6 
patients) CT scanner, with slice thickness ranging from 1.25 mm to 2.5 mm and pixel 
size varying from 0.67 to 0.9. three-dimensional (3D) regions of interest (ROIs) 
encompassing the tumor were manually delineated slice-by-slice by using ITK-SNAP 
(version 3.6.0, http://www.itksnap.org) on the post-administration of contrast agents 
CT images. The tumor localization was divided into three regions: 7 patients presented 
lesions at the middle level, 2 subjects in the middle/distal area and 6 patients in the 
distal esophagus.

Gray-levels normalization was not performed, since CT gray values reflect absolute 
world values (Hounsfield units) and should be comparable between scanners. To 
correct variability from parameters related to voxel size and so unify voxel size across 
the cohort, radiomics data were extracted from images resampled to isotropic voxels of 
1 × 1 × 1 mm3 using B Spline interpolator.

Radiomic analysis
Radiomic features extraction: A total of 1302 radiomics features were extracted from 
segmented ROIs by using the open source Python package PyRadiomics (
https://pyradiomics.readthedocs.io/en/Latest/). The extracted radiomics features 
were categorized into five groups: (1) Shape features (n = 14); (2) First-order features 
including 18 intensity statistics; (3) 74 multi-dimensional texture features including 23 
gray level co-occurrence matrix (GLCM), 16 gray level size zone matrix (GLSZM), 16 
gray level run length matrix (GLRLM), 14 gray level dependence matrix (GLDM) and 
5 neighboring gray tone difference matrix (NGTDM) features; 1196 transformed first-
order and textural features including; (4) 736 wavelet features in frequency channels 
LHL, LLH, HHH, HLH, HLL,HHL, LHH and LLL, where L and H are low- and high-
pass filters, respectively; and (5) 460 LoG filtered features with sigma ranging from 1.0 
and 5.0, with step size = 1. Features of groups (2) and (3) were grouped together and, 
from now on, this group will be referred to as “original features”. The extracted 
radiomics features grouped by similarity in four categories are listed in the 
Supplementary Table 1. The computing algorithms can be found at www.radiomics.io 
and the image biomarker standardization initiative presented a document to 
standardize the nomenclature and definition of radiomic features[34].

Radiomic features selection: Features selection was performed separately for shape 
features, original features, wavelet features and LoG filtered features in two steps, 
followed by a third step involving the whole set of features passed through the step I 
and II. In the first step, a correlation filter based on the absolute values of pairwise 
Spearman’s correlation (ρ) coefficient was used to reduce feature redundancy. 
Threshold for ρ was set to 0.8. Briefly, if two features had ρ > 0.8, the function looks at 
the mean absolute correlation of each variable and the variable with the largest mean 
absolute correlation is removed. The second step varied according to the type of 
outcome variables. For binary outcomes, a further feature restriction through a 
univariate analysis was performed by using non-parametric Wilcoxon rank-sum test to 
investigate the statistical significance with respect to the outcome. Statistical 
significance was set to P < 0.05. The significantly different features were then selected 
and further reduced in the third step. For continuous outcomes, the second step 
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Table 1 Characteristics of included patients

Clinical characteristic Value

Age (mean ± SD) 56.8 ± 8.65

Sex, n (%)

Male 12 (20)

Female 3 (80)

Histologic diagnosis, n (%)

EAC 2 (13.3)

ESCC 13 (86.7)

Cancer stage, n (%)

I-II 4 (26.7)

III-IV 11 (73.3)

TNM staging

Primary tumor (T)

T1 3 (20)

T2 2 (13.3)

T3 8 (53.4)

T4 2 (13.3)

Regional lymph nodes (N)

N0 4 (26.7)

N1 6 (40)

N2 3 (20)

N3 2 (13.3)

Distant metastases (M)

M0 12 (80)

M1 3 (20)

Alcohol history, n (%)

Yes 8 (53)

No 7 (47)

Smoking history, n (%)

Lifelong non-smoker 1 (6.6)

Current smoker 7 (46.6)

Current reformed smoker 2 (13.3)

Current reformed smoker for > 15 yr 1 (6.6)

NA 4 (26.6)

Age at starting smoking

Under 18 yr old 6 (40)

Over 18 yr old 3 (20)

NA 6 (40)

Pack-year smoked

Under 10 6 (40)

Over 10 3 (20)

NA 6 (40)
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BMI (mean ± SD) 20.8 ± 3.55

BMI: Body mass index; EAC: Esophagus adenocarcinoma; ESCC: Esophagus squamous cell carcinoma; TNM: tumor, node, and metastasis classification 
(classification of malignant tumors).

consisted of computing ρ between each feature selected through the step I and the 
reference outcome. Then, all features with a significant ρ > 0.5 and P value < 0.05 were 
considered. In order to check for redundancies among features belonging to the 
different four groups, the third step consisted in applying the correlation filter 
described in step I to the whole feature set passed through step II. All steps were 
implemented using Matlab R2020a (The MathWorks Inc., Natick, MA, United States).

Predictive models building and analysis for stage assessment: In order to evaluate 
the predictive power of CT radiomic features taken by them for ESCA staging, a fourth 
step of feature selection was performed for features that were associated with stage. 
The latter step consisted in ranking the remaining features based on the mutual 
information (MI) between the distribution of the values of a certain feature and the 
membership to a particular class. Features were evaluated independently, and the 
final feature selection occurred by aggregating the five top ranked ones[35-37]. For the 
binary stage I-II/stage III-IV classification task, the reduced feature set was used to 
build logistic regression models of order from 1 to 5 that would best predict ESCA 
stage by using an imbalanced-adjusted bootstrap resampling (IABR) approach on 1000 
bootstrap samples[38]. Specifically, the training set was made up 1000 bootstrap 
samples randomly drawn with replacement from the available dataset. The testing set 
consisted of the instances that did not belong to the bootstrap sample. Then, 
application of the imbalance-adjustment step made the probability of picking a 
positive and a negative instance in the bootstrap sample the same[39-41].

For each model order, the combination of features maximizing the 0.632+ area 
under the receiver operating characteristic curve (AUC) within 1000 bootstrap training 
and testing samples was identified. Finally, IABR on 1000 samples was performed 
again for all models to assess prediction performances[38,42].

Additional analyses were performed starting from the first two, three and four 
features surviving after the MI-based feature selection step (which was used to build 
logistic regression models of order from 1 to 2, 1 to 3 and 1 to 4, respectively) that 
would best predict ESCA stage. Moreover, given that the overall stage is determined 
after the cancer is assigned categories describing the tumor (T), node (N) and 
metastasis (M) categories, we tested the capability of these features for predicting T 
and N status. Analyses assuming M status as clinical outcome were not performed due 
to the extremely unbalanced sample. Patients were divided into two groups according 
to T1-T2 or T3−T4 tumor status, making T stage outcome binary. Similarly, we 
evaluated if CT radiomic features could assess N status by dividing patients into two 
groups according to the absence (N0) or presence (N1-N2-N3) lymph node status[43].

Transcriptomic data collection 
RNA-Seq and miRNA-Seq data of esophageal carcinoma of tumor tissues were 
downloaded from the GDC Data Portal (https://gdc-portal.nci.nih.gov/) considering 
for TCGA-ESCA project only patients with associated imaging data from TCIA 
database (see Supplementary Tables 2 and 3 for Clinical and Transcriptomic data, 
respectively). The mRNAs expression levels were considered as read count based on 
gene length and the total number of mapped reads (FPKM values). Moreover, miRNA 
expression quantification was downloaded and normalized counts in reads-per-
million-miRNA-mapped were considered.

Radiogenomic analysis
An integrative study design was defined (see Figure 1 for the flowchart reporting the 
organization of data and analyses in the study) and reported as radiogenomic 
workflow in Figure 2 in order to evaluate potential association between significant 
radiomic features according to selected clinical variables (stage, history of significant 
alcohol consumption and BMI) with biomarkers and RNA regulators characterizing 
esophageal cancer. For this purpose, a Spearman’s correlation analysis was invest-
igated between radiomic features selected after the three features selection steps 
described above and transcriptomic signatures suggested by Zeng et al[22] and Xu et al
[25]. Specifically, we calculated ρ between the whole selected feature set and the eight 
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Figure 1 Flowchart reporting the organization of data and analyses in the study. BMI: Body mass index; CT: Computed tomography; TCGA: The 
Cancer Genome Atlas; TCIA: The Cancer Imaging Archive.

Figure 2 Workflow of radiogenomic analysis implemented in the study. On the first row the radiomic analysis steps. On the second row the 
radiogenomic analysis for each clinical outcome. BMI: Body mass index; miRNA: MicroRNA; mRNA: Messenger RNA.

m6A RNA methylation regulators (KIAA1429, HNRNPC, RBM15, METTL3, WTAP, 
YTHDF1, YTHDC1, YTHDF2), as well as ρ between the whole selected feature set and 
the five up-regulated miRNAs (miRNA-93, miRNA-21, miRNA-4746, miRNA-196a-1, 
miRNA-196a-2). The significance level was set to 0.05. All analyses were performed 
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using Matlab R2020a. The statistical methods of this study were reviewed by our 
bioinformatics and biostatistics group of our research support center.

RESULTS
Radiomic analysis
Radiomic feature selection: None of the 14 shape features passed the step II of 
features selection, both considering binary outcomes (namely stage and alcohol 
history) and BMI. So, radiogenomic analysis was not performed for this feature group. 
Concerning original, wavelet and Log sigma feature groups, the step I of feature 
selection reduced the feature sets from 92, 736 and 460 to 23, 127 and 65, respectively. 
Concerning stage analysis, Wilcoxon rank-sum test used in step II of feature selection 
revealed significant results for 26 radiomic features, of which 25 belonging to the 
wavelet feature set and the remaining one was the original first order maximum value. 
However, the latter feature did not pass the second correlation filter of step III (refer to 
Table 2). Considering the presence of alcoholic history as clinical outcome, Wilcoxon 
rank-sum test revealed significant results for five features, of which one belonging to 
original feature set (Kurtosis) and the remaining ones to wavelet feature set. These five 
features passed step III, since Kurtosis showed a correlation lower than 0.8 with all 
four wavelet features (refer to Table 2). Lastly, considering BMI as the clinical 
outcome, 26 wavelet and three LoG sigma features were selected due to a significant ρ 
> 0.5 (P < 0.05) with BMI. In total, 29 radiomic features (see Table 3) survived after the 
second correlation filter and were associated with the three examined clinical 
outcomes.

Predictive models building and analysis for stage assessment: The top five features 
selected after the MI-based feature selection step were wavelet LLH GLDM high gray 
level emphasis, LLH NGTDM complexity, HHH GLCM joint entropy, HLH entropy 
and HLL GLCM cluster prominence. Prediction performances of multivariable logistic 
regression models for the stage I-II/stage III-IV classification task were very high for 
both five model orders. However, by inspecting prediction performances values in 
Table 4, we determined that the simplest multivariable model with the best prediction 
performances were reached by the second order model (AUC = 87%, sensitivity = 64%, 
specificity = 83% and accuracy = 79%), which was based on wavelet LLH NGTDM 
complexity and HHH GLCM joint entropy. These results were also confirmed by 
additional analyses (Supplementary Tables 4-6). The top five features were also found 
to be able to predict T and N staging, with best AUCs (0.79 and 0.80, respectively) 
reached by second order models (see Supplementary Tables 7 and 8 for analyses 
involving five features). Results of additional analyses for T and N prediction by using 
two, three and four features are reported in Supplementary Tables 9-11 (T staging) and 
Supplementary Tables 12-14 (N staging).

Radiogenomic analysis 
Stage: Overall, radiogenomic analysis revealed that six of the eight mRNA regulators 
were significantly correlated with 10 of the 25 selected radiomic features, which were 
all belonging to the wavelet group. In particular, HRNPC and WTAP were positively 
correlated with wavelet HHL NGTDM strength (ρ = 0.61, ρ = 0.61, P < 0.05, 
respectively); METTL3 was positively correlated with wavelet LHL GLDM high gray 
level emphasis, HLL GLRLM gray level variance, HLL GLDM dependence entropy 
and LLL GLDM small dependence high gray level emphasis (ρ = 0.54, ρ = 0.53, ρ = 
0.56, ρ = 0.6, P < 0.05, respectively) and negatively correlated with wavelet HLL GLCM 
inverse variance (ρ = -0.6, P < 0.05); YTHDF1 reported a positive and significant 
correlation with the wavelet feature HLL GLCM maximum probability (ρ = 0.6, P < 
0.05) and a negative correlation with HLL 90th percentile (ρ = -0.61, P < 0.05); YTHDF2 
was positively correlated with the wavelet feature HHH GLCM contrast and HHH 
GLSZM zone percentage (ρ = 0.57, ρ = 0.56, P < 0.05, respectively); the latter feature 
was also positively correlated with YTHDC1 (ρ = 0.6, P < 0.05). Moreover, correlation 
analysis with the five up-regulated miRNA revealed a significant positive correlation 
between miRNA-93 and two radiomic features, namely wavelet LHL GLDM high gray 
level emphasis (ρ = 0.69, P < 0.05) and HHH GLCM joint entropy (ρ = 0.58, P < 0.05). 
Notably, HHH GLCM joint entropy contributed to building the best predictive models 
for stage assessment, as well as T and N assessment. Finally, a positive correlation 
between miRNA-4746 and HHL GLCM cluster shade was found (ρ = 0.53, P < 0.05). 
The radiogenomic results for stage are shown through a heatmap in the Figure 3.

https://f6publishing.blob.core.windows.net/271c2684-8d71-4f10-8eb6-cd7039d17d2a/WJG-27-6110-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/271c2684-8d71-4f10-8eb6-cd7039d17d2a/WJG-27-6110-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/271c2684-8d71-4f10-8eb6-cd7039d17d2a/WJG-27-6110-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/271c2684-8d71-4f10-8eb6-cd7039d17d2a/WJG-27-6110-supplementary-material.pdf
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Table 2 Selected radiomic features after the three feature selection steps for binary outcomes

Selected radiomic features, stage Stage I-II, mean ± SD Stage III-IV, mean ± SD P value

