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Abstract
Hepatocellular carcinoma (HCC) is the most common type of liver cancer 
worldwide. Viral hepatitis is a significant risk factor for HCC, although metabolic 
syndrome and diabetes are more frequently associated with the HCC. With 
increasing prevalence, there is expected to be > 1 million cases annually by 2025. 
Therefore, there is an urgent need to establish potential therapeutic targets to cure 
this disease. Peroxisome-proliferator-activated receptor gamma (PPARγ) is a 
ligand-activated transcription factor that plays a crucial role in the patho-
physiology of HCC. Many synthetic agonists of PPARγ suppress HCC in experi-
mental studies and clinical trials. These synthetic agonists have shown promising 
results by inducing cell cycle arrest and apoptosis in HCC cells and preventing the 
invasion and metastasis of HCC. However, some synthetic agonists also pose 
severe side effects in addition to their therapeutic efficacy. Thus natural PPARγ 
agonists can be an alternative to exploit this potential target for HCC treatment. In 
this review, the regulatory role of PPARγ in the pathogenesis of HCC is 
elucidated. Furthermore, the experimental and clinical scenario of both synthetic 
and natural PPARγ agonists against HCC is discussed. Most of the available 
literature advocates PPARγ as a potential therapeutic target for the treatment of 
HCC.

Key Words: Anticancer; Hepatocellular carcinoma; Natural agonists; Peroxisome 
proliferator-activated receptor-γ; Thiazolidinediones
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Core Tip: Hepatocellular carcinoma (HCC) is the most common type of liver cancer worldwide. Viral 
infections and metabolic syndrome are the major risk factors for HCC, and its incidence is expected to 
increase to > 1 million cases annually by 2025. The crucial role of peroxisome-proliferator-activated 
receptor gamma (PPARγ) in HCC pathophysiology makes it a potential therapeutic target. Along with 
synthetic agonists, natural PPARγ agonists provide alternative and safer options for HCC treatment; 
however, they need to be validated clinically. This review discusses the regulatory role of PPARγ in HCC 
pathogenesis and experimental and clinical scenarios of PPARγ agonists in HCC treatment.

Citation: Katoch S, Sharma V, Patial V. Peroxisome proliferator-activated receptor gamma as a therapeutic target 
for hepatocellular carcinoma: Experimental and clinical scenarios. World J Gastroenterol 2022; 28(28): 3535-3554
URL: https://www.wjgnet.com/1007-9327/full/v28/i28/3535.htm
DOI: https://dx.doi.org/10.3748/wjg.v28.i28.3535

INTRODUCTION
Liver cancer is the sixth most common cause of cancer-related death worldwide, with a higher 
prevalence in men than women. Hepatocellular carcinoma (HCC) incidence was expected to increase to 
> 1 million individuals annually by 2025[1]. HCC, a primary subtype of liver cancer, primarily occurs in 
Asia and Africa due to the high prevalence of hepatitis B virus (HBV), hepatitis C virus, and diabetes
[2]. These conditions are linked to the inflammatory response in the liver, leading to the development of 
HCC. Furthermore, other conditions such as obesity, dietary mycotoxin exposure, and excessive alcohol 
consumption are also among the risk factors for the development of HCC. These factors lead to the 
development of cirrhosis in 70%-80% of HCC patients. Liver transplantation is currently the best option 
for curing HCC, but there is a limitation to the availability of donors[3]. During the last two decades, the 
understanding and management of HCC have changed dramatically due to the extensive basic and 
clinical research, which may further help to reveal potential targets for the treatment of HCC. Sorafenib 
is the first-line defense therapy approved by the United States food and Drug Administration (FDA) for 
the advanced stages of HCC. It is a type of multikinase inhibitor that shows tumor-suppressing activity 
via targeting vascular endothelial growth factor receptor, adenosine monophosphate-activated protein 
kinase (AMPK), and platelet-derived growth factor receptor[4]. Apart from their therapeutic potential, 
sorafenib shows acquired resistance in HCC cells. The low response rate indicates that patients sensitive 
to sorafenib during the treatment will develop resistance within 6 mo. These negative impacts of 
approved drugs prompted many researchers to find novel drugs or targets to cure HCC[5].

Peroxisome proliferator-activated receptor gamma (PPARγ) is a ligand-activated nuclear receptor 
activated by synthetic and natural agonists[6]. It is highly expressed in adipose tissue, where it plays a 
central role in regulating adipose tissue function. Many studies have established the role of PPARγ in 
the pathophysiology of HCC. In vitro and in vivo data have shown the inhibitory role of PPARγ 
activation in tumor cell growth, migration, and invasion suggesting its therapeutic role in the growth 
regulation of HCC[7,8]. The antitumor effects of PPARγ are fulfilled by various mechanisms, including 
the induction of cell cycle arrest and activation of genes/proteins involved in immune and inflam-
matory responses[9]. Previous reports have revealed the mechanism underlying the development of 
HCC and suggested the presence of PPARγ in human HCC tissues, which shows a dose-dependent 
decrease in the growth of HCC cell lines[10]. Thus, molecules modulating PPARγ signaling pathways 
will provide a novel solution for the effective treatment of HCC. This review focuses on the role of 
PPARγ in the HCC pathophysiology and the experimental and clinical status of PPARγ agonists in the 
treatment of HCC.

MOLECULAR ARRANGEMENT OF PPARγ
The PPARs protein belong to the superfamily of nuclear hormone factors containing 48 members. 
PPARs were mainly recognized for their proficiency in promoting peroxisome proliferation in the liver, 
and their expression is mainly regulated in response to ligand binding[11]. Three isoforms of PPARs, 
namely PPARα, PPARγ, and PPARδ, have been studied to a large extent. Of these isoforms, PPARγ is 
highly expressed in adipose tissue, where it plays a vital role in regulating lipid homeostasis, energy 
balance, adipogenesis, and inflammation. Due to the presence of different promotor regions and 5’ 
exons, PPARγ has three distinct mRNAs (PPARγ1, PPARγ2, and PPARγ3). The translation products of 
PPARγ1 and PPARγ3 yield identical proteins; however, PPARγ2 results in a product with an additional 
N-terminal region[12]. PPARγ1 and PPARγ3 are biologically expressed in different tissues (hepatocytes, 
muscles, and endothelial cells), whereas PPARγ2 is only widely expressed in adipose tissue[9,13]. 
PPARγ plays a significant role in maintaining metabolic alterations, inflammation, glucose homeostasis, 
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cell cycle regulation, differentiation, and migration, making it a potential therapeutic target for treating 
metabolic disorders and cancers[14]. The structural arrangement of PPARs is similar to steroid and 
thyroid hormone receptors. Its ligand-binding cavity is 3- to 4 -times higher than that of the other 
nuclear receptors. They can be activated by various natural and synthetic agonists, such as essential 
fatty acids[15,16]. The three-dimensional structure of PPARγ consists of a canonical domain shared with 
other nuclear receptors, named A-E from N to C terminus (Figure 1). These domains include the amino-
terminal AF-1 domain, a DNA-binding domain with two zinc finger motifs, and a ligand-binding 
domain (LBD or E/F domain) at the C-terminus responsible for specific ligand binding at the 
peroxisome proliferator response element (PPRE)[16,17]. After interaction with specific ligands, the LBD 
facilitates the heterodimerization of PPARs with retinoid X receptor (RXR), which subsequently binds to 
the PPRE of the target gene. RXR is activated by the natural ligand 9-cis-retinoic acid receptor and 
synthetic retinoids receptors. However, in the absence of specific ligands, heterodimers bind with co-
repressors, ultimately inhibiting the gene[12]. This complex subsequently recruits coactivation or co-
repressors to regulate the expression of targets genes related to lipid glucose metabolisms and inflam-
mation (Figure 1)[6].

ROLE OF PPARγ IN HCC
PPARγ plays a multifunctional role in many tissues and cell types such as adipocytes, pancreas, 
macrophages, liver, kidney, and skeletal muscle. It plays a regulatory role in adipocyte differentiation, 
lipid metabolism, and insulin sensitivity via downregulating leptin concentration[7]. Despite the low 
expression in the healthy liver, PPARγ plays a significant role in several hepatic conditions such as fatty 
liver, fibrosis, and HCC. Many in vitro and in vivo studies have reported that natural and synthetic 
PPARγ agonists inhibit tumor growth and cell migration in HCC[18]. The activation of PPARγ inhibits 
cell growth by inducing G0/G1 cell cycle arrest in HCC cells, which is suggested to be associated with 
p21, p27, and p18 upregulation (Figure 2). Furthermore, p27 upregulation downregulates S-phase 
kinase-associated protein-2 (Skp2) in HCC, an F-box protein component of the Skp, Cullin, F-box 
ubiquitin-ligase complex. p27 plays a vital role in G0/G1 arrest instead of p21[10,19]. The direct overex-
pression of PPARγ in hepatic cancerous cells also inhibits cell growth; however, the cells are arrested in 
the G2/M phase instead of the G0/G1 phase after PPARγ agonist treatment. G2/M phase arrest in 
PPARγ overexpression is attributed to activating cell division cycle 25C phosphatase by Ser216 
phosphorylation and preventing premature mitosis[20]. Compared to wild-type mice, another study on 
PPARγ-deficient mice showed increased hepatocarcinogenesis after treatment of diethylnitrosamine 
(DENA). Growth differentiation factor 15 (GDF 15) is a target gene of PPARγ and is induced by its 
activation. GDF 15 overexpression in many cancers is associated with an antitumorigenic response, as it 
was suggested to reduce cancer cell viability and induce cell apoptosis. PPARγ activation by agonist or 
direct overexpression induces apoptosis by intrinsic and extrinsic pathways[21]. Activation of the 
extrinsic apoptosis pathway by PPARγ overexpression is attributed to the induction of tumor necrosis 
factor α (TNFα) and Fas, leading to the activation of downstream caspases (Figure 2). In the intrinsic 
pathway, PPARγ overexpression stimulates B-cell lymphoma 2 (Bcl-2)-associated X protein 
transcription and release into the cytosol, activating apoptotic protease activating factor 1 and caspase-9 
complex, which further triggers caspase 3 and 7 to induce apoptosis[6,21]. The antitumorigenic effect of 
PPARγ in HCC is also suggested via modulation of the phosphoinositide 3-kinase (PI3K)/Akt pathway
[22]. PPARγ activation attenuates p85 activation, which is essential for Akt induction, thus inhibiting 
PI3K/Akt signaling and inducing apoptosis[23].

Hepatic inflammation is crucial in the progression of HCC, and PPARγ plays a central role in 
regulating inflammation. PPARγ inhibits inflammation by interfering with nuclear factor-kappa B (NF-
κB) and suppressing the production of proinflammatory cytokines (TNFα and interleukin 1 beta [IL-1β]). 
Activation of PPARγ by specific ligands in T-cell differentiation promotes an inflammatory response, 
thereby playing a significant role in the adaptive immune response. Thus, PPARγ act as an important 
therapeutic target for regulating inflammatory markers (TNFα, IL-2, IL-1β, and IL-6) against the 
progression of several diseases[7,16]. Hepatic stellate cell (HSC) activation and fibrogenic factor 
significantly contribute to the development of HCC (Figure 2). PPARγ is highly expressed in quiescent 
HSCs and has a role in their transdifferentiation. HSC activation and PPARγ are inversely related as 
increased expression of PPARγ inhibits HSC proliferation and induces apoptosis in activated HSCs[24]. 
It also reduces the expression of alpha-smooth muscle actin (αSMA) and hydroxyproline to inhibit 
hepatic fibrosis. Hepatic injury induces microvascular complications in the liver, stimulating various 
sinusoidal cells such as HSCs, liver sinusoidal endothelial cells, and Kupffer cells. PPARγ regulates the 
role of these cells in liver inflammation and fibrosis. The deactivation of HSCs by PPARγ agonists 
further reduces extracellular matrix deposition and expression patterns of matrix metalloproteinase 
(MMP)/tissue inhibitors of MMPs (TIMP). The expression of MMP9 and MMP13, TIMP, heparinase, 
and E-cadherin is associated with cancer cell migration and metastasis[25]. The expression patterns of 
these markers are directly linked to PPARγ activation. Reports also link PPARγ activation with 
autophagy in HCC. Autophagy is thought to be inhibited after autophagosome formation in the absence 
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Figure 1 General structure and ligand-activated transcription of peroxisome proliferator-activated receptor-gamma. A: Peroxisome 
proliferator-activated receptor (PPAR) structure includes four distinct structural domains A/B, C, D, and E/F; B: Ligand-activated transcription of PPARγ, which 
includes heterodimerization with nuclear receptor retinoid X receptor (RXR) and binding with peroxisome proliferator response elements located in the target genes 
through the DNA-binding domain (DBD). In the absence of ligand, PPAR is linked with the corepressor complex, whereas, in the presence of ligand, it is associated 
with the coactivator complex. LBD: Ligand-binding domain; PPRE: Peroxisome proliferator response element.

Figure 2 Schematic diagram showing the protective effect of peroxisome proliferator-activated receptor γ against the progression of 
hepatocellular carcinoma. Activated peroxisome proliferator-activated receptor γ (PPARγ) interacts with multiple pathways, leading to cell cycle arrest, 
apoptosis, inhibition of cell proliferation, and cell metastasis in hepatocellular carcinoma. BAX: B-cell lymphoma 2 (Bcl-2)-associated X protein; IκBα: Nuclear factor of 
kappa light polypeptide gene enhancer in B-cells inhibition alpha; IL: Interleukin; TIMP: Tissue inhibitor of metalloproteinases; MMP: Matrix metalloproteinase; ECM: 
Extracellular matrix; αSMA: Alpha-smooth muscle actin; TGFβ: Transforming growth factor beta; iNOS: Inducible nitric oxide synthase; TNFα: Tumor necrosis factor 
alpha; APF1: Apoptotic protease activating factor 1.

of PPARγ, resulting in increased light chain 3 protein expression and accumulation of p62 in the 
autophagosome[26,27]. Therefore, induction of autophagy in HCC is linked to the activation of PPARγ 
in HCC. A recent study elucidated the role of PPARγ coactivator-1α (PGC1α) in suppressing HCC 
metastasis. The levels of PGC1α were downregulated in human HCC and associated with a poor 
prognosis, large tumor size, and vascular invasion[28]. However, PGC1α overexpression in the HCC 
cells inhibited tumor cell migration and invasion. The suppression of metastasis by PGC1α overex-
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pression was suggested due to PPARγ-dependent downregulation of pyruvate dehydrogenase kinase 
isozyme 1 and inhibition of aerobic glycolysis through Wnt/β-catenin/pyruvate dehydrogenase kinase-
1 (PDK1) axis regulation[29].

Zinc finger protein 746 (ZNF746) is a Parkin-interacting substrate (PARIS), acting as a transcriptional 
regulator of PPARγ co-activator 1 alpha (PGC1α) which further regulates the activity of PPARγ and is 
involved in the onset of HCC. The elevated levels of insoluble parkin with PARIS accretion in the 
hepatic cells of diethylnitrosamine (DEN)-injected mice were observed with the downregulation of 
PGC1α and NRF1. Moreover, Chang liver cells treated with hydrogen peroxide showed PARIS accretion 
and alleviation of PGC1α. As the co-activator, PGC1α is directly linked to PPARγ regulation, further 
monitoring the oncogenic stress promoting cancer development. Thus, the modulation of PPARγ and its 
co-activators can be a promising therapeutic target for HCC[30]. In a clinical study, it was subsequently 
observed that the expression of PGC1α is negatively associated with tumor size and vascular influx. The 
increased expression of PGC1α could elevate the degree of oxidative phosphorylation, further slowing 
down the rate of metastasis and the Warburg effect of HCC cells[31]. Rapid proliferation is the prime 
feature of cancerous cells for which cells need to meet the high energy demand through the aerobic 
glycolysis pathway rather than the pyruvate oxidation pathway. The canonical Wnt/β-catenin signaling 
was also targeted to observe the expression of PDK1 in the PGC1α knockdown model by employing two 
popular inhibitors of this signaling pathway (XAV-939 and ICG-001). Gene Set Enrichment Analysis 
indicated that these inhibitors alleviate the overexpression of extracellular lactate, suggesting the 
possible role of PGC1α in the inhibition of aerobic glycolysis via Wnt/β-catenin signaling. Dual-
luciferase reporter assays showed that the transcriptional actions of PPARγ are significantly increased in 
HCCLM3 and MHCC97H cells with PGC1α augmentation. These results show that the tumor-
suppressive activity of PGC1α depends on PPARγ, which makes PPARγ a key regulator of HCC[29,32]. 
An earlier report revealed the role of PPARγ in HCC by analyzing the mRNA and protein expression in 
20 patients with cirrhosis and chronic hepatitis. The results indicated a statistically pronounced drop in 
levels of PPARγ in HCC compared to the non-tumorous liver tissue[33]. A report confirmed that miR-
130b aids cell aggressiveness by suppressing PPARγ in human HCC[34]. Similarly, evidence on the 
oncogenic role of miR-1468 in HCC via activating the PPARγ/Akt pathway was also recently confirmed. 
The increased levels of miR-1468 elevated the malignant prognostic features and improved survival. 
Carboxy-terminal domain 2 and UPF1 RNA Helicase And ATPase were identified as the downstream 
targets for miR-1468, which regulate PPARγ/Akt pathway activation. Restoration of the expression of 
these targets partially abolished the effects of miR-1468, explaining the regulation via PPARγ/Akt 
signaling[35].

EXPERIMENTAL AND CLINICAL SCENARIOS
Many studies have explored the therapeutic effects of synthetic and natural PPARγ agonists against 
HCC in preclinical and clinical trials. The activation of PPARγ significantly suppresses HCC 
progression and invasion. Several findings have identified PPARγ as a target for tumor suppression, a 
mediator of apoptosis, and a suppressor of carcinogenesis and metastasis by triggering intrinsic 
pathways and mainly inhibiting the PI3K/Akt survival pathway[8,21,36]. The various synthetic and 
natural PPARγ agonists used for HCC are listed in Table 1.

SYNTHETIC PPARγ AGONISTS IN HCC
PPARγ itself and its agonists have anticancer activities, such as growth inhibition, induction of 
apoptosis, and cell differentiation. Thiazolidinediones (TZDs) are a class of synthetic PPARγ agonists, 
and many compounds of this class have been studied for their efficacy in experimental models and 
clinical trials. These compounds were used as a bioregulatory remedial approach to target the 
communicative framework of HCC in patients with non-curative HCC[37]. TZDs are also effective for 
glycemic control and the likelihood of HCC and hepatic manifestation in diabetic patients with chronic 
hepatitis B (CHB). Of the 28999 patients with CHB, 3963 patients developed HCC at a median follow-up 
of 7.1 years, whereas 1153 patients were administered TZD during the follow-ups. The findings showed 
the co-relation of TZD use with lowering the risk of poor hepatic manifestations in diabetic patients 
with CHB[38]. A population-based case-control study performed in 23580 diabetic patients 
demonstrated the negative relationship between the risk of HCC and use of TZDs. There is a time-
dependent effect of TZD use on the risk of HCC. The longer the duration of TZD use, the lower the risk 
of HCC[39-41]. Many other reports have also suggested that the administration of PPARγ agonists 
ameliorates several types of cancers, i.e. colorectal, bladder, lung, and liver cancers. The effects are more 
substantial at higher cumulative dosages with longer durations[42].
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Table 1 Various synthetic and natural peroxisome-proliferator-activated receptor gamma agonist used in experimental and clinical 
trials for hepatocellular carcinoma

Agonist name Drug bank/ 
PubChem ID Model Concentration/dose of 

agonist Effects Ref.

Synthetic agonists

Pioglitazone DB01132 In vivo (Rats, and Mice) 3 mg/kg; 10 mg/kg Reduced HCC progression and 
decreased tumor size and volume

[44]

In vivo (Orthotopic Mice)
In vitro (MHCC97L, and 
BEL-7404)

50 µmol/L Decreased HCC migration, and 
invasiveness

[25]

In vitro (HepG2 and PC3) 0.1, 1, 10, 100 µmol/L Reduced cancer growth, Increased 
apoptosis

[49]

Rosiglitazone DB00412

In vitro (HepG2 and 
Hep3B)

80 µmol/L Restricted the oncogenic activity of 
SEPT2

[50]

In vitro (HLF, HLE, HuH-
7, PLC/PRF/5, and 
HepG2)

10, 50 or 100 µmol/L Inhibit proliferation, induce cell 
cycle arrest

[53]Telmisartan DB00966

In vivo (Mice) 15 mg/kg Reversed malignant anomalies, 
antioxidant, anti-inflammatory

[54]

In vitro (Hep G2, HuH-7, 
KYN-1, and KYN-2)

5, 10, 25 µmol/L Reduced cell proliferation and 
increased apoptosis

[56]

In vitro (HepG2) 5, 10, 20, 40, 80, and 100 
µmol/L

Apoptosis and growth inhibition [57]

In vitro (Hep G2, HuH-7, 
KYN-1, and KYN-2)

5, 10, and 25 µmol/L Inhibited DNA synthesis, cell cycle 
growth, and α-fetoprotein levels

[58]

In vitro (PLC/PRF/5, and 
HuH-7)

5, 10, 20, 40, 60, 80, and 100 
µmol/L

Reduced cell proliferation and 
increased apoptosis

[59]

Troglitazone DB00197

In vitro (HLF, HAK-1A, 
HAK-1B, and HAK-5)

10, 20, 30, 40, and 50 µmol/L Reduced cell proliferation and 
increased apoptosis

[19]

DB13115 In vivo (Mice) 4 mg/kg Reduced inflammation in hepatic 
lobules, hepatocellular ballooning, 
and steatosis

[61]Saroglitazar

In vivo (Rats) 4 mg/kg Improved lipid profile, and 
histopathological changes

[62]

Natural agonists

In vitro (HepG2 and HUH-
7); In vivo (Mice)

8 µmol/L; 15 mg/kg Increased apoptosis, autophagy, 
anti-proliferative

[66]Cannabinol, 
Cannabinoids

DB14737

In vitro (HEK-293T and 
Neuro-2a); In vivo (Mice)

1, 5, 10, 25 µmol/L; 20 mg/kg Antitumor, antioxidant, anti-
inflammatory

[68]

Capsaicin DB06774 In vivo (Rats) 0.5 and 1 mg/kg Inhibit hepatic injury, and collagen 
deposition, anti-inflammatory

[71]

In vivo (Rats) 20 mg/kg Attenuated histopathological, 
serological, proliferative, and 
apoptotic parameters

[77]

In vitro (H22); In vivo 
(Mice)

5, 10, 20, 40, and 80 µmol/L; 
50, 100 mg/kg

Antiproliferative, decrease tumor 
growth, induce apoptosis

[78]

In vivo (Mice) 150 mg/kg Reduced inflammation, and tumor 
size

[79]

In vivo (Rats) 0.5, 1, 2, 5, 10, 15, and 20 
ng/mL

Interrupted TGFβ signaling, 
activated hepatic stellate cells

[80]

Curcumin DB11672

In vitro (SMMC7721 and 
Huh-7)

10, 20, 40, 80, and 160 µmol/L Suppressed cellular proliferation [82]

In vivo (Rats) 50 and 100 mg/kg Suppressed TGFβ signaling and 
hepatocarcinogenesis

[85]

In vivo (Rats) 200 mg/kg Inhibited PI3K/Akt pathway, 
Antioxidant

[86]

Hesperidin DB04703
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In vitro (HepG2); In vivo 
(Rats)

100 µmol/L; 150 mg/kg Inhibited Wnt3a/5a signaling 
pathway, anti-inflammatory

[87]

In vitro (SMMC7721 and 
Bel7402); In vivo (mouse 
tumor xenograft)

10 and 20 µmol/L; 20 and 40 
mg /kg

Anticancerous, inhibited cell 
migration

[89]Hispidulin DB14008

In vitro (NCI-H460 and 
A549)

4, 8, 15, 30, and 60 µmol/L Induced ROS-mediated apoptosis, 
anti-cancerous

[90]

In vivo (Bel-7402 and SK-
Hep-1)In vivo (Mice)

75 and 12 µmol/L resp.; 25 
and 7.5 mg/kg resp.

Anti-inflammatory, anti-
tumorigenic, reduced the size and 
volume of tumor

[94]

In vitro (Hepa 1-6 cells) 1, 5, 10, 15, 20, 25, 50, 75, and 
100 μmol/L

Antitumorigenic and antiprolif-
erative

[95]

Isoflavone DB12007

In vitro (HCC-LM3, 
SMMC-7721, Hep3B, Bel-
7402, and Huh-7)In vivo 
(Mice)

40, 60, and 80 μmol/L; 20, 40, 
and 80 mg/kg

Suppressed aerobic glycolysis and 
increased apoptotic rate

[96]

Oroxyloside 14655551 In vitro (HepG2) and 
SMMC-7721); In vivo 
(Mice)

100, 200, and 300 μmol/L; 90 
mg/kg

Cell cycle arrest and growth 
repression

[100]

In vivo (Rats) 100 mg/kg Antioxidant, anti-inflammatory, 
anticancer

[101]Resveratrol DB02709

In vitro (HepG2); In vivo 
(Rats)

7.81, 15.63, 31.25, 62.5, 125, 
and 250 µg/mL; 20 mg/kg

Attenuated histopathological, 
serological, proliferative, and 
apoptotic parameters

[102]

Miscellaneous

Avicularin 5490064 In vitro (HuH-7) 25, 50, and 100 µg/mL Decreased the cell migration and 
invasiveness

[107]

Honokiol 72303 In vitro (HEK-293 and 3T3-
L1); In vivo (Mice)

1, 3, and 10 μmol/L; 100 
mg/kg

Activated PPARγ/RXR 
heterodimers; Reduced 
hyperglycemia

[108]

Chrysin DB15581 In vitro (MDA-MB-231 and 
HepG2)In vivo (Mice)

10 µmol/L; 10 mg/kg Increased apoptosis [112]

In vitro (HepG2 and 
SMCC-7721); In vivo 
(Mice)

0.05, 0.1, and 0.15 mmol/L; 40 
mg/kg

Promoted the autophagy [114]

In vitro (PATU-8988 and 
PANC-1)

20, 40, 80, and 160 µmol/L Suppressed HCC via STAT3 
pathway

[117]

Quercetin DB04216

In vitro (LM3); In vivo 
(Mice)

40, 80, and 120 µmol/L; 100 
mg/kg

Reduced invasiveness, Cell cycle 
regulation

[118]

Clinical trials

Population type No. of patients

Hongkong 1153

77396

32891

Thiazolidinediones NA

Taiwanese

76349

Reduce the synergistic effect of 
diabetes with liver disorders; 
Reduced risk of HCC

[38],[39],
[40],[41]

Chinese 75 Blocked RAGE signaling; Reduced 
HCC

[45]

Japanese 85 Reduced growth and invasion of 
HCC cells

[46]

Pioglitazone DB01132

Thai 10000 Reduced risk of HCC [47]

Rosiglitazone DB00412 French 44 Reduced NASH activity and 
ballooning score, Ameliorated 
histopathological aberrations

[51]

30 Improved glycemic index and liver 
stiffness

[63]Saroglitazar DB13115 Indian

90 Improved fibrosis score [64]
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302 Antioxidant, reduced risk of HCC [97]Isoflavone DB12007 Japanese

191 Antioxidant, reduced risk of HCC [98]

Akt/PKB: Protein kinase B; HCC: Hepatocellular carcinoma; NASH: Non-alcoholic steatohepatitis; PI3K: Phosphoinositide 3-kinase; PPARγ: Peroxisome 
proliferator-activated receptor gamma; RAGE: Receptor for advanced glycation end products; ROS: Reactive oxygen species; RXR: Retinoid X receptor; 
SEPT2: Septin 2; STAT3: Signal transducer and activator of transcription 3; TGFβ: Transforming growth factor beta; Wnt: Wingless-related integration site.

Pioglitazone
Pioglitazone (PGZ), a PPARγ ligand, works by improving the insulin sensitivity of tissues and exhibits 
anticancer activity. It selectively stimulates PPARγ via modulating the transcriptional alterations of 
genes involved in glucose metabolism and insulin resistance and further decreasing the gluconeogenesis 
and levels of glycated hemoglobin in the bloodstream[43]. PGZ treatment inhibits fibrosis progression 
and HCC development and reduces tumor size in DENA-induced rats at 3 mg/kg and mice at 10 
mg/kg. PGZ is suggested to exhibit protective effects by reducing mitogen-activated protein kinase 
(MAPK) and upregulating adiponectin levels, resulting in activation of the hepatoprotective AMPK 
pathway[44].

The anticancer activity of PGZ is attributed to the pathological receptors for advanced glycation end 
products (RAGE). HCC tissues from 75 patients showed high expression of RAGE in HCC tissues, 
which was closely linked to pathological staging and lymph-vascular space influx. However, PGZ 
treatment suppressed cellular proliferation, ameliorated apoptosis, and cell cycle arrest, which further 
elevated PPARγ expression and decreased the expression of RAGE, NF-κB, high mobility group box 1, 
p38MAPK Ki-67, MMP2, and cyclin D1. The results demonstrated that PGZ as a PPARγ agonist possibly 
slows down the growth and invasion of HCC cells by blocking RAGE signaling[45]. Another 
prospective study confirmed the effect of PGZ on HCC by investigating 85 patients with HCC and 
hepatitis C virus infection to investigate recurrence-free survival. The spline-model analysis showed 
that the lessened risk of HCC recurrence is associated with increased body weight and body mass index 
≥ 23. PGZ was also observed to alleviate insulin resistance and serum adiponectin levels[46]. A lifetime 
Markov model was employed among the population of Thailand to study the life expectancy, quality-
adjusted life years, lifetime costs, and the incremental cost-effectiveness ratios in HCC patients. The 
weight reduction program with the administration of PGZ demonstrated that PGZ can reduce the 
number of HCC cases[47]. These therapeutic potentials also have limitations. PGZ has adverse effects 
such as body weight gain, peripheral edema, bone loss, and heart failure. Additionally, the risk of 
bladder cancer significantly limits the use of this agonist in the medical field[48].

Rosiglitazone
Rosiglitazone is a member of the TZD class of insulin-sensitizing PPARγ agonists. An inhibitory effect 
of PPARγ was reported on the invasive and metastatic potential of HCC in vitro (MHCC97L and BEL-
7404 cell lines) and in vivo (orthotopic HCC mouse model). A pronounced expression of PPARγ was 
demonstrated in HCC cell lines treated with adenovirus-expressing mouse PPARγ1 (Ad-PPARγ), rosigl-
itazone (50 µmol/L), or Ad-PPARγ plus rosiglitazone. The induction of PPARγ markedly repressed 
HCC cell migration, invasiveness, levels of pro-metastatic genes (MMP9, MMP13, heparanase [HPSE]), 
and hepatocyte growth factor. However, the levels of cell adhesion genes (E-cadherin and SYP), 
extracellular matrix regulator TIMP3, and tumor suppressor gene retinoblastoma 1 were elevated. 
Additionally, direct transcriptional regulation of the genes TIMP3, MMP9, MMP13, and HPSE 
regulating PPARγ levels was also validated by chromatin immunoprecipitation-PCR[25]. Bcl-2 is a well-
known family of anti-apoptotic proteins regulating endogenous apoptotic pathways and are highly 
expressed in carcinomas. (-)-gossypol ((-)-G) is the (-) enantiomer of gossypol that acts as a small 
molecule to induce apoptosis in several types of cancers by inhibiting Bcl-2 proteins. In a study, rosigl-
itazone was employed to sensitize (-)-G to induce apoptosis at different concentrations (0.1, 1, 10, 100 
µmol/L). The (-)-G induced Mcl-1 (myeloid cell leukemia-1) stability was the prime concern for its 
apoptotic activity. However, rosiglitazone attenuated this stability via Janus kinase phosphorylation, 
further repressing cancer growth. These results suggest that rosiglitazone can reduce cancer growth and 
sensitize the other apoptotic factors for performing a similar activity. The study also provides insights 
into the novel cancer therapeutic activity of BH3 mimetics in the case of carcinomas based on the 
combination of PPARγ agonists and BH3 mimetics[49]. Rosiglitazone (80 µmol/L) also inhibits HCC cell 
growth by restricting the oncogenic activity of septin 2[50].

A long-term clinical trial was conducted in which 53 patients underwent liver biopsies and were 
further treated with rosiglitazone (8 mg/d) for the next 2 years. Forty-four patients fulfilled the criteria 
of the extension period and underwent another biopsy. During the extension phase, serum insulin and 
alanine aminotransferase (ALT) levels were decreased by 26% and 24%, respectively. Non-alcoholic 
steatohepatitis activity, ballooning, and fibrotic stage were decreased but not on a significant scale. The 
treatment was continued for another 2 years, but no significant results were obtained, showing that 
rosiglitazone does attenuate insulin sensitivity and transaminase levels but might not significantly 
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improve other histopathological parameters. However, additional targets were suggested to be explored
[51]. However, there is increasing evidence of bone fractures in females medicated with rosiglitazone 
after menopause, limiting its use. In September 2010, the FDA restricted the use of rosiglitazone based 
on meta-analyses of mostly short-term randomized controlled trials, which showed evidence of 
myocardial infection risk. However, these restrictions were removed in 2013 based on other large 
clinical trials by Duke Clinical Research Institute, which showed no complications regarding heart 
failure[52].

Telmisartan
Telmisartan (TEL) is an angiotensin II receptor blocker with a high affinity for the angiotensin II 
receptor type 1, whose impromptu link with HCC has been discovered; however, the underlying 
mechanism is not clear. TEL shows basal resemblance with a well-known PPARγ agonist, PGZ. TEL (at 
concentrations of 10, 50, or 100 µmol/L) inhibits the proliferation and G0 to G1 cell cycle transition 
leading to G0/G1 cell cycle arrest in hepatic cancer cells (HLF, HLE, HuH-7, PLC/PRF/5, and HepG2) 
in a dose-dependent manner. The cell cycle arrest was accompanied by reduced cell cycle-related 
proteins, including cyclin D1 and cyclin E. Further TEL was suggested to increase the activity of AMPK 
and inhibit the mammalian target of rapamycin (mTOR) pathway[53]. Another study used a DENA-
induced HCC mouse model to evaluate the effects of TEL (15 mg/kg), sorafenib (SRF) (30 mg/kg), and 
a combination of these two agonists. The treatment downregulated the mRNA expression of NF-кBp65, 
AFP, TNFα, and transforming growth factor beta 1 (TGFβ1) resulting in the reversion of malignant 
anomalies and suppression of extracellular signalregulated protein kinase 1/2 (ERK1/2) activation. SRF 
and TEL showed antiproliferative, antimetastatic, and anti-angiogenic effects by improving the 
expression of hepatic cyclin D1, MMP2, and vascular endothelial growth factor (VEGF). However, only 
TEL has exhibited agonistic activity for PPARγ receptors, as indicated by the elevated PPARγ DNA-
binding activity, mRNA expression of cluster of differentiation 36, heme oxygenase 1, and enhanced 
hepatic antioxidant capacity. Moreover, TEL and SRF both ameliorate phosphorylation-induced 
activation of TGFβ-activated kinase 1 (TAK1), suggesting that TAK1 might act as the core mediator for 
the interaction between ERK1/2 and NF-кB. TEL exerts its anticancer effects by modulating the 
ERK1/2, TAK1, and NF-кB signaling axis from the perspective of its PPARγ agonistic activity. Thus, 
TEL may be a useful PPARγ agonist for further clinical studies in the context of HCC treatment[54]. 
Despite its potential, it has adverse effects including headaches, dizziness, fatigue, upper respiratory 
tract or stomach-related infections, sinusitis, nonspecific pain, and diarrhea[55].

Troglitazone
Troglitazone (TGZ) is a member of the TZD class of drugs and acts as a PPARγ agonist. The antiprolif-
erative and antitumorigenic effects of TGZ were studied in the BEL-7402 HCC cell line at 5, 10, and 25 
µmol/L concentrations. TGZ induced cell death in a concentration-dependent manner resulting in the 
increased presence of fragmented DNA and terminal deoxynucleotidyl transferase dUTP nick end 
labeling (TUNEL)-positive cells. TGZ enhanced cell cycle arrest in the G0/G1 phase and increased 
caspase activities (caspase 3, 6, 7, and 9), indicating increased cell apoptosis[56]. In another study, the 
HepG2 cell line treated with TGZ showed significant growth inhibition in a dose-dependent manner. 
The TUNEL assay and immunohistochemistry showed apoptosis induction and elevated expression of 
apoptotic proteins such as caspase 3 and survivin[57]. PPARγ was functionally expressed in hepatic 
cancer cell lines (HepG2, HuH-7, KYN-1, and KYN-2) with TGZ treatment. This was followed by the 
profound inhibition of cellular proliferation, DNA synthesis, cell cycle growth, and α-fetoprotein levels
[58]. Similar results have also been shown by other groups that used other HCC cell lines such as 
PLC/PRF/5, HuH-7[59], HLF, HAK-1A, HAK-1B, and HAK-5 with TGZ[10,19]. The reduction in cell 
proliferation and increased apoptosis in most of these studies demonstrated the usefulness of TGZ for 
chemoprevention in HCC. Some recent studies showed the hepatotoxic effect of TGZ on diabetic 
patients. There is a significant elevation in liver enzymes level (ALT and aspartate aminotransferase 
[AST]) in 1.9% of patients with diabetes treated with TGZ for 24 to 48 wk. Furthermore, the cost of TGZ 
is much higher than that of other oral antihyperglycemic agents or insulin, which also limits the use of 
TGZ[60].

Saroglitazar
Saroglitazar is a first-class drug that acts as a dual PPARα/γ agonist. It is indicated for enhanced 
diabetic dyslipidemia, inflammation, steatosis, ballooning, and fibrosis progression. The agonistic 
effects of this drug have a favorable impact on insulin resistance and lipid profile. Saroglitazar treatment 
is thought to ameliorate high-fat diet-induced aberrations. The improvements were observed in hepatic 
lobular inflammation, hepatocellular ballooning, steatosis, and fibrosis. The effects of saroglitazar were 
more pronounced compared to PGZ. Transcriptomic analyses revealed the elevated expression of 
PPARγ in hepatic tissue with the anti-inflammatory effects of saroglitazar treatment[61]. Similarly, 
saroglitazar improved liver function parameters, degenerative changes, glucose and insulin levels, and 
lipid profile in high-fat emulsion plus lipopolysaccharide (LPS)-treated rats. The positive effects on 
serum leptin, TNFα, and adiponectin levels were also observed. The multiple protective roles of PPARα
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/γ agonists in liver disorders suggest the usefulness of saroglitazar in managing liver cancer[62].
In a prospective observational study, 30 diabetic patients with liver fibrosis were enrolled and treated 

with 4 mg saroglitazar daily for 6 mo. A profound improvement in glycemic index, liver stiffness, and 
serum triglyceride levels of the patients was observed with no significant adverse side effects[63]. 
Another study conducted in 90 NAFLD patients who underwent liver biopsies, fibrosis scores, and 
other non-invasive parameters showed that saroglitazar treatment significantly improved the serum 
biomarker levels and fibrosis score. The study concluded the reversal effect of saroglitazar on fibrosis 
and advocated its use in treating HCC[64]. The most common adverse events associated with sarogl-
itazar included asthenia, gastritis, chest discomfort, peripheral edema, dizziness, and tremors[65].

NATURAL PPARγ AGONISTS IN HCC
Natural PPARγ agonists have many beneficial properties including antioxidant, anti-inflammatory, 
antifibrotic, and antitumor effects. In addition to therapeutic effects, synthetic drugs have many adverse 
effects due to full PPARγ activation. Therefore, researchers are exploring potential natural PPARγ 
modulators with high specificity in terms of their binding at the active site and improving drug safety. 
The PPARγ-activating effect of natural products is recognized as having great potential in developing 
anticancer therapy. There are many reports on the natural PPARγ agonist against HCC in various 
experimental models.

Cannabinoids
The hemp plant Cannabis sativa L. produces approximately 60 unique compounds known as 
cannabinoids, of which Δ9-tetrahydrocannabinol (THC) is the most important due to its high potency 
and abundance in cannabis. Various studies have reported the fair safety profile of cannabinoids, in 
accordance with its probable antiproliferative activity on cancerous cells, may set the basis for future 
trials to evaluate the potential antitumor activity of cannabinoids. Vara et al[66] reported that 
cannabinoids THC and JWH-015 increased the intracellular mRNA and protein levels of PPARγ in HCC 
cells, and inhibition of PPARγ decreased cannabinoid-induced cell death and apoptosis. Further, 
increased PPARγ levels were correlated with endoplasmic reticulum stress and autophagy in HCC cells, 
suggesting the antiproliferative effects of cannabinoids through PPARγ-dependent pathways. The 
antitumor activity of THC was evaluated in patients who had failed standard therapy norms. In vitro 
studies have shown the suppression of tumor cell proliferation, and Ki67 immunostaining exhibits a 
reduced number of tumor cells[67]. THC is suggested to induce transcriptional modulation of the 
PPARγ pathway, and the activation is much more potent by cannabinoid acids than its decarboxylated 
products, indicating that cannabinoids act as a PPARγ agonist[68]. Cannabis contains some psychoactive 
agents that increase sociability and exert euphoric effects. Repeated use of cannabis has been linked to 
short- and long-term side effects, including respiratory and cardiovascular disorders, cognitive 
alterations, psychosis, schizophrenia, and mood disorders[69]. A recent study highlighted the side 
effects of a common preparation from C. sativa named marijuana. This study gave the putative 
association of the use of cannabis with a higher risk of gingival and periodontal diseases, oral infection, 
and cancer of the oral cavity[70]. Given the growing popularity of cannabinoid-based drugs for 
recreational and medical purposes and their potentially harmful effects, there is a need for further 
investigation in this field.

Capsaicin
Capsaicin (8-methyl-N-vanillyl-6-nonenamide) is a vital constituent of chili peppers belonging to the 
family of Capsicum. These phytoconstituents possess anti-inflammatory and chemopreventive 
properties. They counter various compounds’ mutagenic properties and exert anticancer effects on 
breast, colon, prostate, and hepatic cancers. The DENA-induced models of HCC in rats and hepatic 
stellate cell lines were used to study the effects of capsaicin. Capsaicin was observed to inhibit hepatic 
injury, NF-κB activation, and collagen deposition. It has also ameliorated the levels of α-SMA, collagen 
type I, MMP2, TGFβ1, and TNFα. Furthermore, TGFβ1 expression and the phosphorylation of Smad2/3 
were also inhibited through induction of PPARγ expression. The findings showed that capsaicin 
attenuates hepatic fibrosis by upregulating PPARγ expression[71]. The limitations of this natural PPARγ 
agonist should be mentioned. Capsaicin is a well-known irritant responsible for producing a painful, 
burning sensation when applied to the skin. Exposure to the eyes is painful and causes tearing, 
conjunctivitis, and blepharospasm[72]. Capsaicin is also a tussive agent, and inhaled capsaicin can be 
used to induce cough under experimental conditions. In humans, inhaled capsaicin induces a cough 
response immediately upon administration[73,74]. Interestingly, there is evidence that topical capsaicin 
can exacerbate angiotensin-converting enzyme (ACE) inhibitor-induced cough. A patient taking an ACE 
inhibitor for several years with no complaint of coughing reported coughing associated with applying a 
0.075% capsaicin cream[75]. Additionally, oral administration of the ACE inhibitor captopril was found 
to cause a shift in the dose-response curve of inhaled capsaicin-induced cough in a trial with healthy 
adults[76].
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Curcumin
Curcumin is a polyphenol compound present in Curcuma longa and is well known for its multiple 
therapeutic effects. Our previous study reported the effect of curcumin and piperine on DENA-induced 
HCC in rats. Curcumin prevented HCC progression by improving hepatic pathology, apoptosis 
induction, and inhibiting cell proliferation. However, the synergistic effect on HCC suppression was 
observed with the combination of curcumin and piperine[77]. Similarly, another study also reported the 
inhibition of cell proliferation, tumor growth, and apoptosis induction by curcumin treatment in HCC. 
The effect was suggested to decrease VEGF expression and PI3K/Akt signaling[78]. A study in a 
transgenic mouse model (expressing double HBV oncoproteins, HBx and pre-S2 in the liver) of HBV-
related HCC reported the protective effects of phytosomal curcumin via targeting PPARγ as a key 
regulator. Curcumin decreased HCC formation and reduced the tumor size. Moreover, considerably 
more potent effects were observed on activation of PPARγ and inhibition of NF-κB. The report 
suggested that curcumin is an agonist for PPARγ, upregulating the genes involved in lipid metabolism, 
antiproliferation, and anti-inflammation. Furthermore, PPARγ activation regulates the suppression of 
NF-κB and subsequent pro-inflammatory cytokines. In addition, curcumin also is suggested to repress 
mTOR[79]. Recently, the antitumor effect of curcumin on HCC was suggested due to the involvement of 
miR-21 targeting TIMP3 and inhibition of the TGFβ1/Smad3 signaling pathway. The inhibition of TGFβ
1/Smad3 signaling by curcumin is reportedly linked to activation of the PPARγ gene[80,81]. It was 
further suggested to suppress cell proliferation through long non-coding RNA downregulation and 
inhibition of Wnt/β-catenin signaling[82]. The major disadvantage of this medication is the usage of 
high doses, which ultimately leads to liver injury in humans and experimental animals. A study showed 
that curcumin supplementation with paracetamol at doses of 50 and 100 mg/kg per day in experimental 
rabbits showed elevation of liver injury markers (ALT, AST, ALP, total protein, and albumin level) in 
plasma. Furthermore, levels of red blood cells and platelets were raised[83]. Also, the poor bioavail-
ability of curcumin leads to its combined usage with other drugs such as piperine, which reportedly 
causes adverse drug reactions[84].

Hesperidin
Hesperidin is a flavanone glycoside found in the rind of citrus fruits including oranges and lemon. It 
possesses several pharmacological activities including antioxidant, anti-inflammatory, and anticancer 
effects. The chemopreventive efficacy of hesperidin was evaluated in DENA-induced HCC in rats. The 
hesperidin significantly reduced hepatic serological and tumor biomarkers along with TNFα. 
Furthermore, it also reduced the hepatic degenerative changes, oxidative stress, collagen deposition, 
TGFβ1, and NF-κB expression. However, the upregulated expression of nuclear factor erythroid 
2–related factor 2, HO-1, and PPARγ suggested the effect of hesperidin via suppressing TGFβ signaling 
and subsequently activating PPARγ[85]. Another study investigated the efficacy of hesperidin via the 
PI3K/Akt pathway as a probable mechanism for curing HCC. Treatment with hesperidin elevated the 
protein levels of PI3K, Akt, and cyclin-dependent kinase 2 and ameliorated HCC progression[86]. In 
addition, hesperidin reportedly alters Wnt3a/β-catenin signaling in preventing HCC[87]. There are few 
reports on the bioavailability and solubility of hesperidin. Ameer et al[88] reported that hesperidin is 
absorbed across the gastrointestinal tract on oral administration, but cumulative recovery indicates low 
bioavailability. The factors limiting the bioavailability of hesperidin are poor water solubility and its 
precipitation in an acidic environment.

Hispidulin
Hispidulin, a phenolic flavonoid, exhibits anticancer activity against several types of cancers. The effect 
of hispidulin on HCC was studied in tumor cell lines (SMMC7721 and Bel7402) and mouse tumor 
xenograft models. Hispidulin activates caspase 3, triggers apoptosis, and inhibits cell migration via 
PPARγ activation, which is further linked to escalated phosphorylation of AMPK, ERK, and JNK 
in vitro. Specifically, GW9662 (a PPARγ inhibitor), compound C (an AMPK inhibitor), and PD98059 (a 
MEK inhibitor) negated the protective effects of hispidulin on PPARγ signaling. However, no 
pronounced changes in PPARγ levels were noted with pre-treatment of SP6000125 (a JNK inhibitor) in 
vitro, whereas it attenuated the anticancer activity of hispidulin. The suppression of Bel7402 xenograft 
tumor growth was successfully achieved by hispidulin through PPARγ activation, indicating the 
cardinal role of PPARγ signaling in HCC cell growth[89]. Recently, Lv et al[90] suggested that induction 
of reactive oxygen speciesmediated apoptosis through activation of the endoplasmic reticulum stress 
pathway is also responsible for the anticancer effect of hispidulin. Some evidence links hispidulin to its 
limited large-scale preparation. Studies have shown the lack of a single-dose design of hispidulin, which 
further limits the bioavailability[91,92].

Isoflavones
Isoflavones are a group of phytochemicals, a type of naturally occurring isoflavonoids. Studies have 
shown the anticancer effects of different isoflavones in the case of HCC[93]. A combination of two well-
known isoflavones, Biochanin A and SB590885, was evaluated for their anticancer activities in HCC. The 
combination showed synergistic inhibition of cell growth and induced cell cycle arrest and apoptosis in 
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vitro. The inhibition of cellular proliferation and tumor suppression were attributed to the aberration of 
ERK MAPK and PI3K/Akt pathways. In vivo, a profound reduction in the size and volume of HCC 
tumors was noted, indicating the combination therapy of isoflavones as a potential lead for the 
management and treatment of advanced HCC[94]. The antitumorigenic and antiproliferative role of 
genistein was also studied in HCC in vitro. The isoflavone suppressed the proliferation of Hepa 1-6 cells 
and caused apoptosis in time- and dose-dependent manners[95]. In another study, genistein treatment 
suppressed aerobic glycolysis and increased the apoptotic rate in HCC cell lines. Additionally, genistein 
exhibited inhibitory effects on tumor progression and aerobic glycolysis. This may be identified as an 
effective treatment for advanced HCC[96]. Studies have reported the PPARγ-modulating effect of 
isoflavones and inhibition of HCC through inhibition of the PI3K/Akt pathway, and aerobic glycolysis 
further validates the involvement of PPARγ signaling. Clinical studies have also suggested that the 
more the dietary intake of flavonoids, the lesser the risk of developing HCC. In the Japanese population, 
a correlation between the isoflavone-rich diet and risk of HCC was observed[97,98]. Despite the 
therapeutic potential, some contentious health issues are associated with their intake. Soy proteins rich 
in isoflavones showed unfavorable effects at a higher dose, including gastrointestinal upset, 
constipation, nausea, allergic reactions, and loss of appetite. In animals, the intake of isoflavone 
(genistein) reportedly impacts the fertility and morphogenesis of ovaries. In addition, long-term use of 
soy extract may result in abnormal tissue growth in the uterus[99].

Oroxyloside
Oroxyloside (OAG), a flavonoid, was explored as a new dual agonist of PPARγ/α, which acts as a 
potent cell proliferation inhibitor in HCC-based metabolic transition. It regulates the glycolipid 
metabolic enzymes (PPAR-dependent or PPAR-independent), inhibits the breakdown of glucose, and 
promotes fatty acid oxidation, which generates acetyl-CoA for the tricarboxylic acid cycle and oxidative 
phosphorylation. The metabolic transition produced by OAG exhibits a profound generation of reactive 
oxygen species, leading to G1 cell cycle arrest and growth repression of HCC cells. OAG requires 
pyruvate dehydrogenase kinase 4 and β-oxidation to inhibit cell proliferation, explaining its PPARγ 
agonistic behavior. OAG is a new PPARγ/α agonist drug candidate and an effective therapeutic 
approach for HCC based on metabolic reprogramming[100]. Although many bioactive flavones' sources 
are very well known, information on their bioavailability and their active forms in vivo is limited. In 
particular, most flavonoid agents' absorption, metabolism, and blood delivery are poorly understood. 
Due to limited literature, it is difficult to elucidate the whole molecular mechanism. Hence, further 
studies are required to uncover their therapeutic potential against liver diseases.

Resveratrol
Resveratrol (RS) is a popular natural polyphenolic PPARγ agonist, well known for its anticancer 
properties, and has been recognized as the alternate mode in cancer treatment. A study revealed the 
effect of RS against alcohol-aflatoxin B1-induced HCC. During the progression of HCC, a decline in the 
antioxidant markers was effectively restored by resveratrol treatment. RS modulated the activity of the 
sirtuin 1 (SIRT1) enzyme in HCC by negatively regulating the levels of NF-κB, and cross-talk between 
this PPARγ agonist and SIRT1 signaling was observed[101]. A nano-formulation of RS using liposomes 
was developed to establish a specific drug delivery system for managing HCC. In vitro studies have 
revealed the increased internalization and enhanced anticancer activity of liposomal formulation (RL5) 
compared to naïve RS. A profound reduction in liver injury markers, hepatocyte nodules, and 
degenerative changes in the liver was observed in an in vivo HCC model. The results indicated the 
promising action of nano-formulation of RS and its substantial activity in controlling the severity of 
HCC[102]. Earlier, similar approaches were briefly reviewed by Santos et al[103] to study the pharma-
cokinetics of RS-loaded nanoparticles (RS-NPs) and study their effects on cancer tissue. A compre-
hensive analysis was carried out in various in vivo models, which revealed the markedly enhanced 
anticancer activity of RS-NPs. However, the poor bioavailability and rapid metabolism restricted the 
successful translation of resveratrol to clinical form. The in vivo efficacy of RS is affected due to its low 
solubility and low bioavailability. Oral intake of 25 mg of RS showed extremely low bioavailability; only 
a trace amount of unmetabolized RS was detected in plasma. The gastrointestinal tract absorbs approx-
imately 70% of RS, but it is further metabolized by three distinct metabolic pathways leading to low 
bioavailability[104].

Miscellaneous
Avicularin (quercetin-3-α L arabinofuranoside), a glycoside related to quercetin, reportedly reduces 
obesity, inflammation, and drug resistance[105,106]. It also induces cytotoxicity in cancer cells by 
promoting intrinsic apoptosis pathways. One study investigated the activity of avicularin in HCC by 
employing HuH-7 cell lines. Avicularin inhibited cell proliferation in a dose-dependent manner and 
markedly decreased the cell migration and invasiveness of the cancer cells. Gene and protein expression 
studies revealed reduced levels of NF-κB, cyclooxygenase 2, and PPARγ. Avicularin may have the 
potential to modulate PPARγ to induce antineoplastic activity in HCC[107].
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Honokiol (C18H18O2) is a bioactive, biphenolic phytoconstituent derived from the bark and leaves of 
Magnolia Officinalis. Honokiol exhibits various protective activities such as anticarcinogenic, anti-inflam-
matory, anti-angiogenic, antioxidative, and repressive potency towards the malignant conversion of 
papillomas to carcinomas without any noticeable toxicity effects. A group of researchers employed a 
great blend of in silico, in vitro, and in vivo techniques to pinpoint and validate honokiol as a potent lead 
for being a PPARγ agonist. The binding of honokiol into the ligand-binding pocket of PPARγ was 
anticipated via various in silico techniques. The luciferase reporter assay confirmed this binding and 
advocated that honokiol could act as a partial PPARγ agonist. Further, using 3T3-L1 and mouse 
embryonic cell lines, it was observed that honokiol stimulated basal glucose uptake but did not induce 
adipogenesis. However, the oral administration of honokiol resulted in reduced hyperglycemia and 
weight gain[108]. Various studies have suggested that honokiol acts as an RXR agonist forming RXR 
dimers and activating PPARγ/RXR heterodimers. Additionally, it also potentiates the activation of 
PPARγ/RXR heterodimers induced by rosiglitazone[109-111]. Also, no peer-reviewed papers proving 
the abuse, misuse, or dependence on or addiction to avicularin and honokiol have been retrieved yet.

Chrysin is a dihydroxyflavone belonging to the family of flavonoids. A study revealed that chrysin 
reduced cell viability and promoted apoptosis in all cell lines via inhibiting the Skp2 and low-density 
lipoprotein receptor-related protein 6 expression. However, reduced MMP2, MMP9, and fibronectin 
levels were observed[112]. Despite these interesting bioactivities, the clinical applications of chrysin 
have been constrained by its hydrophobicity, poor bioavailability, and degradation at alkaline pH[113]. 
Similarly, quercetin (QE) is a classic flavonoid and a yellow crystalline pigment present in plants, used 
as a food supplement to reduce allergic responses or boost immunity. It has been known to inhibit the 
development of various types of cancer hepatic conditions[114,115]. QE was suggested to effectively 
suppress HCC due to its close interaction with the signal transducer and activator of transcription 3 
(STAT3) pathway[116,117]. It inhibits cell proliferation, cell cycle regulation, and invasiveness of the 
cancer cells by promoting the autophagy of HCC[118]. However, the bioavailability of QE is very low 
due to its poor aqueous solubility and instability, challenging its therapeutic application in the pharma 
sector[119].

CONTRADICTORY ROLE OF PPARγ
Cancer tissues display metabolic and thermodynamic aberrations with dysregulated cellular growth. 
Although the role of PPARγ and its agonists in HCC and other cancers have been extensively studied, 
as discussed above, several conflicting reports exist concerning the PPARγ expression in cancers. It is 
unclear whether PPARγ induction promotes or suppresses tumor growth and viability. In the case of 
several cancers, PPARγ mainly exhibits the down-regulated expressions while activating several other 
pathways like the canonical Wnt/beta-catenin pathway, PI3K/Akt pathway, STAT3 pathway, etc[82,87,
118]. The activation of Wnt/β-catenin signaling leads to the upregulated PDK1, which leads to aerobic 
glycolysis and mitochondrial stress[29]. A recent report by Galbraith et al[120] revealed that the 
activation of PPARγ, in turn, induced Akt serine/threonine kinase 3 (AKT3), which eventually led to the 
more aggressive form of cancer. AKT3 enhances PGC1α localization to the nuclear space by repressing 
chromosome maintenance region 1, while the latter served as the downstream target for PGC1α. All 
these led to mitochondrial biogenesis, which fueled the progression of the tumor. Previous studies have 
also reported such inconsistent findings for PPARγ in HCC. Koga et al[10] tested five patients with 
cirrhotic livers and found no significant change in the PPARγ expressions compared to the surrounding 
non-cancerous tissue. Another study reported the consistently overexpressed PPARγ in HCC tissue 
having null expression in the surrounding tissues, even though all the patients were infected with viral 
hepatitis (B or C)[121]. Although the well-known inhibitory effects of PPARγ agonists are reported, they 
are also suggested to have PPARγ-independent effects on cancers. Troglitazone, as discussed above, has 
a prominent antitumorigenic role in HCC. However, there are reports of it exhibiting PPARγ-
independent activity. Palakurthi et al[122] studied troglitazone and ciglitazone on both PPARγ-/- and 
PPARγ+/+ mouse embryonic stem cells considering various concentrations. Both the agonists could 
inhibit cellular proliferation in a dose-dependent manner by suppressing the G1-S transition. This 
evidence demonstrated that the antiproliferative effect was induced by suppressing the translation 
initiation. More similar reports back up the PPARγ-independent antitumorigenic property of PPARγ 
agonists[123,124]. One of the studies focused on the HCC progression in HBV-transgenic mice 
demonstrated that the anticancerous, antiproliferative, and apoptotic effects of TZD were more 
significant in PPARγ-deficient mice in comparison with the control mice, exhibiting normal PPARγ 
levels[125]. It is well-understood that PPARγ could potentially affect various pathways, so it is vital to 
understand the underlying mechanisms critically. This understanding is an absolute requirement as 
PPARγ may be inconsistent. However, it highlights its crucial role in tumor development, suggesting 
that targeted biomedical research against PPARγ could provide a highly efficacious avenue for treating 
and managing of HCC and various other cancers.
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CONCLUSION
The majority of current studies support the fact that PPARγ may be a potential target against the 
progression of HCC. They have extensively explored the various signaling cascades through which 
PPARγ exerted inhibitory against HCC using synthetic and natural agonists in preclinical and clinical 
trials. PPARγ was suggested as a potential target as it suppresses cell proliferation, migration, and 
invasion in HCC cells through different signaling pathways. TZD, a class of synthetic PPARγ agonists, 
were extensively studied for their efficacy against HCC. TZD showed significant results against the 
progression of HCC; however, due to their adverse effect on different organs, these drugs are not 
approved for any cancer treatment. Therefore, increased focus was employed to identify natural and 
endogenous PPARγ agonists having high bioavailability and specificity in terms of their binding at the 
active site. Several studies reported the safety profiles and therapeutic role of natural agonists against 
HCC in various experiment modals. Natural agonists are also effectively reported to mediate apoptosis 
and inhibit cell proliferation, tumor growth, and metastasis in HCC. Few reports also highlighted the 
contradictory role of PPARγ in HCC. These contradictions might be due to some unidentified link 
between PPARγ and cancer. With the well-established role of PPARγ in the progression of HCC, better 
efficacy of its agonists may be achieved by a complete understanding of underlying mechanisms 
through which PPARγ showed therapeutic effects. Future studies should be focused on developing 
novel PPARγ targeting therapy for the treatment of HCC.
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Abstract
Hepatitis B virus (HBV) has posed a threat to public health, mainly resulting in 
liver damage. With long-term accumulation of extracellular matrix, patients with 
chronic hepatitis B are at high risk of developing into liver fibrosis and cirrhosis 
and even life-threatening hepatic carcinoma. The occurrence of complications 
such as spontaneous bacterial peritonitis and hepatic encephalopathy greatly 
increases disability and mortality. With deeper understanding of the bidirectional 
interaction between the liver and the gut (gut-liver axis), there is a growing 
consensus that the human health closely relates to the gut microbiota. Supported 
by animal and human studies, the gut microbiota alters as the HBV-related liver 
fibrosis initials and progresses, characterized as the decrease of the ratio between 
“good” and “potentially pathogenic” microbes. When the primary disease is 
controlled via antiviral treatment, the gut microbiota dysfunction tends to be 
improved. Conversely, the recovery of gut microbiota can promote the regression 
of liver fibrosis. Therapeutic strategies targeted on gut microbiota (rifaximin, 
probiotics, engineered probiotics and fecal microbiota transplantation) have been 
applied to animal models and patients, obtaining satisfactory results.

Key Words: Hepatitis B virus; Gut microbiota; Liver fibrosis; Liver cirrhosis; Hepatic 
encephalopathy; Fecal microbiota transplantation
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Core Tip: Intimate connection between the gut microbiota alteration and hepatitis B virus (HBV)-related 
fibrosis and complications has been supported by animal and human studies. Researchers and clinicians 
are making effort to control and reverse fibrosis by rebuilding a healthy gut microbiota. We herein discuss 
the gut microbiota alteration in HBV-related fibrosis and therapies targeted on reconstruction of gut 
microbiota homeostasis.

Citation: Li YG, Yu ZJ, Li A, Ren ZG. Gut microbiota alteration and modulation in hepatitis B virus-related 
fibrosis and complications: Molecular mechanisms and therapeutic inventions. World J Gastroenterol 2022; 
28(28): 3555-3572
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DOI: https://dx.doi.org/10.3748/wjg.v28.i28.3555

INTRODUCTION
Hepatitis B virus (HBV) has brought about substantial global health problems, giving rise to approx-
imately 1.5 million new infections in 2019[1]. Balancing the pathogenic ability and immunity defense, 
some patients may experience chronic HBV infection, and even chronic hepatitis B (CHB). The different 
phrases are designed by the presence of hepatitis B e antigen (HBeAg), HBV DNA levels, alanine 
aminotransferase (ALT) values and liver inflammation, and CHB is mainly characterized by elevated 
ALT levels and moderate/severe liver diseases[2]. Chronic HBV infection tends to be asymptomatic 
initially, however, tissue repair against chronic inflammation may result in an immoderate accumu-
lation of extracellular matrix (ECM), so CHB patients are at high risk of developing progressive fibrosis 
and life-threatening cirrhosis. Complications, such as portal hypertension, spontaneous bacterial 
peritonitis (SBP)[3] and hepatic encephalopathy (HE)[4], are difficult to prevent and address. With 
hepatocellular carcinoma (HCC) coming along stealthily[5], approximately 820000 deaths were caused 
by HBV infection–related causes in 2019[1].

The human intestine, as an organ directly connected with the outside world, is colonized by microbes 
progressively after birth[6]. The human gut microbiota is now considered to be composed of approx-
imately 1014 bacteria[7], 200-300 fungal species[8] and abundant bacteriophages[9], and is increasingly 
seen as a significant superorganism[10]. Predominant strains in the adult intestine belong to 
Bacteroidetes, Firmicutes, Actinobacteria and Proteobacteria: Bacteroidetes and Firmicutes are the most 
dominant phyla and are mainly composed of gram-negative bacteria and gram-positive clostridia 
respectively[11]. The composition of the gut microbiota is influenced by age, race, nutrition, diet, 
immunity, disease and medication use, and has a strong interaction with the host[12-14]. The intimate 
association between gut microbiota homeostasis and multiple organ disease progression has been 
confirmed in the past decade, especially in some metabolic disorders[15], and intestinal and liver 
diseases[16].

The liver is closely connected with the gut via the gut-liver axis, defined as the bidirectional 
interaction between the liver and the gut via transport of bile acids, immunoreactive substances, 
nutrients, etc.[17]. When impairment of intestinal barriers and disturbances of the gut microbiota occur, 
gut-derived microbe/antigen translocation may lead to invasion of the liver. The association between 
gut microbiota alterations and chronic liver diseases (CLDs) has received great attention.

This review will concentrate on gut microbiota alterations in HBV-related liver fibrosis and 
summarize the cutting edge of new therapeutic strategies. We will summarize and discuss: (1) Gut 
microbiota alteration in HBV-related liver fibrosis; (2) Gut microbiota-related mechanisms of liver 
fibrosis; (3) Gut microbiota dysfunction in liver fibrosis complications; and (4) Gut microbiota-related 
treatment toward HBV-related fibrosis and complications.

GUT MICROBIOTA ALTERATION IN HBV-RELATED LIVER FIBROSIS
HBV-infected populations tend to obtain a gut microbiota that differs from that of healthy people 
(Table 1). Depending on host and viral factors, patients with HBV infection may experience different 
phrases[2]. In this part, gut microbiota alteration in the HBV persistence and different stages of HBV 
infection will be discussed.

HBV persistence
After the infection, HBV may be spontaneously cleared or cause chronic infection in different 
individuals: 95% of adult-acquired infections result in spontaneous clearance, while over 90% of 
newborn infections lead to chronic infections[18]. The same phenomenon has been observed in animal 

https://www.wjgnet.com/1007-9327/full/v28/i28/3555.htm
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Table 1 Gut microbiota alteration and additional findings in hepatitis B virus-related fibrosis

Ref. Population (n) Detection 
method Gut microbiota alteration Additional findings

Phylum

Bacteroidetes ↓

Firmicutes ↓

Family

Lu et al
[30]

Healthy volunteers (n = 32); 
HBV carriers (n = 30); CHB (
n = 31); Decompensated 
HBV-LC (n = 31)

qPCR

Bifidobacteria/Enterobacteriaceae 
↓

Copies of operons that code for virulence factors markedly 
increased. Fecal sIgA and TNF-α in decompensated HBV-LC 
patients were higher than other groups

Species 

(Bifidobacterium specific)

B. catenulatum ↓

B. longum ↓

Xu et 
al[142]

Healthy volunteers (n = 15); 
CHB (n = 16); HBV-LC (n = 
16)

qPCR

B. dentinum ↑

B. dentium, which was considered to be an opportunistic 
pathogen, increased in HBV-LC patients. Species composition 
of Bifidobacterium shifted from beneficial to pathogenic

Species (Lactobacilli specific)

L. rhamnosus ↓

Wu et 
al[143]

Healthy volunteers (n = 38); 
Decompensated HBV-LC (n 
= 61); HBV-LT (after LC) (n 
=74)

qPCR

L. fermentus ↓

Less complex fecal lactobacilli composition was found 
especially in decompensated HBV-LC patients

Phylum

Bacteroidetes ↓

Proteobacteria ↑

Family

Enterobacteriaceae ↑

Genera

Wei et 
al[38]

Healthy volunteers (n = 
120); HBV-LC (n = 120): 
CTP-A (n = 40); CTP-B (n = 
40); CTP-C (n = 40)

Solexa sequencing

Veillonella ↑

A negative correlation was observed between the Child-
Turcotte-Pugh scores and Bacteroidetes (P < 0.01)

Family

Lachnospiraceae ↓

Rikenellaceae, ↓

Porphyromonadaceae ↓

Ruminococcaceae ↓

Wang 
et al
[23]

Healthy volunteers (n = 22); 
CHB (n = 85): CP-A (n = 76); 
CP-B (n = 9)

16S rRNA 
sequencing

Veillonellaceae ↑

Streptococcus, Veillonella, Streptococcus and Haemophilus had 
strong correlations with liver function indices and serum 
metabolites. They were significantly higher in patients with 
higher Child-Pugh scores. The gut microbiota may be 
partially involved in the abnormal accumulation of serum 
metabolites

Phylum

Firmicutes/Bacteroidetes ↑

Genera

Megamonas ↓

Deng 
et al
[29]

Healthy volunteers (n = 20); 
HBV-LC (n = 80): CP-A (n = 
30); CP-B (n = 31); CP-C (n = 
19)

16S rRNA 
sequencing

Veillonella ↓

Gut microbiota alteration mentioned on the left were all 
independent risk or protective factors for HBV-LC. Serum 
endotoxin increased in patients with higher CP classes (P = 
0.000)

Phylum

Proteobacteria ↑

Bacteroidetes ↑

Firmicutes ↓

Family

Zeng 
et al
[140]

Healthy volunteers (n = 15); 
CHB (n = 21); HBV-LC (n = 
25); HBV-HCC (n = 21)

16S rRNA 
sequencing

Bifidobacteria/Enterobacteriaceae 
↓

Higher Bacteroidetes/firmicutes ratio represented for higher 
LPS exposure

Genera

Prevotella ↑

Wang 
et al

Healthy volunteers (n = 21); 
CHB (n = 69); F0-1 (n = 25); 

16S rRNA 
sequencing

Genera responsible for bile acid metabolism decreased in 
CHB fibrosis patients
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Bacteroides ↓[59] F2-4 (n = 44)

Ruminococcus ↓

Phylum

Actinobacteria ↑

Bacteroidetes ↓

Firmicutes ↓

Chen 
et al
[28]

Healthy volunteers (n = 21); 
HBV carriers (n = 23); CHB (
n = 28); HBV-LC (n = 25)

16S rRNA 
sequencing

Proteobacteria ↑

HBV-LC patients had higher bacterial network complexity 
with lower abundance of potential beneficial bacterial taxa

Yang 
et al
[27]

Healthy volunteers (n = 31); 
HBV carriers (n = 24); CHB (
n = 56); HBV-LC (n = 54); 
HBV-ACLF (n = 52)

16S rRNA 
sequencing

There are fluctuations in the 
changes

HBV carriers might be the most suitable donors for FMT for 
higher α diversity and abundance of potential beneficial 
bacteria

SpeciesWang 
et al
[37]

Healthy volunteers (n = 
877); CHB (n = 252); HBV-
LC (n = 162); HBV-ACLF (n 
= 212)

16S rRNA 
sequencing; 
metagenomic 
sequencing

Enterococcus faecium ↑

High abundance of Enterococcus is associated with 
progression while that of Faecalibacterium is associated with 
regression of HBV-ACLF

HBV: Hepatitis B virus; CHB: Chronic hepatitis B; ACLF: Acute-on-chronic liver failure; CP: Child-Pugh scores; CTP, Child-Turcotte-Pugh scores; FMT: 
Faecal microbiota transplantation; LC: Liver cirrhosis; LT: Liver transplant; qPCR: Quantitative polymerase chain reaction.

experiments, in which hepatitis B surface antigen (HBsAg) of immature mice remained positive[19]. The 
age-related difference in immune clearance of HBV is consistent with the stabilization time of the gut 
microbiota, and maturation appears to facilitate HBV clearance by diminishing the tolerance phenotype 
and stimulating the immunoreactive pathway[19,20]. Similarly, if the gut microbiota was greatly 
imbalanced by antibiotics, the depletion can impair intestinal barrier function and weaken the ability of 
humoral and cellular immunity to clear HBV: adult mice with a mature gut microbiota managed to clear 
HBV after 6 wk of infection, while they failed to do so after antibiotic use[19,21].

Acute HBV infection
Due to the difficulty of studying acute HBV infection in humans, animal studies have been used: the 
ratio of Firmicutes/Bacteroides increased in the early stages of infection (Day 14) and decreased 
significantly over time (Day 49) in two mouse groups that were constructed with different plasmids[22].

Chronic HBV infection and non-end-stage CHB
Compositional changes have already occurred in the gut microbiota in early-stage CHB patients: in the 
Child-Pugh A and B groups, the abundance of 5 operational taxonomic units (OTUs) belonging to 
Actinomyces, Clostridium sensu stricto, unclassified Lachnospiraceae and Megamonas increased, while 27 
OTUs decreased, which belong to Alistipes, Asaccharobacter, Bacteroides, Butyricimonas, Clostridium IV, etc.
[23].

To further understand the gut microbiota dynamics in chronic HBV infection and CHB, there are also 
studies concentrating on the association with clinical indicators reflecting liver function and infection 
state. The gut microbiota of subjects from the chronic HBV infection group with normal ALT (NALT) 
levels was rather similar to those from the healthy volunteers, while significantly different from those 
from the high ALT level group[24]; however, in a recent study, the authors presented a slightly different 
perspective that the microbial diversity and abundance of Lactobacillus, Clostridium, and Bifidobacterium 
were lower in CHB-NALT patients than in healthy volunteers[25]. Streptococcus, Veillonella, Streptococcus 
and Haemophilus showed high correlations with some serum metabolites, including aromatic amino 
acids (phenylalanine and tyrosine), which are assumed to play pathogenic roles the progression of CHB
[23]. The gut microbiota also varies according to viral load: HBV-infected individuals with a low viral 
load showed high diversity and carry a predominance of taxa associated with fatty acid and lipid 
metabolism[26].

As the disease progresses, the gut microbiota changes dynamically: the α diversity of asymptomatic 
HBV carriers slightly increased compared with that of healthy donators, while that of patients in the 
other three groups (CHB, liver cirrhosis, and acute-on-chronic liver failure (ACLF)) decreased with the 
severity of the disease[27]. The gut microbiota of patients with liver cirrhosis showed lower diversity 
and higher network complexity[28]. Veillonellaceae and Lachnospiraceae families were depleted in patients 
with liver cirrhosis compared with those in healthy volunteers, while Megamonas and Veillonella genera 
were depleted and enriched in patients, respectively[29]. Additionally, copy numbers of Enterobac-
teriaceae increased and lactic acid bacteria were depleted, with marked variation in the intestinal 
community of CHB patients[30]. The Bifidobacteria/Enterobacteriaceae ratio can be used for tracing the 
progression of liver disease[30]. With the magnitude of severity of liver disease (estimated as increasing 
liver Child-Pugh score), partial functional genes were correlated, such as those encoding aspartate-



Li YG et al. Gut microbiota and HBV-related fibrosis

WJG https://www.wjgnet.com 3559 July 28, 2022 Volume 28 Issue 28

ammonia ligase, transaldolase, adenylosuccinate synthetase and IMP dehydrogenase[31]. According to 
the combined results of multiple studies, there is a well-acknowledged decrease in Firmicutes abundance 
and increase in Proteobacteria during the progression of HBV-related fibrosis.

HCC and end-stage CHB
Liver cirrhosis is a dangerous premalignant condition with an increasing incidence of genetic 
aberrations and an elevated risk of HCC[32,33]. HCC patients tend to present a distempered gut 
microbiota and abnormal metabolites[34]. The butyrate-producing genera were depleted, while 
lipopolysaccharide (LPS)-producing genera were enriched in liver cirrhosis and HCC patients, and 
Clostridioides abundance was generally observed to be positively related to the tumor size of HCC[35]. In 
another study, Bacteroides, Lachnospiracea incertae sedis, and Clostridium XIVa were enriched in HCC 
patients, and there was a consistency of positive correlation with the tumor burden[36]. By integrating 
the clinical characteristics and database analysis, serum bile acids may be the communication mediators 
between these three genera and the host transcriptome[36]. HCC can be secondary to a number of 
causes, including HBV, Hepatitis C virus (HCV) and so on. Compared with non-HBV non-HCV HCC, the 
abundance of Prevotella was much greater in HBV-related HCC group[34]. HBV-related HCC group had 
higher abundance of pathways related to DNA formation and function (including chaperones and 
folding catalysts, DNA replication proteins and chromosome), which supported that HBV can impair 
the normal function of DNA[34].

Additionally, dynamic alteration of gut microbiota is a valuable indicator to predict the prognosis of 
end-stage liver disease. The richness of Enterococcus was significantly higher in the HBV-related ACLF 
progression group, while a high abundance of Faecalibacterium was associated with regression (groups 
were divided according to the model for end-stage liver disease at discharge)[37]; a higher abundance of 
E. coli is consistent with an increasing level of LPS ligand in the circulation of patients with end-stage 
liver disease[38-40].

GUT MICROBIOTA-RELATED MECHANISMS OF LIVER FIBROSIS
Liver fibrosis is fibrous scar caused by excess accumulation of ECM[41]. It is driven by the chronic and 
persistent occurrence of parenchymal injury and the activation of the inflammatory response, followed 
by a continuous repair reaction and liver fibrogenesis[42]. For HBV infection, liver infringement comes 
from not only HBV but also gut-derived microbe/antigen translocation and abnormal metabolites.

There is a close connection between the gut and liver through known organic pipelines (bile duct and 
portal vein)[43], and whether there are detours needs further study. The liver produces and sends 
primary bile acids (BAs) and immunologic active materials (some antimicrobial peptides) through the 
biliary tract to assist in intestinal digestion and immunity. Conversely, the portal vein carries secondary 
BAs, nutrients, gastrointestinal metabolites from the gut to the liver, to provide nutrients and get detoxi-
fication and biotransformation[17,44] (Figure 1A).

In a non-disease state, intestinal physical and chemical barriers effectively block pathogens or toxic 
substances and decrease bacterial colonization. The barriers mainly include mucin proteins secreted by 
goblet cells, secretory IgA (sIgA) secreted by plasma cells in lymphoid follicles of the lamina propria 
and tight junctions between intestinal epithelial cells (IECs)[45] (Figure 1B). Disorders of these barriers 
can lead to increased intestinal permeability and translocation of microbial components or metabolites 
(LPS, microbial DNA) in CLD patients, allowing microbes and antigens to translocate into the portal 
vein[45], and subsequently induce chronic or acute inflammatory responses of different tissues and 
organs[46] (Figure 1C).

Intestinal barrier impairment
The gastrointestinal mucus layer is the first line of defense against microbes, and the mobility enables 
the layer to carry pathogens distally and reduce microbial colonization[47]. The experimental mouse 
models with liver cirrhosis [induced by bile-duct ligation (BDL) or tetrachloromethane (CCl4)] show a 
reduced thickness of the mucus layer, with loss of goblet cells[48]. These cirrhotic mice show 
pathological bacterial translocation, which has not been found in healthy or pre-hepatic portal-
hypertensive mice[48]. sIgA is the predominant contributor to mucosal immunity, recognizing and 
eliminating bacterial protein antigens, and it also participates in barrier layer limitation of 
microbe/antigen translocation[49]. Patients with HBV-induced decompensated cirrhosis have increased 
sIgA content in blood and stool[30], consistent with the increased bacterial migration. Simultaneously, 
intestinal tight junctions are weakened in patients with liver cirrhosis, and the expression of tight 
junction proteins is decreased[50,51]. Zonulin, an effective physiological regulator of tight junctions, is 
one of the markers of intestinal permeability[52]. Serum zonulin content is significantly increased in 
HBV-related liver cirrhosis and HCC patients and the levels are correlated with the stages[53].
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Figure 1 Mechanism of gut microbiota-related liver fibrosis/cirrhosis. A: Gut-liver axis. The close bidirectional connection between gut and liver is 
mainly through the portal vein and bile duct; B: Intestinal barriers. From the intestine lumen, intestinal barriers are mainly formed by mucin proteins, sIgA and 
intercellular junctions, especially tight junctions between intestinal epithelial cells. The asterisk means when the intestinal barriers are weakened or broken, 
microbe/antigen translocation ensues; C: Liver fibrosis/cirrhosis and gut microbe/antigen translocation. Compared with normal state, gut microbe/antigen translocation 
and liver fibrosis/cirrhosis may drive each other in chronic hepatitis B patients; D: Mechanisms of liver fibrosis/cirrhosis process and regression. Receiving the 
activation signal, hepatic stellate cells (HSCs) are activated into fibroblasts to form the fiber. As the activation signal ceases, the activated HSCs are inactivated or 
apoptotic. When fiber degradation predominated, fibrosis is reversed. HSCs: Hepatic stellate cells; LPS: Lipopolysaccharide; LSECs: Liver sinusoidal endothelial 
cells.

Gut-derived microbe/antigen translocation and metabolic dysbiosis 
The impairment of the intestinal barrier greatly reduces the efficiency of blocking microbe/antigen 
translocation. Gut-derived microbes or fragments and metabolites enter the venous system, travel 
through the portal vein to invade the liver. Diversity of circulating bacteria in cirrhosis patients is 
consistent with the presence of dysbiosis[54]. Recent studies have also supported that the occurrence of 
intestinal bacterial overgrowth and bacterial translocation in cirrhosis using methods such as bacterial 
DNA sequencing[55] and fluorescence microscopy[21] and suggested that the mechanism is associated 
with antimicrobial host defense[56]. Simultaneously, LPS is one of the component of the outer 
membrane of Gram-negative bacteria, mainly from Enterobacteriaceae[57]. The dysbiosis of the gut 
microbiota in mice leads to endotoxemia, which may bring about Kupffer Cell (KC) IL-10 production 
and KC-mediated T cell suppression[57]. And endotoxemia is highly related to the severity in liver 
diseases and complications[58].

Additionally, abnormal composition of the gut microbiota results in metabolic disorders, among 
which the metabolism of BAs has aroused great concern[25]. The level of fecal total BAs decreased and 
the ratio of conjugated and primary BAs increased in CHB patients without liver cirrhosis, which may 
be the prelude of following changes[25]. And there is a trend that abundance of the bacteria genera 
responsible for BA metabolism is decreased in CHB patients with moderate/advanced fibrosis[59,60]. 
There is also a link between gut bacteria-controlled BA metabolism and liver antitumor immunosur-
veillance via natural killer T (NKT) cells[61].

Immune-mediated fibrosis and regression
Pattern recognition receptors (PRRs) are highly conserved host sensors that are able to recognize 
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exogenous and endogenous antigens, including pathogen-associated molecular patterns (PAMPs) and 
host-derived damage-associated molecular patterns (DAMPs)[62]. PRRs are expressed by a plethora of 
immune cells, especially macrophages[63]. Macrophages could be at the center of innate immune 
regulation, linking microbe/antigen translocation and liver inflammation or fibrosis[64]. Recognition of 
PRRs sends the initial signal to active downstream adaptor proteins to undergo maturation and 
assemble transcription factors, such as nuclear factor (NF)-κB[65,66]. The produced cytokines then 
recruit inflammatory cells, drive antimicrobial activities and promote myofibroblast formation[67].

Myofibroblasts, the collagen-producing cells, are not present in healthy livers[68]. In response to toxic 
liver injury, myofibroblasts are mainly transformed from activated hepatic stellate cells (HSCs)[69]. 
There are four different stages of HSCs, namely, quiescent, activated (equivalent to collagen type I-
producing myofibroblasts), inactivated and senescent[41]. Under physiological conditions, quiescent 
HSCs stay in the space of Disse and function as the major vitamin A storage site[70]. Simulated by 
several cytokines (especially transforming growth factor (TGF)-β)[71], quiescent HSCs modulate 
phenotypes and transform into activated HSCs, and the activated HSCs migrate and secrete ECM to 
produce a fibrous scar[41]. After removing the initial driver, there is a decrease in the levels of pro-
inflammatory cytokines (interleukin-6, interleukin-1β and tumor necrosis factor) and TGF-β, and a rapid 
decline of the counts of activated HSCs[41]. Activated HSCs can be transformed into inactivated or 
senescent cells, and stop producing type-I collagen fibers[72]. Later, when fiber degradation by matrix 
metalloproteinases overwhelms fiber formation, liver fibrosis can be controlled, regressed and even 
reversed[73].

In conclusion, increased microbe and endotoxin loads in the portal vein cause PRR activation on 
immune cells, especially on macrophages, which leads to the activation of quiescent HSCs into activated 
HSCs[44,66]. Later, activated HSCs proliferate in response to various cytokines, secrete type-I collagen 
fiber and make liver fibrotic[41]. Upon cessation of underlying injury, myofibroblasts undergo 
inactivation or apoptosis, and fibrosis can be discontinued or reversed[41] (Figure 1D). This is the 
mechanism of effective treatment to control and regress liver fibrosis.

GUT MICROBIOTA DYSFUNCTION IN LIVER FIBROSIS COMPLICATIONS
As mentioned above, gut microbiota alterations may drive immune-related inflammation and fibrosis in 
the liver. Due to the accumulation of collagen fiber, liver stiffness is increased, bloodstream transport is 
blocked, healthy liver parenchyma is replaced and liver biotransformation and detoxification abilities 
are weakened[74]. As the disease progresses into the decompensation stage, patients may experience 
deadly complications, such as portal hypertension, spontaneous bacterial peritonitis (SBP) and HE. The 
relationship among gut microbiota alteration, liver fibrosis and portal hypertension is similar to the 
question of the chicken and the egg, as they drive and affect each other[75]. Compared with 
compensated cirrhosis, gut microbiota composition is characterized by an increase in the abundance of 
potentially pathogenic bacteria in the decompensation stage, especially Alcaligenaceae, Porphyromon-
adaceae, Veillonellaceae and Enterobacteriaceae[76].

SBP 
SBP refers to the infection of ascites without an apparent intra-abdominal focus[77]. It is a severe 
infection and is often fatal in patients with cirrhosis and ascites[78]. The pathogen of SBP in liver 
cirrhosis patients is mainly from the intestinal tract.

More than two decades ago, DNA fragments of 30 bacterial isolated from ascites, mesenteric lymph 
nodes, portal blood, and ileal flora were compared[79]. The same bacterial strain was simultaneously 
isolated in ascites and in mesenteric lymph nodes and/or the ileum in 7/8 (87%) instances[79]. 
Intraperitoneal LPS increased TLR4 (Toll-like receptor 4, the canonical PRR for LPS) expression and 
amplified portal hypertension in rat liver fibrosis[80].

HE
HE is a fatal central nervous system complication caused by acute and chronic hepatitis or 
decompensated cirrhosis[81], which is considered consciousness disturbance after ammonia-related 
cerebral edema[82]. HE patients tend to have a poor prognosis and high mortality and recurrence rates, 
with greatly increasing economic and nursing burdens[83].

Currently, there is an increasing consensus that the gut microbiota and gastrointestinal metabolites 
play an important role in the initiation and progress of HE. On the basis of the gut-liver axis mentioned 
above, researchers proposed the concept of the gut-brain-liver axis to describe the role of the gut 
microbiota[84]. Cognitive dysfunction in cirrhosis is related to a decrease in the abundance of autoch-
thonous families and an increase in Alcaligenaceae and Porphyromonadaceae[85,86].

On the one hand, gut microbiota alteration in the decompensation stage is consistent with the 
accumulation of microbe-derived products, including ammonia, mercaptans, benzodiazepine-like 
substances, and indoles[76]. These products can pass the blood-brain barrier and alter astrocyte 
function, resulting in osmotic or oxidative stress, mitochondrial dysfunction, neurotransmission 
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disorder, etc.[81]. On the other hand, neurotransmitters produced by the microbiota, including 
serotonin, dopamine, and aminobutyric acid, can act on specific receptors of exogenous primary afferent 
neuron cells, or cross the blood-brain barrier to act as active neurotransmitters[87]. The complex 
network among the enteric nervous system, the autonomic nervous system and the neuroendocrine and 
neuroimmunity systems of the central nervous system has a mutual impact on the gut microbiota, and 
the up-down or down-up regulation mechanisms need further exploration[84].

GUT MICROBIOTA-RELATED TREATMENT TOWARD HBV-RELATED FIBROSIS AND 
COMPLICATIONS
Based on the fibrosis regression theory mentioned above, removing the cause is the key to controlling 
and reversing liver fibrosis (Tables 2 and 3). For more than a decade, antiviral therapy has been 
recognized as an effective method to prevent, control and even reverse fibrosis and cirrhosis[88]. 
Rifaximin reduces the virulence of the overgrown gut microbiota[89]. With further understanding of the 
connection between the gut microbiota and HBV-related fibrosis, scientists have suggested that host 
health depends on the balance of the composition of the entire microbial community rather than one or 
a few dominant organisms[90]. New therapeutic strategies for HBV-related fibrosis, cirrhosis and 
complications have been broadened to regulate the gut microbiota through probiotic supplementation 
and microbiota transplantation from healthy donors.

Gut microbiota stabilization with antiviral treatment
At present, the main endpoint of all current treatment strategies is to maintain long-term suppression of 
HBV replication[2]. Two main options are nucleoside analogs (NAs) and interferon alpha[91]. NAs with 
a high barrier to HBV resistance, including entecavir (ETV), tenofovir disoproxil fumarate (TDF) and 
tenofovir alafenamide (TAF), are believed to be favorably safe and long-acting[92]. Antiviral treatment 
(AVT) exerts a positive influence on survival rate and quality of life by preventing disease progression, 
reversing and degrading fibrosis and cirrhosis[93,94], and even reducing HCC incidence and mortality 
in CHB patients[95].

ETV therapy reverses gut microbiota dysbiosis induced by HBV infection in a mouse model[96]. And 
in a controlled cross-sectional and longitudinal real-world study, the species abundance of the gut 
microbiota increased markedly after ETV treatment[97]. After 8 wk of ETV treatment, the abundance of 
Clostridium sensu stricto 1, Erysipelotrichaceae UCG-007 and Intestinibacter increased significantly, and that 
of Streptococcus, Atopobium and Murdochiella was markedly reduced[97]. Although the addition of 
Clostridium butyricum (CB) to ETV failed to improve the serum biochemical, immunologic and virologic 
variables, addition of CB affected the gut microbiota in CHB patients treated with ETV[98]. While there 
is a lack of dynamic and synergetic studies on liver fibrosis outcomes and gut microbiota alterations 
during AVT, collaborative microbes contributing the most to antiviral-intervened HBV-related fibrosis 
cannot be pinpointed definitively.

Rifaximin
Rifaximin is a rifamycin-based nonsystemic antibiotic with low gastrointestinal absorption and good 
antibacterial activity[89,99]. The gastrointestinal tract is the main therapeutic target of rifaximin, and it 
has been widely used in controlling HE with infrequent side effects and a favorable long-term safety 
profile[100,101].

Current ideas suggest that rifaximin may have positive implications for liver cirrhosis and complic-
ations by acting on the gut microbiota. However, according to a randomized trial, there seems to be a 
minor impact on the composition of the gut microbiota[102]. Enrolled patients with cirrhosis and ascites 
were divided into two groups to receive rifaximin or placebo for 4 wk. Rifaximin decreased gut bacterial 
abundance, while no effect on particular species was observed; blood bacterial richness was decreased 
and the difference in Pseudomonadales abundance was relatively obvious[102]. And there was no 
difference in circulating markers of inflammation between the two groups[102]. Two additional studies 
also supported that rifaximin has little influence on gut microbiota abundance[103], but the metabolite 
levels altered: after rifaximin application, endotoxemia was relieved, and serum saturated and 
unsaturated fatty acid levels were increased significantly[104]. The former conclusion agreed with a 
study on experimental mice[105]. Therefore, rather than having a bactericidal effect, rifaximin seems to 
have direct effects on bacterial function and virulence[89].

Probiotics and synthetic probiotics
Probiotics are living nonpathogenic microorganisms, and treatment doses (at least 106 viable CFU/g) 
may help temper the gut microbiota[106]. Lactobacillus and Bifidobacterium genera are widely reported as 
clinically available probiotics[107]. In recent studies, probiotics have been broadly used to regulate the 
gut microbiota for further positive influences on primary diseases, such as gastrointestinal dysfunctions
[108,109], metabolic diseases[110,111] and psychoneurotic disorders[112,113].
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Table 2 Gut microbiota-related treatment toward hepatitis B virus-related fibrosis and complications (studies in animal models)

Ref. Study populations (n) Treatment and grouping (n) Conclusions

Antiviral therapy

Li et al[96] AAV-mediated persistent HBV 
infection (AAV-HBV) mice (n = 10)

35 d after HBV infection, 4 wk of daily 
ETV treatment. ETV (n = 5)

Gut microbiota dysbiosis of the AAV-HBV mice was 
reversed by ETV treatment with restored α diversity and 
changed proportion of Akkermansia, Lacnospiracea and 
Marvinbryantia

Rifaximin

Kang et al
[105]

Germ-free mice (n = 16) 15 d of rifaximin 100 mg/(kg·d), or 
humanized with stools from a HCV-
induced cirrhotic patient with MHE. 
Rifaximin (n = 4); Humanized (n = 4); 
Rifaximin + humanized (n = 4)

Rifaximin beneficially altered intestinal ammonia 
generation by regulating intestinal glutaminase expression 
independent of gut microbiota. MHE-associated fecal 
colonization resulted in intestinal and systemic inflam-
mation. It was ameliorated with rifaximin

Engineered probiotics

Nicaise et 
al[120]

Ornithine transcarbamoylase-
deficient Sparse-fur mice; Carbon 
tetrachloride rats; Thioacetamide-
induced acute liver failure mice

NCIMB8826 (wild-type strain Lactoba-
cillus plantarum), or EV101 (engineered 
Lactobacillus plantarum, LDH-/AlaD+) 
oral and intrarectal administration

EV101 administration was effective in controlling 
hyperammonemia in constitutive animal models with a 
significant effect on survival, which might be involved 
with direct ammonia consumption in the gut

Kurtz et al
[121]

Ornithine transcarbamylase-deficient 
spfash mice; Thioacetamide-induced 
acute liver failure mice; Healthy 
volunteers (n = 52)

Non-modified Escherichia coli Nissle 1917 
(EcN), SYNB1020 (engineered EcN, Δ
argR, ΔthyA, malEK:PfnrS-argAfbr) 
administration

SYNB1020 converted NH3 to l-arginine in vitro, and 
reduced systemic hyperammonemia, improved survival in 
mouse models. SYNB1020 was well tolerated in healthy 
volunteers

Ochoa-
Sanchez et 
al[122]

Bile-duct ligated rats Non-modified EcN, S-ARG, or S-ARG + 
BUT administration

S-ARG converted ammonia to arginine, it was further 
modified to additionally synthesize butyrate, which had 
the potential to prevent HE

FMT

Liu et al
[134]

Germ-free mice Sterile supernatant or entire stool from 
pre-FMT and post-FMT cirrhotic patients 
with HE was transplanted to Germ-free 
mice

Transferred microbiota mediated neuroinflammation. 
Cirrhosis-associated dysregulation of gut microbiota was 
related with frontal cortical inflammation

AAV: Adeno-associated virus; HBV: Hepatitis B virus; ETV: Entecavir; HCV: Hepatitis C virus; MHE: Minimal hepatic encephalopathy; HE: Hepatic 
encephalopathy; FMT: Fecal microbiota transplantation.

The role of probiotics in complications of HBV-related fibrosis and cirrhosis has been validated, 
especially for HE. Probiotics can drive the gut microbiota, triggering emotional brain signatures[114]. 
For minimal HE, probiotic therapy (Lactobacillus acidophilus) can improve blood ammonia and psycho-
metric tests and reduce the risk of overt encephalopathy deterioration[115]. Further studies confirmed 
that patients’ cognition, venous ammonia level and intestinal mucosal barrier function were 
significantly improved after 3 mo of probiotic use (Clostridium butyricum combined with Bifidobacterium 
infantis), and the predominant bacteria (Clostridium cluster I and Bifidobacterium) were obviously 
enriched in the probiotic-treated group, while Enterococcus and Enterobacteriaceae were depleted[116]. 
The combination of probiotics and lactulose is effective for the secondary prophylaxis of HE patients 
with cirrhosis[117]. Simultaneously, probiotics may work by promoting the growth of beneficial 
microbes and preventing PAMP-mediated liver inflammation and the anti-proliferative, anti-
angiogenic, and anti-metastatic effects of the antioxidant can block the progress of HCC[118].

Additionally, rapid progress in synthetic biology has brought more options, which makes engineered 
live biotherapeutics an available and promising strategy[119]. More than one decade ago, the genetically 
engineered ammonia-hyperconsuming strain NCIMB8826 was verified to exhibit a beneficial effect at a 
lower dose than its wild-type counterpart[120]. In recent years, more engineered bacteria have been 
constructed to accelerate ammonia metabolism, reduce blood ammonia concentration and reduce HE 
incidence[121,122]. One team from Synlogic Inc. engineered oral probiotic Escherichia coli Nissle 1917 
(Ecn) to create strain SYNB1020[121]. SYNB1020 is able to convert NH3 to L-arginine in vivo and reduce 
hyperammonemia in two mouse models (ornithine transcarbamylase-deficient spfash mice and 
thioacetamide-induced liver injury mice). Satisfyingly, it showed metabolic activity and good tolerance 
in a phase 1 clinical study of 52 healthy adult volunteers. Later, another group modified Ecn to consume 
and convert ammonia to arginine, which was further modified to additionally synthesize butyrate[122]. 
Both of these studies showed that engineered probiotics have positive therapeutic significance for 
hyperammonemia and underlying potential for HE prevention. However, these strains have not 
progressed to clinical studies in hyperammonemia patients, and the clinical effects need further study.
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Table 3 Gut microbiota-related treatment toward hepatitis B virus-related fibrosis and complications (studies in human)

Ref. Study populations (n) Treatment and grouping (n) Conclusions

Antiviral therapy

Lu et al
[97]

Healthy volunteers (n = 
30); CHB (n = 30)

8 wk of daily ETV treatment. ETV (n = 30) After ETV treatment, gut microbiota abundance increased 
markedly, blood biochemical, immunological and virological 
responses improved significantly

Lu et al
[98]

Healthy volunteers (n = 
30); CHB patients (n = 60)

8 wk of daily ETV treatment, or with 
additional CB. ETV (n = 30); ETV + CB (n = 
30)

Additional CB fail to improve blood biochemical, immunological 
and virological responses, but affects the gut microbiota in the 
CHB patients treated with ETV

Rifaximin

Bajaj et al
[104]

Decompensated LC 
patients with MHE (n = 
20):CHB (NM)

8 wk of rifaximin 550-mg BD. Rifaximin (n 
= 20)

Rifaximin affected little on gut microbiota, there was just a modest 
decrease in Veillonellaceae and increase in Eubacteriaceae. Rifaximin 
significantly improved cognition and endotoxemia, it increased 
increase in serum saturated and unsaturated fatty acids post-
rifaximin

Lutz et al
[144]

Decompensated LC 
patients with ascites (n = 
152): Viral hepatitis (n = 35)

Prophylactic antibiotic treatment before 
the time of paracentesis. Rifaximin (n = 
27); Other systemic antibiotics (n = 17)

Prophylactic rifaximin did not reduce SBP occurrence. Prophy-
lactic rifaximin was associated with the dominant bacteria in 
ascites: Escherichia coli and enterococci were dominant of patients 
without prophylaxis, klebsiella species were mostly recovered 
from the rifaximin group

Kimer et al
[102]

Decompensated LC 
patients (n = 54): CHB 
(NM)

4 wk of rifaximin 550-mg BD or placebo 
BD. Rifaximin (n = 36); Placebo (n = 18)

Rifaximin had minor effects on bacteria translocation and gut 
microbiota. Rifaximin showed little impact on the inflammatory 
state (reflected as the level of TNF-α, IL-6, IL-10, IL-18, SDF-1α, 
TGF-1β, CRP)

Kaji et al
[103]

Decompensated LC 
patients (n = 30): CHB (n = 
4)

4 wk of rifaximin 1200 mg/d. Rifaximin (n 
= 30)

Rifaximin alleviated HE and endotoxemia with improved 
intestinal hyperpermeability, and it is involved in a gut microbial 
change. Rifaximin didn’t affect serum proinflammatory cytokine 
levels (TNF-α, IL-6, IFN-γ, IL-10)

Probiotics

Agrawal 
et al[117]

LC patients with recovered 
HE (n = 235): CHB (n = 49)

3 mo of lactulose 30–60 mL/d, or 3 
capsules of probiotics per day, which 
contained 4 strains of Lactobacillus. 
Lactulose (n = 80); Probiotics (n = 77)

Lactulose and probiotics were effective for secondary prophylaxis 
of HE in cirrhotic patients

Ziada et al
[115]

Decompensated LC 
patients with MHE (n = 
90): CHB (NM)

4 wk of lactulose 30–60 mL/d, or 3 
capsules of probiotics per day, which 
contained Lactobacillus acidophilus. 
Lactulose (n = 30); Probiotics (n = 30)

Probiotic was better tolerated than lactulose. Both of them can 
improve blood ammonia and psychometric tests and reduce the 
risk of developing overt HE. Magnetic resonance spectroscopy 
showed more improvement in the levels of brain neurometabolites 
in the probiotic group

Xia et al
[116]

Decompensated HBV-LC 
patients with MHE (n = 67)

3 mo of probiotics 1500-mg TD, which 
contained Clostridium butyricum combined 
with Bifidobacterium infantis. Probiotics (n = 
30)

After probiotics treatment, the therapeutic bacteria were 
significantly enriched, while Enterococcus and Enterobacteriaceae 
were decreased. Probiotics contributed to the improved cognition 
and the decreased ammonia levels

FMT

Ren et al
[132]

CHB with positive HBeAg, 
received over 3 yr of 
antiviral treatment (n = 18)

FMT was performed by gastroscope every 
4 wk until HBeAg clearance. FMT (n = 5)

FMT was effective on HBeAg-positive CHB, especially in patients 
who could not cease the oral antiviral treatment even after long-
term treatment

Bajaj et al
[135]

Decompensated LC 
patients with recurrent HE 
(n = 20). CHB (NM)

After 5 d of antibiotics, FMT was 
performed by enema, or standard of care 
(SOC, rifaximin/lactulose) was applied. 
FMT (n = 10); SOC (n = 10)

FMT increased diversity and beneficial taxa of gut microbiota, 
improved cognition and showed good tolerance, other than SOC

Bajaj et al
[136]

Decompensated LC 
patients with recurrent HE 
(n = 20). CHB (NM)

FMT was performed by enema, or 
standard of care (SOC, 
rifaximin/lactulose) was applied. FMT (n 
= 10);  SOC (n = 10)

Oral FMT capsules are safe and well tolerated. Post-FMT, 
duodenal mucosal diversity increased with higher Ruminococcaceae 
and Bifidobacteriaceae and lower Streptococcaceae and Veillonellaceae. 
Reduction in Veillonellaceae were noted post-FMT in sigmoid and 
stool

Chauhan 
et al[133]

CHB with positive HBeAg, 
received over 1 years of 
antiviral treatment (n = 18)

6 FMTs were performed by gastroscope 
every 4 wk FMT (n = 12)

FMT appeared to be safe and effective on HBeAg-positive CHB in 
viral suppression and HBeAg clearance

CHB: Chronic hepatitis B; CB: Clostridium butyricum; CRP: C-reactive protein; EcN: Escherichia coli Nissle 1917; ETV: Entecavir; HBeAg: Hepatitis B e 
antigen; HE: Hepatic encephalopathy; IFN: Interferon; IL: Interleukin; LC: Liver cirrhosis; MHE: Minimal hepatic encephalopathy; NM: Not mentioned; 
SBP: Spontaneous bacterial peritonitis; SDF-1α: Stromal cell-derived factor 1-α; TDF: Tenofovir disoproxil fumarate; TGF-1β: Transforming growth factor β
-1; TNF: Tumor necrosis factor; FMT: Faecal microbiota transplantation.