Wavelet-HLH first order entropy 0.62 ± 0.13 0.21 ± 0.31 0.031

Wavelet-LHL GLDM high gray level emphasis 0.59 ± 0.32 0.21 ± 0.21 0.044

Wavelet-HLL GLDM high gray level run 
emphasis

0.67 ± 0.37 0.2 ± 0.18 0.019

Wavelet-HLL GLDM gray level variance 0.74 ± 0.29 0.22 ± 0.29 0.007

Wavelet-HLL GLDM cluster prominence 0.59 ± 0.36 0.14 ± 0.3 0.019

Wavelet-HLL GLDM inverse variance 0.27 ± 0.3 0.68 ± 0.23 0.028

Wavelet-HLL GLDM maximum probability 0.14 ± 0.17 0.58 ± 0.32 0.042

Wavelet-HLL GLDM dependence entropy 0.78 ± 0.18 0.42 ± 0.25 0.028

Wavelet-HLL GLDM dependence variance 0.2 ± 0.21 0.48 ± 0.26 0.044

Wavelet-HLL GLSZM size zone non uniformity 0.69 ± 0.39 0.15 ± 0.15 0.028

Wavelet-HLL GLSZM small area low gray level 
emphasis

0.02 ± 0.03 0.24 ± 0.33 0.041

Wavelet-HLL first order 90 percentile 0.55 ± 0.39 0.17 ± 0.16 0.029

Wavelet-HHH GLRLM gray level non uniformity 
normalized

0.39 ± 0.27 0.87 ± 0.19 0.007

Wavelet-HHH GLCM joint entropy 0.68 ± 0.22 0.2 ± 0.27 0.021

Wavelet-HHH GLCM Contrast 0.78 ± 0.19 0.45 ± 0.25 0.021

Wavelet-HHH GLSZM gray level variance 0.91 ± 0.11 0.3 ± 0.39 0.021

Wavelet-HHH GLSZM zone percentage 0.83 ± 0.13 0.35 ± 0.34 0.029

Wavelet-HHH first order 10 percentile 0.11 ± 0.08 0.46 ± 0.35 0.029

Wavelet-HHL NGTDM strength 0.66 ± 0.3 0.28 ± 0.3 0.044

Wavelet-HHL GLCM cluster shade 0.51 ± 0.49 0.04 ± 0.03 0.007

Wavelet-HHL first order Entropy 0.68 ± 0.33 0.27 ± 0.21 0.029

Wavelet-HHL first order mean absolute deviation 0.66 ± 0.35 0.25 ± 0.18 0.029

Wavelet-LLH NGTDM complexity 0.23 ± 0.13 0.13 ± 0.29 0.044

Wavelet-LLH GLDM high gray level emphasis 0.34 ± 0.23 0.14 ± 0.29 0.044

Wavelet-LLL GLDM small dependence high gray 
level emphasis

0.67 ± 0.32 0.25 ± 0.22 0.029

Selected radiomic features (alcohol history) No alcohol history (mean ± SD) Alcohol history (mean ± SD) P value

Original first order kurtosis 0.37 ± 0.32 0.12 ± 0.12 0.037

Wavelet-LHH first order interquartile range 0.24 ± 0.24 0.5 ± 0.25 0.049

Wavelet-LHH first order mean 0.94 ± 0.04 0.75 ± 0.31 0.013

Wavelet-HHL first order median 0.62 ± 0.2 0.37 ± 0.19 0.026

Wavelet-LLH first order uniformity 0.68 ± 0.27 0.41 ± 0.26 0.037

The first column includes the two binary clinical outcomes investigated in this study (stage, alcohol history). GLCM: Gray level co-occurrence matrix; 
GLDM: Gray level dependence matrix; GLRLM: Gray level run length matrix; GLSZM: Gray level size zone matrix; H: High-pass filter; L: Low-pass filter; 
NGTDM: Neighboring gray tone difference matrix; SD: Standard deviation.

Alcohol history: From the integrated analysis, none of the five selected radiomic 
features was significantly correlated with any of eight RNA regulators (data not 
shown). Conversely, correlation analysis with the five up-regulated miRNA revealed a 
significant correlation between the wavelet feature LHH first order Mean and three 
up-regulated miRNA, namely miRNA-21 (ρ = -0.56, P < 0.05), miRNA-4746 (ρ = 0.64, P 
< 0.05) and miRNA-93 (ρ = 0.61, P < 0.05), as reported in the heatmap in Figure 4.
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Table 3 Selected radiomic features after the three feature selection steps for body mass index

Selected radiomic features mean ± SD ρ P value

Wavelet-HLH GLCM IMC2 0.46 ± 0.31 0.6 0.017

Wavelet-HLH GLCM MCC 0.33 ± 0.27 0.67 0.006

Wavelet-HLH first order median 0.59 ± 0.28 -0.56 0.029

Wavelet-HLH first order entropy 0.32 ± 0.33 0.63 0.013

Wavelet-HLH first order root mean squared 0.44 ± 0.31 0.71 0.003

Wavelet-HLH first order skewness 0.5 ± 0.33 0.52 0.049

Wavelet-HLH first order mean absolute deviation 0.54 ± 0.29 0.62 0.013

Wavelet-LHL GLCM IDN 0.77 ± 0.29 0.58 0.023

Wavelet-LHL GLDM high gray level emphasis 0.31 ± 0.29 0.54 0.039

Wavelet-HLL GLRLM high gray level run emphasis 0.32 ± 0.32 0.54 0.038

Wavelet-HLL GLRLM gray level variance 0.36 ± 0.37 0.62 0.014

Wavelet-HLL GLCM cluster prominence 0.26 ± 0.36 0.6 0.018

Wavelet-HLL GLCM inverse variance 0.57 ± 0.3 -0.58 0.022

Wavelet-HLL GLCM maximum probability 0.47 ± 0.35 -0.53 0.043

Wavelet-HLL GLDM dependence variance 0.41 ± 0.27 -0.6 0.018

Wavelet-HLL GLSZM size zone non uniformity 0.29 ± 0.33 0.57 0.028

Wavelet-HHH GLRLM gray level non uniformity 
normalized

0.74 ± 0.3 -0.54 0.039

Wavelet-HHH GLCM difference average 0.64 ± 0.31 0.56 0.03

Wavelet-HHH GLCM contrast 0.53 ± 0.28 0.64 0.009

Wavelet-HHH GLSZM small area emphasis 0.55 ± 0.33 0.69 0.005

Wavelet-HHH GLSZM small area low gray level emphasis 0.55 ± 0.33 0.59 0.022

Wavelet-HHL first order entropy 0.38 ± 0.3 0.57 0.025

Wavelet-HHL first order mean 0.64 ± 0.28 0.59 0.02

Wavelet-HHL first order mean absolute deviation 0.36 ± 0.29 0.55 0.032

Wavelet-LLH NGTDM complexity 0.16 ± 0.26 0.53 0.044

Wavelet-LLL GLDM small dependence high gray level 
emphasis

0.36 ± 0.3 0.56 0.031

Log-sigma-1-0-mm-3D first order root mean squared 0.43 ± 0.26 -0.51 0.049

Log-sigma-5-0-mm-3D GLRLM short run low gray level 
emphasis

0.22 ± 0.25 -0.52 0.047

Log-sigma-5-0-mm-3D first order 10 percentile 0.48 ± 0.39 -0.59 0.02

GLCM: Gray level co-occurrence matrix; GLDM: Gray level dependence matrix; GLRLM: Gray level run length matrix; GLSZM: Gray level size zone 
matrix; H: High-pass filter; L: Low-pass filter; NGTDM: Neighboring gray tone difference matrix; SD: Standard deviation.

BMI: Overall, radiogenomic analysis revealed that four of the eight mRNA regulators 
were significantly correlated with 10 of the 29 selected radiomic features, of which five 
belonging to wavelet group and three belonging to LoG sigma group as reported in 
Figure 5. In particular, METTL3 was positively correlated with HLH median, LHL 
GLDM high gray level emphasis, HLL GLRLM gray level variance and LLL GLDM 
small dependence high gray level emphasis (ρ = 0.71, ρ = 0.54, ρ = 0.53, ρ = 0.6, P < 
0.05, respectively) and negatively correlated with HLL GLCM inverse variance and 
LoG sigma 10th percentile calculated with sigma = 5.0 (ρ = -0.6, ρ = -0.66, P < 0.05, 
respectively); YTHDF1 was positively correlated with wavelet feature HLL GLCM 
maximum probability (ρ = 0.6, P < 0.05), whereas YTHDC1 was positively correlated 
with the wavelet HHH GLCM difference average (ρ = 0.67, P < 0.05) and inversely 
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Table 4 Results of multivariate analysis for the stage I-II/stage III-IV classification task

Model order Features involved AUC ± SE Sens ± SE Spec ± SE ACC ± SE

1 Wavelet-HHH GLCM joint entropy 0.896 ± 0.005 0.513 ± 0.021 0.865 ± 0.007 0.77 ± 0.006

2 Wavelet-LLH NGTDM complexity; Wavelet-HHH GLCM 
joint entropy

0.869 ± 0.008 0.643 ± 0.021 0.834 ± 0.008 0.79 ± 0.006

3 Wavelet-LLH NGTDM complexity; Wavelet-HHH GLCM 
joint entropy; Wavelet-HLH first order entropy

0.826 ± 0.009 0.523 ± 0.023 0.815 ± 0.009 0.744 ± 0.006

4 Wavelet-HLL GLCM cluster prominence; Wavelet-HHH 
GLCM joint entropy; Wavelet-LLH NGTDM complexity; 
Wavelet-HLH first order entropy

0.799 ± 0.009 0.668 ± 0.022 0.766 ± 0.009 0.752 ± 0.007

5 Wavelet-LLH GLDM high gray level emphasis; Wavelet-
HHH GLCM joint entropy; Wavelet HLL GLCM cluster 
prominence; Wavelet HLH entropy; Wavelet LLH NGTDM 
complexity

0.724 ± 0.011 0.516 ± 0.025 0.762 ± 0.01 0.708 ± 0.008

For each model (from order 1 to 5), area under the receiver operating characteristic curve, sensitivity, specificity and accuracy were reported with the 
standard error on a 95%CI over all bootstrap sample. AUC: Area under the receiver operating characteristic curve; GLCM: Gray level co-occurrence matrix; 
GLDM: Gray level dependence matrix; GLRLM: Gray level run length matrix; GLSZM: Gray level size zone matrix; H: High-pass filter; L: Low-pass filter; 
NGTDM: Neighboring gray tone difference matrix; SE: Standard error.

Figure 3 Radiogenomic analysis using stage as clinical outcome. Heatmap depicting the correlation matrix between transcriptomic features and 
radiomic features significantly associated with stage. GLCM: Gray level co-occurrence matrix; GLDM: Gray level dependence matrix; GLRLM: Gray level run length 
matrix; GLSZM: Gray level size zone matrix; H: High-pass filter; L: Low-pass filter; NGTDM: Neighboring gray tone difference matrix.

correlated with and LoG sigma root mean squared calculated with sigma = 1.0 (ρ = -
0.67, P < 0.05); similarly, YTHDF2 was positively correlated with the wavelet HHH 
GLCM contrast (ρ = 0.57, P < 0.05) and inversely with the LoG sigma 10th percentile 
calculated with sigma = 5.0 (ρ = -0.56, P < 0.05). Moreover, correlation analysis with 
the five up-regulated miRNA revealed a significant correlation only between miRNA-
93 and two radiomic features as reported in Figure 5 and in particular with the wavelet 
feature LHL GLRLM high gray level run emphasis (ρ = 0.69, P < 0.05) and the LoG 
sigma 10th percentile calculated with sigma = 5.0 (ρ = -0.54, P < 0.05).

DISCUSSION
Several studies reported that some miRNAs, such as miR-21, miR-183, miR-574-5p and 
miR-601, can regulate the pathways in esophageal carcinogenesis by their altered 
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Figure 4 Radiogenomic analysis using alcohol history as clinical outcome. Heatmap depicting the correlation matrix between transcriptomic features 
and radiomic features significantly associated with alcohol history. H: High-pass filter; L: Low-pass filter; miRNA: MicroRNA.

Figure 5 Radiogenomic analysis using body mass index as clinical outcome. Heatmap depicting the correlation matrix between transcriptomic 
features and radiomic features significantly associated with body mass index. GLCM: Gray level co-occurrence matrix; GLDM: Gray level dependence matrix; 
GLRLM: Gray level run length matrix; GLSZM: Gray level size zone matrix; H: High-pass filter; L: Low-pass filter; miRNA: MicroRNA; mRNA: Messenger RNA; 
NGTDM: Neighboring gray tone difference matrix.

expression associated with the increasing of risks factors, including dietary, smoking 
and drinking habits[44]. Moreover, a recent study, through an integrated approach, 
evaluated how dysregulated miRNAs by regulating RNA targets changed the relative 
miRNA-mRNA expression to survival and clinical characteristics[45]. In addition, 
miRNAs, more generally noncoding RNAs, have the ability to regulate m6A modific-
ations, thereby affecting gene expression in cancer progression. Previous studies 
highlighted a strong relation between RNA methylation and breast cancer. In 
particular, Zhang et al[46] reported significant difference in expression levels and 
prognostic value of five m6RNA regulators (YTHDF3, ZC3H13, LRPPRC, METTL16, 
RBM15B) in breast cancer. Furthermore, in a recent study, Zhao et al[47] showed that 
m6A regulator genomic aberration is associated with prognosis of ESCA patients.

It is recognized that the use of CT radiomics is rapidly increasing in the field of 
ESCA management, playing an important role in preoperative nodal staging, 
diagnosis and prognosis and for predicting treatment response to chemoradiotherapy
[3,48-52]. Wu et al[15] showed that CT radiomic features were able to discriminate 
between stage I-II and III-IV ESCA. In a study by Yang et al[45], predictive models 
based on CT radiomic features were able to predict complete pathologic response after 
neoadjuvant chemoradiotherapy of ESCA patients. CT texture features were also 
found to be independent predictors of survival[48], while CT wavelet features were 
associated with the 3-year overall survival after chemoradiotherapy in a study 
involving 165 patients performed by Larue et al[51].
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In our pilot study, we examined the relationship between the expression levels of 
eight m6A RNA methylation regulators (KIAA1429, HNRNPC, RBM15, METTL3, 
WTAP, YTHDF1, YTHDC1, YTHDF2), as well as five up-regulated miRNAs (miRNA-
93, miRNA-21, miRNA-4746, miRNA-196a-1 and miRNA-196a-2) and radiomic 
features extracted from CT images that were significantly associated to clinical 
outcomes (stage, alcohol history, BMI) in patients with ESCA belonging to the public 
integrated datasets TCGA/TCIA. We decided to evaluate by combining radiomic and 
transcriptomic data the above-mentioned m6A RNA methylation regulators and up-
regulated miRNA since previous studies on gene expression in ESCA found 
interesting results on specific mRNAs associated with tumor stage through epigenetic 
regulation and miRNAs signature as a prognostic biomarker[22,25].