Li YG et al. Gut microbiota and HBV-related fibrosis

WJG https://www.wjgnet.com 3565 July 28, 2022 Volume 28 Issue 28

Fecal microbiota transplantation
Fecal microbiota transplantation (FMT) is an emerging treatment method that transfers the gut 
microbiota from a healthy donor to a patient[123]. Due to its ability to directly reshape or rebuild the 
recipient’s gut microbial communities, FMT is one of the most promising therapies balancing and 
stabilizing the gut microbiota[76], and it has been applied to research-based treatment in animal models 
of a variety of diseases[124,125] and to study the mechanisms[126,127]. In recent years, FMT has been 
expanded to clinical treatment for human disease as a noninvasive strategy for conditions including 
recurrent Clostridium difficile infection[128], inflammatory bowel disease[129], severe obesity and 
metabolic syndrome[130]. Regarding the mechanism, the gut microbiota structure can be improved by 
FMT, and a clinical trial employing autologous FMT supported this point[131].

Clinical trials have also aimed to determine whether CHB patients can benefit from FMT therapy. In a 
pilot study carried out in China, FMT showed the potential to induce HBeAg clearance in HBeAg-
positive CHB patients after long-term AVT: There was a significant HBeAg level decline in the FMT 
group (FMT combined with AVT), while no decline in the control group (AVT only) was found[132]. 
The results were consistent with a nonrandomized controlled clinical trial carried out in India: after 1 
year of FMT therapy for 6 terms, the FMT group (FMT + AVT) seemed to show potential effectiveness 
and safety compared with those of the AVT group (AVT only)[133]. Some researchers have also 
hypothesized that FMT of some potential beneficial bacteria can change the occurrence of disease, and 
HBV carriers might be the most suitable donors for slightly higher microbiota abundance[27]. However, 
due to the limitations of a small number of participants and a lack of randomized clinical trials, further 
well-designed clinical trials are needed to confirm the initial assumptions and promote clinical practic-
ability.

Studies on FMT for HE animal models or patients show satisfactory results. In animal experiments, 
neuroinflammation alleviation was found in cirrhosis model mice receiving FMT[134]. In a randomized 
clinical trial, FMT from rationally selected donors helped reduce and improve hospitalizations and 
improve cognition and dysbiosis for cirrhosis with recurrent HE[135]. Later, the same team verified the 
safety of FMT capsules through a phase 1, randomized and placebo-controlled clinical trial[136]. In 
addition to integral inoculation, selective inoculation of specific strains also plays an ameliorating role. 
Transplanting low-urease altered Schaedler flora to mice prepared with a depleted microbiota leaded to 
durable reduction in fecal urease activity and ammonia production[137]. The symbiotic pair of Lactoba-
cillus reuteri JBD400 and Streptococcus rubneri JBD420 cooperatively improved transplantation efficiency 
2.3 × 103 times more than that of sole transplantation and significantly lowered blood ammonia levels
[138].

CONCLUSION
Consequently, gut microbiota alteration has been observed to be related to HBV-related fibrosis 
initiation and progression, and it is a promising therapeutic target. According to current studies, HBV 
persistence and clearance show consistency with the maturity and health of the gut microbiota[19,21]. 
With an increase of Child-Pugh scores and the model for end-stage liver disease, the gut microbiota is 
characterized by a decrease in the ratio of “good” to “potentially pathogenic” bacteria, and species 
diversity tends to decrease[139,140]. However, it is difficult to clarify which is the initiating factor 
between gut microbiota alteration and HBV-related fibrosis progression. Existing studies tend to be 
descriptive and lack HBV-specific exploration. Gut microbiota-related mechanisms are based on the gut-
liver axis and immune-mediated response, briefly including intestinal barrier impairment, PRR 
activation, cytokine production, HSC activation and transformation, and fiber secretion and formation
[41]. When the driver is removed, activated HSCs are inhibited or become apoptotic, and fiber scars are 
degraded, resulting in fibrosis regression[41].

Beyond theory, quite a few studies have begun examining therapeutic inventions. AVT can effectively 
control or even reverse HBV-related liver fibrosis, during which the gut microbiota gradually returns to 
homeostasis[96,97]. Rifaximin may decrease the virulence of the overgrown gut microbiota[89]. 
Probiotics and FMT are the most popular gut microbiota targeted therapies, and they are moving from 
the laboratory to the clinic. In addition, synthetic probiotics and selective microbiota transplantation 
may make these therapies more precise, and bring fewer side effects.

However, current studies do have limitations. There is a lack of in-depth research on the specific 
molecular mechanisms of the gut microbiota. Further clinical studies are needed to determine its effect-
iveness in patients with HBV-induced liver cirrhosis in the real world[141]. We must also admit that 
age, host location, dietary habits have a great impact on the gut microbiota, which leads to the lack of 
consistency and comparability of the alterations in gut microbiota in different studies. Therefore, 
diagnosis potential of microbial markers should be considered the factors mentioned above. We are 
looking forward to more powerful studies to strengthen the theoretical foundation and promote clinical 
application.
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Abstract
The management of hepatocellular carcinoma (HCC) is challenging because most 
patients have underlying cirrhosis, and the treatment provides, historically, a 
limited impact on the natural history of patients with advanced-stage disease. 
Additionally, recurrence rates are high for those patients who receive local and 
locoregional modalities, such as surgical (resection and transplantation) or image-
guided (ablation and intra-arterial) therapies. Translational research has led to 
new concepts that are reshaping the current clinical practice. Substantial 
advancements were achieved in the understanding of the hallmarks that drive 
hepatocarcinogenesis. This has primed a successful incorporation of novel agents 
with different targets, such as anti-angiogenic drugs, targeted-therapies, and 
immune-checkpoint inhibitors. Although clinical trials have proven efficacy of 
systemic agents in advanced stage disease, there is no conclusive evidence to 
support their use in combination with loco-regional therapy. While novel local 
modalities are being incorporated (e.g., radioembolization, microwave ablation, 
and irreversible electroporation), emerging data indicate that locoregional 
treatments may induce tumor microenvironment changes, such as hyperex-
pression of growth factors, release of tumor antigens, infiltration of cytotoxic 
lymphocytes, and modulation of adaptative and innate immune response. Past 
trials that evaluated the use of antiangiogenic drugs in the adjuvant setting after 
ablation or chemoembolization fail to demonstrate a substantial improvement. 
Current efforts are directed to investigate the role of immunotherapy-based 
regimens in this context. The present review aims to describe the current 
landscape of systemic and locoregional treatments for HCC, present evidence to 
support combination approaches, and address future perspectives.
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Core Tip: Management of hepatocellular carcinoma (HCC) is based on stages defined by tumor burden, 
liver function, and performance status. With the advent of more effective systemic treatments, such as 
immunotherapy and immunotherapy-based combinations, patients with advanced stage disease have better 
outcomes. The migration of systemic treatment to earlier stages, in combination with locoregional 
therapies, are expected to improve the outcomes and cure rates. Currently, the research field is moving 
towards an increasing interest in combining locoregional and systemic treatments for HCC.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is a highly fatal disease, representing the fourth cause of cancer-related 
mortality worldwide[1]. This situation is attributed to the challenging management of patients with 
HCC per se in concomitance with an underlying liver disease and cirrhosis-related complications. 
Moreover, a significant proportion of patients are diagnosed with advanced stage disease, not amenable 
to curative options. Finally, even patients who are treated with local therapies, such as surgery and 
ablation, present high rates of recurrence, reaching up to 70% in 5 years[2].

Treatment options for HCC are selected based on liver function, performance status, and tumor 
burden (size, number of lesions, metastatic spread, and vascular invasion). These patient- and tumor-
centered characteristics define the stage of the cancer, each with a different prognosis[3]. Thus, clinical 
practice guidelines according to both tumor presentation and liver function integrate the available 
evidence based on well-delineated clinical trials and recommend treatment strategies for each stage[2,4] 
(Figure 1).

Liver resection, local ablation, and liver transplantation are recommended for very-early and early-
stage disease and are considered curative-intent treatments for HCC. Intra-arterial therapies, such as 
transarterial chemoembolization (TACE), are indicated for cases classified as intermediate stage 
(multinodular liver disease beyond Milan-criteria with preserved liver function), and systemic 
treatments are used for patients with advanced stage disease[3]. Therapeutic management of HCC is 
evolving rapidly with the incorporation of novel locoregional techniques and the increasing number of 
systemic agents tested in clinical trials, including immunotherapy. Each treatment approach is directed 
to treat HCC at different stages, and there is a lack of evidence to support the use of combined systemic 
and locoregional treatments. Therefore, the biological rational behind combination strategies and the 
urgent need to improve outcomes for this lethal disease prime intense research activity in both basic and 
clinical fields. This review aims to address the current landscape of systemic and locoregional 
treatments and the future perspectives regarding combined approaches.

SYSTEMIC TREATMENT FOR HCC: CURRENT LANDSCAPE AND PERSPECTIVES
Systemic treatment is recommended for patients with advanced stage disease (preserved liver function, 
performance status 0-2, metastatic spread, and/or macrovascular invasion) and for patients in earlier 
stages who have contra-indications or progressed after locoregional modalities according to the concept 
of treatment stage migration[3].

The natural history of advanced HCC is poor, with a median overall survival of 4-8 mo without active 
treatments[5]. Since 2008, the use of agents that target hallmarks of hepatocarcinogenesis are gradually 
improving prognosis and achieving substantial clinical benefit for HCC patients. Sorafenib, a 
multikinase inhibitor, has been shown to improve overall survival over placebo in the SHARP and Asia-
Pacific trials and became the first approved drug for advanced HCC[6,7]. After almost a decade, other 
drugs of the same class were tested with positive results in phase III trials, such as lenvatinib (non-
inferior to sorafenib in first-line)[8], regorafenib (superior over placebo in second-line for patients who 
tolerated sorafenib)[9], and cabozantinib (superior over placebo after sorafenib failure)[10]. These drugs 
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Figure 1 Treatment algorithm for hepatocellular carcinoma based on level-1 evidence. The algorithm establishes five stages according to liver 
function, tumor burden, and performance status. Each stage is linked to first-line treatment recommendation, although individual decisions can be defined according 
to patient profile and available treatment options. Adapted from Ref. [3]. BCLC: Barcelona clinic liver cancer; TACE: Transarterial chemoembolization.

share common targets, such as vascular endothelial growth factor receptor (VEGFR) and platelet-
derived growth factor receptor, while some of them present, individually, more direct actions against 
specific targets, such as the case of lenvatinib against fibroblast growth factor receptor, and cabozantinib 
against mesenchymal-epithelial transition (MET) receptor. Additionally, ramucirumab, a monoclonal 
antibody against VEGFR, was shown to improve overall survival over placebo in patients who present 
with alpha-fetoprotein (AFP) ≥ 400 ng/mL after sorafenib failure and is also approved for clinical use
[11]. Generally, these drugs present antiangiogenic activity and promote clinical benefit by delaying 
tumor progression rather than inducing a substantial reduction in tumor burden. Trials with these 
drugs are consistent in showing a statically significant, but modest, increase in overall survival, with 
survivals around 11-13 mo in the first line, a response rate of less than 10% (except for lenvatinib, with a 
response rate of 18.8% in the REFLECT trial), and a range of class-related adverse events, such as 
fatigue, arterial hypertension, skin reaction, and diarrhea[12].

In the past years, the advent of immune-based treatments, such as immune checkpoint inhibitors, 
brought huge advances in HCC management. The biological background for the use of immunotherapy 
in HCC is based on the remarkable immunotolerance of the liver due to the high antigenic load derived 
from the enteral-portal circulation. Additionally, HCC develops in a microenvironment of chronic 
inflammation and underlying liver disease. Low infiltration of CD8 + T lymphocytes, responsible for the 
antitumor immune response, and a marked presence of exhausted lymphocytes and regulatory T 
lymphocytes are described in HCC, contributing to an immunosuppressive and procarcinogenic 
microenvironment[13,14].

The immune checkpoint inhibitors aimed at boosting anti-tumoral immunity in the priming phase by 
the recognition of antigens presented by dendritic cells to lymphocytes (anti-CTLA4 agents) and in the 
effector phase of T-CD8 cytotoxic cells against tumor cells (anti-PD1, anti-PDL1) were tested in phase 
I/II trials showing durable response rates of around 15%-20%. Therefore, pembrolizumab and 
nivolumab (anti-PD1 drugs) received approval for use in second-line treatments[15,16]. However, 
comparative trials showed that immune checkpoint inhibitors as monotherapy did not improve 
outcomes comparing to the available treatments. In a phase III trial, nivolumab was not proven to 
improve survival compared to sorafenib in the first line[17] and pembrolizumab did not achieve 
statistical superiority over placebo in the second-line[18].

The use of combinations of agents with different mechanisms of action can improve results of 
immunotherapy through additive effect and because VEGF can enhance the immunosuppression of the 
tumor microenvironment by inhibiting the function of effector T cells, increasing the recruitment of 
regulatory T cells and myeloid-derived suppressor cells[19]. This combination was explored in the 
IMBRAVE150 trial, which randomized patients to receive sorafenib vs a combination of bevacizumab 
(an anti-VEGF antibody) and atezolizumab (an anti-PD-L1 antibody). This trial demonstrated a 
significant improvement in overall survival (19.2 mo vs 13.4 mo), and also in progression-free survival 
and response rate[20,21]. IMBRAVE150 trial was a landmark in HCC management and marked the 
transition towards the use of combined systemic therapies (using dual-immunotherapy or antian-
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giogenic plus immunotherapy combinations). Several combinations showed encouraging results in 
phases I and II trials, such as lenvatinib plus pembrolizumab[22], pembrolizumab plus regorafenib[23], 
nivolumab plus ipilimumab[24], and nivolumab, ipilimumab, and cabozantinib[25]. These preliminary 
results suggested that combinations may yield response rates of more than 20% according to RECIST 
criteria, which seems to compare favorably to the rates with multikinase inhibitors. However, it is 
important to point out some limitations of early phase trials. Firstly, non-comparative trials are not 
adequate to draw definitive conclusions. Besides, the response rate is not a surrogate marker for 
survival benefit in HCC, even more considering that RECIST may not capture the spectrum and 
patterns of progression and response in patients under immunotherapy.

Recently, durvalumab and tremelimumab as a combination treatment was announced to yield 
survival benefit over sorafenib in a phase III trial and is expected to be incorporated in the first-line 
setting as an alternative to atezolizumab plus bevacizumab[26,27]. Currently, other phase III trials are 
awaiting results in the context of combination therapies for advanced HCC (Table 1).

ROLE OF LOCOREGIONAL THERAPIES IN HCC: IS THERE ROOM FOR IMPROVING 
OUTCOMES?
Liver resection is indicated in early HCC, regardless of the presence of cirrhosis, since the liver function 
remains compensated, and is rarely is does the patient have a clinically significant portal hypertension. 
However, the risk of liver decompensation after resection in patients with restricted hepatic functional 
reserve is a concern, especially in cases requiring major hepatectomies (3 or more segments)[2,28,29]. On 
the other side, liver transplantation has the advantage of treating both cirrhosis and offer curative-intent 
treatment for HCC. Thus, liver transplantation decreases both the risk of recurrence, since the most 
recurrence is in the liver, and de novo lesions by removing the cirrhotic liver. But its application in 
clinical practice is hampered by organ shortage, complexity, heterogenous availability in different 
worldwide regions, and the risk of progression on waiting list[30].

In patients with liver-only disease not amenable to surgical modalities, locoregional interventional 
procedures play a key role. Locoregional treatment is defined as imaging-guided tumor directed 
procedures, and it is estimated that 50% of patients with HCC might receive any of these treatments 
during the course of the disease[31,32]. Basically, there are two groups of locoregional therapies: (1) 
Ablative therapies; or (2) Intra-arterial therapies. Although both modalities are consolidated with high 
level evidence, emerging approaches and techniques are being increasingly adopted and are expected to 
improve clinical outcomes. Besides, the risk of recurrence and progression in patients treated with 
locoregional therapies has led to intense research activity towards combination with systemic treatment
[2,4].

ABLATIVE THERAPIES
Current evidence of ablative methods in HCC
Ablative therapies induce tumor destruction through different mechanisms according to the method: 
Chemical [percutaneous ethanol injection (PEI)], thermal [radiofrequency ablation (RFA), microwave 
(MWA), and cryoablation], and short pulses of high voltage (irreversible electroporation). In general, 
ablative techniques are considered a curative therapy for HCC < 2-3 cm and is associated with complete 
responses in 70%-90% of the cases, although recurrences occur in approximately 50% of the cases within 
5 years[33-35].

The most used and recommended method is RFA, which has shown survival superiority over PEI in 
randomized trials[33]. Tumor size, number of nodules, and Child-Pugh class are associated with 
prognosis in patients treated with RFA[36-38]. Comparative studies vs resection demonstrated that RFA 
seems to be inferior to surgery in tumors > 3 cm[39]. Limitations to RFA include proximity to large 
vessels (due to heat effect), size, and location.

MWA is another technique that has been increasingly used and has the advantage of achieving a 
faster heating over a larger volume and being less susceptible to heat sink effect. Most studies that 
addressed comparisons between RFA and MWA showed similar efficacy, with a trend toward best 
results with MWA in tumors > 3 cm[40-42].

Alternative techniques, such as IRE and cryoablation, are under active research, with a small series of 
studies showing encouraging results[43,44]. IRE has the advantage of causing less thermal damage to 
adjacent tissues. However, more data are still required for IRE and cryoablation in order to fully 
incorporate these techniques into clinical practice guidelines.

Combination of ablative and systemic treatment: rationale and current evidence
The high risk of local and distant recurrence after ablation indicates the need for adjuvant strategies to 
improve cure rates. Features, such as large tumors, multinodularity, and vascular invasion (macroscopic 
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Table 1 Clinical trials in advanced hepatocellular carcinoma with combination of systemic treatment

Study name Design Experimental arm Median overall 
survival, mo

Response rate- 
RECIST, %

Grade 3 - 4 treatment-
related adverse events

IMBRAVE 150[21] Phase III; First-line Atezolizumab + 
Bevacizumab

19.2 30% 36%

KEYNOTE 524/Study 
116[22]

Phase Ib; First-line Pembrolizumab + 
Lenvatinib

22 36% 67%

REG-PEMBRO-HCC
[23]

Phase Ib; First-line Pembrolizumab + 
Regorafenib

26.5 32% 86%

CHECKMATE 040[24] Phase II; Second-
line

Nivolumab + Ipilimumab 
(arm A)

22.8 32% 53%

STUDY 22[27] Phase II; Second-
line

Durvalumab + 
Tremelimumab 

18.7 24% 35.1%

CHECKMATE-040[25] Phase II; First and 
second-line

Nivolumab + Ipilimumab + 
Cabozantinib

Not-reached 26% 71%

or microscopic), are significantly related to higher recurrence rates. Novel markers, such as genetic 
signatures, circulating microRNA, circulating non-coding RNA, circulating cell-free DNA, gut 
microbiota, and circulating tumor cells, have also been shown to predict the risk of recurrence[45-47].

To evaluate the impact of multikinase inhibitors with antiangiogenic activity combined with ablation, 
the STORM trial randomized patients treated with resection (n = 900) or ablation (n = 214) to sorafenib 
or placebo for a total of 4 years. Unfortunately, there was no difference in recurrence-free survival 
between groups, with a median to time to recurrence of 33.3 mo in the sorafenib group and 33.7 mo for 
the placebo group (HR = 0.94, P = 0.26)[48]. Thus, the positive results obtained with sorafenib in 
advanced disease have not been reproduced in the context of adjuvant post-resection or ablation. Other 
drugs used in the advanced stage, such as cabozantinib, regorafenib, ramucirumab, and lenvatinib have 
not been evaluated in patients after ablation. In sum, VEGFR-directed therapies as monotherapy do not 
seem to improve the results of ablation.

Recently, the immune features of localized HCC and the response to local treatment are being invest-
igated[49-51]. The concentration of intratumor CD3 + and CD8 + T cells and the expression of 
programmed death ligand 1 (PD-L1) by immune and tumor cells appear to be associated with HCC 
aggressiveness and risk of recurrence after curative treatments, such as ablation and surgery[13]. The 
high expression of PD1 can lead a condition of exhausted CD8 + impairing cytotoxicity and decreasing 
of pro-inflammatory cytokines production and anti-tumor ability[13].

Ablation can induce stimulate inflammatory and cytokine production within the treated site. The 
tumor debris released upon ablation represent a tumor antigen repertoire that can boost antitumoral 
immunologic response. Indeed, tumor antigens can be found in dendritic cells in lymph nodes 
following ablation[52]. This background indicates a potential role for immune checkpoint inhibitors 
directed to PD1 and PD-L1 in combination with ablative therapies (Figure 2). A phase I trial including 
32 patients treated with tremelimumab and ablation showed accumulation of CD8+ cells, suggesting 
immune system activation[53]. Preliminary results of the NIVOLVE trial were presented in 2021. In this 
phase II single arm trial, 55 patients after surgery (n = 33) or ablation (n = 22) received nivolumab for 12 
mo. The median recurrence-free survival was 26 mo. In this trial, the authors suggested that patients 
with tumor-infiltrating lymphocytes, positive PD-L1, and negative staining for beta-catenin tend to 
develop fewer recurrences[54]; however, larger and comparative studies are needed to confirm these 
findings. Currently, several active trials (recruiting or waiting results) are addressing the role of 
immune-checkpoint inhibitors in combination with anti-VEGFR agents or alone after curative 
treatments, such as ablation (Table 2).

INTRA-ARTERIAL THERAPIES
Current evidence of intra-arterial therapy in HCC
Intra-arterial therapies harness the arterial supply of HCC that differs from the liver parenchyma, which 
receives its blood supply predominantly from the portal vein. This group of therapies are composed of 
transarterial embolization (TAE), chemoembolization (TACE), and selective internal radiotherapy 
(SIRT) or radioembolization (TARE).

The mechanism of action of TAE is based on the obstruction of the blood supply causing ischemia, 
while TACE adds a cytotoxic agent (most commonly doxorubicin) and a carrier agent (commonly 
lipiodol). Drug-eluting bead (DEB)-TACE uses microspheres carrying cytotoxic agents which are 
associated with a sustained drug release and, theoretically, a lower systemic exposure to chemotherapy
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Table 2 Clinical trials approaching combination of systemic treatment and ablation enrolling, recruiting, or waiting for final results

Trial Trial 
registration Drug Control n Disease stage Local treatment Expected 

termination
Primary end-
point 

CHECKMATE 
9DX

NCT03383458 Nivolumab Placebo 530 Early/intermediate Surgery/Ablation 2025 Recurrence-free 
survival 

KEYNOTE 937 NCT03867084 Pembrolizumab Placebo 950 Early/intermediate Surgery/Ablation 2025 Recurrence-free 
survival and 
overall survival

IMBRAVE 050 NCT04102098 Atezolizumab + 
Bevacizumab

Surveillance 662 Early/intermediate 
/advanced

Surgery/Ablation 2027 Recurrence-free 
survival

EMERALD-2 NCT03847428 Durvalumab + 
Bevacizumab

Placebo 888 Early/intermediate Surgery/Ablation 2024 Recurrence-free 
survival

Figure 2 Mechanisms of tumor microenvironment changes after locoregional therapies. After local interventions, tumor immune microenvironment 
may change with a pronounced release of tumor antigens, cytokines, lymphocyte infiltration, and hyperexpression of vascular endothelial growth factor.  TACE: 
Transarterial chemoembolization; PD-L1: Programmed death ligand 1; VEGF: Vascular endothelial growth factor.

[55].
Based on randomized clinical trials of TACE vs no active treatment and also in a large meta-analysis, 

this is considered the standard of care for patients with intermediate-stage [Barcelona clinic liver cancer 
(BCLC)-B: Multinodular disease, preserved liver function, and performance status of 0][56,57]. In 
published cohorts with selected patients, the median overall survival with TACE reaches 48 mo[58]. 
There is no definitive evidence for the superiority of TACE over TAE, although data from meta-analysis 
suggests that the former is associated with better outcomes[57]. A prospective trial demonstrated that 
DEB-TACE presents lower treatment-related toxicities and a trend towards a better objective response 
rate compared to conventional TACE[59].

Guidelines recommend that patients who present progression with infiltrative tumors, vascular 
invasion, metastatic spread, or absence of a significant response after two TACEs should be considered 
for systemic treatment[2,4]. The risk of liver deterioration should be carefully monitored after TACE due 
to the prognostic impact of liver decompensation in patients with HCC[60]. The decision to declare 
TACE failure and switch to systemic treatment is heterogenous in different parts of the world, and 
many scores have been proposed to help in this decision, although some of them still require further 
validation in a population treated strictly according to the BCLC algorithm[61-65]. For example, the 
hepatoma-arterial embolization (HAP) score includes albumin, AFP, bilirubin and tumor diameter and 
was concepted to predict prognosis before the first TACE in a heterogeneous cohort with around 30% of 
BCLC-C patients[64]. The Assessment for Retreatment with TACE (ART) score was designed to evaluate 
benefit of a 2nd TACE and assess Child-Pugh score, AST levels, and tumor response after the first TACE. 
The ART score was originally developed in a cohort that included around 20% of patients with impaired 
liver function (Child-Pugh B8 or more)[66].

With the availability of more effective systemic agents, the migration from TACE to systemic 
treatment is a key decision in the management of HCC and should not be delayed at a point of 
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irreversible deterioration of liver function or performance status.
TARE has been increasingly studied in HCC and has become a common practice in many centers. 

Data comparing TACE to TARE demonstrated in patients with early or intermediate stage a longer time 
to progression favoring TARE, but no survival benefit[67]. Although encouraging, there is no solid 
evidence that TARE should became standard of care in patients eligible to intra-arterial therapies.

A recent single-arm retrospective study including patients with solitary HCC ≤ 8 cm reported 
objective response rates of 88.3% and a 3-years survival of 86.6%. In this study TARE served as a 
neoadjuvant therapy for transplantation or resection in 21% and 6.8% of patients, respectively[68].

In uncontrolled trials, TARE was suggested to be safe in patients with portal vein invasion[69]. 
However, randomized trials in the setting of advanced stage HCC did not prove superiority of TARE 
over sorafenib in overall survival[70,71]. Therefore, TARE is not recommended as a standard therapy in 
patients classified as BCLC-C. There is a need to better explore the role of TARE in HCC in prospective 
and randomized trials, especially for subgroups of patients requiring downstaging, segmental portal 
vein thrombosis, and using rigorous dosimetry.

Combination of intra-arterial and systemic treatment: rationale and current evidence
Although TACE is the standard treatment for intermediate stage, only around 50% of patients present 
objective response rate and most of them will eventually present distant and local progression[72]. This 
has led to studies focused on improving the outcomes for HCC patients treated with TACE by 
combining multikinase inhibitors.

The rational for testing these combinations comes from the demonstration of increased intratumorally 
micro vessel density and VEGF expression in residual tumors after TACE, suggesting that TACE may 
stimulate tumor angiogenesis[73]. However, antiangiogenic drugs, such as sorafenib[74,75], brivanib
[76], and bevacizumab[77], failed to demonstrated survival benefit in combination with TACE in 
controlled trials.

Recently, TACTIS trials randomized patients to TACE alone or combined with sorafenib and showed 
that sorafenib improved progression-free survival (25.2 mo vs 13.5 mo; P = 0.006), but with no 
significant impact on overall survival (36.2 mo vs 30.8 mo; P = 0.40)[78,79]. Currently, available evidence 
fails to encourage the use of multikinase inhibitors in combination with TACE as a standard practice, 
but there is a growing enthusiasm with the use of immunotherapy in this setting.

Similar to ablative treatments, intra-arterial therapies may modulate innate and adaptative immunity 
by releasing cellular debris and inflammatory cytokines and inducing T-cell responses, what is 
suggested to be related to improved prognosis[80,81] (Figure 2). A recent study compared HCC tissue 
from patients who were previously submitted to TACE to patients not treated with TACE and found 
that the former had a lower density of immune-exhausted effector cytotoxic and T-regs with an upregu-
lation of pro-inflammatory pathways[82]. Considering this background, strategies aimed at blocking 
negative regulators such as PD-1 and CTLA4 are promising and are being investigated in phase III 
clinical trials (Table 3).

TARE also seems to modulate immunological microenvironment in HCC. A study that compared 
findings before and after TARE showed that tumor-infiltrating lymphocytes after TARE exhibited signs 
of immune activation, such as higher expression of granzyme-B and infiltration of CD8+Tcells, NK cells, 
and antigen-presenting cells[83,84]. Initial data on the combination of nivolumab and SIRT showed 
favorable safety profile, but efficacy data are pending[85,86].

Besides the biological background, the use of systemic treatment in earlier stages (combined with 
locoregional treatment) may benefit those patients who would present clinical deterioration or liver 
function worsening during TACE-refractoriness and would not found fit to receive further systemic 
treatment in that situation.

CONCLUSION
The treatment landscape of HCC management evolved rapidly in the past years. The most relevant 
achievements took place in the management of advanced stage disease. The median overall survival in 
pivotal clinical trials shifted from 5-8 mo in placebo arms[6], to almost 20 mo with immunotherapy 
combinations[21]. Still, some questions remain to be answer regarding the identification of predictive 
biomarkers and the optimal sequence in first-, second-, and later lines[87-89].

On the other, the field evolved modestly in the setting of local and locoregional stages, comprising 
early and intermediate stages. Patients in the early stage are offered surgical resection, liver 
transplantation, or ablation. Due to organ shortage and strict criteria to transplant, surgery and ablation 
has been widely used. Unfortunately, their recurrence rates are high and determine results in long-term 
mortality[33-35]. Although attempts were made, no systemic treatment has improved outcomes in early 
stage. Robust evidence supports those immunological changes occur after tumor ablation and the use 
immunotherapy is encouraging.

Patients in the intermediate stage have historically been offered TACE with the aim to achieve tumor 
control. Similarly, most of them will eventually present local or distant progression and will be 
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Table 3 Clinical trials approaching combination of systemic treatment and intra-arterial actually enrolling, recruiting or waiting for final 
results

Trial Trial 
registration Drug Control n Disease stage Local treatment Expected 

termination
Primary 
end-point 

EMERALD-
1

NCT03778957 Durvalumab + 
Bevacizumab plus TACE

TACE 
plusplacebo

600 Intermediate/advanced TACE 2024 Progression-
free survival 

TACE-3 NCT04268888 Nivolumab plus DEB- 
TACE 

DEB- TACE 522 Intermediate DEB-TACE 2026 Overall 
survival

LEAP-012 NCT04246177 Lenvatinib plus Pembrol-
izumab plus cTACE

cTACE 950 Intermediate Surgery/Ablation 2029 Overall 
survival and 
progression-
free survival

CheckMate 
74 W

NCT04340193 Nivolumab 
plusIpilimumab/placebo 
plus cTACE

cTACE 
plusplacebo

765 Intermediate Surgery/Ablation Non-
available

Time-to-
progression 
and overall 
survival

c: Conventional; DEB: Drug-eluting beads; TACE: Transarterial chemoembolization.

considered for systemic treatment. The concomitant use of immunotherapy-based systemic agents and 
intra-arterial therapies may enhance anti-tumor immune response and impact positively on the 
outcomes. Several clinical trials are eagerly awaited.

The most promising ongoing trials approach the combination of TACE and immunotherapy, with the 
aim to significantly delay time-to-progression and, hopefully, increase cure rates for patients who 
achieve complete response with locoregional treatment. Similarly, trials that test adjuvant immuno-
therapy after ablation may increase cure rates by reducing the risk of recurrence and -de novo tumors. It 
is likely that biomarkers and subsets of clinical features will emerge from these trials and will support 
the selection of patients that will derive more benefit from combination approaches.

Finally, it is key to consider that if active trials succeed in showing a better anti-tumor efficacy with 
combination of locoregional and systemic treatment, a longer survival of patients with HCC will be 
expected. Furthermore, this will highlight the burden of cirrhosis-related complications as a competing 
risk of mortality and the importance of multidisciplinary teams as the standard approach for HCC.
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Abstract
Endoscopic ultrasound guided liver biopsy (EUS-LB) has emerged as a 
minimally-invasive alternative to the traditional (percutaneous or transjugular) 
liver biopsy techniques for the diagnosis of liver parenchymal diseases. Po-
tentially, EUS-LB combines the advantages of percutaneous and transjugular liver 
biopsy in addressing focused sampling in addition to measuring portal pressure. 
Additionally, EUS-LB facilitates access to both the lobes of the liver which is not 
considered with the traditional percutaneous liver biopsy. Multiple studies have 
compared EUS-LB with conventional liver biopsy and reported comparable 
diagnostic yield, increased acquisition of complete portal tracts, and longer 
specimen length as compared to the traditional approaches. EUS-LB is associated 
with lesser post-procedural pain and shorter recovery time, while providing 
lower risk of complications when compared to traditional liver biopsy. 
Innovations in needle types, needle sizes and suction techniques have aimed at 
further optimizing the EUS-LB technique. This review article updates current 
literature with focus on the variations in the technique and equipment used for 
EUS-LB, and compares EUS-LB with traditional methods of liver biopsy.

Key Words: Endoscopic ultrasound guided liver biopsy; Liver biopsy; Percutaneous liver 
biopsy; Transjugular liver biopsy; Liver parenchymal disease; Portal pressure gradient
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Core Tip: Endoscopic ultrasound guided liver biopsy (EUS-LB) has emerged as a minimally invasive 
alternative to the traditional (percutaneous or transjugular) liver biopsy techniques for the diagnosis of 
liver parenchymal diseases. EUS-LB facilitates access to both the lobes of the liver and allows 
measurement of portal pressure. EUS-LB has comparable diagnostic accuracy, increased yield of complete 
portal tracts, and longer specimen length compared to the traditional approaches. Innovations in needle 
technology and variations in suction have further optimized the EUS-LB technique. This review article 
updates current literature comparing EUS-LB to traditional liver biopsy and advances in this field.

Citation: Rangwani S, Ardeshna DR, Mumtaz K, Kelly SG, Han SY, Krishna SG. Update on endoscopic 
ultrasound-guided liver biopsy. World J Gastroenterol 2022; 28(28): 3586-3594
URL: https://www.wjgnet.com/1007-9327/full/v28/i28/3586.htm
DOI: https://dx.doi.org/10.3748/wjg.v28.i28.3586

INTRODUCTION
Liver biopsy is helpful in diagnosis of parenchymal pathologies such as alcoholic liver disease, 
autoimmune hepatitis, viral hepatitis, metabolic liver diseases (non-alcoholic fatty liver disease, alfa-1 
anti-trypsin deficiency, Wilson disease, hemochromatosis, Gaucher’s disease, etc.), drug-induced liver 
injury and infiltrative liver disease (i.e., malignancy, abscess, sarcoidosis, etc.). Tissue examination also 
allows for diagnosis of rare overlapping liver diseases. The liver biopsy has traditionally been obtained 
via two routes: percutaneous liver biopsy (PC-LB) and transjugular liver biopsy (TJ-LB). In recent years, 
endoscopic technique and hardware advancement have led to the rise of endoscopic ultrasound-guided 
liver biopsy (EUS-LB). There is changing epidemiology of liver disease with increased global incidence 
of non-alcoholic fatty liver disease over the last two decades; it has reached to an estimated global 
prevalence of 25%[1]. This increased prevalence has led to advancements in lesser or non-invasive 
diagnostic tests such as ultrasound-elastography and MRI-proton density fat fraction[2]. Although these 
tests provide greater diagnostic accuracy compared to traditional peripheral blood laboratory tests, liver 
biopsy remains the gold standard for diagnosing focal lesions and parenchymal liver disease[3]. In this 
review, we will compare EUS-LB with traditional liver biopsy and highlight its, advantages and 
disadvantages in context of changing epidemiology of liver disease. Further, we will summarize the 
latest advancements on EUS-LB, focusing on technique, needle types/size, and suction type.

METHODS OF LIVER BIOPSY 
The first mode of acquisition of liver tissue was PC-LB, as it provides the most direct route to access the 
liver. Percutaneous needle aspiration biopsies have been performed since the late 19th century and 
popularized in the 1930s[4]. Initial PC-LB techniques used percussion to guide needle placement; 
however, modern PC-LB is done under ultrasound- or fluoroscopic-image guidance[5]. If hepatomegaly 
is present, a subcostal route for PC-LB is preferred; however, a transthoracic approach is employed in 
the absence of hepatomegaly. In the early days of PC-LB, interventionists preferred 14 gauge (G) or 16 G 
needles to provide large, intact tissue samples. In recent years, spring-loaded 18 G and 20 G needles 
have been common[6]. PC-LB is usually done while the patient is awake with local anesthesia, but 
conscious sedation is often used. Common complications of PC-LB include pain (74%), minor bleeding 
(30%), and infection at the biopsy site[7,8]. As the liver capsule is punctured to obtain biopsy, intra-
peritoneal hemorrhage is a severe, albeit rare complication[7]. Other less-common complications include 
pneumothorax and hemothorax if the transthoracic approach is employed (0.1%-0.9%)[7-9]. Contrain-
dications to PC-LB include significant ascites, large body-habitus, and severe coagulopathy[5]. As it has 
been a long-standing method of biopsy, PC-LB is widely available. Furthermore, given its short 
procedure time and the fact that general anesthesia is not required, PC-LB provides a cost-effective 
approach to diagnosing liver diseases. Drawbacks to PC-LB include access to only the right hepatic lobe 
and a limited view of surrounding anatomy. Further, if real-time imaging is not used for guidance, there 
is an increased risk of serious complications[10].

More recently, TJ-LB has been developed to obtain liver samples in patients with contraindications to 
PC-LB. In this technique, an interventional radiologist cannulates the internal jugular vein and accesses 
one of the hepatic vein under fluoroscopic guidance. Biopsy of the right hepatic lobe is preferred 
because of its size and the acute angulation of the veins with the inferior vena cava[11]. This procedure 
can be performed in patients with high body mass index, and significant ascites. Additionally, as the 
liver capsule is not punctured, it is the preferred method in those with profound coagulopathies[11]. 
This technique provides the added benefit of assessing the hepatic venous pressure gradient (HVPG), 
which is an indirect measure of the absence, presence and degree of portal hypertension. HVPG 
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measurement will be compared to EUS-guided measurement of portal pressure in the discussion of 
future research and practice below. Complications from TJ-LB include pain, hematoma, hemobilia, 
arterial aneurysm, and major hemorrhage[11]. In addition to subverting contraindications posed by the 
PC-LB, advantages of TJ-LB include lack of capsular puncture and the ability to obtain a portal pressure 
gradient measurement[7,10,11]. One of the limitation of TJ-LB is inability to obtain tissue from a focal 
lesion, due to limited view of surrounding structures[10].

Endoscopic ultrasound-guided fine-needle aspiration was first done in 1993 and EUS-LB was first 
described by Mathew in 2007[12,13]. EUS-LB poses several advantages over the traditional LB 
techniques. Firstly, EUS-LB allows access to both lobes of the liver (except in patients with Roux-en-Y or 
gastric bypass anatomy)[10]. Secondly, like TJ-LB, EUS-LB enables a practitioner to obtain liver tissue 
regardless of body habitus or ascites. The most advantageous aspects of EUS-LB, when compared to PC-
LB and TJ-LB, lie in its real-time multi-dimensional evaluative abilities. Those undergoing workup for 
liver disease often require endoscopic evaluation – the advent of EUS-LB posed a solution to facilitate 
patients to undergo multiple endoscopic procedures in the same session. With EUS, a liver biopsy can 
be performed along with simultaneous evaluation for varices (esophageal and gastric) and portal 
pressure measurement. Further, the use of EUS in close proximity to the liver allows for better visual-
ization of liver lesions for targeted liver biopsies[10]. In fact, multiple studies have shown a diagnostic 
accuracy between 85%-90% for solid liver masses using EUS-guided FNB[14-16]. Use of ultrasound-
guided technique also allows practitioners to avoid critical structures during biopsy procurement. The 
drawbacks to EUS-LB mirror some of the drawbacks found in PC-LB and TJ-LB. Although the number 
of EUS-trained practitioners have grown rapidly over the past ten years in the United States, this 
procedure is less widely accessible when compared to PC-LB[10]. Further, unlike TJ-LB, EUS-LB does 
require capsular puncture and is not readily performed in patients with severe coagulopathy. 
Additionally, EUS-LB does require moderate or deep sedation, as with TJ-LB.

METHODS OF LIVER BIOPSY - COMPARISONS
Recovery times and complications
With the advent of multiple modalities for obtaining liver biopsies, recent studies have comparatively 
evaluated these approaches. The comparison between each of the three liver biopsy methods is 
summarized in Table 1. With regards to length of recovery, EUS-LB patients (n = 30) experienced a 
shorter post-procedural monitoring time (3 h) when compared to those (n = 60) undergoing PC-LB (4.2 
h, P = 0.004)[17]. A recent study done in 2021 showed the mean recovery time for those undergoing 
EUS-LB was 90 min vs 141.3 min (P = 0.004) for TJ-LB[18]. The most common minor complication in 
each of the three modes of liver biopsy is pain. In a 2020 study, EUS-LB had significantly less pain scores 
when compared to PC-LB (0/10 for EUS-LB vs 3.5 for PC-LB, P = 0.0009)[17]. When comparing pain in 
EUS-LB and TJ-LB patients, one 2019 study found a significantly higher incidence of post-procedural 
pain in TJ-LB patients compared to EUS-LB patients, 8% vs 0% (P < 0.0001), respectively[19]. Adverse 
events with regard to liver biopsy include, but are not limited to, severe hemorrhage, hemobilia, 
abdominal wall injury, and intraperitoneal injury. Although no studies have directly compared adverse 
event rates between the three liver biopsy modalities, adverse event rates appear to be similar across 
each modality – EUS-LB: 1%-2.3%, PC-LB: 0.9%-3.1%, TJ-LB: 0.56%-6.5%[18-22].

Specimen adequacy
Regarding histological adequacy of liver biopsy samples, the American Association for the Study of 
Liver Diseases recommends a tissue length of between 2-3 cm with greater-than-or-equal-to 11 complete 
portal tracts (CPT)[23]. Systematic reviews have shown a total specimen length for PC-LB to be 17.7mm 
(± 5.5 mm), TJ-LB: 13.5 mm (± 4.5 mm), and EUS-LB 36.9 mm (± 6.2 mm)[20,24]. CPT numbers in these 
same studies revealed an aggregate CPT for PC-LB of 7.7 (± 3.4), TJ-LB: 6.8 (± 2.3), and EUS-LB: 9.0 (± 
3.1)[20,24]. A recent 2021 study compared each liver biopsy technique head-to-head and found that 
EUS-LB (n = 53) had a significantly greater mean aggregate length (22.95 mm) compared to PC-LB (n = 
20) (14.5 mm) (P = 0.03) and TJ-LB (n = 20) (14.6 mm) (P = 0.02)[18]. Further, both EUS-LB and TJ-LB 
provided a greater number of CPTs when compared to PC-LB: EUS-LB (19.36), TJ-LB (20.2), PC-LB (9.1) 
(EUS-LB vs PC-LB: P < 0.0001, EUS-LB vs TJ-LB P = 1)[18].

TECHNIQUE OF EUS-GUIDED LIVER BIOPSY 
Since the inception of EUS-LB in 2007 with a Tru-Cut core biopsy needle (QuickCore, Cook Medical, 
Winston Salem, NC, United States), multiple studies have aimed at optimizing EUS-LB technique[13]. 
These changes coincided with procedural upgrades and improvements in needle technology. 
Incorporating these advancements into EUS-LB comes with technical (skills and training) and logical 
challenges (cost and availability). However, the essential technique of EUS-LB remains unchanged.
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Table 1 Comparison of liver biopsy methods1

Percutaneous liver biopsy Transjugular liver biopsy Endoscopic ultrasound-guided liver 
biopsy

Most common form of anesthesia Local Moderate sedation Moderate sedation, deep sedation

Imaging Fluoroscopy, ultrasound Fluoroscopy Ultrasound

Capsular puncture Yes No Yes

Ability to evaluate focal hepatic 
lesions

No No Yes

Liver lobe access Right Right Right, left

Contraindications INR > 1.5, body habitus, significant 
ascites

Venous thrombosis, 
cholangitis

INR > 1.5

Post-procedural pain +++ + +

Post-procedural minor bleeding + + +

Adverse event rate + + +

Post-procedural recovery time +++ ++ +

Specimen length + + +++

Total complete portal tracts + ++ +++

Procedure cost + ++ +++

Institutional availability +++ ++ +

1Information adapted using the Ref. [10,17,18,21].
+: Low/less; ++: Medium; +++: High/most; INR: International normalized ratio.

General technique
Patients undergoing EUS-LB are either moderately sedated with short-acting benzodiazepines and 
opiates or deeply sedated with propofol, per the availability of dedicated anesthetists. The patients are 
prone positioned and a linear array echo-endoscope is inserted for endo-sonography. Once the area of 
interest is identified, the stylet is removed, and a needle primed (with heparin or saline) or unprimed 
(air) is inserted[6,10]. Per endoscopist and center preference, the needle should be attached either to a 
wet suction (saline or heparin) or a dry suction (air). Before needle puncture, color Doppler should be 
used to ensure there are no vascular structures in the trajectory of the needle. Suction should be applied 
via a syringe once adequate liver parenchymal penetration is achieved (depending on the needle 
selection). Figure 1 shows the echoendoscopic image of a needle passing through into the left hepatic 
lobe. In 1 pass, actuations or fanning back-and-forth motions can be done with continued suction to 
allow for improved tissue acquisition[25]. Multiple such passes can be done overall to increase tissue 
acquisition. After each pass, the needle should be removed from the echo-endoscope and the tissue 
should be stored in formalin solution directly for preservation[6,10]. This gross tissue can be analyzed 
for adequacy and should guide the decision if more passes are required. Following the procedure, 
patients can be discharged after 1-2 h observation in the recovery unit.

Accessing liver parenchyma requires identification of endoscopic gastric landmarks. The left lobe of 
liver adjoins the gastroesophageal junction can be accessed through the gastroesophageal junction in the 
proximal stomach. The right lobe of the liver can be accessed through the duodenal bulb[26]. Among 
patients with altered anatomy, EUS-LB is limited. For Roux-en-Y gastric bypass patients, only left liver 
lobe biopsy is feasible through the transgastric approach[10].

Suction
Suction can be applied in a wet or dry fashion. In dry suction, an empty 10 cc or 20 cc syringe is applied 
to maintain suction after passing the needle into the liver parenchyma. In wet suction, the needle lumen 
is primed with fluid, causing negative pressure at the needle tip. As outlined above, wet suction utilizes 
either saline or heparin. A 2018 study compared wet heparin suction technique with dry suction 
technique. The study showed significantly increased aggregate specimen length (wet: 49.2 mm, dry: 23.9 
mm, P = 0.003) and number of CPTs (7.0 vs 4.0, P = 0.01) for wet suction compared to dry suction 
techniques[27]. With wet suction, the sample is suspended in a column of fluid—leading to reduced 
shearing forces as it is not in contact with the needle wall. This likely leads to increased CPTs and intact 
specimen length for wet suction technique. To our knowledge, no studies directly comparing wet 
suction with saline vs heparin have been performed.
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Figure 1 Needle for endoscopic ultrasound guided liver biopsy accessing left lobe of the liver. Orange arrow denotes needle. Image obtained by 
Krishna SG at the Ohio State University Wexner Medical Center Division of Gastroenterology, Hepatology, and Nutrition.

In contrast, specimens can be obtained without applying suction via stylet, in a “slow-pull” technique. 
A 2020 meta-analysis showed that FNB with a slow-pull technique provided similar total specimen 
length (44.3 mm vs 53.9 mm, P = 0.40) when compared to suction application; however, the slow-pull 
technique provided improved CPT than suction (30 vs 14.6, P < 0.001)[28]. Authors hypothesize that this 
stems from reduced fragmentation of the tissue specimen as it is subjected to an environment of less 
negative pressure with the slow-pull technique.

Needle pass/Actuation 
Needle pass refers to the number of times a needle is introduced into the liver parenchyma through 
puncture of the liver capsule, while actuation refers to the number of back-and-forth motions are made 
in a specified needle pass. Through our literature review, it appears the 1-pass 1-actuation technique is 
the most common mode of EUS-LB acquisition[25,29]. There are few studies that have been done 
comparing needle pass and needle actuation with regards to pain, adverse events, and specimen 
quality. A 2021 study showed that EUS-LB using a 1-pass, 3-actuation technique (n = 40) provided 
longer liver cores with more CPTs than a 1-to-1 technique (n = 40), with an equivalent safety profile: 
CPT (24.5 vs 17.25, P < 0.008), aggregate specimen length (12.85 cm vs 6.89 cm P < 0.001)[25].

Needle selection: Size
When considering needle selection, a EUS-LB practitioner must take needle size and type into account. 
With regards to needle size, multiple studies have been done to determine the optimal needle size for 
EUS-LB. In the early days of EUS-LB, large 14G – 16 G spring-loaded cutting needles were used; 
however, these needles had varied diagnostic yields ranging from 29%-100%[30,31]. As time progressed, 
researchers found that smaller-gauge needles provided better results than their 14-16 G counterparts. In 
a 2017 study, 18 G percutaneous, 19 G FNA, 19G FNB, and 22 G FNB needles were compared on human 
cadaveric tissue to test for tissue adequacy. The study showed that a 19 G needle provided a 
significantly greater number of CPTs when compared to its 22 G and 18 G counterparts (6.2 vs 3.5 vs 3.2, 
respectively, P < 0.001 for both comparisons)[32]. In a similar study in 2019 on fresh bovine liver, 19 G 
and 20 G fork-tip needles yielded similar CPTs and total specimen length; however, both the 19 G and 
20 G fork-tip needles significantly outperformed their 22 G fork-tip counterpart in terms of CPTs and 
specimen length[33].

More recent in vivo studies have confirmed the superiority of 19 G needles when compared to 22 G 
needles. A recent (2021) study showed that 19 G Franseen tip needle performed better than a 22 G 
Franseen tip needle in terms of specimen adequacy (19 G: 81.5%, 22 G: 66.7%, P < 0.01)[34]. The 
researchers posit that the 22 G samples had greater fragmentation, leading to reduced intact specimen 
length and CPT, reducing histological adequacy. The advantage of 19 G compared to 22 G needle was 
also shown in core needles, where 19 G core needles had a greater CPT (8.8 vs 3, P < 0.0001), longer core 
length (2.5 cm vs 1.1 cm, P < 0.0001), and a higher rate of pathological diagnostic samples (85% vs 10%, P 
< 0.0001) when compared to 22 G core needles[35].

Needle selection: Tip and design
As noted earlier, large spring-loaded cutting needles were initially used to perform EUS-LB. As EUS-LB 
grew, practitioners noted that fine-needle biopsy (FNB) needles may provide better samples in the 
endoscopic setting. In 2015, Dewitt et al[36] showed that a 19 G FNB histology needle performed better 
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than a 19 G spring-loaded cutting needle and provided longer specimens (19.4 mm vs 4.3 mm, P = 
0.0001), greater CPTs (10.4 vs 1.3, P = 0.0004), and a higher percent of diagnostic histology (85% vs 57%, 
P = 0.006)[36].

Holding needle gauge constant, Franseen needle types have shown to be superior than their 
counterparts in recent studies. A 2019 study showed that a 19 G Franseen needle provided lengthier 
specimens when compared to a 19 G FNA needle for in vivo EUS-LB (2.09 cm vs 1.47 cm, P < 0.001), 
more CPTs (42.6 vs 18.1, P < 0.001), and similar pain scores[37]. In the late portion of the last decade, 
EUS-LB has been most commonly performed with either Franseen or Fork-Tip biopsy needles. Multiple 
studies have compared the effectiveness with regards to specimen quality and adverse events between 
these two needles. A 2020 study showed a similar adverse event and abdominal pain profile between 
the use of 19 G Franseen and fork-tip needles[29]. The Franseen needle, however, had a significantly 
greater total specimen length when compared to the fork-tip needle (3.1 cm vs 2.7 cm, P = 0.01) and 
greater total CPTs (24.0 vs 19.55, P < 0.01)[29]. The Franseen tip has also shown equal-to-superior 
diagnostic yield when compared to fork-tip, with one study showing nonsignificant-difference in 
histological adequacy rates but an increased number of CPTs (14.4 vs 9.5, P < 0.001) and another study 
showing a higher diagnostic yield of 97.2% for Franseen tip compared to 79.4% for fork-tip (P < 0.001)
[38,39].

FUTURE RESEARCH AND PRACTICE
Portal pressure gradient
In trained hands it has become possible to obtain accurate measures of portal pressure gradients by 
various approaches[36]. The measure of the portal pressure gradient is primarily done through the 
transjugular approach. Although described as the gold standard, the hepatic venous pressure gradient 
(HVPG) is actually an indirect measure of portal pressure calculated by subtracting the free hepatic 
venous pressure from the wedge hepatic venous pressure[40]. In contrast, EUS-guided measurement of 
portal pressure is a direct measurement of sinusoidal pressure rather than an estimate, and may prove 
to be more accurate[40]. To obtain EUS-guided measurement of portal pressure, endoscopists first 
puncture the hepatic vein via a transgastric transhepatic approach, with the needle hooked up to a 
digital manometer via non-compressible tubing[41]. Once obtaining hepatic vein pressure averages, 
endoscopists then turn their attention to the portal vein, which is accessed in a transgastric transhepatic 
approach usually at the umbilical portion of the portal vein. Once the portal vein pressure is obtained, 
the portal pressure gradient is calculated by subtracting the mean portal vein pressure from the mean 
hepatic vein pressure[41]. These readings are usually obtained with a small-gauge (25 G) FNA needle
[40,41].

Since the HVPG can be obtained without performing a liver biopsy, it is a very safe procedure when 
performed alone, mainly imparting the risk associated with right internal jugular access[9,11]. 
Therefore, it is essential to ensure that EUS-guided measurement of portal pressure is performed with 
specific indications to ensure safety. For example, patients with splenomegaly may benefit from EUS-LB 
and EUS-guided measurement of portal pressure to confirm whether cirrhosis and portal hypertension 
are the underlying causes of splenomegaly. However, if a patient has esophageal or gastric varices, it 
can be safely assumed that the portal pressure is 10 mmHg or higher and the patient has clinically 
significant portal hypertension[40]. That information should be used to determine whether EUS-guided 
measurement of portal pressure is warranted at the time of the procedure.

Concomitant EUS-LB with other endoscopic procedures 
EUS-LB provides an exciting new method for liver tissue acquisition. A novel application is for special 
patient populations such as liver transplant recipients (LTRs). Laboratory abnormalities in liver 
transplant patients often requires an extensive workup including imaging, liver biopsy, and ERCP. 
Combining EUS-LB with ERCP can potentially provide a “one-stop-shop” for evaluation in this patient 
population. This will hopefully reduce the time, cost, and healthcare resources needed to accurately 
diagnose and treat post-transplant liver function abnormalities. Our group at Ohio State University, has 
recently submitted a case series of 12 consecutive LTRs with abnormal liver function tests (Han S, Jalil S, 
Groce JR, Krishna SG, Lara L, Lee P, Limkemann A, Papachristou GI, Mumtaz K. Feasibility of Single-
Session EUS-guided Liver Biopsy and ERCP in Liver Transplant Recipients with Abnormal Liver 
Function Tests), who underwent concomitant EUS-LB and ERCP. In this case series, tissue adequacy 
was obtained in 100% of patients with the most common diagnoses including anastomotic stricture 
(75%) and T-cell mediated rejection (66.7%). Seven (58.3%) patients had dual diagnoses of T-cell 
mediated rejection and anastomotic stricture. There were no 30 d adverse events. Authors concluded 
that single-session EUS-guided LB and ERCP for the evaluation of elevated liver function tests in LTRs 
appears to be safe and feasible, but larger studies are needed to verify these findings.

Similarly, a recent study published by Hajifathalian et al[42] on concomitant EUS-LB and portal 
pressure gradient measurement reported 24 (100%) and 23 (96%) patients had successful portosystemic 
gradient (PSG) measurement and EUS-liver biopsy, respectively. Analysis revealed a significant 
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association between both PSG and liver stiffness measured on transient elastography (P = 0.01) and FIB-
4 score (P = 0.02). There was no significant correlation between the fibrosis stage on histology and 
measured PSG (P = 0.56)[42].

Lastly, EUS-LB has been discussed anecdotally as a more effective option in pediatric population, as it 
may reduce patient anxiety when compared to PC-LB or TJ-LB – although, to our knowledge, formal 
studies in pediatric populations are yet to be done.

CONCLUSION
Overall, EUS-LB provides unique advantages when compared to its counterparts: ability to evaluate the 
GI tract and pancreato-biliary system, while obtaining access to both lobes of the liver. It also has proven 
to produce more histologically/pathologically complete samples than PC-LB and TJ-LB. EUS-LB 
appears to be a safe, diagnostic modality for obtaining liver tissue. Concomitant EUS-LB, EUS portal 
pressure gradient measurement and other endoscopic procedure (simple endoscopy and ERCP) is 
another emerging area in the field of endo-hepatology.
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Abstract
Hepatocellular carcinoma (HCC) is among the most common cancers and it is a 
major cause of cancer-related deaths. Non-alcoholic fatty liver disease (NAFLD) 
affects approximately one fourth of individuals worldwide and it is becoming one 
of the most important causes of HCC. The pathogenic mechanisms leading to 
NAFLD-related HCC are complex and not completely understood. However, 
metabolic, fibrogenic, oncogenic, inflammatory and immunological pathways 
seem to be involved. First-line therapy of advanced HCC has recently undergone 
major changes, since the combination of atezolizumab and bevacizumab was 
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proven to increase survival when compared to sorafenib. Other immune-oncology drugs are also 
demonstrating promising results in patients with advanced HCC when compared to traditional 
systemic therapy. However, initial studies raised concerns that the advantages of immunotherapy 
might depend on the underlying liver disease, which seems to be particularly important in 
NAFLD-related HCC, as these tumors might not benefit from it. This article will review the 
mechanisms of NAFLD-related hepatocarcinogenesis, with an emphasis on its immune aspects, 
the efficacy of traditional systemic therapy for advanced NAFLD-related HCC, and the most 
recent data on the role of immunotherapy for this specific group of patients, showing that the 
management of this condition should be individualized and that a general recommendation 
cannot be made at this time.

Key Words: Non-alcoholic fatty liver disease; Hepatocellular carcinoma; Hepatocarcinogenesis; Immun-
ology; Immunotherapy; Tyrosine kinase inhibitors

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

Core Tip: Non-alcoholic fatty liver disease (NAFLD) is an important cause of hepatocellular carcinoma 
(HCC). While the treatment of advanced HCC has recently undergone a revolution led by immunotherapy, 
concerns have been raised that NAFLD-related HCC might not respond well to these new therapies. This 
review will approach the pathophysiology of NAFLD-related liver cancer, the evidence on traditional 
systemic treatments and the most recent data on immunotherapy for this particular group of patients, 
showing that the management of this condition should be individualized.

Citation: Mattos ÂZ, Debes JD, Vogel A, Arrese M, Revelo X, Pase THS, Manica M, Mattos AA. Non-alcoholic 
fatty liver disease-related hepatocellular carcinoma: Is there a role for immunotherapy? World J Gastroenterol 
2022; 28(28): 3595-3607
URL: https://www.wjgnet.com/1007-9327/full/v28/i28/3595.htm
DOI: https://dx.doi.org/10.3748/wjg.v28.i28.3595

INTRODUCTION
The incidence of liver cancer worldwide was 11.6/100000 individuals in 2020 and its mortality rate 
reached 10.7/100000 in the same year, making it the sixth most common cancer and the second cause of 
cancer-related mortality[1]. Furthermore, it is estimated that its incidence rate will continue to increase 
until 2030[2]. Hepatocellular carcinoma (HCC) is by far the most common among primary liver cancers
[3,4].

Non-alcoholic fatty liver disease (NAFLD) has a striking prevalence of 25% worldwide[5], which 
highlights its relevance as an underlying cause of HCC[6]. In the year of 2019, for instance, NAFLD was 
estimated to be associated with 36300 new cases of HCC, as well as with 34700 HCC-related deaths[7]. 
As it would be expected, the burden of NAFLD as a cause of HCC seems to be growing. It is estimated 
that the age-standardized incidence rate of NAFLD-related liver cancer will raise from 0.92 to 
1.18/100000 individuals between 2018 and 2030[2]. Moreover, while a multinational cohort study 
demonstrated that NAFLD was responsible for 9% of HCC cases followed between 2005 and 2015 in 
South America (an area with high prevalence of NAFLD)[8], the same group verified that it was 
responsible for 34% of cases followed between 2019 and 2020[9].

Cirrhosis in general predisposes to HCC, and the annual incidence of HCC in patients with NAFLD-
related cirrhosis ranges between 0.5% and 2.6%[10-13]. However, some specific mechanisms associated 
with NAFLD, which will be further discussed in this article, also allow for the development of HCC in 
the absence of cirrhosis, making NAFLD itself etiologically associated to hepatocarcinogenesis[6,14-16]. 
According to a meta-analysis, approximately 38% of NAFLD-related HCCs would develop in non-
cirrhotic settings[17]. Still, it must be highlighted that the risk of developing HCC is much lower in 
patients with NAFLD who do not have cirrhosis than in those with NAFLD-related cirrhosis, as it has 
been recently shown in another meta-analysis (incidence of 0.03 vs 3.78/100 person-years)[18].

Significant progress has been recently made in the treatment of advanced HCC, when immuno-
therapy was proven superior to the systemic therapy used for over a decade[19,20]. Table 1 shows a 
summary of the most important randomized controlled trials on systemic therapy for advanced HCC.

Nevertheless, initial studies raised concerns that the advantages of immunotherapy might depend on 
the underlying liver disease, and that patients with NAFLD-related HCC might benefit less from it[21,
22]. Considering the epidemiological importance of NAFLD-related HCC, this article aims to review the 
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Table 1 Summary of randomized controlled trials on systemic therapy for advanced hepatocellular carcinoma

Ref. Interventions Mechanisms of action Main results

Llovet et al
[57]

Sorafenib × placebo TKI × placebo Increased OS with sorafenib

Cheng et al
[56]

Sorafenib × placebo TKI × placebo Increased OS with sorafenib

Bruix1 et al
[59]

Regorafenib × placebo TKI × placebo Increased OS with regorafenib

Kudo et al
[61]

Lenvatinib × sorafenib TKI × TKI Non-inferior OS

Abou-Alfa2 

et al[58]
Cabozantinib × placebo TKI × placebo Increased OS with cabozantinib

Zhu1,3 et al
[60]

Ramucirumab × placebo Anti-VEGF receptor 2 × 
placebo

Increased OS with ramucirumab

Yau et al[73] Nivolumab × sorafenib Anti-PD-1 × TKI No increase in OS4

Finn1 et al
[74]

Pembrolizumab × placebo Anti-PD-L1 × placebo No increase in OS4

Finn et al[19] Atezolizumab + bevacizumab × 
sorafenib

Anti-PD-L1 + anti-VEGF × TKI Increased OS with atezolizumab + bevacizumab

Kelley et al
[79]

Atezolizumab + cabozantinib × 
sorafenib × cabozantinib

Anti-PD-L1 + TKI × TKI × TKI No increase in OS4

Abou-Alfa et 
al[82]

Tremelimumab + durvalumab × 
durvalumab × sorafenib

Anti-CTLA-4 + anti-PD-L1 × 
anti-PD-L1 × TKI

Increased OS with tremelimumab + durvalumab (× sorafenib). 
Non-inferior OS with durvalumab (× sorafenib)

12nd line treatment.
22nd or 3rd line treatment.
3Individuals with alpha-fetoprotein ≥ 400 ng/mL.
4Primary endpoint not reached.
TKI: Tyrosine kinase inhibitor; OS: Overall survival; VEGF: Vascular endothelial growth factor; PD-1: Programmed cell death protein 1; PD-L1: 
Programmed cell death ligand-1; CTLA-4: Cytotoxic T-lymphocyte-associated protein 4.

mechanisms behind NAFLD-related hepatocarcinogenesis, with an emphasis on its immune aspects, the 
knowledge gathered over the years on the efficacy of traditional systemic therapy for advanced 
NAFLD-related HCC, and the most up-to-date evidence on the role of immunotherapy for this specific 
group of patients.

PATHOPHYSIOLOGY OF NAFLD-RELATED HCC
The underlying pathogenic mechanisms leading to NAFLD-related HCC are complex and not 
completely understood[10,23,24]. Metabolic dysfunction as well as inflammatory, fibrogenic and 
oncogenic pathways are involved, which are in turn modulated by a myriad of factors. These include, 
among others, genetic and epigenetic changes, different degrees of dysregulation of multiorgan 
metabolic and endocrine signaling, altered immunologic responses and changes in gut microbiota[24,
25].

A disturbed systemic metabolic milieu characterized mainly by insulin resistance and a low-grade 
inflammatory state seems to be a key in promoting carcinogenesis in a fat-laden liver. Both type 2 
diabetes and obesity are known risk factors for NAFLD-related HCC, which may act additively with 
other metabolic syndrome traits (i.e., dyslipidemia and hypertension) in increasing the risk of HCC 
development[25,26]. However, the precise molecular mechanisms underpinning the connection between 
metabolic dysfunction and HCC remain incompletely understood. Metabolic dysfunction-related 
changes in lipid metabolism (including uncontrolled lipolysis in adipose tissue leading to fatty acid 
overflow towards the liver and stimulation of hepatic de novo lipogenesis) lead to hepatocyte lipid 
overload that, in turn, triggers some compensatory adaptations such as downregulation of carnitine 
palmitoyltransferase 2, which may promote hepatocarcinogenesis. Accumulation of acylcarnitine has 
been suggested as a potential mechanism in this regard[27]. Also, changes in sterol regulatory element-
binding proteins transcription factors, key regulators of sterol and fatty acid biosynthesis, may 
contribute through interaction with tumor suppressor genes such as p53[28].
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Importantly, lipid overload also leads to the occurrence of oxidative stress, endoplasmic reticulum 
stress, mitochondrial dysfunction, cell injury and cell death, all triggering inflammatory responses and 
activating fibrogenic processes[29]. Moreover, numerous signaling pathways are also dysregulated, 
including activation of interleukin (IL)-6/Janus kinase/signal transducer and activator of transcription 
(STAT) pathway and insulin-like growth factor, among others[30].

Of note, in the setting of a chronic inflammatory microenvironment, death of hepatocytes by different 
mechanisms (necrosis, apoptosis, pyroptosis and other forms of the cell death) determines a 
compensatory hepatocyte proliferation. This proliferative response is associated with genetic and 
epigenetic changes that play a pivotal role in hepatocarcinogenesis. Among these genetic changes, 
different studies have identified mutations in the telomerase reverse transcriptase promoter, p53 gene 
and wingless-related integration site (Wnt)/β-catenin signaling pathway genes as the most consistent 
genetic changes during HCC development[26]. Finally, epigenetic modifications have been shown to be 
involved in HCC progression in the context of NAFLD. A broad range of changes in chromatin 
remodeling, histone alterations, DNA methylation, and noncoding RNA expression has been described 
and reviewed recently[31]. Such processes have diagnostic, prognostic, and therapeutic implications[32].

Experimental evidence generated in mouse models and some human data strongly suggest that 
altered gut microbiota may be an important contributing factor to HCC development in the setting of 
NAFLD/nonalcoholic steatohepatitis (NASH)[33]. The occurrence of dysbiosis is common in 
NAFLD/NASH, as well as in its commonly associated comorbidities, such as obesity and type 2 
diabetes. Nevertheless, although microbiome changes have been characterized in different studies 
involving subjects with NASH or NAFLD-related cirrhosis, there is considerable variability across 
different reports, and only few studies have focused specifically on NAFLD-related HCC. Ponziani et al
[34] showed that cirrhotic NAFLD-related HCC patients had a microbiome profile enriched in 
Bacteroides and Ruminococcaceae compared to patients with NAFLD-related cirrhosis without HCC
[34]. This microbiota profile was associated with increased levels of some circulating proinflammatory 
cytokines. However, it remains unclear if this is just an epiphenomenon or has pathogenetic relevance.

Mechanistically, dysbiosis leads to altered intestinal permeability, which in turn contributes to 
hepatic inflammation via toll-like receptor 4 (TLR4) stimulation by bacterial derived products. Sustained 
hepatic inflammation triggered by this pathway can then contribute to hepatocarcinogenesis through 
multiple mechanisms[23]. Consistent with this proposed mechanism, TLR4 ablation has been shown to 
prevent HCC development in NASH models[35]. Additionally, changes in gut microbiota critically 
influence bile acid metabolism. Thus, animals fed with a NASH-promoting diet exhibit a change in their 
bile acid pool composition, which become enriched in secondary bile acids, particularly deoxycholic 
acid[33]. Moreover, microbiome changes may induce the transition of hepatic stellate cells (HSCs) in the 
stroma into a senescence-associated secretory phenotype, which are cells associated with suppression of 
antitumor immunity[36].

Specific genetic polymorphisms that influence NAFLD susceptibility and severity, such as patatin-
like phospholipase domain containing protein 3 (PNPLA3), transmembrane 6 superfamily member 2 
and membrane bound O-acetyltransferase domain containing 7, have been linked to a higher risk for 
NAFLD-related HCC[26]. Of these polymorphisms, the I148M variant of PNPLA3 is one of striking 
relevance in HCC development[37]. Carriage of this variant critically influences triacylglycerol 
remodeling in hepatocytes, and recent evidence shows that it also influences fibrogenesis and carcino-
genesis by impairing retinol release from HSCs[38].

NAFLD-related HCC generally emerges in the setting of cirrhosis, but may arise also in a non-
cirrhotic liver. Some pathways have been shown to play a role in this scenario. Increased STAT-3 
signaling has been shown to be associated to the development of HCC independently of NASH and 
fibrosis. Also, disruption of circadian homeostasis has been shown to be related to HCC development 
independently of cirrhosis[39].

In summary, pathobiological mechanisms of hepatocarcinogenesis result from a complex interaction 
of the above-mentioned factors leading to uncontrolled proliferative responses, dysregulation of DNA-
damage-response pathways, activation of survival signaling, angiogenesis, evasion of immune 
surveillance, genomic instability and ultimately to cancer development. It is likely that, in NAFLD 
patients, mechanisms leading to HCC vary from one subject to another given the heterogenous 
population grouped under the acronym[40]. Precision medicine approaches based on advanced 
biomarkers may help identify those at higher risk of developing HCC in order to include them in 
surveillance programs or, once diagnosed, may allow treatment with targeted therapies.

IMMUNE ASPECTS OF NAFLD-RELATED HCC
Emerging evidence suggests that the chronic inflammatory process of NAFLD and NASH sets the basis 
for the development of HCC[41]. In addition, there seems to be a role for innate and adaptive immune 
cells in the pathogenesis of NAFLD-related HCC (Figure 1). However, the immune mechanisms that are 
specific to NAFLD as the underlying cause of HCC are largely unclear. For example, numerous studies 
have demonstrated the critical involvement of hepatic macrophages, including resident Kupffer cells 
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Figure 1 Immune mechanisms in nonalcoholic fatty liver disease-related hepatocellular carcinoma pathogenesis. Studies using human 
specimens and mouse models have shown that activated non-alcoholic steatohepatitis-associated, programmed cell death protein 1 + CD8 T cells can cause non-
specific cell death of hepatocytes and promote hepatocellular carcinoma development. T helper 17 cell-derived interleukin-17, immunoglobulin A-producing cells 
promote non-alcoholic steatohepatitis-derived hepatocellular carcinoma development, while an overall loss of CD4 T cells may increase tumor burden size. Bregs are 
abundant in hepatocellular carcinoma and promote disease progression, but are not specific to nonalcoholic fatty liver disease-related hepatocellular carcinoma. The 
role of tumor associated macrophages in the progression of nonalcoholic fatty liver disease-related hepatocellular carcinoma is unclear. Figure created in the Mind 
the Graph platform, available at www.mindthegraph.com. Th: T helper; PD-1: Programmed cell death protein 1; IL: Interleukin; Bregs: Regulatory B cells; IgA: 
Immunoglobulin A; CXCR6: C-X-C Motif Chemokine Receptor 6; TAM: Tumor associated macrophages.

and recruited monocyte-derived macrophages in the pathogenesis of NASH[42]. The activation of 
Kupffer cells is crucial for tumor development in the early stage of chemical-induced carcinogenesis[43] 
and tumor-associated macrophages play a prominent role in promoting HCC once a primary tumor is 
established[44]. Nevertheless, the role of hepatic macrophages in NAFLD-related HCC has not been 
investigated yet.

Regarding the role of adaptive immunity as a central player in the progression of NAFLD-related 
HCC, several reports have shown increased recruitment of adaptive immune cells such as T and B 
lymphocytes into the liver of these patients. For instance, whole-exome sequencing of livers from 
patients with NAFLD-related HCC shows enrichment of gene signatures associated with T lymphocytes 
suggesting increased hepatic T cell accumulation[45]. Notably, studies show that HCC cases from 
NAFLD-related cirrhosis display features of immune exhaustion, indicating a state of dysfunction likely 
due to stimulation by tumor antigens[45].

Experimental murine models of NAFLD-related HCC have shed light on the potential mechanisms 
by which T cells regulate HCC development. In a mouse model of NAFLD-related HCC that recapit-
ulates metabolic disease, intrahepatic CD8 T cells become activated and express CD44 and CD69, 
suggesting that they can directly induce liver damage through interactions with hepatocytes[46]. 
Indeed, genetic ablation of CD8 T cells in this mouse model ameliorates liver damage, NASH, and HCC 
development, suggesting that CD8 T cells directly instigate disease progression[46]. The increased T cell 
infiltration in NAFLD-related HCC has been attributed to the inactivation of T cell protein tyrosine 
phosphatase in hepatocytes and increased expression of T cell chemoattractants[47]. Mechanistically, 
NASH programs CD8 T cells to acquire an activated exhausted phenotype and express increased levels 
of programmed cell death protein 1 (PD-1) in response to metabolic signals as well as to IL-15, 
instigating their non-specific killing of hepatocytes and disease progression[48]. In addition to 
exhaustion markers, NASH-derived PD-1 positive CD8 T cells express high levels of effector function 
molecules such as tumor necrosis factor α, interferon γ, and granzyme[21]. The increased activity of 
exhausted PD-1 positive CD8 T cells in the NASH liver is not limited to accelerating liver damage but 
can result in impaired immune surveillance and subsequent HCC[21].

In contrast to the accumulation of CD8 T cells, lipid dysregulation has been shown to cause a loss of 
CD4 T cells in tumor-free and tumor-bearing environments in the liver of mice with NASH induced by a 
methionine and choline-deficient L-amino acid-defined diet[49]. Importantly, depletion of total CD4 T 
cells promoted hepatic carcinogenesis in a MYC oncogene model of HCC, suggesting that the overall 
function of CD4 T cells is to provide antitumor immunity[49]. However, nutrient overload induces a 
subset of CD4 T cells known as T helper-17 cells that produce large amounts of IL-17A to promote 
tumorigenesis in NAFLD-related HCC[50]. Overall, these findings suggest that the exhaustion of 
hepatic CD8 T cells and the loss of CD4 T cells in NASH compromise the hepatic antitumor surveillance 
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and increase the susceptibility to HCC.
In addition to T cells, emerging evidence suggests that immunoglobulin A (IgA)-producing B cells 

play a critical role in the progression of NAFLD-related HCC. In humans, the number of tumor-infilt-
rating B cells correlates with tumor progression[51]. Likewise, patients with HCC that have fewer 
tumor-infiltrating plasma cells present a better prognosis[52]. Feeding a high fat diet to major urinary 
protein-urokinase-type plasminogen activator transgenic mice, a reliable model of NAFLD-related 
HCC, instigates IgA-producing cells to interfere with the protective role of anti-tumor cytotoxic CD8 T 
cells[53]. The IgA positive B cells inhibit the activity of CD8 T cells through the expression of 
programmed death-ligand 1 (PD-L1) and the production of the immunosuppressive cytokine IL-10[53]. 
Regulatory B cells, a subset of B cells, can also inhibit anti-tumor immunity through IL-10 production 
and promote HCC growth through direct interactions with the tumor cells[54]. As B cells promote 
NAFLD through the production of pro-inflammatory cytokines and regulation of intrahepatic T cells in 
NASH[55], future studies are needed to clarify the precise role of liver B cells in NAFLD-related HCC.

TRADITIONAL SYSTEMIC TREATMENT FOR ADVANCED NAFLD-RELATED HCC
Systemic therapy for HCC is relatively young in comparison to other cancers, becoming available only 
after 2007, with the arrival of sorafenib, a multikinase inhibitor that showed improved survival against 
placebo in both the SHARP and Asia-Pacific trials[56,57]. For 10 years, sorafenib was the only available 
systemic therapy for HCC, until the field expanded significantly over the last 5 years with trials 
showing benefit from regorafenib, lenvatinib, cabozantinib and ramucirumab[58-61]. All of these studies 
were performed on HCCs from multiple etiologies, but primarily viral hepatitis-related tumors. 
Recently, attention has shifted to the importance of HCC etiology as a predictor of response to systemic 
therapy. This issue has been most evident in HCC immunotherapy, but potentially applies to other 
systemic therapies as well.

NAFLD-related HCC represents a unique conundrum for systemic therapy, as metabolic issues 
beyond that of HCC may play a role[62]. Individuals with NAFLD-related HCC are more likely to be 
obese, and are more likely to be on hormone-related medications, both of which could affect the 
pharmacokinetics of systemic therapy. Indeed, a small study showed that patients on sorafenib who 
were receiving metformin for diabetes mellitus had worse survival than those on insulin, regardless of 
the cause of HCC[63].

Due to the temporal dynamics of HCC systemic therapy in the last 15 years, most of the available data 
is from sorafenib studies. Sorafenib is known to perform best when used in patients with viral hepatitis-
related HCC, particularly hepatitis C infection. However, most studies addressed hepatitis C vs alcohol-
related HCC, or viral hepatitis vs other causes of HCC, clouding the understanding of the role of 
sorafenib in NAFLD-related HCC specifically[64-66]. An international study, presented only in abstract 
form, found similar overall survival (OS) in patients treated with sorafenib with NAFLD-related HCC vs 
other causes [hazard ratio (HR): 0.94, 95% confidence interval (CI): 0.76-1.16, P = 0.57]. However, the 
NAFLD portion of the study included only 187 patients (3.5% of the total cohort), and further details are 
awaited with the full peer-reviewed version[67]. A recent retrospective subgroup analysis including 483 
NAFLD-related HCC patients treated with sorafenib also found no significant difference in univariate 
analysis of survival between NAFLD and other etiologies (10.2 mo vs 12.3 mo; HR: 1.06; 95%CI: 0.83-
1.34, P = 0.63)[68].

Information on NAFLD-related HCC for other non-immune forms of systemic therapy remains rather 
elusive, although very recent studies are shedding some light on the field. The initial trials for 
regorafenib (RESORCE), cabozantinib (CELESTIAL) and ramucirumab (REACH-2) included very 
limited numbers of patients with NAFLD-related HCC (6.6%, 9.3% and 7.9% respectively), and most 
subgroup analyses did not specifically evaluate NAFLD-related HCC[58-60]. The CELESTIAL trial for 
cabozantinib indicated benefit of the drug across all subgroups of etiologic factors and found no 
difference for OS between viral hepatitis-related HCC and other etiologies (HR: 0.76, 95%CI: 0.63-0.92 vs 
HR: 0.72, 95%CI: 0.54-0.96). However, the “other etiologies” group included all non-viral hepatitis-
related tumors, with the NASH proportion conforming 43 patients. Also, this trial evaluated 
cabozantinib as second line therapy[58].

More recently, retrospective studies have evaluated lenvatinib in NAFLD-related HCC, suggesting an 
advantage for this multikinase inhibitor in this group of patients. A multicenter analysis of 236 NAFLD-
related HCCs treated with lenvatinib (19% of the entire cohort) found a better OS for NAFLD-related 
HCC compared to other etiologies (22.2 mo vs 15.1 mo, HR: 0.69, 95%CI: 0.56-0.85, P = 0.0006)[68]. A 
Japanese study (also retrospective) of lenvatinib in unresectable tumors involving 103 NAFLD-related 
HCCs found no difference in OS compared to other etiologies, but the progression free survival (PFS) 
was better in the NAFLD group (median 9.3 mo vs 7.5 mo, P = 0.01)[69]. Furthermore, the retrospective 
multicenter ELEVATOR study, in which 200 patients were treated with lenvatinib, observed a similar 
survival in patients with viral and non-viral (NASH and alcoholic steatohepatitis) related HCC[70].

This early evidence suggests that sorafenib or cabozantinib are not particularly better (or worse) for 
NAFLD-related HCC, and that the use of lenvatinib might pose an advantage, with no specific data, so 
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far, for regorafenib. Nevertheless, it should be noted that better studies are needed in order to draw 
significant conclusions.

IMMUNOTHERAPY FOR ADVANCED NAFLD-RELATED HCC
In recent years, besides several tyrosine kinase inhibitors and a monoclonal antibody against vascular 
endothelial growth factor (VEGF) receptor-2 being added to the treatment armamentarium, immuno-
therapy with immune checkpoint blockers has been extensively investigated in patients with HCC[71]. 
Nivolumab, pembrolizumab, and the combination of nivolumab plus ipilimumab have been approved 
by the United States Food and Drug Administration (FDA) based on very promising phase II studies
[72], but nivolumab and pembrolizumab failed to reach their primary endpoints in subsequent phase III 
trials in first- and second-line, respectively[73,74].

Atezolizumab plus bevacizumab
Overexpression of VEGF has been associated with liver cancer development and progression, and small 
phase II studies have shown modest anti-tumor efficacy of bevacizumab as monotherapy in advanced 
HCC[75]. In addition to the antiangiogenic effects, there is increasing evidence that anti-VEGF therapies 
may enhance the efficacy of anti-PD-1 and anti-PD-L1 by reversing VEGF-mediated immunosup-
pression and promoting T-cell infiltration in tumors[76]. Based on these observations, the PD-L1 
inhibitor atezolizumab was evaluated together with the VEGF inhibitor bevacizumab in the phase III 
IMbrave150 study. The combination significantly improved all efficacy endpoints with a statistically 
significant and clinically meaningful survival benefit compared to sorafenib[19,77]. Side effect profiles 
of the drugs were in line with their respective mechanism of action and no new safety signals were 
observed. Additionally, patient-reported outcomes revealed that deteriorations in quality of life were 
significantly delayed in the combination arm compared to the sorafenib arm[78]. The combination has 
been approved by the FDA and by the European Medicines Agency (EMA), and it is currently regarded 
as the standard of care in first-line therapy of advanced HCC.

Atezolizumab plus cabozantinib
In the COSMIC-312 trial, in which 837 patients with HCC were randomized to be treated with atezol-
izumab plus cabozantinib, sorafenib in monotherapy or cabozantinib in monotherapy (2:1:1), PFS was 
6.8 mo for the group receiving combination therapy, compared to 4.2 mo for the group under sorafenib 
(HR: 0.63, 95%CI: 0.44-0.91, P = 0.0012). Regarding OS, an interim analysis did not demonstrate a 
significant difference between combination treatment and monotherapy with sorafenib (HR: 0.90, 
95%CI: 0.69-1.18, P = 0.438). Finally, the interim analysis on the comparison between cabozantinib and 
sorafenib showed a tendency favoring cabozantinib regarding PFS (HR: 0.71, 95%CI: 0.51-1.01)[79].

Dual checkpoint inhibition 
Two antibodies against cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) have been investigated in 
advanced HCC. The combination of nivolumab and ipilimumab has already shown improved OS in 
HCC patients in the phase I/II CheckMate040 study[80,81]. The pure immune-oncology (IO) 
combination achieved a high overall response rate with a promising OS of almost 23 mo. The most 
common immune related adverse events were rash, hepatitis, and adrenal insufficiency. Based on these 
results, the FDA approved nivolumab plus ipilimumab as second-line treatment for patients with 
advanced HCC previously treated with sorafenib. Currently, the checkmate 9DW study evaluates the 
efficacy of nivolumab plus ipilimumab compared to sorafenib or lenvatinib as first-line therapy.

Similar to ipilimumab, tremelimumab has also been studied as an anti-CTLA-4 antibody in HCC. 
Based on promising phase II data, the combination of durvalumab and tremelimumab was compared 
with durvalumab in monotherapy or sorafenib in monotherapy as first-line therapy for unresectable 
HCC in the HIMALAYA trial. Regarding the comparison between combination therapy and 
monotherapy with sorafenib, there was a significant improvement in OS favoring combination therapy 
(16.4 mo vs 13.8 mo, HR: 0.78, 95%CI: 0.65-0.92, P = 0.0035), and durvalumab plus tremelimumab may 
be approved by the FDA and EMA in the near future as an additional option for first-line treatment in 
HCC. Finally, monotherapy with durvalumab was noninferior to sorafenib regarding OS (HR: 0.86, 
95%CI: 0.73-1.03)[82].

Etiology of liver disease and immunotherapy
A very recent study suggested that clinicians might need to consider the underlying liver disease for 
treatment selection in HCC. Pfister et al[21] provided provocative preclinical and limited clinical 
evidence that patients with NAFLD-related HCC may benefit less from immune checkpoint inhibition 
than patients with viral hepatitis-related HCC. Regarding preclinical data, authors evaluated immuno-
therapy in mice with NAFLD-related HCC. Despite the hepatic abundance of PD-1 positive CD8 T cells 
with features of exhaustion and effector functions in mice with NASH, which might be suggestive of a 
good response to immunotherapy, none of the pre-existing tumors regressed with treatment, and there 
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was evidence indicating that immunotherapy could even play a role in hepatocarcinogenesis in mice 
with NASH. In the same publication, a meta-analysis of three randomized controlled phase III trials 
failed to demonstrate evidence of survival improvement for patients with non-viral hepatitis-related 
HCC receiving immunotherapy. The authors also investigated a cohort of 130 HCC cases, in which 13 
were NAFLD-related and had OS after immunotherapy of 5.4 mo, significantly lower than that of 
patients with HCCs related to other causes of liver disease (11.0 mo, P = 0.023). Finally, authors 
validated these findings in yet another cohort of 118 individuals with HCC, in which 11 were NAFLD-
related and had OS of 8.8 mo, while patients with HCC related to other causes of liver disease had OS of 
17.7 mo (P = 0.034)[21]. Nevertheless, important remarks on this study have been made in an editorial, 
which highlighted that patients with NASH were not separated from those with other non-viral 
hepatitis etiologies of liver disease in the meta-analysis presented in the paper, and that the small 
number of patients evaluated in the cohorts must be kept in mind when considering their results[83].

In the same line, both the Checkmate-459 and the IMBrave150 trials found that HR for OS was worse 
in patients with non-viral hepatitis-related HCC compared with patients with viral hepatitis-related 
cancer. However, neither study distinguished between patients with NASH and alcoholic steatohep-
atitis. In addition, it should be noted that the poor HRs in the non-viral hepatitis group were not solely 
due to the shorter survival in the IO arm, but also to a surprisingly long survival in the sorafenib arm of 
both trials[19,84]. Similarly, in the COSMIC-312 trial, when a subgroup analysis on etiology of the 
underlying liver disease was performed, the benefit of atezolizumab plus cabozantinib on PFS seemed 
to be driven by the hepatitis B-related HCC group, and there was no significant difference between 
combination therapy and sorafenib for patients with non-viral hepatitis related-HCC (HR: 0.92, 95%CI: 
0.60-1.41)[79].

Another recent meta-analysis of randomized controlled trials helped fuel this debate, when it also 
demonstrated that immune checkpoint inhibitors were significantly more effective for viral hepatitis-
related HCCs than for tumors associated with other kinds of liver disease. On the other hand, the 
etiology of liver disease did not seem to interfere with the efficacy of tyrosine-kinase inhibitors or anti-
VEGF therapies[22].

In contrast to these observations, underlying liver disease (viral hepatitis vs alcohol vs NASH) did not 
significantly impact PFS and OS in a recent real-world cohort treated with atezolizumab and 
bevacizumab[85]. Moreover, in the HIMALAYA trial, the benefit of the combination of durvalumab and 
tremelimumab on OS persisted in the subgroup analysis in patients with non-viral hepatitis related-
HCC (HR: 0.74, 95%CI: 0.57-0.95)[82].

Perhaps the decision to start immunotherapy might be guided by prognostic biomarkers, rather than 
solely by the etiology of liver disease. Several predictive biomarkers for immunotherapy response have 
been proposed, including PD-L1 expression[86] and evidence of activated Wnt/β-catenin signaling[87], 
but currently no validated biomarker exists to guide treatment decisions in HCC patients undergoing 
immunotherapy. The recently proposed CRAFITY score (C reactive protein and alpha-fetoprotein in 
ImmunoTherapY) may be an easy-to-use tool to predict outcomes of patients undergoing immuno-
therapy for HCC, regardless of Child-Pugh class and performance status[88].

CONCLUSION
As the field moves forward, and with early evidence suggesting a potential decreased response of 
NAFLD-related HCC to immunotherapy, studies of non-immune systemic therapy for this group of 
patients should become more frequent and more robust. Moreover, randomized controlled trials 
evaluating immunotherapy in this particular group of patients are of the utmost importance. Multiple 
issues should be taken into account in such studies, including the strict definition of NAFLD, metabolic 
associated fatty liver disease or NASH, the heterogeneity of this group which includes lean NAFLD, 
NAFLD related to metabolic syndrome and others, as well as the impact of other co-morbidities and 
medication profiles.
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Abstract
Proton pump inhibitors (PPIs), the most commonly used antisecretory medi-
cations in the management of reflux illness, virtually eliminate elective surgery for 
ulcer disease, and relegate anti-reflux surgery to patients with gastroesophageal 
reflux disease (GERD) who are inadequately managed by medical therapy. 
However, PPI medications still leave some therapeutic demands of GERD unmet. 
Furthermore, up to 40%-55% of daily PPI users have chronic symptoms, due to 
PPI refractoriness. Potassium-competitive acid blockers (P-CABs) transcend many 
of the problems and limits of PPIs, delivering quick, powerful, and extended acid 
suppression and allowing for treatment of numerous unmet needs. Recently, it 
has become clear that compromised mucosal integrity plays a role in the etiology 
of GERD. As a result, esophageal mucosal protection has emerged as a novel and 
potential treatment approach. An increasing body of research demonstrates that 
when P-CABs are used as primary drugs or add-on drugs (to regular treatment), 
they provide a considerable extra benefit, particularly in alleviating symptoms 
that do not respond to PPI therapy.
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pump inhibitors; Treatment outcome; Proton pump inhibitor-refractory patients; 
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Core Tip: The potassium-competitive acid blocker (P-CAB) has been discovered as a possible acid 
suppression therapeutic option. At the enzyme level, P-CABs compete with K+ to suppress acid formation; 
the binding location of these compounds is separate from the probable pocket that K+ occupies. When the 
P-CAB binds to the enzyme, it stops K+ from attaching and activating it. According to clinical trials, P-
CABs are extremely selective for gastric H+, K+-ATPase, restricting stomach acid production while acting 
quickly. Such medicines, which can have a rapid onset of action and a longer duration, may offer consid-
erable advantages to individuals suffering from gastroesophageal reflux disease and other acid-related 
disorders.

Citation: Leowattana W, Leowattana T. Potassium-competitive acid blockers and gastroesophageal reflux disease. 
World J Gastroenterol 2022; 28(28): 3608-3619
URL: https://www.wjgnet.com/1007-9327/full/v28/i28/3608.htm
DOI: https://dx.doi.org/10.3748/wjg.v28.i28.3608

INTRODUCTION
Gastroesophageal reflux, the reflux of stomach contents into the esophagus, usually occurs after large 
and fatty meals. Nonetheless, under normal settings, efficient esophageal cleaning mechanisms return 
the bulk of the refluxed material to the stomach, and symptoms do not occur. However, when stomach 
reflux is severe or physically aggressive, it causes symptoms and difficulties, as well as a decrease in 
quality of life, thus creating gastroesophageal reflux disease (GERD)[1,2]. Since the 1990s, the prevalence 
of GERD has grown consistently, particularly in East Asia and North America (2.5%-7.8%, and 10%-
20%, respectively)[3-5]. Heartburn and regurgitation are common esophageal symptoms, accompanied 
by consequent chest discomfort and dysphagia. Chronic cough, hoarseness of voice, and asthma are 
other extra-esophageal symptoms that have been linked to GERD in population-based research. The 
three GERD phenotypes are erosive esophagitis (EE), non-erosive reflux disease (NERD), and Barrett's 
esophagitis. Their responses to therapy vary greatly. Of note, the majority (70%) of GERD patients have 
an endoscopically normal mucosa and are regarded as having NERD.

Pharmacologic, endoscopic, and surgical options for GERD treatment are now available. The most 
often recommended drugs for GERD treatment in clinical practice are proton pump inhibitors (PPIs) 
and histamine-2 receptor antagonists. Other, less potent agents typically used to treat mild or 
intermittent symptoms or as adjunct therapies include antacids, sucralfate, baclofen, alginate, and 
prokinetics[6,7]. The goals of GERD management include symptom relief, esophageal inflammation 
healing, esophageal inflammation maintenance and prevention, and quality of life enhancement. PPIs 
have long been thought to be the basis of GERD treatment. Because of their significant and consistent 
antisecretory action, PPIs have proven particularly useful in treating EE, managing symptoms, and 
preventing GERD-related complications such as esophageal ulcers, esophageal bleeding, and peptic 
stricture. Overall, PPIs have been regarded as a relatively safe class of drugs, with many patients taking 
them for an extended time. Despite the success of PPIs in addressing many aspects of GERD, there are 
still many unmet needs[8-10]. Advanced EE, NERD, overnight heartburn, maintenance therapy, and 
refractory GERD are among them.

Furthermore, PPIs are ineffective for postprandial heartburn and are currently not recommended for 
atypical or extra-esophageal GERD presentations as well as GERD complications[11,12]. Importantly, 
prolonged PPI medications have been linked to side effects, generating worries among physicians and 
patients alike about their safety profile. This review looks at the development and quality of present and 
potential acid suppression medications, focusing on the potassium-competitive acid blocker (P-CAB) 
class and exploring their clinical studies.

ROLE OF POTASSIUM ION IN ACID SECRETION
Gastric acid is essential for food and water purification and digestion. Gastric juice has an extremely low 
pH (pH = 1) because parietal cells in the oxyntic mucosa of the stomach secrete H+ and Cl- ions to make 
hydrochloric acid. These cells secrete 1-2 L of hydrochloric acid every day. The action of gastric H+/K+-
ATPase in the apical membrane of parietal cells promotes a very high concentration of H+ in the lumen 
compared to plasma. The potassium ion plays an essential role in activating gastric H+/K+-ATPase and 
is required for the enzyme to function. At rest, H+/K+-ATPase is confined to tubulovesicular regions of a 
parietal cell with low K+ concentrations and membranes that are impermeable to K+. As a result, the 
enzyme is incapable of activating and transporting H+ ions. When the parietal cell is stimulated, the 
tubulovesicular components merge with the cell’s apical membrane. After being exposed to K+-
containing luminal fluid, the H+/K+-ATPase enzyme can begin to exchange H+ for K+[13-15]. Due to its 
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important involvement in the production of gastric juice, K+ is a possible therapeutic target for acid 
blockers. One technique is to block the K+ channels that allow ions to flow through the apical membrane 
of parietal cells, while another is to compete with K+ at the level of the parietal cells' H+/K+-ATPase.

P-CABs
The surface of the stomach H+/K+-ATPase (the proton pump) is exposed to the extremely acidic parietal 
cell canaliculus, which has a high affinity for K+ during acid secretion. Given the significance of the 
cation for enzyme activity, drugs that compete for K+ binding have the potential to inhibit acid secretion. 
The mechanism of action of P-CAB is based on this premise. P-CABs were initially developed in the 
1980s and have been studied by many pharmaceutical companies worldwide due to their ability to 
block the proton pump quickly, efficiently, and reversibly. Schering-Plough was one of those companies 
that developed a prototype P-CAB, SCH28080. Although the mechanism of action was not fully known 
at that time, this drug was discovered to lower stomach acid output in humans[16,17]. SCH28080 was 
later demonstrated to inhibit gastric H+/K+-ATPase by competing with K+[18,19]. However, clinical 
development of SCH28080 was halted due to hepatotoxicity produced by repeated treatment. This 
condition sparked research into several kinds of SCH28080 derivatives, such as imidazopyridine 
derivatives (BY841), imidazo-naphthyridine derivatives (soraprazan), imidazo-thienopyridines (SPI-
447), quinolone derivatives (SK&F96067)[20-23], pyrrolo-pyridazine derivatives (CS-526), pyrimidine 
derivatives (revaprazan), and pyrrole derivatives [vonoprazanm (VPZ)][24-26].

These novel antisecretory medicines vary from PPIs in that they compete with K+ and cause a dose-
dependent selective and reversible inhibition of the proton pump. Because they aren't prodrugs that 
need to be activated in parietal cells like PPIs, they start working right away, and control of acid 
secretion begins within the first day of treatment after starting the first dose. In addition, their 
dissociation from the proton pump is sluggish, and they can stay in the stomach mucosa for up to 24 h. 
As a result, unlike PPIs, which are less effective at night, their acid inhibitory action persists throughout 
the day and night[27,28]. Table 1 compares the key differences in the mechanisms of action of P-CABs 
and PPIs.