Interestingly, both considering binary clinical outcomes (namely stage and alcohol 
history) and BMI, CT radiomic features that survived after radiomic feature selection 
were mostly belonging to the wavelet group, while only histogram Kurtosis and three 
LoG sigma features (one textural and two histogram features) survived after feature 
selection for alcohol history and BMI analysis, respectively. Wavelet features were also 
able to differentiate between stage I-II and III-IV ESCA, with an AUC superior to 80%. 
Similar performances were achieved when using the same features for predicting T 
and N, and this could be because T and N assignments contribute to determine the 
overall ESCA stage[43]. These results are in line with those found by Liu et al[53], even 
if they did not include textural features from wavelet CT images.

These results were in line with previous radiomics studies, in which CT imaging 
features describing tumor heterogeneity also were shown to have prognostic value in 
esophageal cancer[51,54]. Wavelet radiomic features from pretreatment CT were 
found to be useful to predict overall survival of ESCA patients after chemoradio-
therapy in a study by Larue et al[51]. Moreover, in the work by Qiu et al[54], wavelet 
features resulted predominant in the radiomic-based predictive model developed to 
estimate recurrence-free survival in ESCA patients achieving a pathologic complete 
response.

Radiogenomic analysis performed for stage assessment revealed significant correl-
ations between 10 wavelet textural features and six of the eight m6A RNA methylation 
regulators (HRNPC, WTAP, METTL3, YTHDF1, YTHDF2, YTHDC1). Moreover, 
correlation analysis with the five up-regulated miRNA revealed a significant positive 
correlation between miRNA-93 and two radiomic wavelet features, namely LHL 
GLDM high gray level emphasis and HHH GLCM joint entropy. It is worth to note 
that the wavelet feature HHH GLCM joint entropy was positively correlated with 
miRNA-93 and contributed to building the best predictive models for the overall stage 
assessment and for the assessment of the T and N categories. From the literature, miR-
93 is reported to be associated in various tumors and it is recently found to regulate 
mechanisms of drug resistance in triple negative breast cancer[55]. Moreover, Ansari et 
al[56] evaluated miR-93 as potential deregulated biomarker for early detection of 
ESCA. Based on these considerations, combining genomic features with radiomic ones 
might be of further added value for ESCA staging, thereby influencing the person-
alized medicine workflow in the field of ESCA. Concerning radiogenomic analysis 
performed using alcohol history as clinical outcome, there were no significant associ-
ations between selected CT features and the eight m6A RNA methylation regulators, 
while the correlation analysis with the five up-regulated miRNA revealed a significant 
correlation between the wavelet feature LHH first order mean and three up-regulated 
miRNA, namely miRNA-21, miRNA-4746 and miRNA-93. Finally, the radiogenomic 
analysis on BMI revealed a significant correlation between wavelet and LoG sigma 
features and METTL3, YTHDF1, YTHDC1 and YTHDF2. Wavelet and LoG sigma 
features were also associated with miRNA-93 in radiogenomic analysis involving the 
five up-regulated miRNAs.

In addition, a recent study has experimentally verified that overexpression of 
METTL3 in tumor tissues of ESCA patients compared with normal condition from 
adjacent tissues is associated with metabolic status, highlighting a significant 
correlation with tumor size and histological differentiation; this result suggests that 
MTLL3 may become a possible pathological index for diagnosis and a potential 
therapeutic target[57].

However, to our knowledge, this is the first ESCA radiogenomic study investigating 
the association with clinical staging and potential risk factors. Although previous 
radiogenomic studies were performed on ESCA[21,49,58], the strength of our study 
was that this is the first radiogenomic study investigating the association with stage, 
alcohol history, and BMI. Moreover, is not to be neglected that it is a radiogenomic 
study on an unexplored cancer type such as ESCA.
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However, several limitations are worth noting. First, due to the extremely small 
sample size and the retrospective nature of the study, our results remain to be 
validated with a larger and prospective patient sample in the future. Second, the small 
sample size may have affected also prediction model performances. Therefore, a larger 
and more balanced study group is needed to conduct better a radiomic analysis and 
build more robust prediction models. In particular, although the IABR strategy we 
used for model building is a common reliable approach in case of small and 
imbalanced datasets, a larger sample size would allow using part of the dataset for the 
training and part for testing and validating the performance of the classifier with 
external datasets. In addition, it should be considered that the availability of the eight 
m6A RNA methylation regulators and the five up-regulated miRNAs only for a small 
population has prevented us from investigating other clinical outcomes, which were 
missing for the investigated patients. It would have been interesting to perform similar 
analyses considering smoking variables as clinical outcomes. In fact, in addition to 
alcohol, tobacco is an established risk factor for ESCA and has been proven to act 
synergically with alcohol to increase the risk of ESCA[59,60]. However, we could not 
perform analyses involving outcomes associated with smoking due to the 
incompleteness of these data for the included patients’ cohort.

CONCLUSION
In conclusion, our preliminary study revealed interesting relationships between the 
expression levels of eight m6A RNA methylation regulators, as well as the five up-
regulated miRNAs, and CT radiomic features that were significantly associated with 
clinical outcomes. Our results strengthen the role of miRNA overexpression and the 
possible characterization of biomarkers from liquid biopsy for ESCA assessment and 
staging, introducing new insights for omics integration toward a personalized 
medicine approach. Further prospective and retrospective studies involving larger 
groups of patients are essential to validate obtained results and perform in-depth 
analyses.

ARTICLE HIGHLIGHTS
Research background
Esophageal cancer (ESCA) is the sixth most common malignancy in the world, and its 
incidence is rapidly increasing. Radiogenomics provides clinically useful prognostic 
predictions by linking molecular characteristics such as gene mutations and gene 
expression patterns of malignant tumors with medical images and could provide more 
opportunities in the management of patients with ESCA.

Research motivation
Recently, several microRNAs (miRNAs) and messenger (RNA) targets were evaluated 
as potential biomarkers and regulators of epigenetic mechanisms involved in ESCA. In 
addition, the use of computed tomography (CT) radiomics is rapidly increasing in the 
field of ESCA and plays an important role in different ESCA management steps. 
Moreover, there are no previous radiogenomic studies on ESCA investigating the 
association with clinical staging and potential risk factors. This has motivated us to 
investigate on the relationship between the expression levels of eight N6-methyl-
adenosine (m6A) RNA methylation regulators, as well as the five up-regulated 
miRNAs, and radiomic features extracted from CT images that were significantly 
associated to clinical outcomes.

Research objectives
To explore the combination of CT radiomic features and molecular targets associated 
with clinical outcomes for characterization of ESCA patients.

Research methods
Fifteen patients with diagnosed ESCA were included in this study, and their CT 
imaging and transcriptomic data were extracted from The Cancer Imaging Archive 
and gene expression data from The Cancer Genome Atlas, respectively. Cancer stage, 
history of significant alcohol consumption and body mass index (BMI) were 
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considered as clinical outcomes. Radiomic analysis was performed on CT images 
acquired after injection of contrast medium. In total, 1302 radiomics features were 
extracted from three-dimensional regions of interest by using PyRadiomics. 
Radiogenomic analysis involved Spearman’s correlation (ρ) analysis between radiomic 
features associated with clinical outcomes and transcriptomic signatures consisting in 
eight m6A RNA methylation regulators and five up-regulated miRNA.

Research results
Radiogenomic analysis with stage as clinical outcome revealed that six of the eight 
mRNA regulators and two of the five up-regulated miRNA were significantly 
correlated with 10 and three of the 25 selected radiomic features, respectively. 
Assuming alcohol history as clinical outcome, no correlation was found between the 
five selected radiomic features and mRNA regulators, while a significant correlation 
was found between one radiomic feature and three up-regulated miRNA. 
Radiogenomic analysis with BMI as clinical outcome revealed that four mRNA 
regulators and one up-regulated miRNA were significantly correlated with 10 and two 
radiomic features, respectively.

Research conclusions
Our study revealed interesting relationships between the expression of eight m6a RNA 
regulators, as well as five up-regulated miRNAs, and CT radiomic features associated 
with clinical outcomes of ESCA patients.

Research perspectives
This preliminary study revealed interesting associations between m6a RNA regulators, 
as well as miRNAs, and CT radiomic features associated with clinical outcomes of 
ESCA patients. Further investigations on different ESCA omics data are required. 
Moreover, multimodal data combined with artificial intelligence techniques character-
istics are desirable.
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known about the impact of MGISTs on the survival of patients with 
gastrointestinal stromal tumors (GIST). The diagnosis, treatment and follow-up 
strategies of MGISTs is not specifically described in guidelines.

AIM 
To compare the clinicopathological characteristics and prognosis of MGISTs and 
solitary GISTs (SGISTs)

METHODS 
Patients diagnosed with primary GISTs from March 2010 to January 2020 were 
included. Due to the inhomogeneous distribution of several baseline character-
istics and uneven MGIST and SGIST group sizes, propensity score matching was 
performed according to comorbidities, body mass index, tumor location, mitotic 
index, sex, age and American Society of Anesthesiologists score. Differences in 
clinicopathological characteristics and prognosis between patients with MGISTs 
and patients with SGISTs were compared.

RESULTS 
Among the entire cohort of 983 patients, the incidence of MGISTs was 4.17%. 
Before matching, patients with MGISTs and those with SGISTs had disparities in 
body mass index, surgical approach, tumor size and mitotic index. After 1:4 ratio 
matching, the clinical baseline data were comparable. The 5-year progression-free 
survival rate was 52.17% in the MGIST group and 75.00% in the SGIST group (P = 
0.031). On multivariate analysis, tumor location, tumor size, mitotic index, 
imatinib treatment and MGISTs (hazard ratio = 2.431, 95% confidence interval = 
1.097-5.386, P = 0.029) were identified as independent prognostic factors of 
progression-free survival. However, overall survival was similar between the 
SGIST and MGIST groups.

CONCLUSION 
Patients with MGISTs had poorer progression-free survival than patients with 
SGISTs. Risk criteria and diagnostic and treatment strategies should be developed 
to achieve personalized precision therapy and maximize the survival benefit.

Key Words: Gastrointestinal stromal tumors; Synchronous; Multiple tumors; Solitary 
tumor; Propensity score matching; Prognosis

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Whether the clinicopathological characteristics and long‑term survival of 
patients with multiple gastrointestinal stromal tumors are different from those of 
patients with solitary gastrointestinal stromal tumors is unclear. This is the first study 
to compare and describe these features. For accuracy and clarity, propensity score 
matching was used to balance the differences to explore the prognostic factors for 
patients with multiple gastrointestinal stromal tumors. To date, this study has the most 
detailed data and the largest number of patients, which may bring new insight to the 
diagnosis and treatment of multiple gastrointestinal stromal tumors.
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KW, Li LP. Clinicopathological characteristics and longterm survival of patients with 
synchronous multiple primary gastrointestinal stromal tumors: A propensity score matching 
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URL: https://www.wjgnet.com/1007-9327/full/v27/i36/6128.htm
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INTRODUCTION
As one of the most common mesenchymal tumors with an incidence of approximately 
10 per million population, gastrointestinal stromal tumors (GISTs) are receiving 
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increasing attention[1-3]. GISTs are commonly located in the stomach and small 
intestine and rarely found in the esophagus, colon and rectum[4].

Multiple GISTs (MGISTs) refer to GISTs with two or more synchronous tumors in 
the gastrointestinal tract[5]. With the rapid advancement of precise diagnostic 
techniques and detailed pathological examinations, the detection and reporting of 
MGISTs have increased gradually. MGISTs accounted for nearly 2% of all GISTs in a 
multicenter study in China from 2001 to 2014[6]. However, due to the low incidence, 
there is currently no large-scale demographic survey showing the incidence of 
MGISTs.

Whether the clinical and pathological features of MGISTs are different from those of 
solitary GISTs (SGISTs) also remains unclear. Additionally, little is known about the 
impact of MGISTs on the survival of patients with GISTs. The diagnosis, treatment and 
follow-up strategies for MGISTs are not specifically described in the guidelines from 
the National Comprehensive Cancer Network, European Society for Medical 
Oncology and other academic institutions. Thus, we analyzed the clinicopathological 
characteristics and long-term survival of a large cohort of patients with MGISTs. It is 
urgent to gain insight into these questions to achieve personalized precision therapy in 
the future.

MATERIALS AND METHODS
Study design and approval
This retrospective cohort study was performed based on a prospectively collected 
database of GISTs at our hospital. All relevant procedures were approved by the 
Institutional Review Board. This study was designed in compliance with the 
Declaration of Helsinki and approved by the Ethics Committee of our hospital. The 
Reporting and Guidelines in propensity score analysis were also followed[7].

Patients
A total of 1163 consecutive patients diagnosed with GISTs and undergoing resection at 
our hospital between March 2010 and January 2020 were initially pooled; of whom, 
1054 were classified as having primary GISTs (Figure 1). All oncological resections 
with curative intent were performed by senior surgeons specialized in achieving the 
rigorous standard at our institution. The inclusion criteria were: (1) Age > 18 years; (2) 
Pathological diagnosis of GIST; (3) No evidence of recurrent GIST or distant metastasis 
before treatment; and (4) Physiological status based on an Eastern Cooperative 
Oncology Group score < 3 points. The exclusion criteria were: (1) Any previous or 
concurrent malignancies; (2) First operation performed in other institutions; (3) 
Missing or illegible baseline information; and (4) Missing follow-up data. Finally, 983 
patients with regular follow-up were included and analyzed. The follow-up was 
performed every 3 mo for the first 3 years, then every 6 mo up to 5 years, and then 
every year or until death in the following years. The latest follow-up date was 
December 2020.