ACTION MECHANISM OF P-CABs
P-CABs are classified into many chemical classes (Figure 1). They are a varied class of medications while 
having a similar mechanism of action. P-CABs are lipophilic, weak bases with limited pH stability and 
high pKa values. They may concentrate in acidic environments because of the combination of these 
properties. In the parietal cell canaliculi (pH = 1), a P-CAB with pKa of 6.0 would be 100000-fold larger 
than in the plasma (pH = 7.4). In vitro and in vivo investigations using AZD0865 and revaprazan showed 
a concentrated P-CAB in the gastric mucosa[29-31]. By binding ionically to the enzyme, P-CAB inhibits 
gastric H+/K+-ATPase and prevents further activation by K+. P-CABs are expected to bind at or near the 
K+ binding site, preventing the K+ from accessing the site (Figure 2). Although these novel drugs exhibit 
quick and potent antisecretory action, not all of their attractive pharmacodynamic features have 
translated into therapeutic advantages due to their hepatotoxicity and insufficient efficacy. In addition, 
linaprazan (AZD0865) failed to outperform standard-dose PPIs in the treatment of peptic ulcers and 
reflux esophagitis (RE)[32,33]. Soraprazan (BY359) and CS526 (R105366) have fulfilled their proof of 
effectiveness and safety goals in phase II tests, but data on these medicines have not been published[34].

PHARMACOKINETICS AND PHARMACODYNAMICS OF P-CABs
P-CABs reach peak plasma concentrations quickly after oral administration, in part because they are 
acid-stable and may be administered as immediate-release formulations. In healthy men, a single dose 
of revaprazan (100 to 200 mg) resulted in peak plasma concentrations at 1.7 to 1.8 h, which declined to a 
mean elimination time (T1/2) of 2.2 h to 2.4 h with repeated administration. The pharmacokinetics and 
concentration-time profiles of revaprazan were comparable following repeated administration (on day 
7) to those reported after the initial dosage on day 1[35]. In 2004, Yu et al[36] conducted a single-blind, 
dose-rising, parallel-group, randomized, placebo-controlled trial in 46 healthy subjects. In the single-
dose research, plasma concentrations of revaprazan attained peak values 1.3 h to 2.5 h after adminis-
tration and thereafter decreased mono-exponentially with a terminal T1/2 of 2.2 h to 2.4 h in dosage 
groups up to 200 mg. Revaprazan has linear pharmacokinetic properties, with negligible accumulation 
after numerous doses. The onset of pharmacological effects was quick, with the greatest benefits shown 
on the first day of treatment with repeated doses. They concluded that revaprazan was safe, well-
tolerated, and efficiently suppressed acid secretion by increasing intragastric pH in a dose-dependent 
manner.
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Table 1 Main differences in the mechanisms of action between proton pump inhibitors and potassium-competitive acid blockers[12]

Proton pump inhibitors Potassium-competitive acid blockers

Prodrug requires transformation to the active form, sulphenamide Direct action on the H+/K+ ATPase after protonation

Sulphenamide binds covalently to H+/K+-ATPase P-CABs bind competitively to the K+ binding site of H+/K+-ATPase

Irreversible binding to the proton pump Reversible binding to the proton pump

The full effect after repeated doses The full effect after the first dose

PK affected by genetic polymorphism PK not affected by genetic polymorphism

PD effect more significant during the daytime PD effect lasting for both the daytime and nocturnal hours

Meal-dependent antisecretory activity Meal-independent antisecretory activity

Concentrate in parietal cell acid space (1000-fold higher than in plasma) Super concentrates in parietal cell acid space (100000-fold higher than in 
plasma)

Duration of effect related to the half-life of the sulphenamide-enzyme 
complex

Duration of effect related to the half-life of the drug in plasma

P-CAB: Potassium-competitive acid blocker; PD: Pharmacodynamic; PK: Pharmacokinetic.

Figure 1 Differences in chemical classes and chemical structures of potassium-competitive acid blockers[12]. P-CAB: Potassium-competitive 
acid blocker.

In 2015, Sakurai et al[37] conducted 2 phase I, single rising-dose, randomized, double-blind, placebo-
controlled trials in 84 volunteers from Japan using 1-120 mg VPZ and 63 healthy males from the United 
Kingdom using 1-40 mg VPZ to evaluate the pharmacokinetics, pharmacodynamics, safety, and 
tolerability. They discovered that VPZ plasma concentration-time profiles exhibited fast absorption at 
all doses, with a median Tmax of up to 2 h. T1/2 was predicted to be up to 9 h. The acid suppression effect 
was dose-dependent, with a 24-h intragastric pH 4 holding time for 40 mg VPZ being 92% in Japanese 
males and 87% in British males. They determined that single oral doses of 20-120 mg VPZ suppressed 
gastric acid production in healthy male participants in a quick, deep, and 24-h manner. Furthermore, 
VPZ was well tolerated at all dosages tested, suggesting that it might be used as an alternate therapy for 
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Figure 2 Potassium-competitive acid blockers inhibit gastric H+/K+-ATPase by binding ionically to the enzyme and prevent further 
activation by the K+[7]. P-CAB: Potassium-competitive acid blocker.

acid-related diseases.
Recently, Han et al[38] performed a phase I, randomized, placebo-controlled study in 56 healthy 

volunteers without Helicobacter pylori infection to evaluate the safety, tolerability, pharmacokinetics, and 
pharmacodynamics of tegoprazan (TPZ). They found that TPZ was well tolerated. The majority of the 
adverse events were mild and resolved without any long-term consequences. On day 7, despite multiple 
dosages of TPZ, there was no accumulation in the plasma. The pharmacodynamics study found that 
TPZ suppressed gastric acid rapidly in a dose-dependent manner. They concluded that TPZ was well 
tolerated and demonstrated rapid and potent gastric acid suppression.

Sunwoo et al[39] conducted a randomized, double-blind, double-dummy, placebo-controlled study to 
evaluate a single ascending dose and multiple ascending doses of fexuprazan (FPZ) in 120 healthy male 
subjects without Helicobacter pylori (H. pylori) infection. They discovered that FPZ was well tolerated and 
suppressed gastric acid output for 24 h after delivery. In the multiple ascending doses trial, FPZ plasma 
concentrations grew in a dose-proportional way, but it did not appreciably accumulate in the plasma in 
the single ascending dosage study. They concluded that FPZ showed an immediate, long-lasting gastric 
acid suppression effect and was safe.

In 2020, Hwang et al[40] conducted a single- and multiple-dose, randomized, double-blind, placebo-
controlled trial to elucidate the pharmacodynamics, pharmacokinetics, and safety of FPZ among healthy 
volunteers of Korean, Caucasian, and Japanese descent. FPZ (40, 60, or 80 mg for Koreans; 40 or 80 mg 
for Caucasians; 20, 40, or 80 mg for Japanese) or a placebo were given to ten participants in each group 
at random. Gastric acid suppression was shown to be consistent across ethnic groups. After successive 
doses of 40 mg, the mean percentages of time when the intragastric pH was over 4 in Korean, 
Caucasian, and Japanese participants were 64.3 percent, 62.8 percent, and 70.3 percent, respectively. 
Furthermore, the 80 mg dose that could effectively suppress gastric secretion was 94.8%, 90.6%, and 
90.6% for the Korean, Caucasian, and Japanese subjects, respectively. They determined that FPZ 
suppressed stomach acid in the same way in Korean, Caucasian, and Japanese patients, and that the 
pharmacokinetic and pharmacodynamic correlations, as well as the safety, were the same in all three 
ethnic groups. The FPZ could be utilized regardless of ethnicity.

X842 is a linaprazan prodrug that is currently under development. X842 has a T1/2 of 10 h and enables 
improved intragastric pH regulation over 24 h. Linaprazan was established in a phase I study that used 
a single dose or multiple escalating dosage design to assess the drug’s safety and tolerability in healthy 
volunteers as the primary endpoint[41]. X842 was shown to be safe and well tolerated by the 
participants in the study. During the trial, no severe or significant adverse events were recorded. When 
both pharmacodynamics and pharmacokinetics were evaluated, precise dose linearity was identified. 
The mean median intragastric pH at each X842 dosage was never less than 4.

P-CABs EFFICACY IN GERD
VPZ efficacy in GERD
In 2015, Ashida et al[42] undertook a parallel-group, dose-ranging, multicenter, randomized, double-
blind trial in 732 patients with EE to assess the effectiveness and safety of VPZ vs lansoprazole (LPZ). 
The eligible EE individuals were randomized 1:1:1:1:1 to undergo an 8-wk therapy with LPZ 30 mg, 
VPZ 5 mg, VPZ 10 mg, VPZ 20 mg, and VPZ 40 mg. They discovered that with VPZ 5, 10, 20, and 40 mg, 
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and LPZ 30 mg, the proportion of healed EE individuals at week 4 was 92.3%, 92.5%, 94.4%, 97.0% and 
93.2%, respectively. When corrected for baseline Los Angeles (LA) grades A/B and C/D, all VPZ 
regimens were non-inferior to LPZ 30 mg therapy. With VPZ 5, 10, 20, 40 mg, and LPZ 30 mg, the 
proportions of healed EE individuals were 87.3%, 86.4%, 100%, 96.0%, and 87.0%, respectively, for LA 
grades C/D. The incidence of adverse events was the same in all groups. They indicated that VPZ was 
efficacious and comparable to LPZ in the treatment of EE. For severe EE (LA grades C/D), they advised 
VPZ doses of 20 mg or more.

Furthermore, Ashida et al[43] performed another parallel-group comparison, multicenter, 
randomized, double-blind trial to evaluate the non-inferiority, long-term efficacy, and safety as 
maintenance therapy of VPZ 20 mg compared with LPZ 30 mg in 409 endoscopically confirmed EE 
patients (LA grades A-D). They discovered that the proportion of patients with healed EE up to week 8 
for VPZ (203/205) and 95.5% for LPZ (190/199) was 99.0% for VPZ (203/205) and 95.5% for LPZ 
(190/199), demonstrating the non-inferiority of VPZ 20 mg therapy. There were a few EE recurrences (< 
10%) for long-term maintenance evaluation in patients treated with VPZ 10 mg or 20 mg. They stated 
that the comparative trial demonstrated the non-inferiority of VPZ 20 mg to LPZ 30 mg in EE, and that 
VPZ was well tolerated and efficacious among long-term maintenance EE patients (Table 2).

In 2017, Iwakiri et al[44] conducted a randomized, double-blind, multicenter trial of VPZ 20 mg or 40 
mg in 19 patients with PPI-resistant (LPZ 30 mg) EE to measure stomach and esophageal pH over 24 h. 
Patients with endoscopically proven PPI-resistant EE received VPZ 20 mg (9 cases) or VPZ 40 mg (10 
cases) for 8 wk after a 7- to 14-d run-in period with LPZ 30 mg therapy. The percentage of stomach pH 4 
[pH 4 holding time ratio (HTR)] increased significantly in both groups from baseline: In the 20 mg 
group, it increased from 73.21% to 96.46%, and in the 40 mg group, it increased from 69.97% to 100.00%. 
There were no significant increases in esophageal pH 4 HTRs from baseline. After 8 wk of treatment, the 
healing rate in patients with baseline EE grades A-D was 60.0% in the 20 mg group and 71.4% in the 40 
mg group. They concluded that VPZ 20 mg and 40 mg substantially suppressed gastric acid secretion 
over 24 h with considerably higher gastric pH at 4 HTR, resulting in an EE repair rate greater than 60%.

In the same year, Yamashita et al[45] conducted a study to evaluate the effects of VPZ and PPIs in 8 
RE patients using multichannel intraluminal impedance-pH. They found that the mucosal lesions in 7/8 
patients (87.5%) with persistent gastric mucosal injury after completing an 8-wk standard PPI therapy 
had entirely healed after VPZ therapy. From 26.5% to 78.0%, there was a considerable rise in stomach 
pH > 4 HTR. In addition, a decrease in esophageal pH of 4 HTR was seen, although it was not statist-
ically significant. The overall number of reflux events, comprising acid and proximal reflux episodes, as 
well as the time it took for acid to clear, were both dramatically reduced. They concluded that VPZ 
should be used in patients with PPI-refractory RE.

In 2018, Ashida et al[46] conducted a study to compare VPZ 10 mg (n = 202) and 20 mg (n = 204) with 
LPZ 15 mg (n = 201) as maintenance treatment in 607 patients with healed EE. EE recurrence rates with 
LPZ 15 mg, VPZ 10 mg, and VPZ 20 mg were 16.8%, 5.1%, and 2.0%, respectively, throughout a 24-wk 
maintenance period. VPZ was shown to be non-inferior to 15 mg LPZ. The 10 mg and 20 mg VPZ were 
significantly lower than the LPZ at 15 mg. The EE recurrence rate, on the other hand, did not change 
substantially between the two VPZ dosages. They determined that VPZ 10 mg and 20 mg were non-
inferior to LPZ 15 mg as maintenance treatment for individuals with healed EE.

A retrospective cohort study that recruited 55 patients with symptomatic GERD (NERD = 30, EE = 25) 
treated with VPZ 10 mg who had been followed for more than 1 year was conducted by Shinozaki et al
[47]. They discovered that taking VPZ 10 mg for one month relieved GERD symptoms in 89% of patients 
and was maintained in 82% after one year without further treatment. In 47% of cases, 1-year 
maintenance treatment resulted in long-term relief of GERD symptoms. Nine of the forty-nine 
responders experienced a return of GERD symptoms, while VPZ dosage escalation relieved symptoms 
in 67% (6/9) of patients. Postprandial discomfort, postprandial distress, constipation, and diarrhea 
significantly decreased after 1 m and remained stable after a year. After 1 year of therapy, the 
endoscopic healing rate of EE was 95%. They concluded that 1 year of VPZ therapy reduces GERD 
symptoms significantly, and endoscopic healing of EE is good. VPZ is an efficient and beneficial long-
term treatment for GERD.

In 2019, Oshima et al[48] conducted a randomized, placebo-controlled experiment in 32 patients with 
endoscopically proven EE who had heartburn at least once a week to see how quickly VPZ and LPZ 
relieve heartburn. For 14 d, the patients were given either VPZ 20 mg or LPZ 30 mg before breakfast. 
They found that heartburn was relieved earlier with VPZ than with LPZ. Furthermore, on day 1, VPZ 
and LPZ totally cured heartburn in 31.3% and 12.5% of patients, respectively. With VPZ medication, 
significantly more patients experienced full nighttime heartburn resolution compared with LPZ 
treatment. They concluded that during the first week of therapy, VPZ provided more prolonged 
heartburn relief than LPZ.

Recently, Akiyama et al[49] studied the efficacy of VPZ 20 mg in 13 patients with PPI-refractory 
GERD who exhibited continued pathological esophageal acid exposure (EAE). Among 13 patients who 
were observed by multichannel intraluminal impedance-pH at baseline (PPI treatment) and after VPZ 
20 mg therapy, the median gastric acid exposure times of the VPZ group were lower than those of the 
PPI group, both during daytime and nocturnal observations. Furthermore, during the 24-h monitoring 
period, VPZ 20 mg treatment resulted in lower median EAE values (4.5%) than PPI therapy (10.6%). 
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Table 2 Clinical studies regarding the efficacy of potassium-competitive acid blocker in gastroesophageal reflux disease treatment

Ref. Country/region Study design Patients, 
n Diagnosis Treatment 

groups

Duration of 
treatment, 
wk

Clinical outcomes

Ashida et 
al[42]

Japan Multicenter, 
randomized, 
double-blind

732 EE LPZ 30 mg; 
VPZ 5 mg; 
VPZ 10 mg; 
VPZ 20 mg; 
VPZ 40 mg

8 All VPZ regimens were non-inferior to 
LPZ 30 mg treatment. The proportions of 
healed EE subjects were 87.3%, 86.4%, 
100%, 96.0%, and 87.0% with VPZ 5, 10, 
20, 40 mg, and LPZ 30 mg, respectively

Ashida et 
al[43]

Japan Multicenter, 
randomized, 
double-blind

607 EE LPZ 15 mg; 
VPZ 10 mg; 
VPZ 20 mg

24 The EE recurrence rates were 16.8%, 
5.1%, and 2.0% with LPZ 15 mg, VPZ 10 
mg, and VPZ 20 mg, respectively, over 
the 24-wk maintenance period

Shinozaki 
et al[47]

Japan Retrospective 
cohort

55 NERD = 30; 
EE = 25

VPZ 10 mg 4 The VPZ 10 mg for 1-mo alleviated 
GERD symptoms in 89% and were 
sustained in 82% after 1 yr without 
further therapy

Oshima et 
al[48]

Japan Randomized 
placebo control

32 EE LPZ 30 mg; 
VPZ 20 mg

2 The heartburn was relieved earlier with 
VPZ than with LPZ, and it was 
completely relieved in 31.3% and 12.5% 
of patients on day 1 with VPZ and LPZ, 
respectively

Akiyama 
et al[49]

Japan Retrospective 
cohort with 
prospective 
study

13 PPI-
refractory 
GERD

PPIs switch to 
VPZ 20 mg

8 The median gastric acid exposure times 
of the VPZ 20 mg were lower than the 
median gastric acid exposure times of the 
PPI treatment in both daytime and 
nocturnal observations. The VPZ 20 mg 
outperforms PPIs in stomach acid 
suppression, EAE control, symptom 
alleviation, and esophagitis healing in 
patients with PPI-refractory GERD

Mizuno et 
al[50]

Japan Open-label, 
single-center, 
prospective 
study

50 PPI-
refractory 
RE

PPIs switch to 
VPZ 20 mg for 
4 wk and VPZ 
10 mg

48 VPZ 10 mg prevented the recurrence of 
esophageal mucosal breaks in 43 of 50 
(86.0%) patients. VPZ 10 mg is clinically 
efficacious for the long-term maintenance 
of healed RE

Xiao et al
[51]

China, South 
Korea, Taiwan, 
Malaysia

Phase III, 
double-blind, 
multicenter 
study

481 EE LPZ 30 mg; 
VPZ 20 mg

8 The 8-wk EE healing rates in the VPZ and 
LPZ groups were 92.4% and 91.3%, 
respectively. VPZ 20 mg was not inferior 
to LPZ 30 mg in EE healing at 8 wk

Okanobu 
et al[52]

Japan Randomized 
control study

73 EE VPZ 10 mg; 
VPZ 20 mg

Each dose for 
4 wk and VPZ 
10 mg for 8 
wk

VPZ 10 mg had the same result as VPZ 20 
mg in mucosal healing and symptom 
reduction at 4 wk and throughout the 
trial

Matsuda 
et al[53]

Japan Multicenter, 
randomized, 
cross-over study

122 Erosive 
GERD

VPZ 10 mg; 
LPZ 15 mg

Every 2nd day 
for 4 wk and 
cross-over for 
more 4 wk

GERD symptoms were significantly 
reduced with VPZ 10 mg every other 
day, as measured by the FSSG and the 
gastrointestinal symptom rating scale

Lee et al
[54]

South Korea Randomized, 
double-blind, 
parallel-group 
comparison 
study

302 EE TPZ 50 mg; 
TPZ 100 mg; 
EPZ 40 mg

4 and 8 At week 8, the cumulative healing rates 
for TPZ 50 mg, TPZ 100 mg, and EPZ 40 
mg were 98.9%, 98.9%, and 98.9%, 
respectively

Kim et al
[55]

South Korea Phase III, 
double-blind, 
placebo-
controlled, 
multicenter 
study

324 NERD TPZ 50 mg; 
TPZ 100 mg; 
placebo

4 The proportions of heartburn-free days 
and full-resolution rates of heartburn 
were significantly higher in both TPZ 
groups than in the placebo group

Lee et al
[56]

South Korea Phase III, 
multicenter, 
randomized, 
double-blind 
trial

260 EE FPZ 40 mg; 
EPZ 40 mg

8 FPZ 40 mg was non-inferior to EPZ 40 
mg. FPZ 40 mg provided better symptom 
relief in patients with moderate to severe 
heartburn, with the effect lasting 
throughout the night

EAE: Esophageal acid exposure; EE: Erosive esophagitis; EPZ: Esomeprazole; FPZ: Fexuprazan; FSSG: Frequency scale for the symptoms of 
gastroesophageal reflux disease; GERD: Gastroesophageal reflux disease; LPZ: Lansoprazole; NERD: Non-erosive reflux disease; PPI: Proton pump 
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inhibitor; RE: Reflux esophagitis; TPZ: Tegoprazan; VPZ: Vonoprazan.

EAE normalization occurred in 46% of VPZ-treated people, and it was connected to complete stomach 
acid reduction (P = 0.005). Reflux symptoms (P = 0.01) and EE (P = 0.01) improved after switching to 
VPZ 20 mg. They concluded that VPZ 20 mg outperforms PPIs in stomach acid suppression, EAE 
control, symptom alleviation, and esophagitis healing in patients with PPI-refractory GERD.

Mizuno et al[50] carried out a study to assess the effectiveness of VPZ 10 mg as a maintenance 
treatment for healed RE in 50 patients who completed 48-wk maintenance therapy. Maintenance 
therapy with VPZ 10 mg at 48 wk avoided the recurrence of esophageal mucosal breaches in 43 of 50 
patients (86.0%). Throughout the 48-wk maintenance therapy, the symptomatic non-relapse rate for acid 
reflux-related symptom score on the frequency scale for GERD symptoms and acid reflux score on the 
gastrointestinal symptom rating scale was 70.0% and 72.0%, respectively. They determined that VPZ 10 
mg is clinically efficacious for the long-term maintenance of healed RE.

In 2020, Xiao et al[51] conducted a phase III, double-blind, multicenter study in 468 endoscopically 
confirmed EE patients and randomly assigned them to take either VPZ 20 mg (238) or LPZ 30 mg (230) 
once daily for 8 wk. They found that the 8-wk EE healing rates in the VPZ and LPZ groups were 92.4% 
and 91.3%, respectively. Moreover, in patients with a baseline LA classification of C/D, VPZ had higher 
2-wk, 4-wk, and 8-wk EE healing rates than LPZ. Overall, the rates of EE healing appeared to be greater 
with VPZ than with LPZ. They concluded that VPZ is not inferior to LPZ in EE healing at 8 wk, and the 
two treatment groups had identical safety results.

Last year, Okanobu et al[52] performed a randomized control study to evaluate the efficacy of VPZ 10 
mg (n = 36) compared with VPZ 20 mg (n = 37) in 73 patients with EE. The patients were given each 
dose for four weeks as an initial treatment, followed by eight weeks of maintenance therapy with VPZ 
10 mg. The endoscopic healing rates of the 20 mg and 10 mg groups were 94.6% and 94.4%, respectively, 
after four wk. In both treatment groups, the frequency scale for GERD symptoms decreased 
significantly, from 13 to 4 and 14 to 3, respectively, in the 20 mg and 10 mg groups. The scores have 
plummeted to 2 after 12 wk. They determined that after 4 wk and throughout the experiment, VPZ 10 
mg medication had a similar therapeutic response to VPZ 20 mg treatment in terms of mucosal repair 
and symptom reduction. These results were also the same in LA classification grade A/B patients but 
not in grade C/D patients.

A prospective, multicenter, open-label, randomized cross-over trial with two periods was conducted 
by Matsuda et al[53] to clarify the efficacy and superiority of VPZ 10 mg every other day over LPZ 15 
mg in the maintenance management of 122 erosive GERD patients. They observed that 93.6% of the VPZ 
group and 82.1% of the LPZ group had well-controlled symptoms, with a significant difference (P = 
0.003) using McNemar's test. The VPZ-LPZ and LPZ-VPZ groups, respectively, had 96.7% and 80.0% of 
patients well managed throughout the first four weeks (P = 0.007). For the second 4 wk, 94.4% of 
patients in the VPZ-LPZ and 76.7% of patients in the LPZ-VPZ groups were well controlled following 6 
consecutive days a week (P = 0.009). They found that taking VPZ 10 mg every other day decreased 
GERD symptoms considerably, as indicated by the frequency scale for the gastrointestinal symptom 
rating scale and GERD symptoms.

TPZ efficacy in GERD
Lee et al[54] conducted a parallel-group, multicenter, randomized, double-blind comparative trial in 302 
Korean patients with endoscopically confirmed EE in 2019. The patients were randomly assigned to 
receive TPZ 50 mg, TPZ 100 mg, or EPZ 40 mg for 4 wk or 8 wk. They confirmed that at week 8, the 
cumulative healing rates for TPZ 50 mg, TPZ 100 mg, and EPZ 40 mg were 98.9% (91/92), 98.9% 
(90/91), and 98.9% (87/88), respectively. Both TPZ dosages were non-inferior to EPZ 40 mg, and TPZ 
was well tolerated.

Kim et al[55] undertook a multicenter, double-blind, placebo-controlled, phase III trial in 324 Korean 
patients with NERD in 2021 to investigate the safety and effectiveness characteristics of TPZ relative to 
placebo. They were randomized into three groups with TPZ 50 mg, TPZ 100 mg, and placebo once daily 
for 4 wk. After 4 wk of therapy with TPZ 50 mg, TPZ 100 mg, or placebo, 42.5% (45/106), 48.5% (48/99), 
and 24.2% (24/99) of patients achieved full relief of significant symptoms. TPZ 50 mg and 100 mg 
performed better than the placebo by a substantial statistical difference. Both the TPZ and placebo 
groups had significantly greater percentages of heartburn-free days and full-resolution rates of 
heartburn. Furthermore, no apparent change in the occurrence of treatment-emergent adverse events 
was observed.

FPZ efficacy in GERD
In a phase III, multicenter, randomized, double-blind trial, FPZ, the antisecretory action of a pyrrole 
derivative with a quick and full onset was tested. A total of 260 adult patients with endoscopically 
proven EE (LA grades A to D) were given either FPZ 40 mg or EPZ 40 mg per day. The cumulative 
proportion of patients with healed mucosal breaks, as evaluated by endoscopy, was the main outcome 
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measure at week 8. The healing rate, symptoms, and quality of life were assessed at week 4, and it was 
discovered that FPZ was non-inferior to EPZ, with the groups having identical cumulative healing rates 
at 8 wk and equivalent rates at 4 wk. In individuals with moderate to severe heartburn, FPZ provided 
superior symptom alleviation that lasted throughout the night. The medication was well tolerated, with 
similar rates of side effects across treatment groups[56].

SAFETY OF P-CABs
Despite the fact that PPIs are one of the safest pharmacological classes available and have been used for 
almost 30 years, the number of papers on delayed-release PPI safety has skyrocketed, with many 
extensively discussed subjects appearing in high-profile journals[57,58]. Clinical studies and subsequent 
meta-analyses have revealed that VPZ has outstanding short and medium-term safety when compared 
to the performance of PPIs[42-53,59,60]. Because serum gastrin and pepsinogen I levels in healthy 
volunteers and GERD patients mirrored the antisecretory effect of VPZ, hypergastrinemia associated 
with long-term therapy may be a concern[61,62]. Clinical studies and subsequent meta-analyses have 
revealed that VPZ has outstanding short and medium-term safety when compared to the performance 
of PPIs[63]. Long-term PPI therapy has been associated with dysbiosis and changes in the gut 
microbiome, and similar changes have now been reported with VPZ[64-66]. Lipopolysaccharide biosyn-
thesis proteins and lipopolysaccharide biosynthesis were the most dramatically elevated pathways in 
response to VPZ. They are most likely caused by an increase in intraluminal pH and are analogous to H. 
pylori responses to external pH changes. Because lipopolysaccharide is a potent immune response 
stimulator generated by Gram-negative bacteria, these data imply that VPZ may increase bacterial 
growth[67-69].

CONCLUSION
Many of the disadvantages and limitations of delayed-release PPIs are overcome by P-CABs. Mucosal 
healing in acid-related disorders is linked to the duration and degree of acid suppression, and also the 
length of treatment. Given the challenges in achieving good symptom management, particularly at 
night, with presently available delayed-release PPIs once daily, this novel family of medicines, P-CABs, 
delivers immediate, powerful, and extended acid suppression. They have the potential to address many 
of the unmet therapeutic needs in GERD, such as obtaining immediate heartburn relief and fast and 
specific healing of severe RE. The benefits of long-term acid suppression extend to H. pylori eradication, 
where intragastric pH control, especially at night, is crucial. Moreover, VPZ may be an optimum dual 
therapy as a straightforward, dependable, and successful first-line treatment for GERD. More thorough 
evaluations of VPZ, TPZ, and FPZ are needed, especially in Europe and North America. After extensive 
worldwide use of P-CABs, clinicians will justify whether it is effective, safe, and superior to currently 
available treatment with PPIs. In our opinion, VPZ or other P-CABs should be reserved for difficult-to-
treat acid-related illnesses and unmet requirements, where the benefit-to-risk ratio is predicted to be the 
best.
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Abstract
Multidisciplinary pediatric aerodigestive centers have been proposed to address 
the needs of children with complex multi-system problems affecting the 
respiratory and upper gastrointestinal tracts. The setup of a multidisciplinary 
service allows for the complex coordination needed between different subspe-
cialties. This allows for rapid communication and family-centered decision 
making and agreement on further diagnostic and/or therapeutic next steps such 
as offering triple endoscopy when indicated. Triple endoscopy entails performing 
rigid upper airway assessment, flexible bronchoscopy and upper gastrointestinal 
endoscopy and has been linked to reduced time to diagnosis/treatment, reduced 
costs and anesthesia exposure. This review summarizes the available literature on 
the structure and benefits of multidisciplinary pediatric aerodigestive services.
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Core Tip: Multidisciplinary pediatric aerodigestive programs serve patients with multisystem problems 
affecting the respiratory and upper gastrointestinal tracts and require the participation and expertise of 
essential subspecialists including gastroenterologists. This setup allows for coordinated diagnostic and 
therapeutic interventions such as triple endoscopy. Benefits include reducing time to diagnosis and/or 
treatment, reducing healthcare costs and limiting exposure to radiation and anesthesia, providing a strong 
example of value-based healthcare delivery.

Citation: Kanotra SP, Weiner R, Rahhal R. Making the case for multidisciplinary pediatric aerodigestive programs. 
World J Gastroenterol 2022; 28(28): 3620-3626
URL: https://www.wjgnet.com/1007-9327/full/v28/i28/3620.htm
DOI: https://dx.doi.org/10.3748/wjg.v28.i28.3620

INTRODUCTION
Multidisciplinary programs for complex medical conditions such as cystic fibrosis and asthma have 
been shown to optimize the value of healthcare delivery by improving outcomes and reducing cost[1,2]. 
There is growing literature supporting this concept for aerodigestive programs[3,4]. Multidisciplinary 
pediatric aerodigestive programs have been proposed to address the specific needs of children with 
complex multi-system problems affecting the respiratory and upper gastrointestinal (GI) tracts. 
Conditions managed by aerodigestive programs are diverse and may include structural or physiological 
airway disease, chronic parenchymal lung disease, lung injury from aspiration or infection, dysphagia, 
and esophageal mucosal, motility and anatomic abnormalities[1,5]. One main aim of this coordinated 
interdisciplinary approach is to allow for expedited patient evaluation in a single clinical setting, 
including diagnostic and therapeutic interventions. Several benefits have been attributed to aerodi-
gestive programs, as opposed to independent evaluations by different subspecialists at different times. 
Benefits include shorter time to diagnosis, reduced radiation and anesthesia exposure and lower 
healthcare related costs. The purpose of the review is to shed light on the structure, services and impacts 
of aerodigestive programs and to highlight the need for gastroenterology expertise and involvement 
within these programs.

Advances in the care of critically ill infants and children have created a growing population of 
patients with complex chronic multi-system diseases requiring a collaborative multispecialty approach 
to their management[6]. This includes multidisciplinary aerodigestive programs that focus on children 
with a combination of multiple and interrelated congenital and/or acquired conditions affecting airway, 
breathing, feeding, and concerns about growth/nutrition (Table 1). Key service components of an 
aerodigestive program include a pediatric otolaryngologist, pediatric pulmonologist and pediatric 
gastroenterologist along with a speech language pathologist, social worker and nutritionist. The first 
consensus statement on aerodigestive programs, published in 2018, provided a definition of an aerodi-
gestive patient, specified needed participation of vital pediatric disciplines and their levels of expertise, 
and highlighted essential care components, assessments and therapies including endoscopic procedures
[5].

Results of a survey published in 2019 noted the number of pediatric aerodigestive programs to be 
rapidly proliferating with diffuse geographic presence throughout the United States, with the largest 
subset operating in academic centers[7]. This was a recent phenomenon as a considerable percent of 
these programs had been operating for just a few years.

AERODIGESTIVE PROGRAM SERVICES
Aerodigestive programs not only offer expertise from different specialties in a single setting, but also 
enable the coordination of evaluation and intervention. Depending on patient presentation and the 
differential diagnoses, management includes education, discussion of potential treatment options and 
risks and benefits of treatment modalities and further testing. Evaluation can include a list of airway 
and GI interventions offered individually or in combination.

From the airway perspective, evaluation can include awake in-office flexible laryngoscopy and 
swallow assessment. Further workup may include drug induced sleep endoscopy, direct laryngoscopy 
and rigid bronchoscopy, while therapeutic interventions targeting specific pathology such as endoscopic 
repair of laryngeal cleft (Figure 1), laser excision of cysts, balloon dilation of subglottic stenosis and 
more advanced open airway interventions. These procedures have benefits and risks which should be 
taken in consideration and clearly discussed with caregivers. Some evaluation can take place without 
sedation while others require various levels of sedation, often performed in the operating room with the 
assistance of anesthesia services.
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Table 1 Common aerodigestive problems (with overall among subspecialists)

Pulmonary Otolaryngology Gastroenterology

Chronic cough Tracheostomy dependence Dysphagia 

Stridor Stridor Feeding intolerance

Wheezing Noisy breathing Gastroesophageal reflux disease

Recurrent pneumonia Recurrent croup Eosinophilic esophagitis

Tracheomalacia Laryngeal cleft Esophageal stricture

Bronchomalacia Laryngeal stenosis Congenital esophageal anomalies

Chronic lung disease Laryngomalacia Malnutrition

Vocal cord paralysis

Subglottic stenosis

Need for ventilatory support

Tracheal stenosis

Feeding tube dependence

Figure 1 Endoscopic assessment and management for a laryngeal cleft which can contribute to aspiration. A: Probing of interaytenoid region to 
assess for cleft; B: Post laryngeal cleft repair using laser and suturing.

Awake in-office flexible laryngoscopy allows for a non-sedated evaluation of the upper airway. This 
allows for the assessment of upper airway dynamics and abnormalities such as vocal cord lesions and 
vocal cord movement, tongue base obstruction, hypopharyngeal collapse, adenoid or tonsillar 
hypertrophy and laryngomalacia. Assessment of dysphagia and aspiration can also be undertaken 
during in-office flexible laryngoscopy, via a procedure referred to as Fiberoptic Endoscopic Evaluation 
of Swallowing. Even though an invaluable tool for assessment of airway and swallowing abnormalities 
in the children, in-office flexible laryngoscopy has some disadvantages including limited assessment of 
structures below the vocal cords and dependence on patient compliance. In addition, therapeutic airway 
interventions are not possible in the office setting.

Drug induced sleep endoscopy (DISE) allows for upper airway evaluation using a flexible endoscope 
while a patient is in a pharmacologically induced sleep-like state. During DISE, an endoscope is passed 
through the nares to assess the nasopharynx, oropharynx, larynx, and in some cases the trachea. The 
procedure is often carried out either with propofol or dexmedetomidine sedation, which simulates 
natural sleep and can demonstrate lesions causing obstruction that may not be evident on an awake in-
office flexible laryngoscopy[8].

Rigid endoscopy is considered the gold standard for diagnostic airway assessment of structures 
below the vocal cords, including trachea and bronchi. It offers better optics, ability to size areas of 
narrowing and provides an opportunity to perform a variety of interventions (Figure 2). This procedure 
requires patient sedation and thus is not hampered by patient tolerance or compliance. Spontaneous 
breathing can be maintained, which allows for examination of the dynamic status of the airway. The 
sedated status allows for surgical interventions such as biopsy, laryngeal cleft injection or suturing, 
epiglottopexy, balloon dilation, vocal cord injection, and laryngotracheal reconstruction[9,10].

Upper GI evaluation may include video fluoroscopic evaluation of swallowing, contrast imaging for 
esophageal strictures, impedance pH testing for gastroesophageal reflux disease (GERD), esophageal 
manometry for motility disorders and mucosal endoscopic assessment for esophagitis including eosino-
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Figure 2 Endoscopic grading of subglottic stenosis. A: Grade I: 0%-50% obstruction; B: Grade II: 51%-70% obstruction; C: Grade III: 71%-99%; D: Grade 
IV: No detectable lumen.

philic esophagitis (EoE). Aerodigestive patients often have feeding problems and are at high risk for 
malnutrition, necessitating feeding tube placement and use[11]. Some patients can be managed with 
nasogastric and gastrostomy tubes while others require jejunal feeds due to persistent GERD and/or 
intolerance to intragastric feeds. The choice, placement and maintenance of feeding tubes can be 
managed by a pediatric gastroenterologist within an aerodigestive program[12].

Specific patient categories presenting to an aerodigestive clinic may have a particularly higher risk for 
upper GI abnormalities contributing the symptoms. These include patients previously treated for 
esophageal atresia and tracheoesophageal fistula (Figure 3). Common complications among these 
patients include esophagitis[13], recurrent respiratory tract infection, tracheomalacia and poor growth 
with increased healthcare utilization[14-16]. Pediatric gastroenterology input can be crucial to evaluate 
for anatomic and mucosal esophageal abnormalities and for persistent tracheoesophageal fistula, which 
can be difficult to diagnosis. Simultaneous tracheal and esophageal endoscopic assessment can help in 
challenging cases when imaging modalities are not definitive (Figure 4).

In some patients, flexible bronchoscopy, flexible upper GI endoscopy, direct laryngoscopy, and rigid 
bronchoscopy are indicated and can be offered in combination aptly named as “triple endoscopy”. A 
triple endoscopy provides efficient, organized and thorough evaluation of the patient’s disorders 
without requiring multiple, separate procedures under anesthesia. This allows for complementary 
modalities for evaluation of upper GI and airway structures and dynamics and facilitates real-time 
discovery, discussion, and planning amongst all the specialists involved, allowing for excellent, patient-
centric care. A consensus on the core data elements to be gathered during triple endoscopy has been 
published[17]. From the gastroenterology standpoint, the importance of assessing for EoE is highlighted 
due to potential contribution to aerodigestive symptoms. An upper endoscopy should therefore be 
considered as part of a triple endoscopy in patients presenting with symptoms potentailly arising from 
esophageal mucosal disease (especially EoE) as well as anatomic GI disorders (such as esophageal 
strictures). Another common indication for triple endoscopy is in the preoperative evaluation of 
children undergoing open airway reconstructive surgery (like patients with tracheostomies moving 
towards decannulation). Triple endoscopy has also shown high yield in the evaluation of chronic cough, 
aspiration, apparent life-threatening episodes, recurrent croup and recurrent pneumonias. Triple 
endoscopy can assess factors that can predict outcomes of open airway reconstruction such as laryngo-
tracheal reconstruction, cricotracheal resections and tracheal resections, allowing for risk modification to 
optimize patient outcomes. Triple endoscopy serves to provide a comprehensive assessment including 
evaluating grade of subglottic stenosis, ruling out secondary airway lesions (such as tracheobron-
chomalacia). Active esophageal disorders, like EoE and GERD, have been linked to unfavorable effect 
outcomes of open airway reconstruction so it is important for identify these conditions and optimize 
their management[18,19]. In this patient population, flexible bronchoscopy with bronchoalveolar lavage 
provides evidence of bacterial colonization which can direct prophylactic antibiotics. Patients with 
tracheostomies, frequently evaluated by aerodigestive programs, commonly have airway colonization 
with Pseudomonas aeruginosa. Pseudomonal wound infection during open airway reconstruction 
surgeries leads to increased morbidity[20,21]. Implementation of culture directed antibiotics prior to or 
during open airway reconstruction surgery can therefore improve outcomes. Studies have 
demonstrated that specific subsets of aerodigestive patients are more likely to have abnormal mucosal 
histology on upper GI endoscopy and/or abnormal impedance pH testing[22,23]. This includes those 
with previously diagnosed asthma, feeding difficulty, and esophageal atresia with or without 
tracheoesophageal fistula, with 40%-50% yield on upper GI testing[22]. Findings noted included reflux 
esophagitis and EoE. It is important to note that in many studies a large percent of patients (> 50%) were 
on acid suppressive therapy which may have treated underlying proton pump inhibitor responsive 
eosinophilia (now considered a subset of EoE) which requires prolonged treatment and monitoring[24].
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Figure 3 Fluoroscopic esophageal evaluation in high-risk patients. Esophagram in 10-month-old with repaired esophageal atresia presenting with 
feeding difficulty and poor growth, showing previously unrecognized distal esophageal congenital stricture (black arrow), far below the surgical repair site (white 
arrow).

Figure 4 Simultaneous tracheal and esophageal endoscopy in a patient with history of esophageal atresia to assess for persistent 
tracheoesophageal fistula.

AERODIGESTIVE PROGRAM OUTCOMES
As aerodigestive programs expand, there has been more emphasis on measuring program impact on 
patients, their families and the healthcare system. Clinical outcomes typically followed can include 
documented improvement in swallowing (control of aspiration), frequency of respiratory infections, 
rate of decannulation in patients with tracheostomies and overall patient mortality. Other important 
outcomes studied include time to reach a diagnosis and/or initiate treatment, impact of health-related 
quality of life, healthcare costs and utilization.

Studies have demonstrated numerous positive impacts of aerodigestive programs. These include 
lower technical direct cost (by as much as 70%) and fewer inpatient days after enrolling patients in an 
aerodigestive program[3]. Frequency of unnecessary evaluation (swallow studies and impedance pH 
testing) dropped when such programs were established[24,25]. Aerodigestive programs have been 
linked to improved patient quality of life and reduced caregiver burden[11]. Studies have also noted 
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shortened time to diagnosis (6 d vs 150 d, P < 0.001), fewer specialist consultations, lower hospital 
charges, less radiation exposure and reduced anesthesia exposure when aerodigestive programs were 
established[4,26]. The benefit of reducing anesthesia exposure is of particular interest in infants and 
young children in terms of diminishing neurocognitive risks associated with repeated exposure to 
anesthetics[27].

Further advantages of triple endoscopy include a significant reduction in mean anesthesia time (54 
min vs 89 min, P < 0.0001) compared to having the 3 procedures done separately[28]. Charges and direct 
costs for triple endoscopy were also significantly lower as compared to performing these as separate 
procedures[28]. It is important to note that not all patients who present to an aerodigestive require a 
triple endoscopy. Patients with isolated surgical pathology such as cystic lesions (for example vallecular 
cyst) are likely to only require otolaryngologist intervention only.

CONCLUSION
Aerodigestive programs have specific requirements for essential subspecialist participation and 
expertise which includes gastroenterology services. These programs offer numerous advantages in the 
management of complex multi-system problems affecting the respiratory and upper GI tracts especially 
with the diverse and overlapping contributions of conditions leading to a range of patient signs and 
symptoms. The setup of an aerodigestive program allows for diagnostic and therapeutic interventions, 
offered individually or in combination. Benefits of aerodigestive programs have been demonstrated and 
include reducing time to diagnosis and/or initiating of treatment, reducing healthcare costs and 
limiting patient radiation and anesthesia exposure, providing a strong example of value-based 
healthcare.
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Abstract
Acute liver failure (ALF) is a severe and life-threatening condition in which rapid 
deterioration of liver function develops in a patient who has no preexisting liver 
disease. Mesenchymal stem cells (MSCs) are immunoregulatory stem cells which 
are able to modulate phenotype and function of all immune cells that play 
pathogenic role in the development and progression of ALF. MSCs in juxtacrine 
and paracrine manner attenuate antigen-presenting properties of dendritic cells 
and macrophages, reduce production of inflammatory cytokines in T 
lymphocytes, suppress hepatotoxicity of natural killer T (NKT) cells and promote 
generation and expansion of immunosuppressive T, B and NKT regulatory cells in 
acutely inflamed liver. Due to their nano-sized dimension and lipid envelope, 
intravenously injected MSC-derived exosomes (MSC-Exos) may by-pass all 
biological barriers to deliver MSC-sourced immunoregulatoy factors directly into 
the liver-infiltrated immune cells and injured hepatocytes. Results obtained by us 
and others revealed that intravenous administration of MSCs and MSC-Exos 
efficiently attenuated detrimental immune response and acute inflammation in 
the liver, suggesting that MSCs and MSC-Exos could be considered as potentially 
new remedies in the immunotherapy of ALF. In this review, we emphasize the 
current knowledge about molecular and cellular mechanisms which are 
responsible for MSC-based modulation of liver-infiltrated immune cells and we 
discuss different insights regarding the therapeutic potential of MSCs in liver 
regeneration.
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Core Tip: Due to their potent immunoregulatory, angiomodulatory and hepatoprotective properties, 
mesenchymal stem cells and their exosomes suppress detrimental immune response, prevent apoptosis and 
promote survival of injured hepatocytes which results in an enhanced repair and regeneration of acutely 
injured liver.
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INTRODUCTION
The liver is the largest solid organ in the human body. It consists of large sections (lobes) which are 
divided in a thousand, hexagonally-shaped small units (lobules)[1]. The lobule is the main structural 
unit of the liver consisting of a portal triad, hepatocytes and a central vein[1]. The liver is essential organ 
which performs many functions including bile production, removal of waste products and toxins from 
the bloodstream, regulation of blood clotting, storage of fat-soluble vitamins, minerals (copper, iron) 
and glycogen[1]. The liver conjugates bilirubin, handles cholesterol homeostasis, regulates sex hormone 
metabolism and produces proteins which are important for optimal functioning of endocrine, 
gastrointestinal, reproductive and immune system. Since liver regulates many vital functions, severe 
and massive liver injury results in the development of life-threatening multi-organ dysfunction[1].

Acute liver failure (ALF) is a clinical syndrome characterized by rapid deterioration of liver function 
followed by ascites, coagulopathy, hepatic encephalopathy and multi-organ failure which occur in a 
patient who has no preexisting liver disease[2]. An annual incidence of ALF is 5.5-6.2 cases per million 
population per year[3]. ALF is a consequence of severe drug-induced liver injury, hepatic ischemia, 
invasion of hepatotropic viruses and develops due to the generation of detrimental immune response 
against foreign or self-antigens, released from injured hepatocytes[4].

Pathogen-associated molecular patterns expressed on invading pathogens or damage-associated 
molecular patterns and alarmins released from damaged-hepatocytes activate liver resident professional 
antigen presenting cells [dendritic cells (DCs) and Kupffer cells][2,5]. Activated DCs present lipid 
antigens to the liver natural killer T (NKT) cells in CD1-dependent manner, enabling their activation 
and polarization in inflammatory, interferon gamma (IFN-γ)-producing NKT1 and interleukin (IL)-17-
producing NKT17 cells[6]. Additionally, activated liver DCs capture microbial proteins and self-proteins 
released from injured hepatocytes, and present them to the antigen-specific naïve CD4+ and CD8+ T 
cells[7]. DC-derived IL-12 induce activation and differentiation of naïve CD4+T cells in effector, IFN-γ-
producing Th1 cells while DC-sourced IL-1, IL-6 and IL-23 induce generation of IL-17 and IL-22-
producing effector Th17 cells[7].

Activated Kupffer cells produce tumor necrosis factor alpha (TNF-α) and IL-1β which induce 
enhanced expression of E and P selectins on liver endothelial cells, enabling massive influx of 
circulating neutrophils and monocytes in the injured livers[2,5]. Additionally, activated Kupffer cells 
release Th1 and Th17 cell-attracting chemokines (CXCL3 and CCL20) and recruit effector CXCR3-
expressing CD4+Th1 cells and CCR6-expressing CD4+Th17 cells in the inflamed livers[6]. NKT1/Th1 
cell-derived IFN-γ and NKT17/Th17 cell-sourced IL-17 induce enhanced synthesis of hepatotoxic TNF-α
, nitric oxide (NO) and reactive oxygen species in Kupffer cells and liver-infiltrated neutrophils, 
resulting in massive necrosis of hepatocytes[6,7].

Transplantation of bio-artificial livers and hepatocytes could provide support of liver function 
temporarily and are therefore used as therapeutic approaches for the treatment of ALF[8]. Restored liver 
function and reduced incidence of extra hepatic complications were observed in ALF patients who 
underwent transplantation of hepatocytes[2]. However, short-term viability of engrafted hepatocytes 
and immune rejection against major histocompatibility complex (MHC) miss-matched transplanted 
hepatic cells significantly limited therapeutic efficacy of liver transplantation. Immunosuppressive 
therapy managed to temporarily improve survival of ALF patients who underwent liver transplantation
[8,9]. Nevertheless, continuous and long-term use of immunosuppressive drugs may induce severe and 
life-threatening immunosuppression which may be fatal for ALF-treated patients[9]. Accordingly, there 
is an urgent need for the development and therapeutic use of new immunoregulatory and hepatopro-
tective agent which could create immunosuppressive microenvironment in injured liver, suppress 

https://www.wjgnet.com/1007-9327/full/v28/i28/3627.htm
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detrimental immune response, alleviate liver inflammation and, at the same time, promote hepatocyte 
proliferation without causing severe, systemic immunosuppression.

Mesenchymal stem cells (MSCs) are adult stem cells that reside in almost all postnatal organs, where 
participate in the elimination of microbial pathogens, suppress detrimental immune response, promote 
survival of injured parenchymal cells and enhance tissue repair and regeneration[10]. A large number of 
experimental and clinical studies demonstrated therapeutic efficacy of MSCs and their secretome in the 
treatment of ALF[11,12]. MSCs were either directly transplanted in the injured livers or were infused via 
peripheral, portal, splenic veins and hepatic artery. Sang et al[13] and Cao et al[14] demonstrated that 
MSCs administered via portal vein had better capability to attenuate liver inflammation, reduce necrosis 
and promote liver regeneration than MSCs which were transplanted via hepatic artery, peripheral vein 
or MSCs which were directly injected in the damaged livers. Teshima and colleagues observed that 
MSCs which were transplanted via splenic vein more efficiently suppressed liver inflammation and 
enhanced liver regeneration than MSCs which were injected via peripheral vein[15]. Opposite to these 
findings were results reported by Sun et al[16] who showed that there was no significant difference in 
the regeneration of acutely injured livers of animals that received MSCs via hepatic artery, portal or 
peripheral vein, suggesting that route of MSCs injection was not crucially important for their 
therapeutic effects in the treatment of ALF.

mmUpon engraftment, transplanted MSCs in juxtacrine (cell-to-cell contact-dependent signaling) and 
paracrine manner [through the activity of MSC-sourced soluble factors: Prostaglandin E2 (PGE2), IL-10, 
transforming growth factor beta (TGF-β), indoleamine 2, 3 dyoxigenase (IDO), NO, hepatic growth 
factor (HGF), IL-1 receptor antagonist] modulate phenotype and function of all immune cells that play 
pathogenic role in the development and progression of acute liver injury[11,12]. MSCs also produce 
various growth and angiomodulatory factors [HGF, IL-6, vascular endothelial growth factor, basic 
fibroblast growth factor (bFGF)] which support survival and proliferation of injured hepatocytes[10,13]. 
Herewith, in this review article, we summarized current knowledge about molecular and cellular 
pathways that were responsible for hepatoprotective, immunoregulatory and angiomodulatory effects 
of MSCs and their secretome in the therapy of ALF. An extensive literature review was carried out in 
March 2022 across several databases (MEDLINE, EMBASE, Google Scholar, ClinicalTrials.gov). 
Keywords used in the selection were: “mesenchymal stem cells”, “secretome”, “exosomes”, “acute liver 
injury”, “immunomodulation”, “immunosuppression”, “hepatocytes”, “differentiation”, “ischemia”, 
“angiomodulation”, “therapeutic potential”, “liver repair and regeneration”. All journals were 
considered, and an initial search retrieved 125 articles. The abstracts of all these articles were 
subsequently reviewed by two of the authors (CRH and VV) to check their relevance to the subject of 
this manuscript. Eligible studies had to delineate the effects of MSCs and their secretome on hepatocyte 
survival, phenotype and function of liver-infiltrated immune cells, and their findings were analyzed in 
this review.

MSC-DEPENDENT MODULATION OF LIVER-INFILTRATED IMMUNE CELLS 
A large number of experimental studies demonstrated that hepatoprotective effects of MSCs were 
mainly relied on the immunoregulatory properties of MSCs[17-20]. MSCs attenuated acute liver inflam-
mation and promoted liver regeneration by inducing immunosuppressive phenotype of liver 
macrophages, DCs, T lymphocytes and NKT cells[21-24].

MOLECULAR MECHANISMS RESPONSIBLE FOR MSC-BASED SUPPRESSION OF 
INFLAMMATORY MACROPHAGES IN INJURED LIVERS
Wang and colleagues showed that beneficial effects of MSCs in the attenuation of ALF were relied on 
the suppression of inflammatory M1 macrophages which hold central function in initiating acute liver 
inflammation[17]. Murine BM-MSCs alleviated murine D-galactosamine (D-Gal)-induced ALF by 
inducing generation of immunosuppressive M2 phenotype in liver macrophages in PGE2-dependent 
manner (Figure 1). MSC-derived PGE2 bound to the EP4 receptor and inhibited TGF-β-activated kinase 
1-driven activation of nucleotide-binding and oligomerization domain-like receptor 3 (NLRP3) inflam-
masome in Kupffer cells[17]. PGE2-dependent suppression of NLRP3 inflammasome in liver 
macrophages resulted in down-regulated secretion of inflammatory cytokines (IL-1β, IL-6 and IL-18) 
which led to the alleviation of acute liver inflammation[17]. Additionally, MSC-sourced PGE2 induced 
phosphorylation and activation of transcriptional factor STAT6 which modulated mammalian target of 
rapamycin (mTOR) signaling that resulted in the generation of immunosuppressive M2 phenotype in 
liver macrophages. By producing anti-inflammatory cytokines (IL-10 and TGF-β), M2 macrophages 
attenuated on-going inflammation and promoted repair and regeneration of D-Gal-injured livers[17]. 
Similar findings were reported by Miao and colleagues who provided evidence that PGE2-dependent 
repression of NLRP3 inflammasome in Kupffer cells was mainly responsible for beneficial effects of BM-
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Figure 1 Mesenchymal stem cells-based modulation of immune cells in acute liver injury. Mesenchymal stem cells (MSCs), in prostaglandin E2 
(PGE2) dependent manner, prevent generation of inflammatory (M1) phenotype and induce generation of immunosuppressive (M2) phenotype in liver macrophages 
by down-regulating synthesis of inflammatory cytokines [tumor necrosis factor alpha, interleukin (IL)-1β, IL-6, IL-18] and by promoting production of anti-inflammatory 
cytokines (IL-10 and transforming growth factor beta). Increased indoleamine 2, 3 dyoxigenase (IDO) activity and enhanced secretion of PGE2 are mainly responsible 
for MSC-based generation of tolerogenic dendritic cells (DCs) which suppress expansion of Th1/Th17 lymphocytes and natural killer T (NKT) 1/NKT17 cells, but favor 
proliferation of immunosuppressive T regulatory cells (Tregs). MSC-generated tolerogenic DCs, in PGE2-dependent manner, suppress expansion of inflammatory 
CD4+ Th1 cells and induce expansion of Tregs, while in IDO/Kynurenine-dependent manner attenuate proliferation of hepatotoxic NKT cells and induce expansion of 
NKT regulatory cells (NKTregs). MSC-sourced nitric oxide, in autocrine manner, induces enhanced IDO activity in MSCs. MSC-derived IDO and Kynurenine suppress 
proliferation of inflammatory Th1 and NKT cells in the liver and were mainly responsible for MSC-dependent expansion of immunosuppressive Tregs and NKTregs in 
injured livers. MSCs: Mesenchymal stem cells; PGE2: Prostaglandin E2; TNF-α: Tumor necrosis factor alpha; IL: Interleukin; TGF-β: Transforming growth factor beta; 
IDO: Indoleamine 2, 3 dioxygenase; NKT: Natural killer T cells; Tregs: T regulatory cells; NKTregs: Natural killer T regulatory cells; NO: Nitric oxide.

MSCs in the attenuation of acute liver injury during lipopolysaccharide (LPS)-induced sepsis in mice
[18]. BM-MSC-sourced PGE2 generated immunosuppressive phenotype and increased IL-10 production 
by modulating activity of extracellular signal-regulated kinase 1 (ERK1) in Kupffer cells[18].

Liu et al[19] who analyzed the frequency of F4/80-expressing macrophages in the livers of 
CCL4+MSC-treated mice confirmed that MSC-based therapy significantly altered phenotype and 
function of Kupffer cells in inflamed livers. During the initial phase of ALF (first 48 h after CCL4 
injection), significantly higher number of inflammatory M1 macrophages was observed in injured livers 
while immunosuppressive M2 macrophages were dominant subpopulation of liver macrophages 
during the recovery phase (7 d after CCL4 injection)[19]. Intravenous injection of murine MSCs (5 × 105 

cells/mice) which were obtained from compact bone attenuated liver inflammation and completely 
regenerate CCL4-injured livers. During the injured phase, the number of inflammatory monocyte-
derived macrophages was significantly increased by MSC treatment while during the recovery phase of 
acute liver injury MSCs favored generation and expansion of immunosuppressive M2 macrophages, 
crucially contributed to the creation of immunosuppressive microenvironment in regenerated livers[19].

Hua et al[20] demonstrated that amnion-derived MSCs (A-MSCs) suppressed inducible nitric oxide 
synthase (iNOS) activity and NO production, attenuated synthesis of inflammatory cytokines (TNF-α, 
IL-6) and induced generation of anti-inflammatory phenotype in liver macrophages by promoting 
production of immunosuppressive IL-10. A-MSC-dependent modulation of liver macrophages was 
relied on modulation of autophagy, as evidenced by down-regulated expression of microtubule-
associated protein 1 light chain 3 in A-MSC-treated Kupffer cells[20]. Single injection of A-MSCs (1 × 106 

cells/mice) alleviated acetaminophen (APAP)-induced ALF in mice by inducing alternative activation of 
Kupffer cells. Liposome-induced macrophage depletion almost completely diminished beneficial effects 
of A-MSCs, indicating that macrophages were the main cellular targets of A-MSCs in the treatment of 
APAP-induced ALF[20].
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THE CROSS-TALK BETWEEN MSCS, DCS, T LYMPHOCYTES AND NKT CELLS IN 
INJURED LIVERS
We and others demonstrated that MSCs and their secretome [MSC-derived conditioned medium (MSC-
CM)] attenuated antigen-presenting properties of liver-infiltrated DCs, reducing their capacity for the 
generation and expansion of inflammatory Th1/Th17 and NKT1/NKT17 cells in injured livers[21-24]. 
MSC-sourced PGE2 and IDO were mainly responsible for the suppression of DC-dependent activation 
of liver T and NKT cells (Figure 1)[21-24].

Zhang et al[21] showed that intravenously injected BM-MSCs prevented progression of Propionibac-
terium acnes (P. acnes)-induced ALF in mice by inducing regulatory phenotype in liver DCs. MSCs-
treated livers had normal morphology and structure without any signs of massive hepatocyte injury. 
MSCs down-regulated production of Th1 cell-attracting chemokines (CXCL9, CXCL10, CCL3, CCL21) 
which resulted in reduced influx of CXCR3 and CCR5-expressing effector CD4+ Th1 cells and CCR7-
expressing memory CD4+ Th1 cells in the livers of P. acnes-treated mice[21]. Accordingly, only small 
number of liver-infiltrating lymphocytes was observed around the central veins of P. acnes + MSC-
treated mice. Flow cytometry analysis of liver-infiltrated CD4+T cells revealed decreased expression of 
activating markers (CD44, CD69), indicating that MSCs suppressed activation of CD4+ T cells in P. acnes
-treated animals[21]. MSCs attenuated ALF in mice by suppressing production of inflammatory and 
hepatotoxic cytokines (TNF-α and IFN-γ) in liver CD4+Th1 cells which was followed by the attenuation 
of systemic inflammation and by complete restoration of liver function[21]. Reduced number of CD4+ 
Th1 cells was accompanied with increased presence of FoxP3-expressing CD4+ CD25+ T regulatory cells 
(Tregs) in the livers of P. acnes + MSC-treated mice. Suppression of Th1 cell-driven liver inflammation 
was a consequence of MSC-dependent modulation of hepatic DCs[21]. DCs isolated from the livers of P. 
acnes + MSC-treated animals had regulatory phenotype, characterized by low expression of co-
stimulatory molecules (CD80, CD86), decreased production of Th1 cell-related inflammatory cytokines 
(TNF-α, IL-1β, IL-12) and increased production of immunosuppressive cytokines (IL-10 and TGF-β) 
which induced generation and expansion of FoxP3-expressing CD4+ CD25+ Tregs in injured livers[21]. 
MSCs induced generation of regulatory phenotype in CD11c+ B220- precursor DCs through the 
activation of PI3K signaling pathway. By activating EP4 receptor, MSC-sourced PGE2 induced 
phosphorylation of PI3K and ERK1/2 kinases and elicited generation of tolerogenic, immunosup-
pressive phenotype in liver DCs[21]. Importantly, MSC-generated DCs possessed potent immunosup-
pressive and hepatoprotective properties. Passive transfer of MSC-generated regulatory DCs induced 
generation of hepatic Tregs, attenuated liver inflammation and prevented development of ALF in P. 
acnes-treated mice[21]. MSCs and DC-dependent expansion of Tregs was responsible for beneficial 
effects of MSCs since Treg depletion completely abrogated MSC-based attenuation of acute liver inflam-
mation[21,22].

By using Concanavalin (Con A) and alpha-galactoceramide (α-GalCer)-induced hepatitis as murine 
models of ALF, we showed that MSC-dependent modulation of the cross-talk between DCs and NKT 
play important role in MSC-based attenuation of ALF[22-25]. Intravenously injected BM-MSCs 
significantly alleviated serum levels of AST and ALT, reduced apoptosis of hepatocytes and improved 
survival of Con A- and α-GalCer-treated mice[22-24]. Cellular make-up of the livers of MSC-treated 
animals revealed significantly reduced number of hepatotoxic, FasL, NKG2D and CD107-expressing 
NKT cells, indicating that MSCs suppressed cytotoxic properties of NKT cells[23]. The same 
phenomenon was observed in Con A- and α-GalCer-treated mice that received BM-MSC-CM, 
suggesting that MSCs suppressed NKT cell-driven liver inflammation in paracrine manner[22,23]. 
Among various MSC-derived immunosuppressive factors, NO and Kynurenine (IDO metabolite) were 
present in the highest concentration in BM-MSC-CM[23]. Additionally, inhibition of iNOS and IDO 
activity completely diminished hepatoprotective properties of MSCs, confirming the importance of NO 
and IDO/Kynurenine for MSC-dependent suppression of ALF[23,24]. MSC-sourced NO inhibited 
proliferation of hepatotoxic NKT cells while MSC-derived IDO induced generation of regulatory and 
immunosuppressive phenotype in NKT cells[23,25]. Additionally, MSC-sourced IDO prevented trans-
differentiation of NKT regulatory cells (NKTregs) in inflammatory NKT17 cells by activating general 
control nonderepressible 2 (GCN2) kinase which suppressed protein kinase B/mTOR-dependent 
synthesis of inflammatory cytokines IL-17 and IL-22 in NKTregs[23,25].

In addition to their direct immunoregulatory effects on hepatotoic NKT cells, BM-MSCs and BM-
MSC-CM suppressed effector functions of liver NKT cells indirectly, through the modulation of 
phenotype and function of hepatic DCs[25]. Liver DCs play important role in MSC-dependent 
suppression of liver NKT cells since their depletion abrogated hepatoprotective effects of MSCs and 
aggravated liver injury in MSC-treated mice[23,25]. MSCs attenuated antigen-presenting properties of 
hepatic DCs by down-regulating expression of MHC class II and co-stimulatory molecules on their 
membranes and by reducing synthesis of NKT1 and NKT17 cell- related inflammatory cytokines (TNF-α
, IL-β, IL-12, IL-23, IFN-γ, IL-17)[22-25]. In similar manner as it was observed by Zhang et al[16], we also 
noticed that MSCs induced generation of regulatory and tolerogenic phenotype in hepatic DCs[22-25]. 
Increased IDO activity and enhanced production of anti-inflammatory cytokines (TGF-β and IL-10) were 
observed in the DCs which were isolated from the livers of Con A + MSCs and α-GalCer + MSCs-treated 
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mice[23]. MSC-generated regulatory DCs induced generation and expansion of IL-10 and TGF-β-
producing NKTregs, contributing to the creation of immunosuppressive microenvironment in injured 
livers[24]. Additionally, BM-MSCs reduced presence of inflammatory, IFN-γ and TNF-α-producing 
NKT1 and IL-17-producing NKT17 cells in the livers of Con A + MSCs and α-GalCer + MSCs-treated 
mice which resulted in alleviated liver inflammation[24]. MSC-sourced IDO and its metabolite 
Kynurenine were mainly responsible for MSC-dependent generation of regulatory DCs[24,25]. 
Inhibition of IDO activity in MSCs attenuated their capacity for the generation of tolerogenic phenotype 
in hepatic DCs and diminished their hepatoprotective and immunosuppressive effects[24].

MSCS AS POTENTIALLY NEW THERAPEUTIC AGENTS IN REGENERATIVE 
HEPATOLOGY
MSCs represent heterogeneous population of immunoregulatory and angiomodulatory stem cells which 
possess enormous differentiation potential[25]. All subpopulations of MSCs spontaneously differentiate 
into the cells of mesodermal origin[25]. However, under appropriate conditions, MSCs may generate 
cells of ectodermal and endodermal origin, including hepatocyte-like cells (HLCs)[26-29].

Local tissue microenvironment, particularly oxygen supply and cytokines/growth factors released by 
parenchymal and tissue-resident immune cells modulate phenotype of MSCs[25,26]. MSCs are usually 
derived from bone marrow, adipose tissue, amniotic fluid, placenta, umbilical cord, dental pulp, 
compact bone and peripheral blood[10]. The development origin significantly affects potential for differ-
entiation and other functional characteristics of tissue-specific MSCs[26]. BM-MSCs possess great 
genomic stability after long-term propagation[26]. An improved engraftment and increased life span are 
the main characteristics of adipose tissue-derived MSCs (AT-MSCs)[26]. Dental pulp-derived MSCs, 
amniotic fluid derived MSCs and placental derived MSCs have increased capacity for differentiation in 
neural cells, while BM-MSCs, AT-MSCs and umbilical cord derived MSCs (UC-MSCs) have great differ-
entiation potential towards the cells of endodermal origin, including HLCs[26].

Accordingly, a large number of evidence demonstrated that human BM-MSC-, AT-MSC- and UC-
MSC-derived HLCs represent valuable and promising cell source for the regeneration of injured livers
[25-29].

Two step protocol is the most usually used for the generation of human MSC-derived HLCs[29]. 
After isolation from BM, AT and UC, MSCs are, under standard conditions (at 37 ℃ in a humidified 
atmosphere containing 5% CO2), cultured in complete Dulbecco’s modified Eagle’s medium (DMEM) 
supplemented with fetal bovine serum (FBS) until they reach 75%-80% of confluence. Then, MSCs are 
cultured for 48 h in the FBS-free DMEM medium supplemented with endothelial growth factor (20 
ng/mL) and basic fibroblast growth factor (bFGF, 10 ng/mL) to be committed towards endodermal 
lineage[29]. Afterwards, MSCs were seven days exposed to HLC step-1 differentiation medium, 
consisting of HGF (20 ng/mL), bFGF (10 ng/mL) and nicotin-amide (0.61 g/L). By binding to the c-met 
receptor on differentiated cells, HGF activates intracellular signaling molecules (Grb2-associated binder-
1, son of sevenless), ERK kinase and mitogen-activated protein kinase which are important in the early 
stages of hepatogenesis[29]. Intracellular signaling elicited by HGF/c-met are enhanced by nicotin-
amide which acts as selective kinase inhibitor that improves cell survival and proliferation during the 
initial stage of endodermal patterning. Finally, MSCs are cultured in HLC step-2 differentiation medium 
consisting of oncostatin (OSM, 20 ng/mL), dexamethasone (1 mmol/L) and insulin, transferrin and 
selenium (ITS, 50 mg/mL). OSM promotes maturation of hepatocytes, dexamethasone induces 
enhanced expression of liver-enriched transcription factors [CCAAT/enhancer-binding protein alpha 
(C/EBPα), hepatocyte nuclear factor (HNF)-4α], while ITS promotes the proliferation and survival of 
differentiated HLCs[29]. At the end of the differentiation process, HLCs generated from BM-, AT- and 
UC-MSCs, fully obtain hepatocyte-like polygonal morphology with cytoplasmic granulation and 
prominent centrally positioned nucleus[29]. Exposition to HLC differentiation mediums do not alter 
telomerase activity and do not induce genetic instability in human BM-, AT- and UC-MSC-derived 
HLCs[29].

MSC-derived HLCs had gene expression profile similar to fetal or adult hepatocytes[25-29]. During 
the early stage of differentiation, MSC-derived HLCs express several early hepatocyte differentiation 
markers [alfa-fetoprotein, cytokeratin (CK)7, GATA4, HNF1α, HNF3β, HNF4α, C/EBPα] while during 
the late stage of differentiation, MSC-derived HLCs express cell markers of mature hepatocytes 
(forkhead transcription factor which has a crucial role in hepatocyte differentiation), hepatocyte-specific 
gap junction protein connexin 32 and hepatocyte paraffin 1, localized in hepatocytes mitochondria). 
Finally, at the end of differentiation, MSC-derived HLCs are able to produce hepatocyte-specific 
proteins (albumin, fibrinogen, transferrin) and enzymes (cytochrome P450 subtypes 3A4 and 1A1, 
phosphoenolpyruvate carboxykinase 1 and carbamoylphosphate synthetase[26-29].

The analysis of functional characteristics of BM-, AT- and UC-MSCs-derived HLCs revealed that AT-
MSC- and BM-MSC-derived HLCs had the higher capacity for glycogen storage than UC-MSCs-derived 
HLCs and their gene expressions were more consistent with the normal hepatocyte-differentiation 
profile[30]. Albumin gene expression increased progressively during the differentiation process of AT-
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MSC- and BM-MSC-derived HLCs. In contrast, only transitory expression of albumin was observed in 
UC-MSC-derived HLCs (between day 7 and day 25). Additionally, HLCs which were generated from 
AT-MSCs and BM-MSCs displayed clusters arrangements and had increased proliferation rate 
compared to UC-MSC-derived HLCs which were not expanded as expected, hampering their potential 
for in vivo use[30]. Accordingly, only therapeutic potential of AT-MSC-derived HLCs and BM-MSC-
derived HLCs was examined in vivo, in murine model of CCL4-induced acute liver injury[30]. 
Intravenously injected human AT-MSC-and BM-MSC-derived HLCs (1 × 106 cells), managed to 
completely regenerate CCL4-injured livers of immunodeficient mice. Hepatocytes isolated from the 
livers of CCL4-treated mice displayed normal morphology two weeks after the transplantation of 
human AT-MSC- and BM-MSC-derived HLCs. Importantly, hepatocytes in the regenerated livers of 
experimental mice express human albumin and CK19 confirming that they were generated from 
transplanted human AT-MSC- and BM-MSC-derived HLCs[30]. Accordingly, both AT-MSCs and BM-
MSCs represent valuable cell source for the generation of functional HLCs which may repopulate and 
regenerate injured livers of ALF patients[30]. Nevertheless, it should be noted that progression of ALF is 
mainly a consequence of immune cell-dependent massive damage of hepatocytes[2,6]. Accordingly, 
detrimental immune response could induce injury of engrafted HLCs as well. Therefore, co-
transplantation of MSC-derived HLCs and immunosuppressive MSCs should be explored as new 
therapeutic approach which could successfully regenerate injured livers of ALF patients.

THERAPEUTIC POTENTIAL OF MSC-EXOS IN THE TREATMENT OF ACUTE LIVER 
INJURY
Although results obtained in animal studies strongly suggest that MSCs could be considered as new 
therapeutic agents in regenerative hepatology, there are several safety issues which limit clinical use of 
MSCs[31]. Firstly, MSCs are not constitutively immunosuppressive cells[32]. MSCs may adopt 
phenotype and function under the influence of biological factors to which they are exposed. When 
MSCs engraft in the tissue with low level of TNF-α and IFN-γ, they obtain pro-inflammatory MSC1 
phenotype and secrete large number of bioactive factors which aggravate on-going inflammation. On 
the contrary, when MSCs are exposed to the high levels of TNF-α and IFN-γ, they acquire immunosup-
pressive MSC2 phenotype and produce immunoregulatory factors that suppress inflammatory immune 
cells[32]. Since local tissue concentration of TNF-α and IFN-γ differ in initial and recovery phases of 
acute liver inflammation, there is a concern that MSCs which will be engrafted in the injured livers with 
low level of TNF-α and IFN-γ may obtain pro-inflammatory MSC1 phenotype and may aggravate on-
going inflammation[31,32]. Additionally, TGF-β and bone morphogenetic protein, released by 
macrophages in inflamed and regenerated tissues, may induce spontaneous and unwanted 
chondrogenic and osteogenic differentiation of MSCs[33]. Possible unwanted differentiation of 
transplanted MSCs represents an important safety concern which limits clinical use of MSCs in 
regenerative hepatology[33].

MSC-Exos are nano-sized extracellular vesicles which contain all of MSC-sourced immunoregulatory 
and angiomodulatory factors[34]. Due to their nano-sized dimension and lipid envelope, intravenously 
injected MSC-Exos by-pass all biological barriers and deliver their cargo (miRNAs) anti-inflammatory 
cytokines, growth factors) directly into the target liver-infiltrated immune cells and injured hepatocytes. 
Since the majority of MSC-dependent beneficial effects in attenuation of liver inflammation were relied 
on the activity of MSCs-sourced bioactive factors[25], administration of MSC-Exos is considered as an 
alternative therapeutic approach to MSC-based therapy since it addresses all safety concerns related to 
the transplantation of MSCs[34]. A detailed proteomic analysis revealed that MSC-Exos contained 
proteins that regulate hepatocyte survival, oxidative stress, tissue remodeling, activation and migration 
of immune cells[34]. Accordingly, several experimental studies demonstrated therapeutic potential of 
MSC-Exos in the treatment of ALF[35-37].

After intravenous injection, MSC-Exos obtained from MB-MSC-Exos migrated in the liver, attenuated 
D-Gal/LPS-induced acute liver inflammation and improved survival of in D-Gal/LPS-treated mice 
suffering from ALF[35]. By delivering immunosuppressive molecules and trophic factors in inflamed 
livers [IL-8, angiopoietin-2, angiogenin, insulin-like growth factor binding protein-6 (IGFBP-6)] MB-
MSC-Exos attenuated caspase-3-dependent apoptosis of injured hepatocytes[35]. MB-MSCs-sourced IL-
8 inhibited TNF-α-induced activation of caspase-3 and prevented apoptosis of hepatocytes while 
angiopoietin-2, angiogenin and IGFBP-6 promoted survival of hepatocytes by preventing the 
progression of ischemia-induced injury in inflamed livers[35].

The importance of anti-apoptotic effects of MSC-Exos in the treatment of ALF was confirmed in 
murine model of CCL4-induced acute liver injury[36]. Jiang and colleagues demonstrated that hepato-
protective effects of Exos isolated from the secretome of human UC-MSCs (UC-MSC-Exos) were relied 
on their capacity to inhibit caspase 3 and Bcl-2-associated X protein-driven apoptosis of hepatocytes
[36]. Additionally, significant decrease of oxidase metabolite 8-hydroxy-2-deoxyguanosine was 
observed in CCL4-injured livers 24 h after administration of UC-MSC-Exos, indicating that UC-MSC-
Exos-dependent inhibition of oxidative stress in injured hepatocytes was, at least partially, responsible 
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Figure 2 Molecular mechanisms responsible for the beneficial effects of mesenchymal stem cell derived exosomes in attenuation of 
acute liver failure. By delivering interleukin (IL)-8, angiopoietin-2, angiogenin, insulin-like growth factor binding protein-6, mesenchymal stem cell derived 
exosomes (MSC-Exos) attenuate oxidative stress, suppress caspase-3-dependent apoptosis and promoted survival of hepatocytes in acutely injured livers. MSC-
Exos, in miRNA-455-3p-dependent manner, alleviate on-going liver inflammation by inhibiting inflammatory, tumor necrosis factor alpha, IL-1β and nitric oxide-
producing M1 macrophages and by promoting generation of immunosuppressive, transforming growth factor beta-β and IL-10-producing M2 macrophages. 
Abbreviations: MSC-Exos: Mesenchymal stem cell derived exosomes; IL: Interleukin; IGFBP6: Insulin like growth factor binding protein 6; TNF-α: Tumor necrosis 
factor alpha; NO: Nitric oxide.

for the alleviation of ALF in experimental mice[36].
As evidenced by Shao and colleagues, MSC-Exo-sourced miR-455-3p was crucially responsible for 

MSC-dependent immunosuppression in ALF[37]. MSC-derived miR-455-3p modulated activation of 
PI3K and attenuated synthesis of inflammatory cytokines IL-6, G-CSF, IL-17, IP-10, and MCP-1 in liver 
macrophages[37]. Significantly reduced necrosis of hepatocytes, down-regulated serum levels of 
aspartate aminotransferase, alanine transaminase and bilirubin were observed in CCL4 + miR-455-3p-
treated mice. Additionally, miR-455-3p significantly reduced presence of CD68-expressing macrophages 
in the liver and decreased total number of circulating inflammatory CD14+ CD16+ and CCR2+ CD16+ 
monocytes in peripheral blood of CCL4-treated animals, indicating that beneficial effects of miR-455-3p 
was mainly relied on the suppression of inflammatory monocytes/macrophages[37] (Figure 2).

CONCLUSION
MSCs possess potent immunoregulatory, angiomodulatory and hepatoprotective properties[25,38]. 
Results obtained in experimental studies showed that MSCs and MSC-Exos were able to efficiently 
attenuate acute liver inflammation and to promote enhanced repair and regeneration of injured liver 
tissue, suggesting their potential clinical use in the therapy of ALF[25,38].

However, it should be noted that there are several issues that need to be addressed before MSCs and 
their exosomes could be offered as new remedy in regenerative hepatology. The optimal tissue source, 
dose, and frequency of MSCs/MSC-Exos should be defined. Up-coming studies should also precisely 
determine all MSC-sourced immunoregulatory and hepatoprotective factors which are responsible for 
their beneficial effects. Afterwards, bioengineering of MSCs which will massively produce these 
bioactive molecules should be performed. It is highly expected that these newly developed MSCs and 
their exosomes will have significantly enhanced efficacy in in the treatment of ALF.
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Abstract
Pancreatic cancer is highly aggressive and lethal. Due to the lack of effective 
methods for detecting the disease at an early stage, pancreatic cancer is frequently 
diagnosed late. Gemcitabine has been the standard chemotherapy drug for 
patients with pancreatic cancer for over 20 years, but its anti-tumor effect is 
limited. Therefore, FOLFIRINOX (leucovorin, fluorouracil, irinotecan, oxaliplatin) 
as well as combination therapies using gemcitabine and conventional agents, such 
as cisplatin and capecitabine, has also been administered; however, these have not 
resulted in complete remission. Therefore, there is a need to develop novel and 
effective therapies for pancreatic cancer. Recently, some studies have reported 
that combinations of gemcitabine and targeted drugs have had significant anti-
tumor effects on pancreatic cancer cells. As gemcitabine induced DNA damage 
response, the proteins related to DNA damage response can be suitable additional 
targets for novel gemcitabine-based combination therapy. Furthermore, KRAS/ 
RAF/MEK/ERK signaling triggered by oncogenic mutated KRAS and autophagy 
are frequently activated in pancreatic cancer. Therefore, these characteristics of 
pancreatic cancer are potential targets for developing effective novel therapies.

In this minireview, combinations of gemcitabine and targeted drugs to these 
characteristics, combinations of targeted drugs, combinations of natural products 
and anti-cancer agents, including gemcitabine, and combinations among natural 
products are discussed.
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Core Tip: Gemcitabine has been the standard chemotherapy drug for patients with pancreatic cancer; 
however, its effectiveness is limited. Therefore, various combination therapies involving gemcitabine and 
targeted drugs are being explored. A review of combination therapies based mainly on clinical studies has 
been published recently; therefore, this minireview focuses on the findings of basic studies and discusses 
combinations of gemcitabine and targeted drugs, combinations of targeted drugs, combinations of natural 
products and anti-cancer agents, including gemcitabine, and combinations among natural products.

Citation: Nishimoto A. Effective combinations of anti-cancer and targeted drugs for pancreatic cancer treatment. 
World J Gastroenterol 2022; 28(28): 3637-3643
URL: https://www.wjgnet.com/1007-9327/full/v28/i28/3637.htm
DOI: https://dx.doi.org/10.3748/wjg.v28.i28.3637

INTRODUCTION
Pancreatic cancer is fatal and has a 5-year survival rate of approximate 10%[1]. It is estimated that 
pancreatic cancer will become the second most common cause of cancer-related deaths in the United 
States by 2030[2]. Pancreatic cancer is frequently diagnosed at a late stage owing to the lack of effective 
methods for detecting it at earlier stages and non-specific symptoms. Therefore, there is an urgent need 
to develop both novel effective therapies for pancreatic cancer that has progressed to a late stage and 
effective methods for detecting pancreatic cancer at an early stage.

Gemcitabine is the standard treatment for patients with pancreatic cancer. However, as the anti-
tumor effect of gemcitabine is limited, FOLFIRINOX (leucovorin, fluorouracil, irinotecan, oxaliplatin) as 
well as combination therapies of gemcitabine and conventional agents, such as cisplatin and 
capecitabine, has also been administered[3-5]. Although these combination therapies improved overall 
survival compared to gemcitabine alone, they did not achieve complete remission. In addition, the 
incidence of toxicity associated with these combination therapies has increased[3-6].

Recent studies have attempted to identify effective combinations of gemcitabine and targeted drugs 
for pancreatic cancer. As gemcitabine, a well-known DNA-damaging agent, induced DNA damage 
response, the proteins related to DNA damage response can be suitable additional targets for novel 
gemcitabine-based combination therapy. Furthermore, KRAS/RAF/MEK/ERK signaling triggered by 
oncogenic mutated KRAS and autophagy, which are described as the characteristics of pancreatic ductal 
adenocarcinoma (PDAC), are frequently activated. Therefore, these characteristics are promising targets 
for effective novel therapeutic strategies[7-12]. An excellent review on effective combination therapies 
for pancreatic cancer was published recently[13]. This review was based mainly on the findings of 
preclinical and clinical studies[13]; therefore, this minireview focuses on the findings of basic studies 
and discusses combinations of gemcitabine and targeted drugs, combinations of targeted drugs, 
combinations of natural products and anti-cancer agents, including gemcitabine, and combinations 
among natural products.

COMBINATIONS OF GEMCITABINE AND TARGETED DRUGS
Gemcitabine, a well-known DNA-damaging agent, has been the standard first-line drug for patients 
with pancreatic cancer. However, the efficacy of gemcitabine in pancreatic cancer is limited and a novel 
gemcitabine-based combination therapy is required. In this section and Figure 1, combinations of 
gemcitabine and targeted drugs to enhance the anti-tumor effect are summarized.

Gemcitabine and Chk1 inhibitor
Quinone-methide triterpenoid pristimerin induces lysosomal degradation of checkpoint kinase 1 (Chk1) 
and augments the expression of γ-H2AX, which is a biomarker of DNA damage following gemcitabine 
treatment[14]. Furthermore, the combination of gemcitabine and pristimerin was shown to increase 
apoptosis of pancreatic cancer cells[14]. The Chk1 inhibitor MK-8776 also enhances the sensitivity of 
multiple human cancer cell lines, including pancreatic cancer cells, to gemcitabine[15]. The DNA 
damage response mediated by Chk1 in pancreatic cancer stem cells was greater than that in non-
pancreatic cancer stem cells, indicating that Chk1 inhibition selectively sensitizes pancreatic cancer stem 
cells to gemcitabine[16]. The combination of Chk1 inhibition and gemcitabine reduces the ability of 
tumor initiation in pancreatic cancer stem cells[16]. The anti-tumor effect of the combination of 
gemcitabine and doublecortin-like kinase 1 (Dclk1) inhibitor has also been reported[17]. The latter 
significantly decreased the expression of gemcitabine-induced phosphorylated Chk1 in pancreatic 
cancer cells. The combination of gemcitabine and Dclk1 inhibitor did not arrest the cell cycle at the S 
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Figure 1 The representative characteristics of pancreatic cancer as potential targets for effective combination therapy.

phase and allowed cell cycle progression[17]. In addition, the combination of gemcitabine and Dclk1 
inhibitor increased the rate of γ-H2AX-positive cells compared to individual treatments. The 
combination of gemcitabine and Dclk1 inhibitor induced PARP1 cleavage as well as caspase-3 activation 
and significantly decreased the survival rate of pancreatic cancer cells compared to gemcitabine 
treatment alone[17].

Gemcitabine and KRAS antibody/MEK inhibitor 
Oncogenic KRAS mutations are present in approximately 90% of pancreatic cancer cases. Consequently, 
KRAS and its downstream proteins, such as RAF, MEK, and ERK, are activated in pancreatic cancer 
cases and contribute to the progression of the disease. Therefore, inhibitors targeting these proteins may 
be effective in inhibiting this progression.

Antibodies that bind intracellularly to the activated GTP-bound form of oncogenic KRAS mutants 
have been developed and significantly sensitize pancreatic cancer cells to gemcitabine[18,19]. These 
antibodies synergistically increase the anti-tumor effect of gemcitabine by inhibiting the 
RAF/MEK/ERK signaling pathway downstream of KRAS[18,19]. The antibodies are internalized in the 
cytoplasm by endocytosis through the tumor-associated receptors of extracellular epithelial cell 
adhesion molecules[19]. These antibodies synergistically increase the anti-tumor effect of gemcitabine 
by inhibiting KRAS/RAF/MEK/ERK signaling in pancreatic cancer cells[18,19].

The MEK inhibitor, trametinib, both alone and in combination with gemcitabine, was shown to 
exhibit significantly enhanced anti-tumor effects compared to gemcitabine alone[20]. The combination 
of gemcitabine and trametinib also increased the inhibition of tumor growth in pancreatic cancer 
patient-derived orthotopic xenografts in nude mice compared to trametinib alone[20]. Moreover, the 
combination of the MEK inhibitors, trametinib and cobimetinib, prevented tumor growth in 
gemcitabine-resistant pancreatic cancer patient-derived orthotopic xenografts in nude mice[21]. These 
results suggest that such combinations have therapeutic potential against pancreatic cancer.

Gemcitabine and autophagy inhibitor
Gemcitabine has significantly been shown to increase autophagy induction in human pancreatic cancer 
cells, and combined treatment with gemcitabine and chloroquine, an autophagy inhibitor, triggered a 
marked boost in reactive oxygen species (ROS) levels and increased lysosomal membrane permeability
[22]. Consequently, proteases, including cathepsins, are released from lysosomes into the cytoplasm, 
leading to apoptosis. Thus, the combination of gemcitabine and chloroquine has an anti-tumor effect on 
pancreatic cancer cells through the apoptotic pathway by lysosomal dysfunction via a marked boost of 
ROS[22]. Cancer stem cells are considered to be responsible for the recurrence and chemoresistance of 
cancer. The expression of the markers of cancer stem cells, aldehyde dehydrogenase 1, CD44, and 
CD133, was found to be positively correlated with the expression of LC3 type II, an autophagy marker, 
in pancreatic cancer tissues[23]; this suggests an association between autophagy and cancer stem cells. 
Indeed, autophagy inhibition decreased the activity of sphere formation of pancreatic cancer stem cells, 
and gemcitabine and autophagy inhibition markedly reduced the populations of cancer stem cells[23].

COMBINATIONS OF TARGETED DRUGS
Recent studies have demonstrated that combinations of targeted drugs have potential for developing 
novel and effective therapy for pancreatic cancer. In this section and Figure 1, combinations of targeted 
drugs for PDAC therapy are summarized.
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ERK and autophagy inhibitors
KRAS suppression or ERK inhibition was shown to decrease both glycolytic and mitochondrial 
functions and to increase autophagic flux in PDAC, suggesting that ERK inhibition enhances 
dependence on autophagy[24]. The combination of ERK and autophagy inhibitors synergistically 
enhanced anti-tumor activity in KRAS-driven PDAC via the dysfunction of the energy pathways 
consisting of glycolysis and autophagy[24]. It has been reported that inhibition of the KRAS/ 
RAF/MEK/ERK signaling pathway elicits autophagy, resulting in protection of PDAC cells from 
cytotoxic effects[25]. The combination of MEK1/2 and autophagy inhibitors showed synergistic anti-
tumor effects against PDAC cells in vitro and promoted the regression of patient-derived xenografts of 
PDAC in mice[25]. Furthermore, the effect of the combination of trametinib and chloroquine was not 
limited to PDAC and resulted in similar responses in patient-derived xenografts of BRAF-mutated 
colorectal cancer and NRAS-mutated melanoma[25].

ERK, Chk1, and autophagy inhibitors
Screening of druggable genes by genetic loss-of-function using CRISPR-Cas9 and small interfering RNA 
revealed that components of the ATR-Chk1 DNA damage response pathway were modulators of 
sensitivity to ERK inhibitor treatment in KRAS-mutant PDAC[26]. Chk1 inhibition suppressed the 
growth of both PDAC cell lines and organoids and activated ERK signaling and autophagy, suggesting 
that Chk1 inhibition enhances dependence on ERK signaling and autophagy[26]. These findings provide 
a mechanistic basis for the effectiveness of the inhibition of Chk1, ERK, and autophagy. Indeed, this 
triple combination of inhibitors synergistically enhanced the anti-tumor effect in KRAS-mutant PDAC
[26].

2-deoxyglucose and MEK inhibitor 
Pooled shRNA library screening was used in an orthotopic xenograft model to identify multiple 
glycolysis genes as potential targets that may sensitize PDAC cells to MEK inhibition[27]. Apoptosis in 
KrasG12D-driven PDAC cells was synergistically induced, in vitro, via the combination of 2-
deoxyglucose, a glycolysis inhibitor, and a MEK inhibitor; the same also inhibited tumor growth of 
PDAC xenografts, leading to prolonged overall survival in a genetically engineered PDAC mouse 
model[27]. Molecular and metabolic analyses revealed that the combined inhibition of glycolysis and 
ERK signaling synergistically caused apoptosis by inducing lethal stress in the endoplasmic reticulum. 
These results indicate that the combination of 2-deoxyglucose and a MEK inhibitor may be an effective 
approach for targeting KRAS-driven PDAC[27].

Replication stress response and autophagy inhibitors
PDAC exhibits high basal lysosomal activity and relies on lysosome-dependent recycling pathways, 
such as autophagy, to generate substrates for metabolism[28]. Kinase inhibitor screening revealed that 
the replication stress response inhibitor and chloroquine, an autophagy inhibitor that works via the 
functional inhibition of lysosomes, were synthetically lethal in PDAC cells[28]. Chloroquine induces 
replication stress due to aspartate depletion, and a replication stress response inhibitor and chloroquine 
synergistically inhibit tumor growth in PDAC[28].

Immune checkpoint and autophagy inhibitors
Major histocompatibility complex class I (MHC-I) molecules are selectively degraded via autophagy in 
PDAC[29]. Consequently, the expression of MHC-I at the cell surface is reduced, and MHC-I is localized 
predominantly within autophagosomes and lysosomes. Autophagy inhibition was shown to restore the 
expression of MHC-I at the cell surface and improve antigen presentation[29]. Furthermore, autophagy 
inhibition synergizes with dual immune checkpoint blockade therapy (anti-PD1 and anti-CTLA4 
antibodies) to enhance the anti-tumor immune response and reduce tumor growth in syngeneic host 
mice[29].

COMBINATIONS OF NATURAL PRODUCTS AND ANTI-CANCER AGENTS, INCLUDING 
GEMCITABINE
The use of natural products as adjunctive therapies for pancreatic cancer has a great potential due to the 
anti-cancer efficacy and low toxicity. Yue et al[30] summarized combinations of natural products and 
anti-cancer agents, including gemcitabine, and combinations among natural products. They focused on 
the following: combinations of natural products and gemcitabine (for example, cucurbitacin B and 
gemcitabine[31], glaucarubinone and gemcitabine[32], escin and gemcitabine[33], and gum mastic and 
gemcitabine[34]); combinations of natural products and other agents, such as all-trans retinoic acid and 
sulindac (for example, 12-O-tetradecanoylphorbol-13-acetate and all-trans retinoic acid[35], 
parthenolide and sulindac[36], and triptolide and hydroxycamptothecin[37]); and combinations among 
natural products (for example, sulforaphane and quercetin[38], wogonin, apigenin, and chrysin[39], and 
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metformin and aspirin[40]).
While agents from purified chemical compounds generally target single molecules, natural products 

mostly consist of multiple components that concurrently act on various molecular targets. Therefore, 
natural products are expected to have various functions, including improvement of anti-cancer efficacy, 
enhancement of immune system, and reduction of side effects[41].

CONCLUSION
In general, it is widely accepted that combination therapy is more effective than monotherapy. In this 
minireview, combinations of gemcitabine and targeted drugs, combinations of targeted drugs, combin-
ations of natural products and anti-cancer agents, including gemcitabine, and combinations among 
natural products are described. Hereafter, preclinical and clinical studies are needed to examine the 
possibility for clinical applications. Concurrently, additional basic studies that attempt to identify 
combinations that synergize anti-cancer effects are needed to find the better treatment options.
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Abstract
BACKGROUND 
Ulcerative colitis (UC) is a chronic, nonspecific intestinal inflammatory disease. 
Acupuncture and moxibustion is proved effective in treating UC, but the 
mechanism has not been clarified. Proteomic technology has revealed a variety of 
biological markers related to immunity and inflammation in UC, which provide 
new insights and directions for the study of mechanism of acupuncture and 
moxibustion treatment of UC.

AIM 
To investigate the mechanism of electroacupuncture (EA) and herb-partitioned 
moxibustion (HM) on UC rats by using proteomics technology.

METHODS 
Male Sprague-Dawley rats were randomly divided into the normal (N) group, the 
dextran sulfate sodium (DSS)-induced UC model (M) group, the HM group, and 
the EA group. UC rat model was prepared with 3% DSS, and HM and EA 
interventions at the bilateral Tianshu and Qihai acupoints were performed in HM 
or EA group. Haematoxylin and eosin staining was used for morphological 
evaluation of colon tissues. Isotope-labeled relative and absolute quantification 
(iTRAQ) and liquid chromatography-tandem mass spectrometry were performed 
for proteome analysis of the colon tissues, followed by bioinformatics analysis and 
protein-protein interaction networks establishment of differentially expressed 
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proteins (DEPs) between groups. Then western blot was used for verification of selected DEPs.

RESULTS 
The macroscopic colon injury scores and histopathology scores in the HM and EA groups were 
significantly decreased compared to the rats in the M group (P < 0.01). Compared with the N 
group, a total of 202 DEPs were identified in the M group, including 111 up-regulated proteins and 
91 down-regulated proteins, of which 25 and 15 proteins were reversed after HM and EA 
interventions, respectively. The DEPs were involved in various biological processes such as 
biological regulation, immune system progression and in multiple pathways including natural 
killer cell mediated cytotoxicity, intestinal immune network for immunoglobulin A (IgA) 
production, and FcγR-mediated phagocytosis. The Kyoto Encyclopedia of Genes and Genomes 
pathways of DEPs between HM and M groups, EA and M groups both included immune-
associated and oxidative phosphorylation. Network analysis revealed that multiple pathways for 
the DEPs of each group were involved in protein-protein interactions, and the expression of 
oxidative phosphorylation pathway-related proteins, including ATP synthase subunit g (ATP5L), 
ATP synthase beta subunit precursor (Atp5f), cytochrome c oxidase subunit 4 isoform 1 (Cox4i1) 
were down-regulated after HM and EA interventions. Subsequent verification of selected DEPs 
(Synaptic vesicle glycoprotein 2A; nuclear cap binding protein subunit 1; carbamoyl phosphate 
synthetase 1; Cox4i1; ATP synthase subunit b, Atp5f1; doublecortin like kinase 3) by western blot 
confirmed the reliability of the iTRAQ data, HM and EA interventions can significantly down-
regulate the expression of oxidative phosphorylation-associated proteins (Cox4i1, Atp5f1) (P < 
0.01).

CONCLUSION 
EA and HM could regulate the expression of ATP5L, Atp5f1, Cox4i1 that associated with oxidative 
phosphorylation, then might regulate immune-related pathways of intestinal immune network for 
IgA production, FcγR-mediated phagocytosis, thereby alleviating colonic inflammation of DSS-
induced UC rats.

Key Words: Proteomics; Ulcerative colitis; Moxibustion; Electroacupuncture; Differential proteins

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

Core Tip: Ulcerative colitis (UC) is a nonspecific inflammatory bowel disease with unclear etiology. 
Acupuncture and moxibustion are benefit to UC by improving colonic mucosa damage, regulating inflam-
matory cytokines. In recent years, proteomic technology has been widely used in the study of UC, 
revealing a variety of biological markers related to immunity and inflammation in UC. We applied 
isotope-labeled relative and absolute quantification proteomics technology to identify UC-relevant protein 
targets and further explore the mechanism of acupuncture and moxibustion. It was found that electroacu-
puncture and herb-partitioned moxibustion could regulate the expression of multiple proteins, such as ATP 
synthase subunit g, ATP synthase beta subunit precursor 1, cytochrome c oxidase subunit 4 isoform 1 that 
associated with oxidative phosphorylation, that might regulate immune-related pathways, thereby 
alleviating colonic inflammation of dextran sulfate sodium-induced UC rats.

Citation: Qi Q, Zhong R, Liu YN, Zhao C, Huang Y, Lu Y, Ma Z, Zheng HD, Wu LY. Mechanism of 
electroacupuncture and herb-partitioned moxibustion on ulcerative colitis animal model: A study based on 
proteomics. World J Gastroenterol 2022; 28(28): 3644-3665
URL: https://www.wjgnet.com/1007-9327/full/v28/i28/3644.htm
DOI: https://dx.doi.org/10.3748/wjg.v28.i28.3644

INTRODUCTION
Ulcerative colitis (UC) is a chronic, nonspecific inflammatory disease, with lesions are mainly confined 
to the large intestinal mucosa and submucosal layer. Mucosal inflammation at the affected site is charac-
terized by a diffuse distribution and its clinical manifestations mainly include abdominal pain, 
diarrhoea, mucus pus and blood in stool[1]. UC has a prolonged disease course, which can lead to the 
development of colorectal cancer, accounting for 10% to 15% of deaths among patients with UC, and is 
listed as one of the refractory diseases by the World Health Organization. Epidemiological data show 
that the prevalence of UC in Asia has increased exponentially in recent years, and the growth rate of UC 
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in some East Asian countries including China has increased in multiples over the past decade[2,3].
The pathogenesis of UC is not yet clear, but it is believed to be related to genetic susceptibility, 

epithelial barrier deficiency, immune disorders, and environmental factors[4]. The modern treatment 
methods for UC mainly include glucocorticoids, immunosuppressants, 5-aminosalicylic acid, and 
biological agents (monoclonal antibodies), but it is prone to relapse after drug withdrawal, and multiple 
drugs have adverse side effects. Therefore, active exploration of the pathogenesis of UC, identification 
of disease biomarkers, and screening of specific therapeutic targets are important for the diagnosis and 
treatment of UC. As one of the unique treatments of traditional Chinese medicine, acupuncture and 
moxibustion have significant efficacy and advantages in the treatment of UC[5-7], but the specific 
mechanism requires further clarification.

In recent years, proteomic technology has been widely used in the study of UC[8,9], revealing a 
variety of biological markers related to immunity and inflammation in UC[10]. The activity of 
mitochondrial oxidative phosphorylation complex in intestinal tissues of UC patients decreases, and the 
dysfunction of mitochondrial oxidative phosphorylation may be involved in the pathogenesis of UC, 
but it is not clear whether acupuncture and moxibustion have a regulatory effect on it. Therefore, our 
study used isotope-labeled relative and absolute quantification (iTRAQ) proteomics technology to 
quantitatively analyse proteins in the colon tissues of UC rats, to analyse the biological functions of 
differentially expressed proteins (DEPs) and observe changes of immune and oxidative phosph-
orylation-associated protein expression profiles in colon tissues of UC rats and regulatory effect of 
acupuncture and moxibustion, in order to identify UC-relevant protein targets and further explore the 
mechanism of effects of acupuncture and moxibustion on UC.