Data collection
The following clinicopathological characteristics were routinely collected from the 
GIST database: Age, sex, tobacco and alcohol use, body mass index (BMI), 
comorbidities, chief complaint, tumor location, tumor size, mitotic index (per 50 high 
power fields), American Society of Anesthesiologists score, modified National 
Institutes of Health risk category, surgical approach, intraoperative blood transfusion, 
operation time, postoperative complications, hospitalization time, postoperative 
imatinib, immunohistochemistry results and hematological indices. BMI was classified 
into the following categories: < 18.5, 18.5-24.9 and ≥ 25 kg/m2, based on the World 
Health Organization classification. The comorbidities analyzed comprised 
hypertension, diabetes mellitus, anemia, pulmonary disease (asthma, pneumonia, 
chronic obstructive pulmonary disease, etc.), heart disease (arrhythmia, coronary 
atherosclerotic heart disease, etc.), liver disease (hepatitis, cirrhosis, etc.), renal disease 
(nephritis, chronic kidney disease, etc.) and central nervous system disease 
(cerebrovascular disease, neurodegenerative disease, etc.).

The primary outcome was progression-free survival (PFS), which was defined as the 
interval between the date of resection and the date of confirmed disease progression or 
death. The secondary outcome was overall survival (OS), which was calculated from 
the date of surgery until the date of death. Patients were censored at the date of the 
last follow-up without the above event.
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Figure 1 Flow chart of the of this study. GIST: Gastrointestinal stromal tumors; MGIST: Multiple gastrointestinal stromal tumors.

Definition of MGISTs
There is currently no authoritative and recognized definition of MGISTs. With 
reference to the criteria for multiple other cancers[8-11], especially multiple gastric 
cancers[12], we defined MGISTs as follows: (1) Each lesion must be pathologically 
proven; (2) All lesions must be separated microscopically; and (3) The possibility that 
one of the lesions represents a local extension of a metastatic tumor must be ruled out 
beyond reasonable doubt. It is because of the above criteria that all patients with any 
GIST outside the digestive tract (such as the omentum) were excluded. We defined 
MGISTs as two or more GISTs in the digestive tract. When MGISTs were different in 
size and mitotic index, the tumor was recorded according to the most advanced tumor. 
Similarly, in clinical practice, a modified National Institutes of Health risk category 
was also defined and assessed according to the most advanced tumor.

Statistical analysis
Categorical variables were analyzed using Pearson’s χ2 test or Fisher’s exact test, 
according to the expected values. The Mann–Whitney U test was utilized to compare 
continuous variables, which are presented as medians and interquartile ranges and as 
the mean ± SD. The Kaplan–Meier method and log-rank test were performed to 
conduct survival analyses and evaluate differences in survival time, respectively. 
Univariate and multivariate analyses were performed using the Cox proportional 
hazards model. Univariate analysis was primarily performed, and variables with P < 
0.2 were subsequently input into the multivariate analysis to determine the 
independent prognostic factors. Hazard ratios with their 95% confidence intervals 
were also derived. Statistical significance was defined as P < 0.05. SPSS version 26.0 
(IBM, Armonk, NY, United States) and R version 3.5.3 (The R Foundation for Statistical 
Computing, Vienna, Austria) were used for statistical analysis.

Propensity score matching
Due to the inhomogeneous distribution of several baseline characteristics and uneven 
group sizes between patients with MGISTs and SGISTs, propensity score matching 
was performed. First, a propensity score was calculated using a logistic regression 
model in which the MGIST group was regressed as a dependent variable on relevant 
baseline parameters. The propensity score matching ratio was set to a 1:4 ratio to 
minimize the differences due to comorbidities, BMI, tumor location, mitotic index, sex, 
age and American Society of Anesthesiologist score with the nearest neighbor method. 
The assessment of propensity score matching is shown in Supplementary Figure 1.

https://f6publishing.blob.core.windows.net/f22d4ac7-962e-4b5c-b9f3-b12325ef342c/WJG-27-6128-supplementary-material.pdf
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RESULTS
Patient characteristics
The flow chart for the study is shown in Figure 1. Of the 983 consecutive patients who 
were pooled into the entire cohort between March 2010 and January 2020 at our 
institution, 41 (4.17%) with MGISTs were identified.

The preoperative clinical characteristics are described in Table 1. Before matching, 
most of the baseline characteristics were similar between the two groups, with 
significant differences only in BMI (P = 0.010). Regarding surgical and postoperative 
pathological characteristics and treatment of the SGISTs and MGISTs (Table 2), there 
were significant differences in surgical approach (P = 0.028), tumor size (P = 0.007), 
mitotic index (P = 0.009) and modified National Institutes of Health risk category (P = 
0.044).

After propensity score matching at a 1:4 ratio, all baseline characteristics of the 41 
patients in the MGIST group were compared with those of the 164 patients in the 
SGIST group (Tables 1 and 2). Supplementary pathological characteristics and blood 
indicators are shown in Supplementary Table 1. We also listed the clinical character-
istics of patients with multiple tumors in detail (Supplementary Table 2) and showed 
several pathological images from these patients (Supplementary Figure 2).

Impact of MGISTs on PFS and OS
The median follow-up time of the entire matched cohort was 1468 d (IQR, 938-2225 d), 
and the 1-, 3- and 5-year PFS rates were 96.06%, 83.66% and 70.09%, respectively. For 
the patients with MGISTs, the 1-, 3- and 5-year PFS rates were 90.00%, 74.19% and 
52.17%, respectively and compared with the 1-, 3- and 5-year PFS rates of 97.55%, 
86.78% and 75.00% for the patients with SGISTs (P = 0.031) (Figure 2). We continued to 
explore the impact of MGISTs on OS. The 1-, 3- and 5-year OS rates were 98.16%, 
92.50% and 83.75% for patients with SGISTs compared with 100%, 86.67% and 60.00% 
for patients with MGISTs, respectively, with no significant differences (P = 0.085) 
(Figure 3).

Univariate and multivariate analyses
Univariate analysis identified the following prognostic factors for PFS: age (P = 0.069), 
tumor location (P < 0.001), tumor size (P = 0.001), mitotic index (P < 0.001), blood 
transfusion (P = 0.018), intraoperative tumor rupture (P = 0.011), imatinib treatment (P 
= 0.133) and MGISTs (P = 0.035). On multivariate analysis, tumor location (P = 0.002), 
tumor size (P = 0.035), mitotic index (P = 0.001), imatinib treatment (P < 0.001) and 
MGISTs (P = 0.029) were eventually identified as independent prognostic factors for 
PFS (Table 3).

Univariate analysis revealed that tumor location (P < 0.001), tumor size (P = 0.021), 
mitotic index (P < 0.001), blood transfusion (P = 0.008), intraoperative tumor rupture (
P = 0.113), imatinib treatment (P = 0.030) and MGISTs (P = 0.092) were correlated with 
OS. Subsequent multivariate analysis showed that tumor location (P = 0.003), mitotic 
index (P= 0.015) and imatinib treatment (P < 0.001) could be identified as independent 
risk factors for OS (Table 4). OS of patients with MGISTs (P = 0.106) was similar to that 
of patients with a single GIST.

DISCUSSION
MGISTs are often found in clinical treatment but ignored or misinterpreted as 
recurrence or metastasis. With the current lack of convincing results from large-scale 
studies based on demographics or clinicopathological characteristics, this is the first 
study to analyze the clinicopathological differences between patients with MGISTs 
and those with SGISTs. For accuracy and clarity, propensity score matching was used 
to balance the differences to explore the prognostic factors for patients with MGISTs.

A total of 983 patients were included in the cohort, including 41 with MGISTs. 
MGISTs accounted for approximately 4.17% of all GISTs in our study. With a median 
age of 60 years, patients with MGISTs had a similar age at initial diagnosis as patients 
with SGISTs. The incidence of GISTs is almost equal in men and women[13]; however, 
in our study, a male predisposition (M/F=27/14) was observed.

The BMI of patients with MGISTs was significantly lower than that of patients with 
SGISTs, which was pointed out for the first time, but the reason for this finding is not 
clear. Smoking and alcohol consumption did not affect the occurrence of MGISTs. 
There were no significant differences in American Society of Anesthesiologists classi-

https://f6publishing.blob.core.windows.net/f22d4ac7-962e-4b5c-b9f3-b12325ef342c/WJG-27-6128-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/f22d4ac7-962e-4b5c-b9f3-b12325ef342c/WJG-27-6128-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/f22d4ac7-962e-4b5c-b9f3-b12325ef342c/WJG-27-6128-supplementary-material.pdf
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Table 1 Preoperative clinical characteristics of solitary gastrointestinal stromal tumors and multiple gastrointestinal stromal tumors in 
the entire cohort and after propensity score matching

Entire cohort, before matching Propensity score matched cohort
Parameters

SGIST, n (%) MGIST, n (%)
P value

SGIST, n (%) MGIST, n (%)
P value

All cases 942 41 164 41

Age (yr) 0.450 0.889

≤ 60 516 (54.78) 20 (48.78) 82 (50.00) 20 (48.78)

> 60 426 (45.22) 21 (51.22) 82 (50.00) 21 (51.22)

Gender 0.060 0.596

Male 479 (50.85) 27 (65.85) 115 (70.12) 27 (65.85)

Female 463 (49.15) 14 (34.15) 49 (29.88) 14 (34.15)

BMI (kg/m2) 0.010 0.193

BMI < 18.5 41 (4.35) 6 (14.63) 11 (6.71) 6 (14.63)

18.5 ≤ BMI < 25 501 (53.18) 19 (46.34) 94 (57.32) 19 (46.34)

BMI ≥ 25 400 (42.46) 16 (39.02) 59 (35.98) 16 (39.02)

Tobacco use 0.899 0.093

No 704 (74.73) 31 (75.61) 101 (61.59) 31 (75.61)

Yes 238 (25.27) 10 (24.39) 63 (38.41) 10 (24.39)

Alcohol use 0.514 0.768

No 687 (72.93) 28 (60.98) 108 (65.85) 28 (60.98)

Yes 255 (27.07) 13 (31.71) 56 (34.15) 13 (31.71)

ASA score 0.443 0.868

I/II 779 (82.70) 32 (78.05) 126 (74.83) 32 (78.05)

III/IV 163 (17.30) 9 (21.95) 38 (23.17) 9 (21.85)

Comorbidities1 0.236 1.000

Present 417 (44.27) 22 (53.66) 88 (53.66) 22 (53.66)

Absent 525 (55.73) 19 (46.34) 76 (46.34) 19 (46.34)

Location 0.450 0.884

Gastric 650 (69.00) 26 (63.41) 106 (64.63) 26 (63.41)

Non-gastric 292 (31.00) 15 (36.58) 58 (35.37) 15 (36.58)

Chief complaint

Abdominal pain 303 (32.17) 15 (36.58) 0.554 54 (32.93) 15 (36.58) 0.657

Abdominal distention 149 (15.82) 9 (21.95) 0.295 23 (14.02) 9 (21.95) 0.211

Hematemesis 42 (4.46) 3 (7.32) 0.429 9 (5.49) 3 (7.32) 0.710

Hematochezia 167 (17.72) 9 (21.95) 0.490 34 (20.73) 9 (21.95) 0.864

Medical examination 275 (29.19) 11 (26.83) 0.744 42 (25.61) 11 (26.83) 0.906

Other 96 (10.19) 2 (4.88) 0.266 17 (10.37) 2 (4.88) 0.278

1Comorbidities: comprised of hypertension, diabetes mellitus, anemia, pulmonary disease (asthma, pneumonia, chronic obstructive pulmonary disease, 
etc.), heart disease (arrhythmia, coronary atherosclerotic heart disease, etc.), liver disease (hepatitis, cirrhosis, etc.), renal disease (nephritis, chronic kidney 
disease, etc.) and central nervous system disease (cerebrovascular disease, neurodegenerative disease, etc.). Bold values indicate P < 0.05. ASA: American 
Society of Anesthesiologists; BMI: Body mass index; MGIST: Multiple gastrointestinal stromal tumors; SGIST: Solitary gastrointestinal stromal tumors.

fication or comorbidities, which means that the patients were in similar physical 
conditions at the time of diagnosis.
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Table 2 Surgical and postoperative pathological characteristics and treatment of the solitary gastrointestinal stromal tumors and 
multiple gastrointestinal stromal tumors of the entire cohort and after propensity score matching

Entire cohort, before matching Propensity score matched cohort
Parameters

SGIST, n (%) MGIST, n (%)
P value

SGIST, n (%) MGIST, n (%)
P value

All cases 942 41 164 41

Surgical approach 0.028 0.361

Open 458 (48.62) 27 (65.85) 94 (57.32) 27 (65.85)

Laparoscopic 255 (27.07) 11 (26.83) 43 (26.22) 11 (26.83)

Endoscopic 229 (24.31) 3 (7.32) 27 (14.63) 3 (7.32)

Blood transfusion 0.161 1.000

Yes 171 (18.15) 11 (26.83) 44 (26.83) 11 (26.83)

No 771 (81.85) 30 (73.17) 120 (73.17) 30 (73.17)

Tumor size (cm) 0.007 0.200

Length ≤ 5 575 (61.04) 15 (36.59) 74 (45.12) 15 (36.59)

5 < Length ≤ 10 239 (25.37) 16 (39.02) 41 (25.00) 16 (39.02)

Length > 10 128 (13.59) 10 (24.39) 49 (29.88) 10 (24.39)

Mitotic index (per 50 HPF) 0.009 0.715

0-5 724 (76.86) 27 (65.85) 101 (61.59) 27 (65.85)

6-10 127 (13.48) 4 (9.76) 24 (14.63) 4 (9.76)

> 10 91 (9.66) 10 (24.39) 39 (23.78) 10 (24.39)

Modified NIH risk 0.044 0.486

Very low 210 (22.29) 4 (9.76) 29 (17.68) 4 (9.76)

Low 291 (30.89) 9 (21.95) 30 (18.29) 9 (21.95)

Intermediate 147 (15.61) 8 (19.51) 22 (13.41) 8 (19.51)

High 294 (31.21) 20 (48.78) 83 (50.61) 20 (48.78)

Operate time (min) 0.336 0.627

mean ± SD 139 ± 78 151 ± 63 145 ± 67 151 ± 63

Median (IQR) 120 (80-180) 150 (120-180) 140 (90-190) 150 (120-180)

Intraoperative tumor rupture 0.376 0.490

Yes 10 (1.06) 1 (2.44) 2 (1.22) 1 (2.44)

No 932 (98.94) 40 (97.56) 162 (98.78) 40 (97.56)

Hospitalization time in d 0.226 0.442

mean ± SD 13.55 ± 6.32 14.78 ± 7.66 13.96 ± 5.69 14.78 ± 7.66

Median (IQR) 12 (10-15) 14 (9-16) 13 (11-16) 14 (9-16)

Postoperative complications 0.391 0.610

Present 179 (19.00) 10 (24.39) 34 (20.73) 10 (24.39)

Absent 763 (81.00) 31 (73.61) 130 (79.27) 31 (73.61)

Imatinib treatment 0.187 0.832

Yes 298 (31.63) 17 (41.46) 71 (43.29) 17 (41.46)

No 644 (68.37) 24 (58.54) 93 (56.71) 24 (58.54)

Bold values indicate P < 0.05. HPF: High power field; IQR: Interquartile range; MGIST: Multiple gastrointestinal stromal tumors; NIH: National Institutes 
of Health; SD: SD; SGIST: Solitary gastrointestinal stromal tumors.