MATERIALS AND METHODS
Animals
Healthy clean grade naïve male Sprague-Dawley (SD) rats, aged 6 wk, with body weight of 180 ± 20 g 
were purchased from Shanghai Slac Laboratory Animal Co., Ltd. [Laboratory Animal Use Permit No. 
SYXK (Shanghai) 2014-0008] and housed in the Experimental Animal Center of Shanghai University of 
Traditional Chinese Medicine. The animal protocol was designed to minimize pain or discomfort to the 
animals. The housing environment was a 12 h circadian rhythm, with a room temperature of 20 ± 2 °C 
and 50%-70% indoor humidity, 4 rats per cage, and rats were free to standard food and pure water. This 
study was approved by the Ethics Committee of the Experimental Animal Center of Shanghai 
University of Traditional Chinese Medicine. We tried all efforts to minimize animal suffering.

Dextran sulfate sodium-induced UC model preparation
For preparing the UC rat model, the rats received 3% dextran sulfate sodium (DSS, molecular weight: 
36000-50000, MP Biomedicals, United States) in drinking water by oral for 7 d, and then were switched 
to pure water for 7 d, and the same procedures were repeated once (drinking 3% DSS solution for 7 d, 
followed by drinking pure water for 7 d)[11]. After modeling, rats were anaesthetized via intraperitoneal 
injection with 2% pentobarbital sodium (30-40 mg/kg) (P3761, Sigma, United States) for tissue 
collection, the gross injury and hematoxylin and eosin (HE) staining were used to evaluate whether the 
model was successfully established.

Grouping and interventions
After one week of adaptive feeding, 32 rats were randomly divided into the normal (N) group, the DSS-
induced UC model (M) group, the herb-partitioned moxibustion (HM) group, and the electroacu-
puncture (EA) group, with 8 rats in each group. UC rat model was prepared by DSS except for the N 
group. After model establishment, the rats in the HM and EA group were treated with corresponding 
treatment at Tianshu (ST25, bilateral) and Qihai (CV6) acupoints[12]. In the HM group, Chinese 
medicine powder containing Coptis chinensis, Radix aconiti lateralis, Cortex Cinnamomi, Radix 
aucklandiae, Flos carthami, Salvia miltiorrhiza, and Angelica sinensis was mixed and stirred with 
yellow wine to make herbal cake, then an herbal cake was prepared with a thickness of 0.5 cm and a 
diameter of 1 cm using a specific mould, and conical moxa cones weighing approximately 90 mg were 
made with moxa (Nanyang Hanyi Moxa Co., Ltd., Nanyang, China) by a mould. The rats were supine 
immobilized on a self-made fixator, the prepared moxa cone was placed on the top of herbal cake, and 
the herbal cake was placed at the ST25 and CV6 acupoints, then the moxa cone was ignited using line 
incense, 2 moxa cones per acupoint per time, once a day for 7 d (Figure 1)[13]. In the EA group, the rats 
were also supine immobilized on the self-made fixator, a 0.25 mm × 25 mm acupuncture needle was 
inserted into the ST25 and CV6 acupoints for 5 mm, then the needle handle was connected to a Han’s-
200 acupoint nerve stimulator, with a frequency of 2/100 Hz and a current of 1 mA. The needle was 
kept for 10 min per time, once a day for a total of 7 d[14]. The rats in the N group and the M group did 
not receive any treatment, but only the same grasping fixation as that in the treatment groups at 10 
o’clock every day for a total of 7 d.
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Figure 1  Schematic diagram of herb-partitioned moxibustion at the rat Tianshu (ST25, bilateral) and Qihai (CV6) acupoints.

Collection of colon tissue and macroscopic scoring of colon injury
After the intervention, rats were anaesthetized with intraperitoneal injection of 2% pentobarbital 
sodium. The abdominal cavity was exposed and the entire colon from the pubic symphysis to the distal 
cecum was collected, and the length of the colon was recorded. The distal colon with a length of 6-8 cm 
was collected and cut longitudinally along the mesentery, observed the gross morphology, the 
macroscopic scoring of the colon was performed according to the following parameters: Hyperemia, 
wall thickening, ulceration, inflammation extension, and damage no damage, score 0; hyperemia 
without ulcers, score 1; hyperemia and wall thickening without ulcers, score 2; one ulceration site 
without wall thickening, score 3; two or more ulceration sites, score 4; 0.5 cm extension of inflammation 
or major damage, score 5; 1 cm extension of inflammation or severe damage, score 6[15]. Then was cut 
into two parts transversely, one part was fixed in 4% paraformaldehyde for morphological observation, 
and the remaining part was placed in liquid nitrogen for 1 h and transferred to a -80 °C freezer for 
future detection.

Morphological observation of the colon
Colon tissues fixed in 4% paraformaldehyde fixative solution were dehydrated, embedded in paraffin, 
and sliced into 4 μm sections for HE staining with the following steps: Dewaxing in xylene I and II 
solutions for 20 min each; elution in 100%, 95%, 90%, 80%, and 70% ethanol for 5 min each; rinsing with 
double distilled water for 5 min × 2 times; haematoxylin staining for 2-3 min; rinsing with running 
water for 10 min; 1% hydrochloric acid ethanol differentiation solution for 1-2 s; rinsing with running 
water for 5 min; eosin dye staining for 2-3 min; dehydration in 70%, 80%, 90%, and 100% ethanol for 1-2 
s each; xylene I and II solutions for 15 min each. After drying and sealing, the colon sections were 
observed under a light microscope and microscopic scoring of the colon was performed according to the 
following parameters: Damage/necrosis, inflammatory cell infiltration, submucosal edema, and 
hemorrhage of mucosa. Colonic gross damage scores were recorded according to the severity of 
changes: No change, score 0; mild, score 1; moderate, score 2; severe, score 3[16].

Proteomic analysis
Protein extraction and enzymatic digestion: Colon samples from 3 rats in each group were randomly 
collected and ground into powder, and an appropriate amount of radioimmunoprecipitation assay 
(RIPA) protein lysis buffer (R0010, Solarbio, United States) was added (150 μL RIPA was add to 20 mg 
colon tissue), high-abundance protein in the sample was removed, a 5-fold volume of 10% trichloro-
acetic acid/cold acetone was added to the sample and precipitated at -20 °C overnight. The precipitated 
proteins were centrifuged at 4 °C, 15000 g for 20 min, the supernatant was removed, and samples were 
air-dried and precipitated after repeating the above steps several times. After lysis, samples were 
centrifuged at 25000 g for 20 min at 4 °C, and the supernatant was the protein solution. A total of 100 μg 
of protein solution was collected from each sample, and trypsin (2.5 μg) was added to the protein 
solution at a ratio of 40: 1 of protein: Enzyme, enzymolysis at 37 °C for 4 h. Trypsin was then added 
according to the above ratio and continue enzymolysis at 37 °C for 8 h.

Peptide labelling and separation: The digested peptide fragments were desalted using a Strata X 
column and vacuum-dried. The peptide samples were dissolved in 0.5 M triethylammonium 
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bicarbonate, and then were were labeled with iTRAQ (iTRAQ8-plexreagent kit, Sigma, United States) 
and maintained at room temperature for 2 h. The Shimadzu LC-20AB liquid chromatography system 
(separation column: 5 μm, 4.6 mm × 250 mm Gemini C18) was used for liquid phase separation of 
samples. Dried peptide samples were redissolved in 2 mL of mobile phase A (5% ACN, pH 9.8), the 
solution was loaded, and gradient elution was performed at a flow rate of 1 mL/min as follows: 5% 
mobile phase B (95% ACN, pH 9.8) for 10 min, 5%-35% mobile phase B for 40 min, 35%-95% mobile 
phase B for 1 min, mobile phase B for 3 min, and equilibration with 5% mobile phase B for 10 min. The 
elution peak was monitored at a wavelength of 214 nm, and 1 fractionated peptide was collected every 
minute. The chromatographic elution peaks were combined with the samples to obtain 20 fractionated 
peptides, which were then freeze-dried.

High-performance liquid chromatography: The dried peptide samples were redissolved using mobile 
phase A (2% ACN, 0.1% FA) and centrifuged at 20000 g for 10 min. The supernatant was collected and 
loaded onto the column, and samples were separated by a Prominence nano LC (LC-20AD, Shimadzu, 
Japan). The sample was first enriched in a trap column and desalted, and the tandem self-assembled 
C18 column (75-μm inner diameter, 3.6-μm pore size, 15-cm length) was used. Separation was 
performed at a flow rate of 300 nL/min through an effective gradient: at 0-8 min, 5% mobile phase B 
(98% ACN, 0.1% FA); at 8-43 min, mobile phase B increased linearly from 8% to 35%; at 43-48 min, 
mobile phase B increased from 35% to 60%; at 48-50 min, mobile phase B increased from 60% to 80%; at 
50-55 min, 80% mobile phase B; and at 55-65 min, 5% mobile phase B.

Mass spectrometric detection: The separated peptides were transferred into an electrospray ionization 
tandem mass spectrometer: TripleTOF 5600 (SCIEX, Framingham, United States) and theion source was 
Nanospray III source (SCIEX, Framingham, United States). During data collection, the parameters of the 
mass spectrometer were set as follows: An ion source spray voltage of 2300 V, a nitrogen pressure of 30 
psi, atomizer 15, and a spray interface temperature of 150 °C. High-sensitivity mode was used for 
scanning. The cumulative time of primary mass spectrometry scanning was 250 ms, and the cumulative 
of secondary mass spectrometry scanning time was 100 ms.

iTRAQ quantification and bioinformatics analysis
ITRAQ quantification was performed using IQuant software. The selection of significantly DEPs in a 
single experiment were as follows: Fold change (FC) ≥ 1.2 was set as up-regulation and FC ≤ 0.83 as 
down-regulation, as well as Q-value < 0.05. The Gene Ontology (GO) database was used for functional 
annotation analysis of DEPs. The Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway 
database was used for pathway enrichment analysis of DEPs. The protein-protein interaction network 
was performed using STRING software with an interaction confidence of 0.7 (the maximum confidence 
was 1). Cytoscape (v.3.7.1) software was used to visualize the enrichment analysis results. Figure 2 
showed the process of proteomics detection and analysis.

Western blot analysis
We selected DEPs in UC that were reversed by HM and EA for verification by using western blot 
method. Total proteins were extracted from colon tissues using RIPA buffer supplemented with 
protease and phosphatase inhibitors. Protein concentration was measured with the bicinchoninic acid 
protein concentration assay kit. The proteins were separated by polyacrylamide gelelectrophoresis 
method, with the voltage of concentrated glue was 90 V and that of separating glue was 120 V (BIO-
RAD, 1645050), then the separated proteins were transferred to polyvinylidene fluoride membranes. 
The modified membranes were blocked with 5% bovine serum albumin in TBST, and then was 
incubated overnight at 4 °C with primary antibody. The antibody dilutions were prepared according to 
the instructions [Synaptic vesicle glycoprotein 2A (Sv2a), 1: 1000; nuclear cap binding protein subunit 1 
(Ncbp1), 1: 800; Cps, 1: 5000; cytochrome c oxidase subunit 4 isoform 1 (Cox4i1), 1: 2000; ATP synthase 
beta subunit precursor 1 (Atp5f1), 1: 1000; doublecortin like kinase 3 (Dclk3), 1: 800)]. The membranes 
were washed with western detergent at room temperature for 6 times, 5 min each and then were 
incubated with secondary antibodies at room temperature for 1 h. Followed by washed with western 
detergent at room temperature for 6 times, 5 min each. The membranes were stained with enhanced 
chemiluminescence solution and visualized in a gel imager system (Tanon, 4600).

Statistical analysis
The western blot analysis data were analyzed with SPSS 20.0 statistical software. Data that consistent 
with the normal distribution were presented as mean ± SD, and one-way analysis of variance was used 
for comparison between groups, followed by the Fisher’s Least significant difference method if data met 
the homogeneity of variance. For data that did not meet the normal distribution were presented as 
medians (P25, P75), and nonparametric test was used for comparison. P < 0.05 was considered statistically 
significance.
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Figure 2 Flow chart of proteomics detection and analysis. A: Sprague-Dawley rat; B: Protein extraction of colon tissue; C: Protein enzymatic digestion, 
peptide labelling, separation, and high-performance liquid chromatography analysis; D: Bioinformatics analysis.
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RESULTS
Effects of HM and EA on DSS induced UC rats
In the N group, rats were active and energetic, and their feces were moderately hard and soft. The rats 
in the M group had loose, bloody stools and decreased activities. Compared with the M group, the 
activity of rats in the HM and EA groups was obviously improved, and the stool gradually took shape 
without obvious mucus and blood. We found that the colon in the N group did not exhibit adhesion or 
bleeding points; the colonic mucosal surfaces were clean and smooth. In contracts, the colon in the M 
group exhibited significant adhesion and multiple bleeding points; the inner wall was not smooth, and 
partially visible scattered ulcers and thickened intestinal walls were observed. In the HM and EA 
groups, the adhesion and the bleeding points were decreased (Figure 3A).

The morphological changes of colon tissues were observed using HE staining. The colonic mucosal 
epithelium of the normal group was intact, with clear tissue structure, regular arranged glands, and no 
congestion, oedema or ulcers were evident. While the mucosal epithelium of UC rats was absent, ulcers 
had formed, with a loss or reduction of glands and goblet cells, and substantial inflammatory cells were 
infiltrated in mucosa and submucosa. After HM and EA interventions, the mucosal epithelium was 
restored, with healed ulcer, increased glands and goblet cells, decreased mucosal and submucosal 
inflammatory cell infiltration and congestion (Figure 3B).

The macroscopic colon injury scores and histopathology scores in the M group were significantly 
increased than that in the N group (P < 0.01). Conversely, the macroscopic colon injury scores and 
histopathology scores in the HM and EA groups were significantly decreased compared to the rats in 
the M group (P < 0.01) (Figures 3C and D). The colonic length of the rats in the M group were 
significantly decreased compared with the N group, the colonic length of the rats in the HM and EA 
groups were significantly increased compared with the M group (P < 0.01) (Figure 3E).

iTRAQ quantification of DEPs
The volcano plot in Figure 4 described the DEPs between the groups. The quantitative results showed 
that 202 DEPs were identified in DSS-induced UC rats compared with the N group, of which 111 were 
up-regulated and 91 were down-regulated; 117 DEPs were identified in HM group compared with the 
M group, of which 41 were up-regulated and 76 were down-regulated; 145 DEPs were identified in EA 
group compared with the M model group, of which 59 were up-regulated and 86 were down-regulated 
(Table 1, Figure 5).

Comparison of the M/N and HM/M groups showed that among these proteins, 25 DEPs were 
common to N, M and HM groups, with 17 [Sv2a, Igkv13-85, Ncbp1, Aldo-keto reductase family 1 
member B8, Rathemoglobin beta-chain, Ribosomal protein S8 (RpS8), Fga, Rps2-ps6, carbamoyl 
phosphate synthetase 1 (Cps1), Txn, ATP synthase subunit g (ATP5L), Cox4i1, Atp5h, Necap2, Atp5f1, 
Papss2, Acly] up-regulated in UC but were down-regulated by HM, and 8 [Spout1, calcium-activated 
chloride channel regulator 1 (CLCA1), Sval1, Hspb7, Peptidyl-prolyl cis-trans isomerase, Aldh1a1, Lyz2, 
Dclk3] down-regulated in UC but were up-regulated by HM (Figure 5A, Table 2). Comparison of the 
M/N and EA/M groups showed that 15 DEPs were common to N, M and EA groups, with 9 (Sv2a, 
Ncbp1, Rat hemoglobin beta-chain, Fga, Cps1, ATP5L, Cox4i1, Atp5f1, Lmod1) up-regulated in UC but 
were down-regulated by EA, and 6 (Spout1, Sh3bgrl3, Peptidyl-prolyl cis-trans isomerase, MHC class I 
RT1.Aw3 protein, Tkt, Dclk3) down-regulated in UC but were up-regulated by EA (Figure 5B, Table 3).

GO enrichment analysis for DEPs
GO annotation of DEPs between groups describes the characteristics of genes and gene products in 
terms of molecular functions, cellular components and biological processes. 53 GO functions were 
significantly differentiated between the M and the N group, 52 GO functions are significantly differen-
tiated between the M group and the HM group, and 51 GO functions are significantly differentiated 
between the M group and the EA group. The GO functional annotations of DEPs in the M/N, HM/M, 
and EA/M comparisons were basically similar. Biological process was the most favorable enrichment 
component, in which DEGs were significantly enriched in cellular process, metabolic process, biological 
regulation and so on. Cellular component analysis was enriched in cell part, cell, organelles, macro-
molecular complexes, etc. Molecular functions mainly included binding, synaptic activity, structural 
molecule activity, molecular function regulation, molecular sensor activity, and transcriptional 
regulation activity (Figure 6).

KEGG pathway enrichment analysis for DEPs
KEGG pathway enrichment analysis was performed for DEPs between the groups, we found that these 
DEPs were mainly enriched in inflammation responses and immune-related pathways. The pathways in 
which DEPs between the N and M groups mainly enriched included primary immunodeficiency, the 
noncanonical nuclear factor-kappaB (NF-κB) signalling pathway, natural killer cells mediated 
cytotoxicity, intestinal immune network for immunoglobulin A (IgA) production, FcγR-mediated 
phagocytosis, and complement and coagulation cascades (Figure 7A, Table 4). The pathways in which 
DEPs between the HM and the M groups mainly enriched included primary immunodeficiency, 
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Table 1 List of differential protein numbers

Compare group Up-regulated Down-regulated All-regulated

M/N 111 91 202

HM/M 41 76 117

EA/M 59 86 145

N: Normal group; M: Dextran sulfate sodium-induced ulcerative colitis model group; HM: Herb-partitioned moxibustion group; EA: Electroacupuncture 
group.

Figure 3 Colon tissue injuries in each group. A: Gross structure; B: Histopathological observation (hematoxylin and eosin, × 200); C: Macroscopic scores; D: 
Histopathological scores; E: Colonic length. aP < 0.01 vs N group; bP < 0.01 vs M group. N: Normal group; M: Dextran sulfate sodium-induced ulcerative colitis model 
group; HM: Herb-partitioned moxibustion group; EA: Electroacupuncture group.

oxidative phosphorylation, nitrogen metabolism, natural killer cells mediated cytotoxicity, the intestinal 
immune network for IgA production, FcγR-mediated phagocytosis, complement and coagulation 
cascades, and B cell receptor signalling pathway (Figure 7B, Table 5). The pathways in which DEPs 
between the EA and the M groups mainly enriched included the phosphoinositol-3 kinase (PI3K)-
protein kinase B (Akt) signalling pathway, oxidative phosphorylation, intestinal immune network for 
IgA production, and the calcium signalling pathway (Figure 7C, Table 6).

Protein-protein interactions analysis
The STRING database (v.11.0) was used to construct the protein-protein interactions (PPIs) network for 
the transcription factors with an interaction score > 0.7 (high confidence) among the groups. Cytoscape 
(v.3.7.1) software was used to visualize the enrichment results. The statistical significance was set as P < 
0.05. The analysis showed extensive interactions among the DEPs between groups (Figure 8). A total of 
100 DEPs (63 up-regulated proteins and 37 down-regulated proteins) were included in the PPI network 
constructed by DEPs between the N and M groups, and Nme2 served as the junction point of two 
pathways, indicating that it was important for screening key candidate proteins. 38 DEPs (8 up-
regulated proteins and 30 down-regulated proteins) were included in the PPI network constructed from 
DEPs between the M and HM groups, in which ribosomal pathway-related proteins were all down-
regulated, and oxidative phosphorylation pathway-related proteins, including Atp5o, ATP5L, Atp5f, 
Atp5h, Cox4i1 were also down-regulated. 55 DEPs (19 up-regulated proteins and 36 down-regulated 
proteins) were included in the PPI network constructed from DEPs between the EA and M groups. In 
addition, proteins involved in inflammation regulation such as serpins were identified (serpinb6 in 
M/N comparisons, serpinc1 in HM/M and EA/M comparisons).
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Table 2 Differentially expressed proteins in dextran sulfate sodium-induced ulcerative colitis model group rats that regulated by herb-
partitioned moxibustion

M/N HM/M
Protein ID Description Symbol

Mean ratio Q value Mean ratio Q value

Q02563 Synaptic vesicle glycoprotein 2A Sv2a 4.42 0.024 0.25 0.021

A0A0G2JZN1 Immunoglobulin kappa chain 
variable 13-85

Igkv13-85 4.07 0.020 0.37 0.028

Q56A27 Nuclear cap-binding protein 
subunit 1

Ncbp1 2.47 0.018 0.56 0.004

Q91W30 Aldose reductase-like protein Akr1b8 1.85 0.006 0.63 0.017

Q63223 Rat hemoglobin beta-chain 
(Fragment)

Rat hemoglobin beta-
chain (Fragment)

1.57 0.005 0.46 0.004

P62243 40S ribosomal protein S8 Rps8 1.56 0.006 0.83 0.023

P06399 Fibrinogen alpha chain Fga 1.51 0.003 0.75 0.004

O55215 Ribosomal protein S2 Rps2-ps6 1.45 0.003 0.80 0.004

P07756 Carbamoyl-phosphate synthase 
(ammonia), mitochondrial

Cps1 1.33 0.009 0.70 0.004

P11232 Thioredoxin Txn 1.28 0.002 0.74 0.004

Q6PDU7 ATP synthase subunit g, 
mitochondrial

ATP5L 1.27 0.028 0.76 0.004

P10888 Cytochrome c oxidase subunit 4 
isoform 1, mitochondrial

Cox4i1 1.26 0.002 0.80 0.004

P31399 ATP synthase subunit d, 
mitochondrial

Atp5h 1.34 0.003 0.77 0.004

Q6P756 Adaptin ear-binding coat-
associated protein 2

Necap2 1.48 0.011 0.83 0.023

P19511 ATP synthase F (0) complex 
subunit B1, mitochondrial

Atp5f1 1.24 0.003 0.83 0.004

A0A0G2K950 3’-phosphoadenosine 5’-phospho-
sulfate synthase 2

Papss2 1.27 0.002 0.74 0.004

A0A0G2K5E7 ATP-citrate synthase Acly 1.35 0.017 0.83 0.030

A0A0G2QC59 RCG45649, isoform CRA_a Spout1 0.54 0.013 2.13 0.011

A0A0G2JWX9 Chloride channel accessory 1 Clca1 0.50 0.002 1.25 0.004

Q99N82 Colon SVA-like protein Sval1 0.73 0.028 6.82 0.004

B5DFG4 Heat shock 27kD protein family, 
member 7 (cardiovascular)

Hspb7 0.76 0.016 1.24 0.050

D3ZSF3 Peptidyl-prolyl cis-trans 
isomerase

- 0.75 0.003 1.40 0.013

P51647 Retinal dehydrogenase 1 Aldh1a1 0.81 0.002 1.22 0.004

Q05820 Putative lysozyme C-2 Lyz2 0.67 0.013 1.48 0.050

F1LWF2 Doublecortin-like kinase 3 Dclk3 0.24 0.005 4.67 0.011

N: Normal group; M: Dextran sulfate sodium-induced ulcerative colitis model group; HM: Herb-partitioned moxibustion group; ATP5L: ATP synthase 
subunit g; Atp5f1: ATP synthase beta subunit precursor; Sv2a: Synaptic vesicle glycoprotein 2A; Ncbp1: Nuclear cap binding protein subunit 1; Cps1: 
Carbamoyl phosphate synthetase 1; Cox4i1: Cytochrome c oxidase subunit 4 isoform 1; Dclk3: Doublecortin like kinase 3; Akr1b8: Aldo-keto reductase 
family 1 member B8; RpS8: Ribosomal protein S8.

Western blot verification
We verified the expression of some DEPs that could be regulated by HM and EA. The western blot 
results showed that, compared with the N group, the expression of Sv2a, Ncbp1, Cps1, Cox4i1, Atp5f1 
proteins were increased in the colon of UC rats, while the expression of Dclk3 protein was decreased (P 
< 0.01). HM and EA interventions can significantly down-regulate the expression of Sv2a, Ncbp1, Cps1, 
Cox4i1, Atp5f1 proteins and up-regulate Dclk3 protein (P < 0.01). It indicated that the western blot 
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Table 3 Differentially expressed proteins in dextran sulfate sodium-induced ulcerative colitis model group rats that regulated by 
electroacupuncture

M/N EA/M
Protein ID Description Symbol

Mean ratio Q value Mean ratio Q value

Q02563 Synaptic vesicle glycoprotein 2A Sv2a 4.42 0.024 0.15 0.013

Q56A27 Nuclear cap-binding protein 
subunit 1

Ncbp1 2.47 0.018 0.55 0.003

Q63223 Rat hemoglobin beta-chain 
(Fragment)

- 1.57 0.005 0.38 0.002

P06399 Fibrinogen alpha chain Fga 1.51 0.003 0.76 0.002

P07756 Carbamoyl-phosphate synthase 
(ammonia), mitochondrial

Cps1 1.33 0.009 0.69 0.004

Q6PDU7 ATP synthase subunit g, 
mitochondrial

ATP5L 1.27 0.028 0.82 0.002

P10888 Cytochrome c oxidase subunit 4 
isoform 1, mitochondrial

Cox4i1 1.26 0.002 0.74 0.002

P19511 ATP synthase F (0) complex 
subunit B1, mitochondrial

Atp5f1 1.51 0.003 0.81 0.002

A0A0G2K0D3 Leiomodin-1 Lmod1 1.13 0.003 0.77 0.002

A0A0G2QC59 RCG45649, isoform CRA_a Spout1 0.54 0.013 1.88 0.002

B2RZ27 SH3 domain binding glutamic 
acid-rich protein-like 3

Sh3bgrl3 0.74 0.027 1.31 0.027

D3ZSF3 Peptidyl-prolyl cis-trans 
isomerase

- 0.75 0.003 1.47 0.003

Q31266 MHC class I RT1.Aw3 protein - 0.81 0.029 1.44 0.005

G3V826 Transketolase OS = rattus 
norvegicus

Tkt 0.71 0.003 1.23 0.002

F1LWF2 Doublecortin-like kinase 3 Dclk3 0.24 0.005 4.09 0.002

N: Normal group; M: Dextran sulfate sodium-induced ulcerative colitis model group; EA: Electroacupuncture group; ATP5L: ATP synthase subunit g; 
Atp5f1: ATP synthase beta subunit precursor; Sv2a: Synaptic vesicle glycoprotein 2A; Ncbp1: Nuclear cap binding protein subunit 1; Cps1: Carbamoyl 
phosphate synthetase 1; Cox4i1: Cytochrome c oxidase subunit 4 isoform 1; Dclk3: Doublecortin like kinase 3.

verification results were consistent with the iTRAQ results (Figure 9).

DISCUSSION
UC is a type of inflammatory bowel disease (IBD) characterized by chronic recurrent, and the specific 
aetiology and pathogenesis of UC are still not clear. Proteomics is a discipline that systematically 
quantifies all the proteins in cells or organisms and elucidates their biological functions, it has enormous 
potential for early diagnosis, prevention, and prognosis prediction of diseases[17,18]. In recent years, 
proteomics has gradually been applied to the study of UC, providing strong support for the research of 
pathogenesis, clinical diagnosis, and treatment of UC. A study has been found that 7 protein genes were 
differentially expressed in the intestinal tissues of UC patients using proteomics, including prohibitin, 
heat shock proteins, alpha-1 antitrypsin, ventralis intermedius, caspase-1, cytokeratin 20, Filamin 
Ainteracting protein 1, FLNa[19]. Another study analysed the transcriptome and proteome character-
istics of the colon of UC patients, and found that the expression of genes and proteins related to immune 
and inflammatory responses in UC patients were dysregulated. At the same time, the complement 
cascade, metabolic processes, and peroxisome proliferator-activated receptor signal transduction were 
inhibited[20]. Therefore, iTRAQ proteomic technology can also be a feasible method to reveal potential 
targets for UC drug therapy[8].

In the present study, we performed proteomic analysis using iTRAQ labelling combined with mass 
spectrometry technology to identify DEPs in colon of DSS-induced UC rats, and selected DEPs that 
could be reversed by HM and EA. DSS has been widely used to prepare experimental colitis to study 
the new drug therapy, immunity and mechanism of action[21-23]. Our results showed that HM and EA 
improved the colonic mucosal injury of UC rats. At the same time, we have compared the normal and 
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Table 4 The Kyoto Encyclopedia of Genes and Genomes pathway related to immunity and inflammation with differentially expressed 
proteins between normal group and dextran sulfate sodium-induced ulcerative colitis model group

Pathway name Protein ID Number P value

Primary immunodeficiency M0RDF2, IGG2B, M0RA79, Q4QQW0, F1LXY6, Q569B3 6 0.003

Nuclear factor-kappa B signalling pathway M0RDF2, IGG2B, M0RA79, Q4QQW0, F1LXY6, Q569B3, 
B2RZB2

7 0.021

Natural killer cell mediated cytotoxicity GRZ2, M0RDF2, IGG2B, M0RA79, Q4QQW0, F1LXY6, 
Q569B3

7 0.025

Intestinal immune network for IgA 
production

M0RDF2, IGG2B, HB2B, M0RA79, Q8VI32, Q4QQW0, 
F1LXY6, Q569B3, B2RZB2

9 4.25E-05

Fc gamma R-mediated phagocytosis M0RDF2, Q6AYB2, IGG2B, E9PU64, M0RA79, Q4QQW0, 
F1LXY6, B2GV73, Q569B3

9 0.007

Complement and coagulation cascades CFAI, FIBB, M0RBJ7, PLMN, A1L114, CO9, A1M, FIBG, 
FIBA, Q99N82, A0A0G2JY31

11 8.29E-06

N: Normal group; M: Dextran sulfate sodium-induced ulcerative colitis model group; IgA: Immunoglobulin A.

Table 5 The Kyoto Encyclopedia of Genes and Genomes pathway related to immunity, inflammation and oxidative phosphorylation with 
differentially expressed proteins between herb-partitioned moxibustion group and dextran sulfate sodium-induced ulcerative colitis 
model group

Pathway name Protein ID Number P value

Primary immunodeficiency IGG2C, Q5BJZ2, F1LXY6, Q569B3 4 0.009

Oxidative phosphorylation ATP5H, ATPO, COX41, AT5F1, Q5UAJ5, 
NMES1, ATP5L

7 0.002

Nitrogen metabolism CAH1, CAH3, CPSM 3 0.001

Natural killer cell mediated cytotoxicity GRZ2, IGG2C, Q5U1Y2, Q5BJZ2, F1LXY6, 
Q569B3

6 0.005

Intestinal immune network for IgA production IGG2C, Q5BJZ2, Q6MG98, F1LXY6, Q569B3 5 0.002

Fc gamma R-mediated phagocytosis IGG2C, Q5U1Y2, Q5BJZ2, F1LXY6, Q569B3 5 0.040

Complement and coagulation cascades Q5M7T5, Q99N82, Q7TQ70, FIBA 4 0.031

B cell receptor signalling pathway IGG2C, Q5U1Y2, Q5BJZ2, F1LXY6, Q569B3 5 0.020

M: Dextran sulfate sodium-induced ulcerative colitis model group; HM: Herb-partitioned moxibustion group; IgA: Immunoglobulin A; ATP5L: ATP 
synthase subunit g.

Table 6 The Kyoto Encyclopedia of Genes and Genomes pathway related to immunity, inflammation and oxidative phosphorylation with 
differentially expressed proteins between electroacupuncture group and dextran sulfate sodium-induced ulcerative colitis model group

Pathway name Protein ID Number P value

PI3K-Akt signalling pathway F1M6Q3, D4A3K7, P70570, Q5M7V3, A0A096P6L8, 
Q5BJZ2, F1LPR6, GBB4, PCKGC

9 0.042

Oxidative phosphorylation B2RYT5, CX7A2, D4A565, CX6C2, COX41, M0RA24, 
AT5F1, B2RYS8, G3V8S4, D3ZFQ8, NMES1, ATP5L, ATPK

13 3.42E-07

Intestinal immune network for IgA 
production

Q5M7V3, Q5BJZ2, F1LPR6, Q6MG98 4 0.032

Calcium signalling pathway GNAS2, Q5M7V3, A0A0G2K059, Q5BJZ2, F1LPR6, 
A0A0G2JSR0, ADT2

7 0.027

M: Dextran sulfate sodium-induced ulcerative colitis model group; EA: Electroacupuncture group; IgA: Immunoglobulin A; ATP5L: ATP synthase subunit 
g; PI3K-Akt: Phosphatidylinositol 3-kinase protein kinase B; COX41: Cytochrome c oxidase subunit IV isoform 1; PCKGC: Phosphoenolpyruvate 
carboxykinase 1; ATPK: ATP synthase membrane subunit F; ADT2: Arogenate dehydratase 2.
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Figure 4 Volcano plot of differentially expressed proteins between groups. A: Volcano plot of differentially expressed proteins (DEPs) between the 
normal and dextran sulfate sodium-induced ulcerative colitis model group; B: Volcano plot of DEPs between the dextran sulfate sodium-induced ulcerative colitis 
model and herb-partitioned moxibustion group; C: Volcano plot of DEPs between the dextran sulfate sodium-induced ulcerative colitis model and electroacupuncture 
group.

Figure 5 Venn diagram of differentially expressed proteins among groups. A: Venn diagram of differentially expressed proteins (DEPs) in dextran 
sulfate sodium-induced ulcerative colitis model group that can be regulated by herb-partitioned moxibustion; B: Venn diagram of DEPs in dextran sulfate sodium-
induced ulcerative colitis model group that can be regulated by electroacupuncture. N: Normal group; M: Dextran sulfate sodium-induced ulcerative colitis model 
group; HM: Herb-partitioned moxibustion group; EA: Electroacupuncture group.

DSS-induced UC rats using iTRAQ labelling and found that 202 protein genes were differentially 
expressed between the two group. Among them, galectin-3, an up-regulated protein, is an endogenous 
lectin with extensive immunomodulatory functions, and can promote the inflammatory response in 
DSS-induced colitis by activating the NLR family pyrin domain containing 3 inflammasome[24]. 
Moreover, galectin-3 has also been shown to be a key regulator of inflammation and can be a potential 
biomarker for IBD[25]. s100a9 is a subunit of calprotectin with pro-inflammatory activity, and the level 
of s100a9 was significantly increased in the faeces of DSS-induced colitis mice compared with normal 
mice[26,27]. This is consistent with the upregulation of s100a9 in UC colon tissue in our study. 
Guanylate cyclase activator 2A (GUCA2A) is the ligand of guanylate cyclase C, which is mainly 
expressed in intestinal epithelial cells, and can regulate intestinal barrier function and intestinal 
homeostasis through the cyclic guanosine monophosphate-dependent signalling pathway[28]. The 



Qi Q et al. DSS-induced UC rats

WJG https://www.wjgnet.com 3656 July 28, 2022 Volume 28 Issue 28



Qi Q et al. DSS-induced UC rats

WJG https://www.wjgnet.com 3657 July 28, 2022 Volume 28 Issue 28

Figure 6 Biological function annotation of differentially expressed proteins between groups. A: Biological function annotation of differentially 
expressed proteins (DEPs) between the normal and dextran sulfate sodium-induced ulcerative colitis model group; B: Biological function annotation of DEPs between 
the dextran sulfate sodium-induced ulcerative colitis model and herb-partitioned moxibustion group; C: biological function annotation of DEPs between the dextran 
sulfate sodium-induced ulcerative colitis model and electroacupuncture group.

down-regulation of GUCA2A can injure the intestinal mucosa barrier and affect the growth and repair 
of intestinal epithelial cells in IBD patients[29]. Interestingly, we found that the expression of GUCA2A 
was down-regulated in UC colon tissue, which was consistent with previous findings. These results 
suggest that galectin-3, s100a9 and GUCA2A may be potential biomarkers of UC.

After receiving the HM intervention, a total of 117 DEPs were identified, of which 25 proteins were 
reversely regulated by HM, including 17 proteins up-regulated in UC but were down-regulated by HM, 
and 8 down-regulated in UC but were up-regulated by HM. Among the 17 proteins down-regulated by 
HM, ATP5L, Atp5f, and Atp5h are the subunits of ATP synthase that involved in energy metabolism 
and oxidative phosphorylation; Cox4i1 is an important regulatory subunit of cytochrome c oxidase and 
is mainly associated with mitochondrial oxidative phosphorylation; Cps1, the carbamyl phosphate 
synthetase 1, was over-expressed in the non-dysplastic tissue of UC progressors[30]; RpS8 is a small 
subunit protein of ribosomes that plays a critical role in regulation of protein translation. Although it is 
unclear whether these proteins play a role in UC, ATP-induced energy metabolism disorders and 
intestinal epithelial mitochondrial damage are important pathogenesis of UC[31]. Therefore, changes in 
the expression of these proteins may be related to the occurrence of UC and the therapeutic effect of 
HM. Further studies should be performed to clarify the exact mechanisms of these oxidative 
phosphorylation proteins. Among the 8 proteins up-regulated by HM, CLCA1 is one of the major non-
mucinous proteins in intestinal mucus, which is normally expressed in the gastrointestinal tract and is 
most abundant in the intestinal mucosa. Studies have shown that CLCA1 regulates the structural 
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Figure 7 Kyoto Encyclopedia of Genes and Genomes pathway enrichment of differentially expressed proteins between groups. A: Kyoto 
Encyclopedia of Genes and Genomes (KEGG) pathway enrichment of differentially expressed proteins (DEPs) between the normal and dextran sulfate sodium-
induced ulcerative colitis model group; B: KEGG pathway enrichment of DEPs between the dextran sulfate sodium-induced ulcerative colitis model and herb-
partitioned moxibustion group; C: KEGG pathway enrichment of DEPs between the dextran sulfate sodium-induced ulcerative colitis model and electroacupuncture 
group. Each point in the KEGG pathway enrichment plot represents a KEGG pathway, with the left axis showing the pathway name and the abscissa showing the 
enrichment factor, which represents the ratio of the number of DEPs annotated to that pathway to the number of proteins annotated to that pathway for that species’ 
protein. A larger enrichment factor indicates more reliable enrichment of DEPs in the pathway.

arrangement of mucus, participate in the mucus processing, and plays an important role in regulating 
intestinal homeostasis and intestinal inflammation[32-34]. CLCA1 can also exert a tumor suppressor 
effect in colorectal cancer (CRC) by inhibiting the Wnt/β-catenin signalling pathway and epithelial-
mesenchymal transition process[35]. The serum concentration and mRNA expression of CLCA1 in CRC 
tissues were negatively correlated with metastasis and tumor staging[36,37]. These findings suggest that 
CLCA1 may play an important role in moxibustion in inhibiting the development and carcinogenesis of 
UC. While 15 proteins were reversely regulated by EA, of which 9 up-regulated in UC but were down-
regulated by EA, and 6 down-regulated in UC but were up-regulated by EA. We found EA could also 
regulate the expression of Atp5f, Cox4i1, Cps1 that explained above, but the functions of other reversely 
regulated proteins in UC and immune inflammation remain unknown and require further validation 
and study.

We further explored the potential functions of DEPs by GO and KEGG functional enrichment 
analyses. GO analysis revealed that the majority of the DEPs were primarily involved in cellular 
process, metabolic process, biological regulation in biological processes, cell part, cell, organelles, 
macromolecular complexes in cellular component, and binding, synaptic activity, structural molecule 
activity, molecular function regulation, molecular sensor activity, and transcriptional regulation activity 
in molecular function. The results indicated that most differentially abundant proteins were associated 
with cell structure and catalytic activity which play an important role in cell function. For KEGG 
analysis, we found that these DEPs were mainly enriched in inflammation responses and immune-
related pathways, such as primary immunodeficiency, NF-κB signalling pathway, natural killer cells 
mediated cytotoxicity, intestinal immune network for IgA production and so on. It has been confirmed 
that inflammatory response and immune response play an important role in UC. Numerous literature 
evidence that NF-κB pathway plays an essential role in pathogenic development of UC[38]. In addition, 
PPI network analysis showed that DEPs related to ribosomal pathways and oxidative phosphorylation 
pathways were all down-regulated by HM. As we all know that classical signalling pathways, such as 
the NF-κB signalling pathway, PI3K-Akt signalling pathway, have been confirmed to be associated with 
UC[39-42], and IgG receptor FcγR also plays an important role in UC intestinal immunity and inflam-
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Figure 8 Protein-protein interaction network of differentially expressed proteins between groups. A: Protein-protein interaction (PPI) network of 
differentially expressed proteins (DEPs) between the normal and dextran sulfate sodium-induced ulcerative colitis model group; B: PPI network of DEPs between the 
dextran sulfate sodium-induced ulcerative colitis model and herb-partitioned moxibustion group; C: PPI network of DEPs between the dextran sulfate sodium-induced 
ulcerative colitis model and electroacupuncture group. Circle colours indicate changes in protein expression, with red indicating up-regulation and green indicating 
down-regulation, and line thickness indicates interaction intensity.

mation[43,44]. The intestinal immune network for IgA production and Fc epsilon RI signalling pathway 
may also the UC-specific signalling pathway. A study on pathway enrichment analysis of differentially 
expressed genes between IBD and healthy individuals revealed that primary immunodeficiency, 
complement and coagulation cascades, and nitrogen metabolism pathways may also play a key role in 
the progression of IBD[45]. Multiple algorithm analysis found that calcium signalling pathway was 
involved in the process of UC[46]. This is consistent with our findings at the protein level. Therefore, the 
abnormality of above pathways may be the key to the pathogenesis of UC, and HM and EA may play 
the therapeutic role in UC through the regulation of key molecules in these pathways. In addition, we 
found that proteins involved in inflammation regulation such as serpins were identified (serpinb6 in 
M/N comparisons, serpinc1 in HM/M and EA/M comparisons). Serpins are the largest known family 
of serine proteinase inhibitors, which regulate innate immunity by inhibiting the serine proteinase 
cascades that initiate immune responses such as melanization and antimicrobial peptide production
[47]. Several human serpins have been shown to regulate serine proteases associated with processes 
such as inflammation and immune responses[48]. And increased activity of serine proteases is 
demonstrated in IBD patients and may contribute to the onset and the maintenance of the disease[49]. 
This appears to be a novel finding that will require additional research.

We also found that both HM and EA reversed the expression of Sv2a, Ncbp1, Rat hemoglobin beta-
chain (Fragment), Fga, Cps1, ATP5L, Cox4i1, Atp5f1, Spout1, Peptidyl-prolyl cis-trans isomerase, Dclk3 
proteins, while the rest is what they can reverse individually. The KEGG pathways of DEPs between 
HM and M groups, EA and M groups were also partly different. These results may reflect the 
commonness and characteristics of the therapeutic effects of HM and EA. So, the effects of HM and EA 
on UC may involve the differently regulating proteins and pathways. In addition, based on the results 
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Figure 9 Verification of differentially expressed proteins expressions by western blot. A and B: Band diagrams of protein expressions. All data are 
expressed as mean ± SD; C: Synaptic vesicle glycoprotein 2A; D: Nuclear cap binding protein subunit 1; E: Carbamoyl phosphate synthetase 1; F: Cytochrome c 
oxidase subunit 4 isoform 1; G: ATP synthase beta subunit precursor 1; H: Doublecortin like kinase 3. aP < 0.01 vs normal group; bP < 0.01 vs dextran sulfate sodium-
induced ulcerative colitis model group. N: Normal group; M: Dextran sulfate sodium-induced ulcerative colitis model group; HM: Herb-partitioned moxibustion group; 
EA: Electroacupuncture group; Sv2a: Synaptic vesicle glycoprotein 2A; Ncbp1: Nuclear cap binding protein subunit 1; Cps1: Carbamoyl phosphate synthetase 1; 
Cox4i1: Cytochrome c oxidase subunit 4 isoform 1; Atp5f1: ATP synthase beta subunit precursor; Dclk3: Doublecortin like kinase 3.

of proteomics, we selected 6 DEPs that could be reversed by HM and EA for verification. We found that 
both HM and EA decreased the expression of Sv2a, Ncbp1, Cps1, Cox4i1, Atp5f1 and increased the 
expression of Dclk3, which were consistent with the iTRAQ results, confirming the reliability of the 
iTRAQ results. Cox4i1 is the main subunit of cytochrome c oxidase, a key enzyme in energy metabolism, 
and plays an important role in mitochondrial oxidative phosphorylation. Defects in oxidative 
phosphorylation leads to a decrease in cellular ATP production. Studies have reported that the activity 
of mitochondrial respiratory chain complexes in UC patients is reduced, and mucosal ATP is absent[50,
51]. Atp5f1 is a nuclear gene responsible for encoding the F0 subunit of ATP synthase, which is closely 
related to energy metabolism. Studies have found that the high expression of Cps1 plays an important 
role in the formation stage from UC to colitis associated cancer[52]. The intestinal mucosa of UC patients 
has been under chronic stress for a long time. The dynamic balance between oxidation and antioxidant 
defense mechanisms in the body is broken, causing mitochondrial damage, weakened oxidative 
phosphorylation, and reduced energy supply, which in turn causes cell apoptosis and colonic mucosal 
barrier dysfunction. The above results showed that HM and EA play a therapeutic effect on UC for 
mitochondrial function and energy metabolism. However, the role of Sv2a, Ncbp1 and Dclk3 in UC or 
mitochondrial oxidative phosphorylation has not been reported yet, and further research is needed.

In summary, iTRAQ proteomics was used in this study to identify DEPs in the colon of DSS-induced 
UC rats, as well as proteins that could be regulated by EA and HM, and analysed the function of these 
DEPs. However, the specific mechanisms of these DEPs were still unclear. They may be involved in one 
or more regulatory pathways, thus participate in the pathogenesis of UC and the mechanism of EA and 
HM treatments. The underlying mechanisms may require further study through animal and cell 
experiments.

CONCLUSION
In conclusion, our study used proteomics to provide evidence that EA and HM might regulate immune-
related pathways by regulating the expression of ATP5L, Atp5f1, Cox4i1 that associated with oxidative 
phosphorylation, thereby alleviating colonic inflammation of DSS-induced UC rats. Further investig-
ations at the role of these proteins in UC will be helpful for revealing the pathogenesis and the 
mechanism of acupuncture and moxibustion on UC.

ARTICLE HIGHLIGHTS
Research background
Ulcerative colitis (UC) is a chronic, nonspecific intestinal inflammatory disease with unclear etiology. 
Our previous studies have confirmed that acupuncture and moxibustion is effective in treating UC, but 
the mechanisms of treatment is still not completely clarified. Proteomic technology has revealed a 
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variety of biological markers related to immunity and inflammation in UC, which provide new insights 
and directions for the study of mechanism of acupuncture and moxibustion treatment of UC.

Research motivation
The mechanisms of UC and the therapeutic targets of acupuncture and moxibustion treatment are 
complicated, and whether acupuncture and moxibustion play a therapeutic role in UC by regulating 
proteome changes remains unclear.

Research objectives
The present study aims to investigate the underlying mechanism of electroacupuncture (EA) and 
moxibustion on UC rats by using isotope-labeled relative and absolute quantification (iTRAQ) 
proteomics technology.

Research methods
Male Sprague-Dawley rats were randomly divided into the normal (N) group, the DSS-induced UC 
model (M) group, the herb-partitioned moxibustion (HM) group, and the EA group. 3% DSS was used 
to establish the UC rat model except for the N group, and HM and EA at the Tianshu (bilateral) and 
Qihai acupoints were performed respectively. Haematoxylin and eosin staining was used for morpho-
logical evaluation of colon tissues. iTRAQ and liquid chromatography-tandem mass spectrometry were 
performed for proteome analysis of the colon tissues, followed by bioinformatics analysis and protein-
protein interaction networks establishment of differentially expressed proteins (DEPs) between groups. 
Then western blot was used for verification of selected DEPs.

Research results
Our study revealed that HM and EA could regulate the expression of multiple proteins in colon of DSS-
induced UC model rat. The DEPs were involved in various biological processes such as biological 
regulation, immune system progression and in multiple pathways including natural killer cell mediated 
cytotoxicity, intestinal immune network for immunoglobulin A production, and FcγR-mediated 
phagocytosis. Network analysis revealed that multiple pathways for the DEPs of each group were 
involved in protein-protein interactions. Subsequent verification of selected DEPs [synaptic vesicle 
glycoprotein 2A, nuclear cap binding protein subunit 1, carbamoyl phosphate synthetase 1, cytochrome 
c oxidase subunit 4 isoform 1 (Cox4i1), ATP synthase beta subunit precursor (Atp5F1), doublecortin like 
kinase 3] by western blot confirmed the reliability of the iTRAQ data.

Research conclusions
HM and EA might regulate immune-related pathways by regulating the expression of ATP5L, Atp5f1, 
Cox4i1 that associated with oxidative phosphorylation pathways, thereby alleviating colonic inflam-
mation of DSS-induced UC rats.

Research perspectives
The present study revealed the possible molecular mechanisms of acupuncture and moxibustion 
treatment on UC, it may provide new light on clinical therapy of acupuncture and moxibustion 
treatment of UC.
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Abstract
BACKGROUND 
In Korea, infliximab was approved for use in children with ulcerative colitis (UC) 
in October 2012.

AIM 
To compare the clinical course of UC before and after the introduction of biolo-
gical agents, and to compare with the IBSEN study.

METHODS 
Patients under 18 years of age, who were diagnosed with UC and followed from 
January 2003 to October 2020, were included in the study. Group A (n = 48) was 
followed for at least 2 years between January 2003 and October 2012, and Group B 
(n = 62) was followed for at least 2 years between November 2012 and October 
2020. We compared endoscopic remission, drug composition, relapse rate, steroid-
free period, and the quality of life of each group. We plotted the clinical course of 
the included patients using the pediatric UC activity index score, and compared 
our patients with those in the IBSEN study.

RESULTS 
After 2 years of treatment, colonoscopy evaluation revealed different outcomes in 
the two treatment groups. Remission was confirmed in 14 patients (29.2%) of 
Group A, and in 31 patients (50.0%) of Group B (P < 0.012). The median cumu-
lative corticosteroid-free period was 3.0 years in Group A and 4.4 years in Group 
B. Steroid-free period of Group B was significantly longer than that of Group A (P 
< 0.001). There was a statistically significant difference between the two groups in 
evaluation of the relapse rate during the observation period (P < 0.001). The 
plotted clinical course graphs of Group A showed similar proportions to the 
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graphs in the IBSEN study. However, in Group B, the proportion of patients corresponding to 
curve 1 (remission or mild severity after initial high activity) was high at 76% (47/62).