There was no significant difference in the chief complaint, which also implies 
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Table 3 Univariate and multivariate of the clinicopathological factors for progression-free survival

Univariate analysis Multivariate analysis
Characteristics

HR (95%CI) P value HR (95%CI) P value

Age in yr

≤ 60 Reference Reference

> 60 1.845 (0.953-3.571) 0.069 1.525 (0.740-3.143) 0.252

Sex

Female Reference

Male 0.913 (0.460-1.809) 0.793

Comorbidities

Absent Reference

Present 1.147 (0.606-2.172) 0.673

Tumor location

Gastric Reference Reference

Non-gastric 3.548 (1.847-6.818) < 0.001 3.176 (1.526-6.607) 0.002

Tumor size in cm 0.001 0.035

Length ≤ 5 Reference Reference

5 < Length ≤ 10 3.022 (1.117-8.179) 0.029 2.180 (0.716-6.642) 0.170

Length > 10 5.848 (2.359-14.499) < 0.001 4.071 (1.375-12.052) 0.011

Mitotic index, per 50 HPF < 0.001 0.001

0-5 Reference Reference

6-10 4.094 (1.555-10.777) 0.004 4.108 (1.309-12.897) 0.015

> 10 7.859 (3.676-16.799) < 0.001 6.577 (2.540-17.029) < 0.001

Surgical approach 0.251

Open Reference

Laparoscopic 0.449 (0.174-1.154) 0.096

Endoscopic 0 (0-1.006E+230) 0.961

Blood transfusion

No Reference Reference

Yes 2.176 (1.143-4.145) 0.018 1.569 (0.739-3.332) 0.241

Intraoperative tumor rupture

No Reference Reference

Yes 6.383 (1.524-26.726) 0.011 4.458 (0.863-23.015) 0.074

Imatinib treatment

Yes Reference Reference

No 0.584 (0.290-1.178) 0.133 4.608 (2.030-10.461) < 0.001

MGIST

Absent Reference Reference

Present 2.091 (1.055-4.145) 0.035 2.431 (1.097-5.386) 0.029

Bold values indicate P < 0.05. CI: Confidence interval; HPF: High power field; HR: Hazard ratio; MGIST: Multiple gastrointestinal stromal tumors.

difficulty in clinical diagnosis. MGISTs are often reported to be associated with type 1 
neurofibromatosis[14], the Carney triad[15] and Carney–Stratakis syndrome[16]. In the 
records of our medical center, there was only one patient with neurofibromatosis, who 



Wu H et al. Synchronous multiple primary GIST

WJG https://www.wjgnet.com 6136 September 28, 2021 Volume 27 Issue 36

Table 4 Univariate and multivariate analysis of the clinicopathological factors for overall survival

Univariate analysis Multivariate analysis
Characteristics

HR (95%CI) P value HR (95%CI) P value

Age in yr

≤ 65 Reference

> 65 1.665 (0.754-3.676) 0.207

Gender

Female Reference

Male 1.099 (0.461-2.616) 0.832

Comorbidities

Absent Reference

Present 1.061 (0.491-2.291) 0.881

Tumor location

Gastric Reference Reference

Non-gastric 4.428 (1.967-9.965) < 0.001 3.812 (1.577-9.213) 0.003

Tumor size in cm 0.021 0.556

Length ≤ 5 Reference Reference

5 < Length ≤ 10 2.279 (0.722-7.189) 0.160 1.381 (0.346-5.519) 0.648

Length > 10 4.159 (1.498-11.549) 0.006 2.070 (0.539-7.959) 0.290

Mitotic index, per 50 HPF < 0.001 0.015

0-5 Reference Reference

6-10 3.120 (0.913-10.669) 0.070 4.129 (0.963-17.707) 0.056

> 10 7.515 (3.045-18.548) < 0.001 6.051 (1.762-20.778) 0.004

Surgical approach 0.684

Open Reference

Laparoscopic 0.621 (0.213-1.815) 0.384

Endoscopic 0 (0-3.609E+275) 0.968

Blood transfusion

No Reference Reference

Yes 2.832 (1.312-6.113) 0.008 1.298 (0.547-3.082) 0.554

Intraoperative tumor rupture

No Reference Reference

Yes 5.094 (0.682-38.043) 0.113 3.264 (0.355-30.022) 0.296

Imatinib treatment

Yes Reference Reference

No 2.952 (1.113-7.831) 0.030 7.841 (2.677-22.693) < 0.001

MGIST

Absent Reference Reference

Present 2.050 (0.889-4.726) 0.092 2.404 (0.830-6.966) 0.106

Bold values indicate P < 0.05. CI: Confidence interval; HPF: High power field; HR: Hazard ratio; MGIST: Multiple gastrointestinal stromal tumors.

has been reported in our previous study[17]. However, this patient was not included 
in this cohort because of concurrent colon cancer. Familial and pediatric GISTs are also 
associated with multicentric risk[18]. However, these types of MGISTs were not found 
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Figure 2 Kaplan–Meier survival analysis of progression-free survival. MGIST: Multiple gastrointestinal stromal tumors; SGIST: Solitary gastrointestinal 
stromal tumors.

in our study. This may be due to bias in the publication of case reports on these 
particular patients or the fact that the examination strategy has not been perfected so 
that such patients are missed by our colleagues. In addition, all cases of GISTs 
predominantly affected a single organ, and we should still pay attention to patients 
with multiorgan involvement to prevent misdiagnosis.

Imaging examination is an important basis for diagnosis[19]. Computed 
tomography or enhanced computed tomography is currently recommended but does 
not play an adequate role in the diagnosis of MGISTs. Of the 41 MGIST patients in our 
hospital, 38 underwent computed tomography examination, but only four were 
diagnosed accordingly. None of the MGISTs < 1 cm were detected, but this may be 
due to the large size of the major tumor or insufficient imaging evidence to diagnose 
the small tumor. For endoscopic examination, 8 of the 26 patients were suspected to 
have MGISTs before surgery, but endoscopy only revealed the tumor growing into the 
intestinal cavity, and none of the 15 cases of small intestinal MGISTs was detected. No 
case of MGISTs was diagnosed by B-ultrasonography or upper digestive tract 
radiography. Magnetic resonance imaging might be useful for diagnosis but is seldom 
used in ordinary examinations. Micro-GISTs, with low or no mitotic activity and little 
clinical significance, are common in the stomach (20%-35%)[20,21] and can transform 
to clinical GISTs by unknown mechanisms. Therefore, the development or 
modification of an examination method for preoperative screening of MGISTs can 
develop a more appropriate treatment plan for patients and obtain a greater survival 
benefit.

Heterogeneous morphology could be observed and the common growth patterns of 
MGISTs manifest a satellite phenomenon, that is, one or more main tumors 
surrounded by several small tumors. Of course, homogeneous morphology was still 
present in some tumors of MGISTs. Almost all gastric MGISTs consisted of two tumors 
and grew inside. On the contrary, small intestinal GISTs, especially in the jejunum, 
almost always had more than two tumors, and most of them grew outside. Unfortu-
nately, the phenomenon has rarely been described in other studies, and it is difficult to 
determine whether it is a general finding. It is possible that MGISTs have different 
growth patterns and prognoses from SGISTs, and further research is needed.

The cellular types of the tumors were similar. Before propensity score matching, 
there was a significant difference in tumor necrosis. In addition, the proportion of 
calcification and cystic degeneration of MGISTs was higher than that of SGISTs, but 
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Figure 3 Kaplan–Meier survival analysis of overall survival. MGIST: Multiple gastrointestinal stromal tumors; SGIST: Solitary gastrointestinal stromal 
tumors.

the difference was not significant. In the propensity score matched cohort, all the 
above characteristics of MGISTs were compared with those of SGISTs.

For blood parameters, except for prealbumin, no significant differences were found. 
Immunohistochemical staining for Ki-67 antigen is often used, although this score is 
relatively subjective[22]. With regard to immunohistochemical markers, KIT (CD117) 
and ANO1 (DOG1) are two of the most sensitive and specific for GISTs[23]. S-100 and 
CD34 can also be used as auxiliary diagnostic indicators[24]. Unfortunately, there was 
no significant difference in these indicators between the patients with MGISTs and 
those with SGISTs.

The tumor mitotic rate is the most significant independent prognostic factor for 
GIST recurrence after surgery for both the stomach[25] and small intestine[26]. In our 
cohort, patients with MGISTs had larger tumors and a higher mitotic index, which also 
contributed to more advanced tumor stages.

The main treatment strategy for GISTs > 2 cm is surgical resection, and this is also 
the case for MGISTs. R0 resection, minimally invasive surgery and regular imaging 
surveillance are required to ensure perioperative and postoperative safety of patients. 
MGISTs may involve many segments of the gastrointestinal tract, so extensive 
resection is more common than with SGISTs. Therefore, consultation with experienced 
specialists is required to assess surgical extension and perioperative adjuvant therapy. 
In the practice of our medical center, the rate of open surgery for MGISTs is 
significantly higher than that for SGISTs. Imatinib was used for KIT/PDGFRA 
mutated GISTs[27] and is usually recommended for high-risk patients after surgery.

Of the 41 patients evaluated, 11 received intraoperative blood transfusions, which is 
higher than the rate for other operations and should compel surgeons to conduct a 
thorough preoperative evaluation and develop appropriate protocols. However, there 
was only a slight increase in operation time, intraoperative tumor rupture, 
postoperative hospital stays and postoperative complications in patients with MGISTs, 
and the difference was not significant.

After propensity score matching, all the above parameters were well balanced. We 
then tried to evaluate the clinical, perioperative and therapeutic factors associated with 
OS through Cox univariate and multivariate hazard ratio models.
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There have been few studies related to the prognosis of patients with MGISTs[28]. 
Our study demonstrated that PFS of patients with MGISTs was significantly poorer 
than that of patients with SGISTs and that MGISTs were an independent risk factor for 
poor PFS. However, OS was similar between patients with SGISTs and those with 
MGISTs. This may be related to the characteristics of patients with MGISTs, suggesting 
that clinicians should closely monitor the condition of these patients, and it may be 
necessary to improve the risk classification of MGIST patients.

Given the lack of clinical trials, SGIST therapy has conflicting results in MGIST 
patients with regard to factors such as surgical excision and perioperative adjuvant 
therapy. This study suggests that more attention should be paid to such patients to 
explore more suitable treatment strategies. Gene detection and molecular biological 
experiments are also needed to explain specific manifestations[29,30].

There were some shortcomings in our research. First, as a single-center design with 
a small sample size, the statistical power of our findings might have been weakened. 
Moreover, due to the high cost, few of these patients had undergone gene detection. 
Last, there may have been a possibility of missed diagnoses, which could have led to 
an underestimation of the incidence of MGISTs.

To date, this study has the most detailed data and the largest number of patients, 
which may bring new insight to the diagnosis and treatment of MGISTs.

CONCLUSION
Patients with MGISTs may have demographic characteristics and immunohisto-
chemical markers that are similar to those of patients with SGISTs, but MGIST patients 
also have unique tumor features. In this study, we found that MGISTs were an 
independent factor for PFS after propensity score matching analysis; however, OS was 
similar. The perioperative and long-term prognosis of patients remains of concern and 
requires multicenter, large sample, long-term follow-up, prospective studies. Most 
importantly, risk criteria, diagnostic strategies and treatment procedures suitable for 
this disease of lower morbidity should be developed to achieve personalized precision 
therapy and maximize the survival benefit of these patients.

ARTICLE HIGHLIGHTS
Research background
Synchronous primary multiple gastrointestinal stromal tumors (MGISTs) are specific 
and rare. The diagnosis, treatment and follow-up strategies of MGISTs are not 
specifically described in guidelines.

Research motivation
Due to the low incidence, there is currently no large-scale demographic survey 
showing the incidence of MGISTs. Additionally, little is known about the impact of 
MGISTs on the survival of patients with gastrointestinal stromal tumors (GISTs).

Research objectives
This study aimed to compare the clinicopathological characteristics and prognoses of 
patients with MGISTs and patients with solitary GISTs (SGISTs).

Research methods
Due to the inhomogeneous distribution of several baseline characteristics and uneven 
MGIST and SGIST group sizes, propensity score matching was performed according to 
comorbidities, body mass index, tumor location, mitotic index, sex, age and American 
Society of Anesthesiologists score.

Research results
Among the entire cohort, the incidence of MGISTs was 4.17%. Patients with MGISTs 
and those with SGISTs had disparities in body mass index, surgical approach, tumor 
size and mitotic index. Tumor location, tumor size, mitotic index, imatinib treatment 
and MGISTs were identified as independent prognostic factors of progression-free 
survival. However, overall survival was similar between the SGIST and MGIST 
groups.
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Research conclusions
Patients with MGISTs may have demographic characteristics and immunohisto-
chemical markers that are similar to those of patients with SGISTs, but MGIST patients 
also have unique tumor features. Without specific diagnostic indicators and 
symptoms, patients with MGISTs were identified as having a poorer progression-free 
survival than patients with SGISTs.

Research perspectives
Risk criteria, diagnostic strategies and treatment procedures suitable for these tumors 
of lower morbidity should be developed to achieve personalized precision therapy 
and maximize the survival benefit of these patients.
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Abstract
BACKGROUND 
Patients with inflammatory bowel disease (IBD) are associated with increased 
cardiovascular risk and have increased overall cardiovascular burden. On the 
other hand, urotensin II (UII) is one of the most potent vascular constrictors with 
immunomodulatory effect that is connected with a number of different car-
diometabolic disorders as well. Furthermore, patients with ulcerative colitis have 
shown increased expression of urotensin II receptor in comparison to healthy 
controls. Since the features of IBD includes chronic inflammation and endothelial 
dysfunction as well, it is plausible to assume that there is connection between 
increased cardiac risk in IBD and UII.

AIM 
To determine serum UII levels in patients with IBD and to compare them to 
control subjects, as well as investigate possible associations with relevant clinical 
and biochemical parameters.

METHODS 
This cross sectional study consecutively enrolled 50 adult IBD patients (26 with 
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Crohn’s disease and 24 with ulcerative colitis) and 50 age and gender matched 
controls. Clinical assessment was performed by the same experienced gastroenter-
ologist according to the latest guidelines. Ulcerative Colitis Endoscopic Index of 
Severity and Simple Endoscopic Score for Crohn’s Disease were used for en-
doscopic evaluation. Serum levels of UII were determined using the enzyme 
immunoassay kit for human UII, according to the manufacturer’s instructions.

RESULTS 
IBD patients have significantly higher concentrations of UII when compared to 
control subjects (7.57 ± 1.41 vs 1.98 ± 0.69 ng/mL, P < 0.001), while there were no 
significant differences between Crohn’s disease and ulcerative colitis patients 
(7.49 ± 1.42 vs 7.65 ± 1.41 ng/mL, P = 0.689). There was a significant positive 
correlation between serum UII levels and high sensitivity C reactive peptide levels 
(r = 0.491, P < 0.001) and a significant negative correlation between serum UII 
levels and total proteins (r = -0.306, P = 0.032). Additionally, there was a 
significant positive correlation between serum UII levels with both systolic (r = 
0.387, P = 0.005) and diastolic (r = 0.352, P = 0.012) blood pressure. Moreover, 
serum UII levels had a significant positive correlation with Ulcerative Colitis 
Endoscopic Index of Severity (r = 0.425, P = 0.048) and Simple Endoscopic Score 
for Crohn’s Disease (r = 0.466, P = 0.028) scores. Multiple linear regression 
analysis showed that serum UII levels retained significant association with high 
sensitivity C reactive peptide (β ± standard error, 0.262 ± 0.076, P < 0.001) and 
systolic blood pressure (0.040 ± 0.017, P = 0.030).

CONCLUSION 
It is possible that UII is involved in the complex pathophysiology of cardio-
vascular complications in IBD patients, and its purpose should be investigated in 
further studies.

Key Words: Inflammatory bowel disease; Crohn’s disease; Ulcerative colitis; Urotensin II; 
Cardiovascular risk; Endoscopic activity

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Urotensin II (UII) is a potent vasoconstrictor with an immunomodulatory 
effect that is connected to various cardiovascular disorders. On the other hand, patients 
with inflammatory bowel disease (IBD) have increased cardiovascular burden as well 
as increased expression of UII receptors. It is plausible that UII is involved in the 
complex pathophysiology of IBD complications. In the current study, we investigated 
UII levels in the IBD population and compared it to matched control subjects, as well 
as connection of UII with relevant clinical and biochemical parameters. The results of 
this study showed that serum UII levels are higher in IBD patients in comparison with 
the control group.

Citation: Alicic D, Martinovic D, Rusic D, Zivkovic PM, Tadin Hadjina I, Vilovic M, Kumric 
M, Tokic D, Supe-Domic D, Lupi-Ferandin S, Bozic J. Urotensin II levels in patients with 
inflammatory bowel disease. World J Gastroenterol 2021; 27(36): 6142-6153
URL: https://www.wjgnet.com/1007-9327/full/v27/i36/6142.htm
DOI: https://dx.doi.org/10.3748/wjg.v27.i36.6142

INTRODUCTION
Inflammatory bowel disease (IBD) is a relapsing chronic inflammation of the gas-
trointestinal tract with an unpredictable course[1]. It can be divided into two disor-
ders: Crohn’s disease (CD) and ulcerative colitis (UC). Although the two disorders 
have a similar clinical manifestation, they differ in the location and the depth of the 
inflammation. The etiology of the disease is considered to be multifactorial as a 
complex interrelation between extrinsic factors, genetic predisposition, immunological 
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imbalance and microbiota disturbances. Furthermore, IBD can exhibit a wide range of 
extraintestinal manifestations that affect the kidneys, eyes, joints, liver, skin, heart and 
blood circulation[2-6].

Urotensin II (UII) is a pleotropic peptide originally found 40 years ago in the 
neurosecretory system of the teleost fish, while in the meantime its activity was also 
found in humans. UII is considered to be the most potent vasoconstrictor discovered 
so far, with the effect 10-fold stronger than that of endothelin-1[7]. Furthermore, its 
expression was found distributed in most organs and tissues, including both the 
central nervous and cardiovascular systems, as well as the lungs, kidneys, spleen, 
hypophysis, adrenal glands, stomach, pancreas, ovaries and liver[8,9]. UII activity is 
regulated through the urotensin receptor (UTR), which after activation induces 
calcium mobilization in cellular plasma, smooth muscle cells proliferation and co-
llagen synthesis[10]. Due to the wide range of functions, UII has an extensive effect on 
most of the organ systems in the body, and consequently it is also associated with 
numerous diseases and disorders[11-13]. Moreover, recent studies are pointing to 
possible UII immunomodulatory effects, as it was shown that UII is involved in the 
regulation of the inflammation process[14,15].

In the last few decades, the extraintestinal manifestations and complications of IBD 
are a major issue that is increasingly investigated for an improvement of both 
diagnostic and treatment criteria. It is well-established that patients with IBD are 
associated with a high cardiovascular risk, and it was shown that they have a higher 
prevalence cardiovascular diseases[16-18]. However, a Danish cohort study showed 
that patients with IBD have a lower prevalence of the traditional cardiovascular risk 
factors in comparison to the general population, while on the other hand they had a 
higher cardiovascular burden[19]. This ambiguity is well-established, yet it is unclear 
what are the factors that contribute to high cardiovascular risk in patients with IBD. 
Since UII is one of the most potent vasoconstrictors known, and it is well-known that it 
is associated with cardiovascular diseases, it is reasonable to presume that there is a 
possible connection between cardiovascular risk in IBD patients and UII[20,21]. 
Moreover, seeing that recent studies are pointing to UII immunomodulatory effect and 
since the hallmark of IBD is the chronic inflammation, this further suggests the need to 
investigate clinically the possible association between them[14,15]. Additionally, a 
recent study conducted on patients with UC showed that they have an increased 
expression of UTR compared to healthy controls[22]. Moreover, that expression was 
found to be increased in both disease lesions and healthy tissue biopsies.

Hence, the aim of this study was to evaluate serum UII levels in patients with IBD 
and to compare them with healthy, gender and age matched controls. Moreover, we 
further investigated the possible association between UII levels and the relevant 
clinical and biochemical parameters.

MATERIALS AND METHODS
Study design and ethical considerations
This cross-sectional study was conducted at the University Hospital of Split and the 
University of Split School of Medicine during the period from January 2018 to March 
2019.

Before the start of the study, every participant was informed about the aim, course 
and procedures involved, and they all signed an informed written consent. The study 
was conducted in accordance with all ethical principles of the Seventh Revision of the 
Helsinki Declaration, and it was approved by the Ethics Committee of University 
Hospital of Split (date of approval: November 23, 2017).

Subjects
This study included 50 adult patients with pre-diagnosed IBD (24 patients with UC 
and 26 patients with CD) and 50 healthy, age and gender matched controls. The 
diagnosis of UC and CD was established on clinical, radiological, endoscopic and 
histological traits in accordance with the European Consensus on Crohn’s Disease and 
Ulcerative Colitis[23]. Inclusion criteria were: Disease duration of at least 1 year, stable 
disease activity in the past 3 mo and age between 18 and 65 years. Exclusion criteria 
were: Diabetes, obesity, arterial hypertension, use of statins, cardiovascular disorders, 
therapy with corticosteroids during 3 mo prior to study onset, substance abuse and 
consumption of alcohol more than 40 g/d.
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Additionally, we checked medical records of the control subjects regarding gas-
trointestinal conditions, and additionally we performed screening for abdominal pain 
presence, symptoms related to defecation and change in frequency and form of stool 
according to the Rome IV criteria for irritable bowel syndrome[24], as well as any 
other symptoms that could suggest gluten and lactose intolerance. If any of these 
conditions were present, we excluded the subject from the control group. Furthermore, 
all potential control group subjects underwent detailed physical examination along 
with laboratory analysis of the complete blood count and biochemical parameters. We 
excluded all participants who showed any sign of inflammation in any of these steps.

Disease severity assessment
Disease activity evaluation was performed using clinical and endoscopic indices. The 
assessment was conducted by the same experienced gastroenterologist according to 
the latest guidelines, and the colonoscopy needed for the evaluation of the disease 
activity was performed within 2 wk of blood sampling. We used endoscopic indices 
for the evaluation of the disease activity since they have an advantage before clinical 
indices according to the European Consensus on Crohn’s Disease and Ulcerative 
Colitis guidelines[25]. Moreover, all IBD patients had their high sensitivity C reactive 
peptide (hsCRP) and fecal calprotectin evaluated to assess further the activity of the 
disease.

Ulcerative Colitis Endoscopic Index of Severity (UCEIS) is a quantitative grading 
system used for the evaluation of UC activity. Depending on the score, there are four 
possible grades for disease activity: (0-1)–remission; (2-4)–mild; (5-6)–moderate and (7-
8)–severe activity[26].

Simple Endoscopic Score for CD (SES-CD) is a quantitative grading system used for 
the evaluation of CD activity. According to the majority of studies, the threshold 
values for interpretation of the results are: (0-2)–remission; (3-6)–mild activity; (7-
15)–moderate activity and (≥ 16)–severe disease[27].

Blood sampling and laboratory analysis
All blood samples were taken from the cubital vein after 12-h fasting. After extraction, 
all samples were processed in the same day except for the UII samples, which were 
centrifuged and stored at -80 °C for further analysis. All the procedures were 
conducted according to the international standards, in the same laboratory and by the 
same experienced medical biochemist who was blinded to the subjects group in the 
study. Serum levels of UII were determined using the enzyme immunoassay kit for 
human UII (Phoenix Pharmaceuticals, Burlingame, CA, United States), according to 
the manufacturer’s instructions. Concentration of the analyzed quality control sample 
that arrived from the manufacturer was within predefined acceptable deviation. The 
linear range of the assay was 0.06-8.2 ng/mL, and sensitivity was 0.06 ng/mL. 
Coefficient of variation within the probe was less than 10% and between probes was 
less than 15%. Other biochemical parameters were analyzed according to standard 
laboratory procedures.

Stool samples were received by a trained laboratory technician in sterile containers 
within 3 d of sampling. Fecal extraction and analyses were performed by an experi-
enced medical biochemist.

Anthropometric and clinical assessment 
All participants were subjected to detailed anamnesis, physical examination and 
measurements of anthropometric characteristics - body weight, body height and body 
mass index (BMI). For measurement of body weight and height, a calibrated medical 
scale with built-in heights (Seca, Birmingham, United Kingdom) was used. BMI was 
calculated according to the formula = [body weight (kg)]/[height per square (m2)].

Statistical analysis
Collected data were analyzed with statistical software MedCalc (version 17.4.1; 
MedCalc Software, Ostend, Belgium,). Quantitative data were expressed as mean ± SD 
or median and interquartile range, while qualitative data were expressed as whole 
number and percentage. Kolmogorov-Smirnov test was used to estimate the normality 
of data distribution. Comparison of serum UII levels and other parameters between 
patients with IBD and control subjects was done by Student t-test for independent 
samples or Mann-Whitney U test. For comparison of qualitative variables, Chi-squared 
test was used. Pearson’s correlation or Spearman’s correlation was used to estimate the 
correlation between biochemical, anthropometric and clinical parameters with serum 
UII levels. Furthermore, multiple linear regression analysis was used to determine 
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significant independent predictors of serum UII levels, with reporting corresponding P 
values with unstandardized β-coefficients, standard error and t-values. The level of 
statistical significance was set at P < 0.05.

RESULTS
Baseline characteristics of the study population
There were no statistically significant differences regarding age, gender and anthropo-
metric features between the IBD patients and healthy controls (Table 1). Laboratory 
analyses showed that the IBD group compared to the control group had significantly 
lower erythrocytes (4.7 ± 0.5 vs 5.0 ± 0.4 × 1012/L, P = 0.020), hemoglobin (140.4 ± 17.3 
vs 148.1 ± 13.7 g/L, P = 0.015) and albumins (39.5 ± 5.1 vs 43.7 ± 2.4 g/L, P < 0.001), 
while they had significantly higher hsCRP levels (3.4 ± 2.6 vs 1.2 ± 1.1 mg/L, P < 0.001) 
(Table 2).

Serum urotensin II levels
Serum UII levels were significantly higher in the IBD group compared to the control 
group (7.26 ± 1.67 vs 1.98 ± 0.68 ng/mL, P < 0.001) (Figure 1A). Furthermore, there 
were no statistically significant differences in serum UII levels between the patients 
with UC and patients with CD (7.15 ± 1.63 vs 7.36 ± 1.73 ng/mL, P = 0.672) (Figure 1B).

Correlations between urotensin II and other biochemical, anthropometric and 
clinical parameters
There was a significant positive correlation between serum UII levels and hsCRP levels 
(r = 0.491, P < 0.001) and a significant negative correlation between serum UII levels 
and total proteins (r = -0.306, P = 0.032). There were no significant correlations with 
other biochemical parameters (Table 3).

There was a significant positive correlation between serum UII levels with both 
systolic (r = 0.387, P = 0.005) and diastolic (r = 0.352, P = 0.012) blood pressure. 
Moreover, serum UII levels had a significant positive correlation with UCEIS (r = 
0.425, P = 0.048) and SES-CD (r = 0.466, P = 0.028) scores (Table 3).

Multiple linear regression 
Multiple linear regression analysis showed that serum UII levels retained significant 
association with hsCRP (β ± standard error, 0.262 ± 0.076, P < 0.001) and systolic blood 
pressure (0.040 ± 0.017, P = 0.030) after model adjustment for age, gender, BMI and 
diastolic blood pressure, with serum UII levels as a dependent variable (Table 4).

DISCUSSION
The results of this study showed that serum UII levels are higher in patients with IBD 
compared to the healthy controls, while there was no significant difference between 
patients with UC and patients with CD. To the best of our knowledge, this is the first 
clinical study to investigate serum UII levels in both UC and CD.

Association between UII and IBD was only explored in a recent experimental pilot 
study that investigated expression of the UII receptor UTR in patients with UC[22]. 
They measured UTR expression from biopsies of the UC lesions and healthy colon 
tissue, and their outcomes determined that UTR expression was significantly higher in 
both the UC lesions and healthy tissue of the UC patients compared to the control 
group biopsies. Furthermore, a Chinese animal study conducted on mice with dextran 
sulfate sodium induced colitis explored the mechanisms of UTR in colonic inflam-
mation[28]. They administrated the mice with urantide, a special antagonist of UTR 
that consequently alleviated rectal bleeding, tissue injury and production of inter-
leukin (IL)-17 and tumor necrosis factor alpha (TNF-α). Furthermore, they showed that 
the inhibition of UTR reduced the activation of the nuclear factor-κB both in vitro and 
in vivo. Similarly, a study conducted on mice with induced acute liver failure assessed 
UTR expression and mechanisms involved[15]. They found that mice treated with 
urantide and consequent UTR downregulation expressed prevention of pro-inflam-
matory cytokines increase. TNF-α, IL-1β and interferon-γ were significantly lower 
compared to the mice with induced acute liver failure that were not treated with 
urantide. Additionally, a recent study explored UTR effects in acute liver failure by 
using Kupffer cells as a model system[29]. They found that UTR mediates production 
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Table 1 Baseline characteristics of the inflammatory bowel disease group and the control group

Parameter IBD group (n = 50) Control group (n = 50) P value1

Male gender, n (%) 31 (62) 29 (58) 0.838

Age (yr) 44.3 ± 14.8 40.6 ± 12.3 0.181

Body weight (kg) 78.4 ± 14.0 81.1 ± 15.0 0.356

Body height (cm) 176.9 ± 9.8 179.6 ± 7.9 0.130

Body mass index (kg/m2) 23.9 ± 3.7 24.9 ± 3.4 0.136

SBP (mmHg) 119.5 ± 11.2 116.6 ± 9.2 0.156

DBP (mmHg) 77.7 ± 8.3 75.0 ± 8.6 0.112

Smoking, n (%) 12 (24.0) 9 (18.4) 0.660

Disease duration (yr)2 6.0 (3.0-11.0) - -

UCEIS (score) 6.0 (5.0-7.0) - -

SES-CD (score) 9.2 (6.6-12.0) - -

Aminosalycilates 32 (64.0%) - -

DMARD 15 (30.0%) - -

Monoclonal antibodies 29 (58.0%) - -

1Chi-square test or t-test for independent samples.
2Time period since the initial diagnosis.
DBP: Diastolic blood pressure; DMARD: Disease-modifying antirheumatic drug; SBP: Systolic blood pressure; SES-CD: Simple endoscopic score for 
Crohn’s disease; UCEIS: Ulcerative colitis index of severity. Data are presented as whole number (percentage), mean ± SD or median (interquartile range).

Table 2 Laboratory parameters of the inflammatory bowel disease group and the control group

Parameter IBD group (n = 50) Control group (n = 50) P value1

Erythrocytes (× 1012/L) 4.7 ± 0.5 5.0 ± 0.4 0.020

Hemoglobin (g/L) 140.4 ± 17.3 148.1 ± 13.7 0.015

Fasting glucose (mmol/L) 5.1 ± 0.9 5.0 ± 0.6 0.653

Urea (mmol/L) 4.7 ± 1.5 5.6 ± 1.6 0.004

Creatinine (μmol/L) 71.4 ± 15.3 75.9 ± 14.7 0.134

Total proteins (g/L) 71.2 ± 6.6 72.1 ± 3.9 0.394

Albumins (g/L) 39.5 ± 5.1 43.7 ± 2.4 < 0.001

hsCRP (mg/L) 3.4 ± 2.6 1.2 ± 1.1 < 0.001

Triglycerides (mmol/L) 1.3 ± 0.9 1.1 ± 0.6 0.311

Total cholesterol (mmol/L) 4.8 ± 1.3 5.2 ± 1.2 0.091

HDL cholesterol (mmol/L) 1.3 ± 0.4 1.4 ± 0.3 0.447

LDL cholesterol (mmol/L) 2.6 (2.1-3.4) 3.2 (2.4-3.9) 0.018

FC (μg/g) 231 (61.5-619.2) - -

1t-test for independent samples or Mann-Whitney U test.
FC: Fecal calprotectin; HDL: High-density lipoprotein; HsCRP: High sensitivity C-reactive protein; LDL: Low-density lipoprotein. Data are presented as 
mean ± SD and median (interquartile range).

and release of proinflammatory cytokines TNF-α, IL-1β and interferon-γ by using the 
inflammatory pathway nuclear factor-κB. All of these aforementioned studies point to 
the possibility that UII, besides the already well-established vasoconstriction, is also 
involved in the development and enhancement of the inflammatory response.
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Table 3 Correlation analysis between serum urotensin II levels and different biochemical, anthropometric and clinical parameters in the 
inflammatory bowel disease group (n = 50)

Parameter r1 P value

hsCRP (mg/L) 0.491 < 0.001

Total proteins (g/L) -0.306 0.032

Albumins (g/L) -0.182 0.210

Triglycerides (mmol/L) 0.057 0.698

Total cholesterol (mmol/L) -0.114 0.439

HDL (mmol/L) -0.153 0.298

LDL (mmol/L) -0.1033 0.487

Urea (mmol/L) 0.013 0.928

Creatinine (μmol/L) 0.133 0.356

Age (yr) -0.072 0.614

Body mass index (kg/m2) -0.037 0.800

SBP (mmHg) 0.387 0.005

DBP (mmHg) 0.352 0.012

IBD duration (yr)2 0.0453 0.751

FC (μg/g) 0.0483 0.812

UCEIS (score) 0.4253 0.048

SES-CD (score) 0.4663 0.028

1Pearson’s correlation coefficient.
2Time period before the initial diagnosis.
3Spearman’s rank correlation coefficient.
DBP: Diastolic blood pressure; FC: Fecal calprotectin; hsCRP: High sensitivity C-reactive protein; SBP: Systolic blood pressure; SES-CD: Simple endoscopic 
score for Crohn’s disease; UCEIS: Ulcerative colitis index of severity.

Table 4 Multiple linear regression model of independent predictors for serum urotensin II levels

Variable Β1 SE t value P value

Age 0.009 0.015 0.570 0.571

Gender -0.740 0.405 -1.825 0.075

BMI -0.106 0.059 -1.793 0.080

SBP 0.040 0.017 2.243 0.030

DBP 0.039 0.025 1.535 0.132

hsCRP 0.262 0.076 3.469 < 0.001

1Unstandardized coefficient β.
BMI: Body mass index; DBP: Diastolic blood pressure; hsCRP: High sensitivity C-reactive protein; SBP: Systolic blood pressure; SE: Standard error.

According to these results, it could be hypothesized that in IBD, among other 
mechanisms, higher UII levels and consequently greater UTR activity can be asso-
ciated with elevated TNF-α concentrations, which cause the development of the 
aberrant inflammatory response[30]. It is well established that IBD is linked with 
elevated TNF-α levels in the mucosa of the gastrointestinal tract and consequently an 
abnormal inflammatory response that is associated with the dysregulation of mucosal 
immune cells and tissue injury[31]. Moreover, TNF-α contributes to inflammation 
through disruption of the epithelial barrier, stimulation of villous epithelial cells 
apoptosis and secretion of chemokines from intestinal epithelium[32]. This possibility 
is further supported by our results that UII is in a significant positive association with 
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Figure 1 Serum urotensin II levels. A: Comparison between the inflammatory bowel disease group and the control group. B: Comparison between patients with 
Crohn’s disease and patients with ulcerative colitis.

hsCRP, which was additionally supported with multiple linear regression, and clinical 
indices of IBD activity as well. These results implicate that disease activity could be 
closely related to UII levels.

Moreover, it is important to highlight that the previous studies have shown that 
high TNF-α levels play a major role in the disruption of macro and microvascular 
circulation[33]. It induces the production of reactive oxygen species, which results in 
endothelial dysfunction, while several studies presented that the administration of 
anti-TNF-α therapy to patients with IBD results in a significant improvement of 
endothelial dysfunction[32,34]. It is possible that functional and structural changes of 
the vascular endothelium due to chronic inflammation consequently results in higher 
cardiovascular risk in IBD patients[35]. Furthermore, with more severe disease activity 
and consequent greater inflammation, the resulting endothelial dysfunction that 
accompanies these changes is more advanced. It was presented by two recent studies 
that heart dysfunction, as well as fibrosis and cell hypertrophy, were significantly 
decreased in experimental heart models treated with UTR antagonists[36,37]. More-
over, a recent study showed that elevated UII levels are associated with the severity of 
cardiovascular risk factors[38].

In the last 2 decades, it has become clear that chronic systemic inflammation plays a 
major part in the initiation and progression of atherosclerosis[39,40]. Circulating UII 
was reported to promote increase of reactive oxygen species levels, which are 
important molecules in the initiation of atherosclerosis[41]. In a Chinese animal study, 
urantide administration reduced the proportion of the macrophage lesion area as well 
as improved the plaque characteristics in hyperlipidemic rabbits by increasing the 
collagen content[42]. Even though UTR antagonist downregulated proinflammatory 
cytokines, it did not significantly change the lipid profile. In summary, although the 
UTR antagonist did not change the progression of atherosclerosis, it significantly 
affected composition of atherosclerotic plaque. These results imply that UII is asso-
ciated with the process of atherosclerosis, but the downregulation of its receptor UTR 
only affects the properties of the atherosclerotic plaque, while it does not stop its actual 
progression.

Our results also determined a significant positive correlation between serum UII 
levels with systolic and diastolic blood pressure. This is in alignment with several 
other clinical and experimental studies that have found an association between UII 
and arterial pressure, probably present due to its established vasoconstrictive effect[43,
44]. Moreover, studies have shown that IBD patients have a lower incidence of some of 
the traditional risk factors for cardiovascular diseases, including hypertension[19]. In a 
current scenario, it is still questionable why IBD patients have lower incidence of 
hypertension, although UII levels are elevated in comparison with healthy subjects. It 
is hard to hypothesize from our results what are the possible reasons for this 
ambiguity, and further studies are needed to elaborate this issue. However, it is 
possible that UII vasoconstriction effect is diminished by other factors that are present 
in IBD patients.
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This study had several limitations. It was a single center study with a cross-sectional 
design. Moreover, our sample size was relatively low, and we were not able to 
eliminate completely all possible confounding effects.

CONCLUSION
In conclusion, this study showed that patients with IBD have a higher serum level of 
UII compared to the control group. This implied association with IBD was further 
supported with the positive correlation between UII and hsCRP, UCEIS and SES-CD. 
All of these results suggest that UII could be involved in the pathophysiology of IBD, 
especially in the inflammation severity and disease activity. However, future studies 
need to clarify these connections.

ARTICLE HIGHLIGHTS
Research background
Patients with inflammatory bowel disease (IBD) are associated with increased car-
diovascular risk and have increased overall cardiovascular burden. On the other hand, 
urotensin II (UII) is one of the most potent vascular constrictors with immunomodu-
latory effect that is connected with a number of different cardiometabolic disorders as 
well. Since the features of IBD includes chronic inflammation and endothelial dys-
function, it is plausible to assume that there is connection between increased cardiac 
risk in IBD and UII.

Research motivation
While a recent study showed that patients with ulcerative colitis (UC) have increased 
expression of urotensin II receptor in comparison to healthy controls, a larger clinical 
study regarding UII serum levels in patients with IBD is still missing.

Research objectives
The aim of this study was to compare serum levels of UII between patients with IBD 
and healthy controls. The additional goal was to investigate the association of serum 
UII levels with the anthropometric, clinical and biochemical parameters.

Research methods
This study included 50 adult patients with pre-diagnosed IBD (24 patients with UC 
and 26 patients with Crohn’s disease (CD) and 50 healthy, age and gender matched 
controls. Serum levels of UII were determined using the enzyme immunoassay kit for 
human UII, according to the manufacturer’s instructions. Other parameters were 
analyzed according to the standard laboratory procedures.

Research results
Analysis has shown that IBD patients have significantly higher concentrations of UII 
when compared to control subjects (7.57 ± 1.41 vs 1.98 ± 0.69 ng/mL, P < 0.001), while 
there were no significant differences between CD and UC patients (7.49 ± 1.42 vs 7.65 ± 
1.41 ng/mL, P = 0.689). There was a significant positive correlation between serum UII 
levels and high sensitivity C reactive peptide levels (r = 0.491, P < 0.001), UC 
Endoscopic Index of Severity (r = 0.425, P = 0.048) and Simple Endoscopic Score for 
CD (r = 0.466, P = 0.028) scores.

Research conclusions
Our clinical results suggest that UII could be involved in the pathophysiology of IBD, 
especially in the inflammation severity and disease activity.

Research perspectives
Future larger scale multicenter studies need to clarify the connection between UII and 
IBD.
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Abstract
BACKGROUND 
Meckel’s diverticulum is a common asymptomatic congenital gastrointestinal 
anomaly. However, its presentation as an inverted Meckel's diverticulum is a rare 
complication, of which few cases have been reported in the literature.

CASE SUMMARY 
Here, we report the case of a 33-year-old man with iron deficiency anemia 
without manifestation of gastrointestinal bleeding. An upper gastrointestinal 
endoscopy and total colonoscopy were performed, but no abnormalities were 
found within the observed area. Finally, a capsule endoscopy was performed and 
offered us a clue to subsequently confirm the diagnosis of inverted Meckel's 
diverticulum via computed tomography scan. Laparoscopic intestinal resection 
surgery was performed. The final pathology report described a Meckel’s 
diverticulum.

CONCLUSION 
Since inverted Meckel's diverticulum is an uncommon disease and its clinical 
presentation is not specific, it may go undetected by capsule endoscopy. 
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Core Tip: Inverted Meckel’s diverticulum is an uncommon disease with a wide 
spectrum of accompanying nonspecific symptoms. We present, here, a case of iron 
deficiency anemia with negative endoscopic study, in which capsule endoscopy played 
a key role in confirming the diagnosis. Since inverted Meckel's diverticulum is an 
uncommon disease with few cases described in the literature, this report aims to 
contribute more information concerning the clinical characteristics as well as 
radiological and capsule endoscopy findings of inverted Meckel’s diverticulum that 
can help clinicians make the correct diagnosis.

Citation: El Hajra Martínez I, Calvo M, Martínez-Porras JL, Gomez-Pimpollo Garcia L, 
Rodriguez JL, Leon C, Calleja Panero JL. Inverted Meckel’s diverticulum diagnosed using 
capsule endoscopy: A case report. World J Gastroenterol 2021; 27(36): 6154-6160
URL: https://www.wjgnet.com/1007-9327/full/v27/i36/6154.htm
DOI: https://dx.doi.org/10.3748/wjg.v27.i36.6154

INTRODUCTION
Meckel’s diverticulum is a common congenital gastrointestinal anomaly which is a 
remanent of the omphalomesenteric duct[1]. It is often within 100 cm of the ileocecal 
valve and located in the antimesenteric surface of the ileum[2]. According to autopsy 
studies, this condition is found in 0.3%-2% of the general population[3,4].

Patients with Meckel’s diverticulum are usually asymptomatic. However, up to 
6.4% develop complications that require surgery[5]. The most common complications 
are gastrointestinal bleeding in association with ectopic gastric and/or pancreatic 
mucosa, intestinal obstruction, intussusceptions, diverticulitis or volvulus. The 
inversion of Meckel’s diverticulum is a rare complication with a pathophysiology not 
clearly understood, that can be a clinical challenge given its diagnostic difficulty. 
Moreover, the clinical presentation is nonspecific, the most frequent mode of 
presentation being intussusception, abdominal pain, anemia or gastrointestinal 
bleeding[6].

Although Meckel’s diverticulum is the most common congenital anomaly of the 
small bowel, inversion or invagination of the diverticulum is a rare occurrence. To 
date, there are only around 100 cases in the literature that demonstrate the presence of 
inverted Meckel’s diverticulum.

Herein, we present the case of iron deficiency anemia without manifestation of 
gastrointestinal bleeding, in which capsule endoscopy played a key role in the final 
diagnosis of inverted Meckel's diverticulum.

CASE PRESENTATION
Chief complaints
A 33-year-old male with no significant medical history presented to the emergency 
room with progressive weakness, easy fatigability and headache. He had no evidence 
of lower or upper gastrointestinal bleeding and he reported no abdominal pain, 
nausea, vomiting, anorexia, fever or weight loss.

History of present illness
The patient’s symptoms started 3 wk prior and had worsened over the last 4 d.

http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
https://www.wjgnet.com/1007-9327/full/v27/i36/6154.htm
https://dx.doi.org/10.3748/wjg.v27.i36.6154
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History of past illness
There was no significant medical history.

Personal and family history
There was no significant medical history.

Physical examination
In the emergency room, the patient was clinically stable, with a normal temperature 
(36.7 °C). The patient exhibited an oxygen saturation level of 97% while he was 
breathing ambient air. His blood pressure was 102/61 mmHg and his heart rate was 91 
beats per minute. The patient was awake, alert, and fully oriented. Physical 
examination revealed signs of pallor and an absence of lymphadenopathy, hepato-
splenomegaly, bone tenderness or jaundice. Examination of the rectum revealed a few 
external hemorrhoids, but there was no blood or melena in the rectal vault; there were 
no skin tags, fissures or palpable masses.

Laboratory examinations
The initial laboratory findings showed low hemoglobin levels (7 g/dL), a white blood 
cell count of 11250 per mm3, a platelet count of 221000 per mm3 and a C-reactive 
protein of 1.31 mg/dL. Two pints of packed red blood cells were therefore transfused 
and the patient was admitted to the gastroenterology department. Electrocardio-
graphy (ECG) showed sinus rhythm at 93 beats per minute and the results of the 
patient’s chest radiography were normal.

The patient’s next blood test, showed a mean corpuscular volume of 72.5 fl, a mean 
corpuscular hemoglobin of 25.6 pg, and a reticulocyte count of 1%. The patient’s iron 
level was 38 μg/dL, his ferritin level was 17 ng/mL, and his transferrin saturation was 
9%. The hemolysis study was negative. Hence, the patient’s anemia was classified as 
iron deficiency anemia.

Imaging examinations
During this period, an upper gastrointestinal endoscopy and a colonoscopy were 
performed to study the patient’s anemia. The colonoscopy revealed internal 
hemorrhoids without any other relevant findings while the upper gastrointestinal 
endoscopy showed no abnormalities. The patient remained stable and was discharged 
and the study was completed on an outpatient basis with oral iron treatment.

During his visit to the outpatient clinic 3 wk later, the patient remained anemic, 
with a hemoglobin level of 8.8 g/dL. The anemia study was completed with a capsule 
endoscopy, which revealed a lifted erosion and mild bulge in the ileum of approx-
imately 8-9 mm in size (Figure 1). These findings of appearance of a subepithelial 
bulge in the ileum suggested an inverted Meckel diverticulum. Normal intestinal 
mucosa was seen on the surface of the tumor with a longer small intestine transit time 
suggestive of Meckel’s diverticulum. A technetium-99m pertechnetate radioisotope 
scintigraphy (Meckel’s scan) was performed and was negative. The patient 
subsequently underwent an ultrasound examination, which revealed no pathological 
findings. Finally, an abdominal computed tomography (CT) was performed and 
showed a central area of fat attenuation surrounded by a thick collar of soft tissue 
attenuation (Figure 2) suggestive of inverted Meckel’s diverticulum.

FINAL DIAGNOSIS
The patient was diagnosed with an inverted Meckel’s diverticulum and underwent a 
laparoscopic surgery. A large intraluminal polyp-like mass in the mid-ileum was 
observed. The remainder of the small bowel was normal to the level of the ligament of 
Treitz. A segmentary resection of the small bowel with adequate margin was 
performed and side-to-side anastomosis was carried out using a stapling device.

On gross examination, the specimen consisted of a segmental resection of the small 
bowel of 8 cm × 4 cm × 2.6 cm with a sausage-shaped polypoid lesion.

Histological examination (Figure 3) showed a polypoid lesion, with a central fatty 
and collagenous core lined with an intestinal type mucosa. A central area of ulceration 
was seen, with no presence of gastric or pancreatic heterotopia. The final pathology 
report described a Meckel’s diverticulum.
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Figure 1 Capsule endoscopy with protruding lesion. A: Capsule endoscopy with protruding lesion, with a depressed erosion at the tip suggestive of 
Meckel’s diverticulum; B: Capsule endoscopy with protruding lesion suggestive of Meckel’s diverticulum.

Figure 2 Abdominal computed tomography scan revealed a central area of fat attenuation surrounded by a thick collar of soft tissue 
attenuation suggestive of Meckel’s diverticulum. 

TREATMENT
The patient was diagnosed with an inverted Meckel’s diverticulum and underwent a 
laparoscopic surgery. A large intraluminal polyp-like mass in the mid-ileum was 
observed. The remainder of the small bowel was normal to the level of the ligament of 
Treitz. A segmentary resection of the small bowel with adequate margin was 
performed and side-to-side anastomosis was carried out using a stapling device.

OUTCOME AND FOLLOW-UP
The patient had an uneventful postoperative course and was discharged 4 d after 
surgery.

DISCUSSION
Meckel’s diverticulum is the most common congenital anomaly in the gastrointestinal 
tract[1] and is often incidentally discovered during evaluations performed for other 
reasons, as it is usually an asymptomatic condition. However, complications can occur 
in up to 6.4% of patients[7]. These are more frequent in the pediatric population and 
mainly involve bowel obstruction with or without intussusception, gastrointestinal 
hemorrhage, diverticulitis and inflammation, and Littre hernia (hernia involving the 
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Figure 3 Low power histologic examination of a polypoid lesion lined by an intestinal type mucosa with a central ulcerated area. No gastric 
or pancreatic heterotopic tissue can be found.

bowel segment bearing Meckel's)[4,7].
Inverted Meckel’s diverticulum is an unusual condition that is not yet clearly 

understood and there are no more than 100 cases reported in literature.
It has been proposed that the mechanism that could produce the inversion is an 

abnormal peristaltic movement around an ulceration or ectopic tissue. Nevertheless, 
no ectopic tissue was found in 41% of patients with inverted Meckel’s diverticulum[6]. 
In this regard, tc-99m pertechnetate scintigraphy can help detect ectopic gastric 
mucosa and has been used for years as a diagnostic method for Meckel's diverticulum, 
especially in children, with a sensitivity of 92.1% and a specificity of 95.4%[8]. In 
adults, the sensitivity of this method is significantly less (54%)[9]. No cases of 
diagnosis of inverted Meckel's diverticulum by scintigraphy have been described, 
while there is only 1 case with gastric and pancreatic mucosa in the histopathological 
sample where the scintigraphy was negative[10]. Our patient’s scintigraphy was 
negative. Therefore, this suggests that a negative scan does not preclude the presence 
of ectopic mucosa and the diagnosis of possible inverted Meckel’s diverticulum.

This inversion of the Meckel’s diverticulum can lead to a complete intussusception 
of the bowel or compromise blood flow to that bowel, ulceration and then 
gastrointestinal bleeding. The bleeding can also be explained by repetitive mechanical 
trauma to the mucosa from the reversible intussusception.

As in our patient, anemia or gastrointestinal bleeding are the most frequent clinical 
manifestations, found in up to 80% of patients[6]. This usually leads to an upper and 
lower gastrointestinal endoscopy, where the cause of the bleeding cannot be found.

Other clinical manifestations which can occur are abdominal pain (68%) and 
intussusception (39%). The median age of presentation is 27.7 years, younger than that 
reported for Meckel’s diverticulum, which has been 33, with a male to female ratio of 
approximately 2.33:1[6].

Regarding the diagnostic tools, abdominal ultrasonography can contribute to the 
diagnosis, but often shows nonspecific findings such as thickened intestinal wall, fluid 
fille target or distended loops of bowel[11,12]. In our case, abdominal ultrasonography 
revealed no pathological findings.

One of the most useful tools is a CT scan. It usually shows a thickened small 
intestinal wall, with an elongated, intraluminal, fat-attenuating lesion[13], as in our 
case. In the case of intussusceptions, a CT scan is especially useful as it can reveal the 
characteristic “target sign”. Inverted Meckel’s diverticulum is sometimes confused 
with a lipoma on CT scans because it also consists of macroscopic fatty tissue. 
However, in most cases, abdominal CT scans provide useful information for the 
diagnosis and treatment of inverted Meckel's diverticulum[6].

Capsule endoscopy has recently been considered a useful diagnostic tool for 
diagnosing Meckel’s diverticulum[9,14,15]. However, the role of capsule endoscopy in 
the identification of Meckel’s diverticulum is not yet clear, with only a few case reports 
and case series available. Furthermore, in the case of inverted Meckel's diverticulum, 
the information is very limited, represented by only 2 case reports[16,17]. The capsule 
findings compatible with inverted Meckel's diverticulum were described as an 
elevated lesion with normal mucosa[16] or as pedunculated polyp[17].
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In our case, the capsule endoscopy images were similar (a subepithelial protruding 
lesion in the ileum with the presence of blood, hematin, ulcer or erosion) and offered 
us a clue to subsequently confirm the diagnosis of inverted Meckel's diverticulum. In 
addition, the clinical suspicion due to the clinical characteristics (such as the fact that 
the patient was a young man with anemia) and a negative endoscopic study was of 
great importance for the diagnosis of inverted Meckel's diverticulum.

Regarding the risk of possible intestinal obstruction of the endoscopic capsule due 
to Meckel's diverticulum, no events have been described.

Surgery is the treatment of choice for symptomatic Meckel’s diverticulum. The 
general consensus is that it should be treated with resection. In the case of 
asymptomatic Meckel’s diverticulum, there is some debate. Resection is generally 
recommended for patients younger than 40-years-old, with diverticulum longer than 2 
cm, diverticula with narrow necks, fibrous bands, and/or ectopic gastric tissue, 
and/or when the diverticulum appears thickened and inflamed[4,6,18].

It is important to note that in cases of anemia without abdominal pain, like that of 
our patient, it may take a long time for the patient to be diagnosed with inverted 
Meckel’s diverticulum, given that it is an unusual condition with a nonspecific clinical 
presentation. Capsule endoscopy is usually performed in those patients with anemia 
with a normal upper and lower gastrointestinal endoscopy. However, if clinicians are 
unaware of the characteristics of this lesion, it may go undetected since it is an 
uncommon disease. Therefore, this report aims to contribute more information 
concerning the clinical characteristics, radiological findings and especially, the capsule 
endoscopy findings of inverted Meckel’s diverticulum that can help clinicians suspect 
that this disease is present and enable them to establish a definitive diagnosis.

CONCLUSION
To date, inverted Meckel's diverticulum is a pathology that is still not completely well 
known, with few cases described in the literature. Its clinical presentation is not 
specific, its most frequent symptoms being anemia or lower gastrointestinal bleeding. 
Patients are often given an upper and lower gastrointestinal endoscopy which reveals 
no abnormalities and a subsequent capsule endoscopy. Therefore, increased awareness 
of the disease and a greater understanding of the features of this lesion in capsule 
endoscopy findings could ultimately help clinicians make the correct diagnosis.
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