CONCLUSION 
The incidence of relapse has decreased and the steroid-free period has increased after the 
introduction of the biological agent. The clinical course also showed a different pattern from that 
of IBSEN study. The active use of biological agents may change the long-term disease course in 
moderate to severe pediatric UC.

Key Words: Colitis; Ulcerative; Children; Infliximab; Relapse; Steroid

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

Core Tip: This was a retrospective study that assessed how the introduction of biological agents has altered 
the disease course over time in pediatric ulcerative colitis (UC). Endoscopic remission, relapse rate, 
steroid-free period, and the quality of life of each group were evaluated as outcomes. Clinical course was 
plotted with the pediatric UC activity index score, and compared to that of the IBSEN study. The 
incidence of relapse has decreased and the steroid-free period has increased after the introduction of 
biological agents. The clinical course also showed a different pattern from the IBSEN study.

Citation: Kwon Y, Kim ES, Choe YH, Kim MJ. How has the disease course of pediatric ulcerative colitis changed 
throughout the biologics era? A comparison with the IBSEN study. World J Gastroenterol 2022; 28(28): 3666-
3681
URL: https://www.wjgnet.com/1007-9327/full/v28/i28/3666.htm
DOI: https://dx.doi.org/10.3748/wjg.v28.i28.3666

INTRODUCTION
Ulcerative colitis (UC) is a chronic inflammatory bowel disease (IBD) that was first described in 1875 by 
two English physicians. Although it has been the subject of many studies over the years, the etiology 
remains unknown[1]. The potential causes explained in the literature include immune system 
dysfunction, genetics, changes in normal intestinal bacteria, environmental factors, and a combination of 
any or all of these variables[2]. The incidence of UC is higher in developed countries than in less 
developed ones, which is thought to be the result of reduced exposure to intestinal infections and a 
Western-style diet and lifestyle[3]. As people in Asia adopt more Westernized dietary habits, the 
incidence rate is gradually increasing in that part of the world[4].

The age of onset of UC can be anywhere from 15 to 30 to > 60 years, and the incidence of UC is lower 
than that of Crohn’s disease in children[5]. For this reason, the number of large-scale studies and long-
term follow-up studies for pediatric patients with UC is insufficient, and more studies are needed to 
evaluate the clinical course of UC in such patients. The IBSEN study evaluated the long-term clinical 
course and outcomes of 423 adult patients with UC during the first 10 years. Mortality risk and 
cumulative colorectal resection were evaluated as clinical outcomes. The proportion of patients who 
relapsed and who remain in remission was evaluated as a clinical course. In addition, the authors 
divided the disease course of UC into four types and showed them in graphs, which became a repres-
entative figure of this paper[6]. However, this study was done before any biological agents were 
approved as treatments. No studies have compared the clinical course of UC before and after the 
introduction of biological agents in a single cohort.

Infliximab was first introduced in Europe in 1999 for the treatment of Crohn’s disease[7]. Since the 
introduction of infliximab, several studies have reported improvements in clinical outcomes with 
infliximab treatment[8-11]. Nevertheless, relapse has been observed in patients treated with infliximab, 
and many studies have been conducted on factors that can predict relapse in these patients[12-14]. 
Therefore, we assessed what changes have occurred in the long-term clinical course of UC since the 
introduction of biological agents as treatment.

In Korea, infliximab was approved for use in adults with UC in May 2007, and in children in October 
2012. Since long-term follow up is possible due to the characteristics of pediatric patients, the aim of this 
study was to compare the clinical course of UC before and after the introduction of biological agents. 
Another goal of this study was to compare the clinical course of our patients to that in the IBSEN study.

https://www.wjgnet.com/1007-9327/full/v28/i28/3666.htm
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MATERIALS AND METHODS
Patients
Patients under 18 years of age, who were diagnosed with UC and had been followed from January 2003 
to October 2020, were included in this study. Initially, the total number of patients was 138, but patients 
who had been observed for less than 2 years were eliminated. Finally, 110 patients were selected as the 
study group (Figure 1). All patients were children and adolescents under 18 years of age at the time of 
diagnosis, but some patients became adults during the follow-up period. UC was diagnosed in 
accordance with the guidelines of the European Society for Pediatric Gastroenterology, Hepatology and 
Nutrition (the Porto criteria)[15]. This study was approved by the institutional review board of Samsung 
Medical Center (IRB File No. SMC 2020-12-005).

Study design
This was a retrospective study. The first goal was to evaluate how the active use of biological agents 
causes a change in the clinical course of UC. This was done using data from patients who were treated 
after the approval of infliximab in October 2012. With the cut-off date of October 2012, the patients were 
divided into two groups, A and B. Group A had been followed for at least 2 years between January 2003 
and October 2012, and Group B had been followed for at least 2 years between November 2012 and 
October 2020. Since the two groups were classified according to a time difference, we first checked 
whether there was any difference in the baseline characteristics of the patients, and then conducted a 
comparative analysis.

Both patient groups were evaluated by laboratory tests (including hemoglobin, albumin, erythrocyte 
sedimentation rate [ESR], and C-reactive protein [CRP]), colonoscopy, abdominal computed 
tomography (CT), and pediatric UC activity index (PUCAI) score at the time of diagnosis. Laboratory 
tests were performed and a PUCAI score questionnaire was submitted at each outpatient follow-up 
visit, which took place at intervals of 1-3 mo. We confirmed that there were no clinical differences 
between the two groups in terms of demographic characteristics, the extent and severity of disease 
according to the laboratory test and colonoscopy results, or the PUCAI score at the time of diagnosis. 
The fecal calprotectin test has only been available in Korea since 2017 and thus could not be included as 
a comparative test. Based on the colonoscopy findings, disease extent was classified into E1 (proctitis), 
E2 (left colitis), E3 (right colitis), and E4 (pancolitis) according to the Paris classification[16], and severity 
was classified from 0 to 3 using the Mayo endoscopic subscore (MES)[17].

Evaluation of clinical course including relapse and clinical outcome
Colonoscopy was performed at the time of initial diagnosis and at intervals of 1 to 2 years during the 
follow-up period. The colonoscopy was performed with a CF scope after sedation with midazolam and 
pethidine. All procedures reached the cecum and the entire colon was examined. Characteristic 
endoscopic findings of UC such as peri-appendiceal patches, demarcation line, mucosal edema, 
decreased vascularity of loss of vascularity, and superficial tiny ulcers were observed and described. We 
reviewed the colonoscopy findings at 2 and 5 years after the start of treatment. Remission was defined 
as endoscopic mucosal healing, which means that no lesion was observed and the MES was 0 with 
histological healing (Geboes grade 0-1). The reason for excluding MES 1 is that the authors aimed at 
deep remission because they experienced cases of MES 1 that relapsed easily. In addition, we invest-
igated the drugs prescribed to both groups of patients during the follow-up period.

To compare the clinical course between the groups, the number of relapses that occurred during the 
follow-up period was investigated, along with the time interval at which the first relapse occurred (from 
the time of diagnosis) and the time interval of each relapse when multiple relapses occurred in the same 
patient. Since the follow-up period was different for each patient, the relapse rate was finally evaluated 
between the two groups. Clinical relapse was defined as a PUCAI score > 10 with modification of 
treatment (addition of steroids or biologic agents). To evaluate the clinical risk factors for relapse, age, 
PUCAI score, disease extent, MES, and initial use of corticosteroids were statistically analyzed. 
Situations in which symptoms temporarily worsened due to infections such as gastroenteritis were 
excluded.

In addition, the corticosteroid-free period, cumulative colectomy, and changes in PUCAI score during 
the follow-up period were evaluated as clinical outcomes of both groups. As another quality of life-
related factor, patients who did not experience relapse but were hospitalized or admitted to the 
emergency room for antibiotic use or blood transfusions were also investigated and the rates of such 
patients were compared between the groups.

The second goal of this study was to actually draw a clinical course using PUCAI score in these two 
patient groups and compare these distributions to the four predefined curves, depicting different 
clinical courses of UC, as published in the IBSEN study[6].

Statistical analyses
The demographic and clinical characteristics of the study groups at initial diagnosis and the clinical 
outcomes of the study groups were compared using the χ2 test and Mann-Whitney test. Steroid-free 
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Figure 1 Patient group classification. F-U: Follow-up; IFX: Infliximab; Jan: January; n: Number; UC: Ulcerative colitis; Oct: October; Tx: Treatment.

survival curves were presented for the whole cohort using the Kaplan-Meier method. Differences in 
survival curves between the two groups were evaluated using the log-rank test. Repeated event data for 
relapses were exhibited by estimating mean cumulative function (MCF), which is the average number of 
cumulative events experienced by an individual in the study at each point in time since the start of 
follow-up[18,19]. Univariable/multivariable analyses of the associations between relapse rate and other 
factors were analyzed by Cox’s proportional hazard regression using count process[20] because of 
multiple events for relapse. Multivariable analysis was performed by selecting variables with P < 0.1 in 
univariate analysis. The 95% confidence intervals (CIs) of the hazard ratio (HR) using robust sandwich 
covariance estimate to account the within subject correlation[21] were estimated. All of the above 
statistical analyses were conducted using SAS version 9.4. MCF was analyzed using reReg 1.4.0 package 
in R 4.0.4 (Vienna, Austria; http://www.R-project.org/. P < 0.05 was considered statistically significant.

RESULTS
Baseline characteristics
Table 1 shows the patient characteristics and disease severity information of Group A (n = 48) and 
Group B (n = 62) at the time of diagnosis, as well as information on the medications that were used for 
treatment. The median age at the time of diagnosis of UC was 14.4 years for Group A and 15.8 years for 
Group B. There was no significant difference between the two groups. The median value of the total 
follow-up period was 3.3 years in Group A and 4.5 years in Group B, and there was no significant 
difference between the two groups. Serum hemoglobin, albumin, ESR, and CRP levels confirmed by 
laboratory tests at the time of diagnosis also did not show any significant difference between the two 
groups.

Based on the results of endoscopy performed at the time of diagnosis, the disease extents of the two 
groups were classified according to the Paris classification, and severity was evaluated using the 
endoscopy subscore. There was no difference in disease severity between the two groups, but regarding 
disease extent, Group B patients had a higher rate of pancolitis and lower rate of proctitis. In Group A, 
18 patients (37.5%) had proctitis and 16 (33.3%) had pancolitis, but in Group B, 13 (21%) had proctitis 
and 34 (54.8%) had pancolitis.

Within 3 mo of diagnosis, most patients in both groups were treated with 5-aminosalicylate and 
immunosuppressants, primarily azathioprine. In both groups, about 50% of patients used corticost-
eroids to reduce disease activity at the time of diagnosis. Among the 21 patients who used corticost-
eroids in Group A, 8 (38.1%) showed dependence and 1 (4.8%) showed refractory findings. In Group B, 
9/30 (30.0%) of patients were corticosteroid-dependent and 1/30 (3.3%) was corticosteroid-refractory. 
There was no statistical difference between the two groups.

http://www.R-project.org/
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Table 1 Demographic and clinical features of the two groups before and after infliximab approval

Group A (n = 48) Group B (n = 62) P value

Age at diagnosis, yr 14.4 (12.2-17.1) 15.8 (13.1-16.5) 0.574c

Total duration of follow up with treatment, yr 4.0 (4.0-5.0) 5.5 (3.0-6.9) 0.073c

PUCAIa at diagnosis 35 (30-65) 45 (35-55) 0.969c

Hemoglobin at diagnosis, g/dL 12.3 (10.5-14.1) 12.1 (9.6-13.5) 0.245c

Albumin at diagnosis, g/dL 4.3 (4.0-4.6) 4.2 (3.9-4.6) 0.702c

ESR at diagnosis, mm/h 14.5 (7-31.3) 20 (7.5-39) 0.249c

CRP at diagnosis, mg/dL 0.04 (0.03-0.13) 0.12 (0.03-0.56) 0.791c

Disease extent of Paris classification at diagnosis 0.018d

E1 proctitis 18 (37.5) 13 (21)

E2 left colitis 8 (16.7) 8 (12.9)

E3 right colitis 6 (12.5) 7 (11.3)

E4 pancolitis 16 (33.3) 34 (54.8)

Mayo endoscopic subscore at diagnosisb 0.310d

0 normal or inactive 0 0

1 mild 12 (25.0) 7 (11.3)

2 moderate 26 (54.2) 43 (69.4)

3 severe 10 (20.8) 12 (19.4)

Corticosteroid use at baseline 21 (43.8) 30 (48.4) 0.630d

Corticosteroid-dependent 8/21 (38.1) 9/30 (30.0) 0.550d

Corticosteroid-refractory 1/21 (4.8) 1/30 (3.3) 0.360d

Cumulative number receiving medication by 0.211d

3 mo after diagnosis 0.453d

5-aminosalicylate 48 (100) 60 (96.8)

Azathioprine 42 (87.5) 51 (82.3)

Methotrexate 0 (0) 1 (1.6)

Cyclosporine 1 (2.1) 0 (0)

aPediatric Ulcerative Colitis Activity Index (PUCAI) is a 6-item disease activity index intended for use in pediatric UC clinical trials with a score ranging 
from 0-85.
bMayo endoscopy subscores were as follows: 0: Normal or inactive disease; 1: Mild disease; 2: Moderate disease; and 3: Severe disease.
cχ2 test.
dMann-Whitney test.
Values are n (percentage) or median (interquartile range); n: Number of patients; PUCAI: Pediatric Ulcerative Colitis Activity Index.

Comparison of drug composition after 2 and 5 years of treatment
When the drugs that were used for treatment were investigated at the 2-year follow-up visits, 5 patients 
in Group B did not use any drugs, but no patient in Group A terminated drug treatment (Supplem-
entary Figure 1). In Group A, most patients were still using 5-aminosalicylate (97.9%) and azathioprine 
(89.6%). In Group B, 96.8% of patients used 5-aminosalicylate as an initial treatment, but at 2 years, some 
patients had discontinued the use of drugs and 74% of patients were still using the drugs. Also, only 
58.1% of the patients in Group B maintained azathioprine treatment at 2 years. In the case of infliximab, 
on the other hand, more than half of patients in Group B started infliximab treatment within 2 years of 
diagnosis, and 34 patients were maintaining infliximab. In line with the above results, a statistically 
significant difference was found between the two groups in the composition of the treatment drugs at 
the time of the 2-year follow-up visits.

After 5 years, drug composition was re-evaluated in patients who were treated for more than 5 years 
(Group A = 24 patients, Group B = 31 patients). The same 5 patients in Group B continued to not use 
any drugs, and 2 patients in Group A also terminated drug treatment. In Group A, mesalazine (87.5%) 

https://f6publishing.blob.core.windows.net/13a91ad5-1e1d-4c42-819b-c3a35dbacb5b/WJG-28-3666-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/13a91ad5-1e1d-4c42-819b-c3a35dbacb5b/WJG-28-3666-supplementary-material.pdf
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and azathioprine (58.3%) use had been tapered and discontinued in many patients. Nevertheless, the 
proportion of patients using oral drugs was still high compared to Group B (mesalazine: 48.4%, 
azathioprine: 45.2%). In Group B, the percentage of patients taking infliximab and other biological 
agents increased (67.7%) after 5 years. In terms of drug composition, the rate of use of mesalazine and 
infliximab was significantly different, with P values of 0.003 and 0.001, respectively (Supplem-
entary Figure 1).

Comparison of disease states after 2 and 5 years of treatment
The patients underwent colonoscopy to re-evaluate disease extent and severity after 2 years of treatment 
(Table 2). In Group A, remission was confirmed in 14 patients and the proportion of each category of 
disease extent decreased slightly in comparison to the time of diagnosis, but the differences were small 
and pancolitis patients still accounted for 27.1% of the total. On the other hand, although the incidence 
of pancolitis was significantly higher in Group B at the time of diagnosis, 50% of the patients reached 
remission, and the number of pancolitis patients was significantly reduced to 4 (6.5%). In addition, 
severity according to the MES also showed a significant difference between the two groups (P = 0.037). 
A large percentage of patients in both groups had moderately severe disease at the time of diagnosis, 
but after 2 years of treatment, more had mildly severe disease; this was especially true in Group B, in 
which the percentage of patients with subscores of 0 or 1 was high. In Group B, 53.2% of cases was 
evaluated as normal or inactive.

Colonoscopy findings were analyzed again after 5 years of treatment (Table 2). As with year 2, the 
proportion of patients who reached remission at 5 years was greater in Group B (41.9%) than in Group 
A (12.5%). Overall, a higher proportion of cases in Group B was evaluated as E1 or E2, so disease 
severity in Group B was still milder than that in Group A (P = 0.016). Regarding MES, 41.9% of patients 
in Group B maintained an inactive disease state, whereas 12.5% of patients in Group B remained low. In 
Group A, 58.3% of cases was evaluated as moderate, and evidence of the disease was often difficult to 
see as it was well controlled. In Group B, 51.6% of patients had mild disease. The difference in disease 
severity between the two groups was statistically significant (P < 0.001).

Comparison of clinical outcomes during the total follow-up period
Disease relapse occurred in 23 patients (47.9%) in Group A and 16 (25.8%) in Group B, which was a 
significant difference (P = 0.027) (Table 3). The total cumulative number of relapses was also 
significantly higher in Group A (40 in Group A vs 22 in Group B; P = 0.006). In addition, although the 
difference was not significant, the number of relapses that occurred per person per year was also higher 
in Group A, with a ratio of 0.44 (Group A) vs 0.25 (Group B). The first relapse occurred at a median of 
1.2 years after diagnosis in Group A, but in Group B, relapse occurred after a median interval of 1.95 
years; thus, first relapse seemed to be delayed in Group B. The time interval between each relapse was 
investigated in patients who experienced multiple relapses. In Group A, relapse occurred approximately 
every 1.3 years, whereas relapse took about 1.7 years in Group B, showing that the interval between 
relapses was relatively wide in Group B. Since each patient's follow-up period was different, we also 
evaluated the relapse rate by comparing the cumulative hazard rate up to a specific point in time. There 
were statistically significant differences (P < 0.001) between the two groups, as shown in Figure 2.

The PUCAI scores at each outpatient visit during maintenance treatment (excluding times at which 
the patients had relapsed) were significantly lower in Group B than in Group A (P < 0.001) (Table 3). 
The PUCAI score at the time of relapse was also compared, which showed that the PUCAI score was 
significantly lower in Group B than in Group A (P < 0.001).

Because Group B patients were treated with infliximab, the frequency of steroid use was lower in that 
group (Table 3). The corticosteroid-free period was compared between the two groups. The median 
value of the cumulative corticosteroid-free period was 3.0 years in Group A and 4.4 years in Group B. 
The steroid-free period of Group B was significantly longer than that of Group A (P < 0.001). Figure 3 
shows the analysis of corticosteroid-free survival curve after initiation of treatment using the Kaplan-
Meier method. Over the course of 2 years, the likelihood of remaining corticosteroid-free in Group A 
was 21%, while it was 88% in Group B (P = 0.003).

Only 1 patient underwent colectomy in Group A. At the time of colectomy, the patient used 
mesalazine, azathioprine, methylprednisolone, and antibiotics. The patient finally underwent total 
proctocolectomy due to persistent uncontrolled hematochezia at 3 years after diagnosis.

Evaluation of risk factors related to relapse
Since relapse was often observed in both Group A and Group B, the risk factors associated with an 
increase in relapse rate were investigated in all patients who experienced relapse using Cox’s propor-
tional hazard regression for counting processes (Table 4). Since all patients were not followed up for the 
same period of time, the relapse rate was evaluated but not simply the number of relapses. All factors 
that were analyzed reflected the status at the time of diagnosis. Young age (> 10 years), PUCAI score 
over 45, disease extent according to the Paris classification, MES, and initial corticosteroid use were 
investigated as potential risk factors. In univariable analysis, MES, and initial corticosteroid use were 
identified as clinical risk factors with statistical significance (P = 0.010 and < 0.001) In multivariable 

https://f6publishing.blob.core.windows.net/13a91ad5-1e1d-4c42-819b-c3a35dbacb5b/WJG-28-3666-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/13a91ad5-1e1d-4c42-819b-c3a35dbacb5b/WJG-28-3666-supplementary-material.pdf
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Table 2 Comparison of composition of drugs for treatment and disease states according to colonoscopy findings 2 and 5 yr after 
diagnosis before (group A) and after (group B) infliximab approval

Group A (n = 48) Group B (n = 62) P value

Maintenance treatment 2 year after diagnosis

None 0 5 (8.1) 0.045

5-Aminosalicylate 47 (97.9) 46 (74.2) 0.001

Azathioprine 43 (89.6) 36 (58.1) 0.001

Infliximab 0 34 (54.8) < 0.001

Adalimumab 0 0

Vedolizumab 0 0

Ustekinumab 0 0

Tofacitinib 0 0

Disease extent of Paris classification 2 years after diagnosis 0.012b

Remission 14 (29.2) 31 (50.0)

E1 proctitis 13 (27.1) 11 (17.7)

E2 left colitis 2 (4.2) 8 (12.9)

E3 right colitis 6 (12.5) 8 (12.9)

E4 pancolitis 13 (27.1) 4 (6.5)

Mayo endoscopic subscore 2 years after diagnosisa 0.037b

0 normal or inactive 15 (24.2) 33 (53.2)

1 mild 24 (50.0) 21 (33.9)

2 moderate 8 (16.7) 8 (12.9)

3 severe 1 (2.1) 0

Group A (n = 24) Group B (n = 31) P value

Maintenance treatment 5 year after diagnosis

None 2 (8.3) 5 (16.1) 0.394

5-aminosalicylate 21 (87.5) 15 (48.4) 0.003

Azathioprine 14 (58.3) 14 (45.2) 0.337

Infliximab 0 18 (58.1) < 0.001

Adalimumab 0 2 (6.5)

Vedolizumab 0 1 (3.2)

Ustekinumab 0 0

Tofacitinib 0 0

Disease extent of Paris classification 5 years after diagnosis 0.016b

Remission 3 (12.5) 13 (41.9)

E1 proctitis 9 (37.5) 9 (29.0)

E2 left colitis 3 (12.5) 4 (12.9)

E3 right colitis 2 (8.3) 2 (6.5)

E4 pancolitis 7 (29.2) 3 (9.7)

Mayo endoscopic subscore 5 years after diagnosisa < 0.001b

0 normal or inactive 3 (12.5) 13 (41.9)

1 mild 6 (25.0) 16 (51.6)

2 moderate 14 (58.3) 2 (6.5)
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3 severe 1 (4.2) 0

aMayo endoscopy subscores were as follows: 0: Normal or inactive disease; 1: Mild disease; 2: Moderate disease; and 3: Severe disease.
bMann-Whitney test.
Values are n (percentage).

Table 3 Clinical outcomes during the total follow-up period before (group A) and after (group B) infliximab approval

Group A (n = 48) Group B (n = 62) P value

Number of relapsed patients 23 (47.9) 16 (25.8) 0.027b

Cumulative total relapses 40 22 0.006b

Number of relapses per person 1.74 1.38

Number of relapses per person per year 0.44 0.25

First relapse interval from diagnosis, yr 1.20 (0.60-2.50) 1.95 (1.35-3.93) 0.194b

Each relapse interval, yr 1.30 (0.60-3.55) 1.70 (1.00-4.20) 0.943b

Initial disease extent of relapsed patients 0.080c

E1 proctitis 7 (30.4) 0

E2 left colitis 2 (8.7) 0

E3 right colitis 3 (13.0) 2 (12.5)

E4 pancolitis 11 (47.8) 14 (87.5)

Number of hospitalizations per person 0.13 0.18 0.964b

Median PUCAIa during treatment period 10 (5-20) 5 (3.75-15) < 0.001b

Median PUCAIa at the time of relapse 65 (52.5-75) 45 (45-55) < 0.001b

Median cumulative corticosteroid free period 3.0 (2.6-3.7) 4.4 (3.1-6.0) < 0.001b

Number of cumulative colectomies1 1 0

aPediatric Ulcerative Colitis Activity Index (PUCAI) is a 6-item disease activity index intended for use in pediatric UC clinical trials with a score ranging 
from 0-85.
bχ2 test.
cMann-Whitney test.
1Statistical analysis was not performed as there was only one patient who underwent colectomy.
Values are n (percentage) or median (interquartile range); n: Number of patients; PUCAI: Pediatric Ulcerative Colitis Activity Index.

analysis, only severe status remained an independent risk factor with statistical significance (P = 0.015).
Supplementary Figure 2 shows a comparison of the timing of the start of infliximab treatment after 

diagnosis among non-relapsed and relapsed patients who used infliximab. In the group of 29 non-
relapsed patients, the majority (22, 75.9%) of them began infliximab treatment within 3 mo. On the other 
hand, in the group that experienced relapse, there were many patients who first used oral drugs or 
steroids and then began to use infliximab after 6 mo as the disease progressed.

Clinical course curve: Comparison with the IBSEN study 
In the IBSEN study, patients were asked to choose which of four predefined patterns best reflected their 
clinical course (Figure 4A). The predefined patterns were as follows: remission or mild severity of 
intestinal symptoms after initial high activity, increase in the severity of intestinal symptoms after an 
initial period of low activity, chronic continuous symptoms, or chronic intermittent symptoms[6]. These 
curves do not include the curve of the patients whose disease is consistently well controlled after 
showing mild disease activity at the time of diagnosis; they were probably included in curve 1 in the 
IBSEN study. In the current study, we plotted the clinical courses of all patients in both groups using the 
PUCAI score at each outpatient visit and the PUCAI score at relapse. We separated the patients with 
mild initial disease activity (PUCAI < 35) from the group with good disease control after treatment and 
drew a new curve (curve 5). Therefore, the proportion of patients corresponding to curve 1 was different 
from the IBSEN study. In this study, 27.1% of patients in Group A were included in curve 5, and 29.2% 
of patients showed moderate to severe initial disease activity and maintained well after treatment; they 
were included in curve 1 (Figure 4B). When these two were combined, it was 56%, which was similar to 

https://f6publishing.blob.core.windows.net/13a91ad5-1e1d-4c42-819b-c3a35dbacb5b/WJG-28-3666-supplementary-material.pdf
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Table 4 Univariable and multivariable analysis of the association between relapse rate and other factors

Univariable analysisb Multivariable analysisb

Parameter
Pr > ChiSq HR 95%CIc of HR Pr > ChiSq HR 95%CIc of HR

Age at diagnosis, yr (< 10 yr) 0.063 0.434 0.642 3.714

Disease extent at diagnosis 0.317

E2 1 0.786 0.194 3.185a

E3 1 1.097 0.555 2.166a

E4 0.374 1.758 1.058 2.921a

Corticosteroid uses at baseline (Yes) 0.010 2.111 1.201 3.712 0.109 1.682 0.890 3.176

Mayo endoscopic subscore at diagnosis (> 2 
Moderate)

< 0.001 2.496 1.478 4.217 0.015 2.108 1.157 3.843

PUCAId at diagnosis (> 45) 0.558 1.202 0.650 2.222

aP value and 95%CI for hazard ratio were corrected by Bonferroni's method due to multiple testing.
bCox’s proportional hazard regression using counting process.
cThe robust sandwich covariance estimate was used to account for the within-subject correlation.
dPediatric Ulcerative Colitis Activity Index (PUCAI) is a 6-item disease activity index intended for use in pediatric UC clinical trials with a score ranging 
from 0-85.
CI: Confidence interval; HR: Hazard ratio.

Figure 2 Mean cumulative function for multiple relapses over time. The Y-axis is a cumulative relapse rate, which represents the cumulative hazard rate 
up to a specific point in time. The dotted line represents the 95% confidence interval for the cumulative risk rate. Group A: Thin black line; Group B: Thick black line.

the ratio of curve 1 in the IBSEN study. In the case of Group B, 27.4% of patients were included in curve 
5 and the proportion was similar to Group A (Figure 4C). The patients of curve 1 in Group B were 
48.4%, showing an increase in the proportion of patients compared to Group A. When combined with 
patients with mild disease initial activity, it was 76%, which was higher than that of curve 1 patients in 
the IBSEN study.
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Figure 3 Analysis of corticosteroid-free survival curve after initiation of treatment using Kaplan-Meier method. The solid line represents the 
proportion of patients who were treated from January 2003 to September 2012 and did not receive corticosteroids. The dotted line represents the same proportion 
among patients who were treated from October 2012 to October 2020. In the former group, the 2-yr corticosteroid-free retention rate is 21%; in the latter group, the 
rate is 88% (log-rank test, P = 0.003).

The other clinical courses were also classified among patients with similar types and compared with 
the predefined curves of the IBSEN study. Patients in Group A were distributed among the four types in 
similar proportions as patients in the IBSEN study (Figure 4B). However, in Group B, the percentage of 
patients corresponding to curve 4 was relatively small (16%) (Figure 4C).

DISCUSSION
Many previous papers have cited young age at diagnosis as a risk factor for poor clinical outcomes such 
as relapse and colectomy in pediatric UC patients[22-25]. Thus, research on children with UC is vital. 
This study evaluated the ways in which the clinical course of children and adolescents with UC changed 
when the treatment options were diversified after the introduction of biological agents. Infliximab was 
approved in Korea in 2012 and is now widely used in patients with moderate to severe UC, but many 
patients who exhibit a good response to oral medication continue to be treated with oral medication 
only. Here, we compared the clinical course of patients before and after approval of the biological agent 
according to the passage of time, rather than directly comparing patients who used infliximab to those 
who did not, as was done in previous studies[8,26,27].

Table 1 shows the characteristics of the included patients. It is evident that the two groups had similar 
characteristics and differed only in terms of the initial disease extent. The difference in initial disease 
extent is thought to be due to the rise in incidence of IBD over time as dietary habits become more 
Westernized; accordingly, the severity of the disease is increasing in newly diagnosed patients[28-30]. 
Since all patients in this study were followed for at least 2 years, drug and endoscopic evaluation were 
performed in every patient at 2 years post-diagnosis; it was thus possible to assess changes in the 
disease extent after 2 years to follow up on this difference in initial disease extent. Only half of all 
included patients were followed for more than 5 years, but the two groups still exhibited a statistically 
significant difference in disease extent and severity at 5 years. Despite the high proportion of pancolitis 
at initial diagnosis, many patients in Group B reached remission. This finding indicates that, in patients 
with broad disease extent and severity, there is an active and ongoing need for biological agents such as 
infliximab.

The number of patients who relapsed, the total number of relapses, and the relapse rate were 
significantly lower in Group B than in Group A. Though both measures significantly differed between 
the two groups, because every patient had a different follow-up period, we assume that the relapse rate 
is a more relevant outcome than the total number of relapses (Figure 2). We believe that the higher 
relapse rate in Group A is attributable to the differences in treatment. Most of the patients with relapse 
in Group B initially showed pancolitis. Many previous studies have identified disease extent as a risk 
factor for relapse[23,31,32]. Our risk factor analysis also demonstrated that the initial disease severity 
(MES) was a significant risk factor for relapse, with P values of 0.006 in the univariate analysis and 
0.0149 in the multivariate analysis (Table 4). The worse the initial disease state, the worse the prognosis; 
this relationship may be taken for granted, but it is important information to keep in mind when 
establishing a treatment strategy. We thought it was strange that disease extent was not significantly 
associated with relapse, so we delved a bit deeper into the issue. As a result, pancolitis at initial 
diagnosis was identified as a risk factor in the univariate analysis in Group A. In Group B, the relapse 
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Figure 4 Comparison of clinical course curves of the IBSEN study. A: Graphs of self-identified clinical course in the IBSEN study[6]; B: Actual clinical 
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course according to pediatric ulcerative colitis activity index prior to the introduction of infliximab (Group A); C: Actual clinical course according to pediatric ulcerative 
colitis activity index after the introduction of infliximab (Group B). n: Number.

rate was relatively low, so statistical evaluation was not possible. In our opinion, disease extent can 
indicate how long a patient has been suffering from the disease without appropriate treatment. 
Therefore, it is less likely to be related to relapse rate than disease severity.

As with the endoscopic findings, a high PUCAI score and the use of corticosteroids, which indirectly 
indicate greater initial disease severity, were also identified as risk factors for relapse. We wondered 
whether the time at which the patients started infliximab treatment would change the clinical course in 
relapsed patients even in Group B. Rapid use of infliximab can be expected to reduce the risk of relapse 
in patients with severe disease, as shown in Supplementary Figure 2. In the non-relapsed group, there 
were 16 patients with pancolitis at the time of diagnosis, but no relapse occurred among those who 
received infliximab within 3 mo of diagnosis (Supplementary Figure 2). Since all of our patients were 
treated with mesalazine and azathioprine for severe disease before receiving additional treatments such 
as corticosteroids and infliximab, they received similar medications at similar times with the exception 
of infliximab. Therefore, we propose that the active use of infliximab for initial treatment of moderate to 
severe UC is important.

As the field of IBD research has expanded and more treatments have been developed, there have 
been many studies on the quality of life of IBD patients[33-35]. The average PUCAI score during 
maintenance treatment can be considered an important factor in terms of improving quality of life and 
preventing relapse. The PUCAI scores during maintenance treatment and at the time of relapse were 
significantly lower in Group B, indicating that the daily lives of patients in Group B may have been 
more enriching.

Perhaps the most important factors in evaluating the clinical outcome of treatment are how long the 
steroid-free period was maintained and whether colectomy was performed[31]. As children and 
adolescents are not yet finished growing, using steroids more sparingly can prevent osteoporosis and 
slow growth, which are the typical side effects of steroids[36]. It can also prevent hirsutism, moon face, 
and buffalo hump in adolescent patients, who tend to be sensitive to appearance. We confirmed that 
steroid dependency could be avoided through the use of biological agents in patients with high-severity 
UC (Figure 3). Since colectomy, like the length of the steroid-free period, is an important factor when 
evaluating long-term outcomes, other studies have also reported on colectomy rates according to 
treatment[37-39]. In this study, only 1 patient in Group A underwent colectomy due to uncontrolled 
hematochezia, so it was not possible to compare colectomy as a long-term outcome.

The IBSEN study has been cited in several papers because it is a representative paper that evaluated 
the clinical course of UC on a large scale[40,41]. The IBSEN study developed predefined curves to 
represent the clinical course of the disease (Figure 4A). Each patient was asked to choose which 
predefined graph was most similar to their clinical course. We wondered whether the actual clinical 
course is represented by these curves and whether the clinical course differs between adults and 
children. We also wondered whether the clinical course changed after the introduction of biological 
agents. Therefore, we plotted the clinical course using PUCAI scores. The PUCAI score was chosen 
because laboratory results such as ESR and CRP are only weakly correlated with symptoms in patients 
with UC. The shapes of our graphs are similar to the four curves of the IBSEN study. However, there are 
some differences. The biggest difference is that we separated the patients whose initial disease activity 
was mild and disease was well controlled from curve 1, which was not shown in the IBSEN study. We 
believe that patients with such clinical features were also included in curve 1 in the IBSEN study. What 
was newly confirmed in the process of dividing into curves 1 and 5 is that the proportion of patients in 
curve 5 was similar in Group A and Group B. It is an epidemiologically convincing finding that the 
proportion of mild cases is similar over time.

In Group A, if the patients in curve 1 and those in curve 5 were combined, the ratio was similar to 
that of curve 1 in the IBSEN study. Since the patients of Group A received treatments that were similar 
to those given in the IBSEN study, the proportion of patients corresponding to each curve was similar. 
In the case of curve 2, the relapse that occurred in the second half did not persist as relapses tended to 
do in the IBSEN study, and instead showed a trend towards improvement with treatment. In addition, 
curve 3 differed in that it showed a lower baseline than the IBSEN curve when disease was partially 
controlled.

When comparing the graphs of the two groups, fewer patients in Group B than Group A corres-
ponded to curves 3 and 4, and more corresponded to curve 1, indicating that the disease course of 
patients in Group B was better controlled. Therefore, the proportion of Group B patients corresponding 
to each curve was also different from the IBSEN study. As mentioned above, the relapse rate dropped 
after the introduction of infliximab and patients showed improved clinical outcomes. Similarly, the 
disease course appeared to be changing due to the change in treatment. Taken together, this study 
suggests that the course of chronic diseases may change over time due to the expanded availability of 
different types of therapeutic drugs.

https://f6publishing.blob.core.windows.net/13a91ad5-1e1d-4c42-819b-c3a35dbacb5b/WJG-28-3666-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/13a91ad5-1e1d-4c42-819b-c3a35dbacb5b/WJG-28-3666-supplementary-material.pdf
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The main limitation of this study is that the time difference between the two groups may have 
introduced some degree of bias. The diagnostic environment and degree of training of the clinicians 
may have improved over time. To minimize this bias, we evaluated the patients’ baseline characteristics 
using objective indicators and found that there were no significant differences between the two groups. 
Also, when assessing disease extent and Mayo subscore from the colonoscopy findings, the same 
experts evaluated all patients using the same criteria. Another limitation is that it was conducted at a 
single center. However, this hospital is one of the biggest pediatric IBD centers in Korea and has the 
advantage of having a steady patient cohort through long-term care.

CONCLUSION
As patients with moderate and severe UC have been treated with infliximab since its introduction 
almost a decade ago, the rate of relapse has decreased and the steroid-free period has increased. In 
addition, based on the PUCAI score and objective colonoscopy results, the disease is better controlled 
and patients’ quality of life has improved. Before the introduction of the biological agent, the clinical 
course of pediatric patients showed patterns that resembled those in the IBSEN study, but since its 
introduction, the proportion of patients who have reached remission has significantly increased. The 
current goal of treatment for IBD is to change the disease course for a better quality of life, and 
appropriate treatment with biologic agents may be an option for achieving that goal.

ARTICLE HIGHLIGHTS
Research background
There are many articles comparing the clinical outcomes of patients treated with biological agents vs 
those who did not use biological agents, but no studies have compared the disease course of UC by era 
before and after the introduction of biological agents. The authors assessed how introduction of new 
treatment altered disease course over time.

Research motivation
The number of large-scale and long-term follow-up studies for pediatric patients with ulcerative colitis 
(UC) is insufficient. A representative paper dealing with the clinical course of adult UC is the IBSEN 
study. This paper dealt with the clinical course before the introduction of biological agents. If the use of 
biological agents in pediatric UC changed the clinical course of UC, it would be helpful in future 
treatment decisions.

Research objectives
The aim of this study was to compare the clinical course of pediatric UC by era before and after the 
introduction of biological agents, and to compare them with clinical course curve of the IBSEN study.

Research methods
Infliximab was approved for use in children in October 2012 in Korea. Group A (n = 48) was followed 
between January 2003 and October 2012, and Group B (n = 62) was followed between November 2012 
and October 2020. Endoscopic remission, drug composition, relapse rate, steroid-free period, and the 
quality of life of the groups were evaluated as outcomes. Clinical course was plotted with the pediatric 
UC activity index score, and compared to the curve of the IBSEN study.

Research results
Despite a higher rate of pancolitis, patients in Group B had a higher rate of achieving endoscopic 
remission, longer steroid-free periods and reduced relapse rate. Unlike the clinical course curve of the 
IBSEN study, we drew one more independent curve (curve 5), and the proportion of the patients in 
Group B corresponding to curve 1 (remission or mild severity after initial high activity) was higher. In 
terms of quality of life, the number of hospitalizations and emergency room visits have improved after 
the introduction of biological agents. Comparison of treatment costs is also an important issue that 
needs future research.

Research conclusions
The active use of biological agents may change the long-term disease course in moderate to severe 
pediatric UC. Growth can also be achieved by reducing the use of steroids.

Research perspectives
Because biological agents are an expensive treatment option, whether there is a difference in economic 
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quality of life caused by treatment with biological agents is also an important topic for future research.
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Abstract
BACKGROUND 
Helicobacter pylori (H. pylori) infects about 50% of the world population and is the 
major cause of chronic gastritis, peptic ulcers, and gastric cancer. Chronic H. pylori 
infection induces gastric mucosal precancerous lesions mostly in adulthood, and it 
is debatable whether these pathological conditions can occur in childhood and 
adolescents as well. Since this is a critical issue to determine if intervention should 
be offered for this population group, we investigated the gastric mucosal precan-
cerous lesions in pediatric patients in an area in central China with a high 
prevalence of H. pylori and gastric cancer.

AIM 
To investigate the relationship of H. pylori infection and gastric mucosal precan-
cerous lesions in children and adolescents in central China.

METHODS 
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We screened 4258 ward-admitted children and adolescent patients with upper gastrointestinal 
symptoms, and finally enrolled 1015 pediatric patients with H. pylori infection and endoscopic and 
histological data. H. pylori infection status was determined by rapid urease test and histopatho-
logical examination. Both clinical and pathological data were collected and analyzed 
retrospectively. Occurrence of gastric mucosal precancerous lesions, inflammatory activity and 
degree of inflammatory cell infiltration between H. pylori-positive and -negative groups were 
compared.

RESULTS 
Among the 1015 eligible children and adolescents, the overall H. pylori infection rate was 84.14% 
(854/1015). The infection rate increased with age. The incidence of gastric mucosal precancerous 
lesions in H. pylori-infected children was 4.33% (37/854), which included atrophic gastritis (17 
cases), intestinal metaplasia (11 cases) and dysplasia (9 cases). In H. pylori-negative patients, only 1 
atrophic gastritis case [0.62%, (1/161)] was found (P < 0.05). Active inflammation in H. pylori-
infected patients was significantly higher than that in non-infected patients, and the H. pylori-
infected group showed more severe lymphocyte and neutrophil granulocyte infiltration (P < 
0.001). In addition, endoscopy revealed that the most common findings in H. pylori-positive 
patients were antral nodularity, but in H. pylori-negative patients only superficial gastritis was 
observed.

CONCLUSION 
In children and adolescents, gastric mucosal precancerous lesions occurred in 4.33% of H. pylori-
infected patients in central China. These cases included atrophic gastritis, intestinal metaplasia, 
and dysplasia. The data revealed an obvious critical issue requiring future investigation and 
intervention for this population group.

Key Words: Helicobacter pylori; Gastric cancer; Precancerous lesions; Inflammation; Children and 
adolescents

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

Core Tip: Helicobacter pylori (H. pylori) infection induces gastric mucosal precancerous lesions mostly in 
adulthood. Whether these lesions can also occur in children and adolescents remains controversial. Our 
study showed that in a region in central China with a high prevalence of H. pylori and gastric cancer, the 
incidence of gastric mucosal precancerous lesions was 4.33% among H. pylori-infected children and 
adolescents, which is significantly higher than the non-infected pediatric patients. The precancerous 
lesions included atrophic gastritis, intestinal metaplasia, and dysplasia. These data provide an alarming 
alert and call for further investigation and intervention for this population group.

Citation: Yu M, Ma J, Song XX, Shao QQ, Yu XC, Khan MN, Qi YB, Hu RB, Wei PR, Xiao W, Jia BL, Cheng 
YB, Kong LF, Chen CL, Ding SZ. Gastric mucosal precancerous lesions in Helicobacter pylori-infected pediatric 
patients in central China: A single-center, retrospective investigation. World J Gastroenterol 2022; 28(28): 3682-
3694
URL: https://www.wjgnet.com/1007-9327/full/v28/i28/3682.htm
DOI: https://dx.doi.org/10.3748/wjg.v28.i28.3682

INTRODUCTION
Helicobacter pylori (H. pylori) has infected about 50% of the Chinese population and is responsible for 90% 
of non-cardia gastric cancer incidences. It is reported that one-third of asymptomatic or healthy children 
have serologically-confirmed H. pylori infection worldwide[1-3]. Although most H. pylori-infected 
children do not have obvious clinical symptoms, studies have shown that children with gastrointestinal 
symptoms have a higher rate of H. pylori infection, and the infection rates are affected by socioeconomic 
status, living habit, sanitary conditions, geographic region, etc.[4,5]. Despite the overall infection rate has 
slowly declined in China, the infection rate in rural areas is still much higher over that of city residents
[6,7].

A recent meta-analysis in China in 2022 has indicated that H. pylori prevalence in children and 
adolescents is 28%[7]. Infection by H. pylori is closely associated with gastric mucosal inflammation and 
extra-gastrointestinal diseases[8-10]. A small portion of infected patients will follow Correa’s cascade 
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and develop severe gastric mucosal lesions, such as atrophic gastritis, intestinal metaplasia (IM), and 
gastric cancer[11]. H. pylori CagA has been shown to be associated with gastric mucosal precancerous 
lesions in several epidemiological studies[5,12].

One 2006 review summarized the prevalence of gastric mucosal precancerous lesions in children and 
adolescents, ranging from 0% to 72% in H. pylori-infected patients[13]. Prevalence of gastric atrophy in 
different populations may also vary depending on different geographic/genetic origins or environ-
mental factors in the pediatric population. For example, one Tunisian study in 2009 found that atrophic 
gastritis accounted for 9.3% (32/354) of enrolled children; of the 32 children with atrophic gastritis, 30 
were infected with H. pylori[14]. In 2014, a Mexican study of 82 children with chronic gastritis found that 
8.5% (7/82) children had antral atrophy and 6.1% (5/82) had IM; among the 7 children with atrophy, 6 
had H. pylori infection[15]. Other studies carried out in different countries reported gastric atrophy was 
present in 4.4% to 10.7% of H. pylori-positive children[16,17]. However, large-scale investigation is 
lacking in this area.

H. pylori has the characteristics of family cluster infection and is transmissible among family 
members, including spouses and siblings[8,9,18]. The infected parents, especially mothers, play a major 
role in its transmission[19-21]. Most H. pylori infection is acquired during childhood and adolescents, 
and the infection will persist for decades unless proper treatment is offered. Because H. pylori infection 
usually does not cause or only causes mild gastric mucosal lesions in children and adolescents[22-24], 
the consequences were thought not to be as important as they were in adulthood. Hence, very few 
studies have focused on the relationships between H. pylori infection and gastric mucosa precancerous 
lesions in children and adolescents. Recent reports have begun to show that gastric mucosal atrophy 
and IM are also found in children and even in very young children, as mentioned above[13-15].

In this work, we retrospectively investigated a cohort of H. pylori-infected symptomatic pediatric 
inpatients on gastric mucosal inflammation status, incidence and pattern of gastric mucosal precan-
cerous lesions in a major hospital in central China, which is an area with a high prevalence of H. pylori 
and gastric cancer (H. pylori infection rate is 49.6%[6], and gastric cancer incidence is 42.52/100000[25]). 
Studies in this area will be helpful to understand the pattern and prevalence of gastric mucosal precan-
cerous lesions in pediatric patients and provide evidence for future H. pylori eradication 
recommendation and related disease prevention.

MATERIALS AND METHODS
Study population and patient enrollment
From August 1, 2018 to July 31, 2021, 4258 pediatric patients with an age less than 18-years-old who had 
upper gastrointestinal symptoms were admitted to the Department of Pediatrics, People’s Hospital of 
Zhengzhou University; among them, 1852 underwent upper gastrointestinal endoscopy examination 
due to disease complaints, such as abdominal pain, abdominal distension, nausea, vomiting, hiccups, 
heartburn, etc. Patients who had taken biopsy specimens from the gastric mucosa for histopathological 
examination and rapid urease test were enrolled into the study. Exclusion criteria were as follows: (1) 
Use of antibiotics, bismuth salts, proton pump inhibitors, H2-receptor blockers, immunosuppressants 
and steroids over the past 1 mo; (2) History of gastrointestinal surgery; (3) Active upper gastrointestinal 
bleeding; and (4) Idiopathic inflammatory bowel disease.

The study finally enrolled 1015 eligible children and adolescents. Patient information was collected 
only for the purpose of disease analysis and were kept confidential. As this is a retrospective study, no 
informed consent was required. The research protocol was approved by the Ethics Committee of 
People’s Hospital of Zhengzhou University (2019-KY-No. 10). The flow chart of study design and 
patients’ enrollment is shown in Figure 1. Patients were classified into four groups according to age: (1) 
1-4 years; (2) 5-8 years; (3) 9-12 years; and (4) 13-18 years.

Endoscopic and histological evaluation of patients
At least two biopsy specimens were collected from the antrum or angulus during endoscopic 
examination. One biopsy sample was used for immediate rapid urease test. The other was oriented, 
fixed in formalin and embedded in paraffin blocks. After samples were sectioned, hematoxylin and 
eosin staining was applied for histological analysis. H. pylori infection was detected by immunohisto-
chemical staining. Due to technique limitations, all patients were not given 13C-urea breath test, 
serological H. pylori antibody test or stool antigen test to determine H. pylori infection status at the time 
of their tests. Therefore, a patient was considered H. pylori-infected if either histological staining or rapid 
urease test was positive or if both were positive. Conversely, a patient was considered to be H. pylori-
uninfected if either histological staining or rapid urease test was negative or if both were negative.

Histological variables (the activity of inflammation, lymphocyte and neutrophil granulocyte infilt-
ration, glandular atrophy, IM and hyperplasia) were analyzed according to visual analog scale of the 
updated Sydney system[26]. Gastric mucosa changes were classified into absent, mild, moderate and 
severe levels according to the histological situation of each sample. Severity of lesions was determined 
by the most severe lesion in each patient. Atrophy of gastric mucosa was indicated by the destruction 
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Figure 1 Flow chart of patient enrollment on gastric mucosal precancerous lesions in children and adolescents in central China. There 
were 4258 patients with upper gastrointestinal symptoms under 18 year of age, 2406 patients were excluded for no gastroscopy examination, and the remaining 1852 
children had underwent upper gastrointestinal endoscopy. Among these patients, 809 were excluded due to either surgery, medication, bleeding or idiopathic 
inflammatory bowel disease, and 28 patients were excluded due to no rapid urease test or histopathology test; the final enrolled patient number was 1015. In 854 
Helicobacter pylori (H. pylori)-positive patients, 17 patients had atrophy, 11 patients had intestinal metaplasia and 9 patients had dysplasia, and only 1 of the 161 H. 
pylori-uninfected patients had atrophic gastritis. H. pylori: Helicobacter pylori.

and reduction in gastric glands of the stomach. IM is a condition in which cells that create the lining of 
the stomach are changed or replaced by intestinal cells. In many cases, when gastric atrophy and IM 
coexist, they were allocated into either the atrophy or IM category based on the major pathological 
presentations of the specific patients. Dysplasia refers to a proliferative lesion, abnormal hyperplasia of 
the gastric gland basement membrane epithelium and abnormal changes in morphology and structure. 
These specimens were evaluated by two pathologists in a blinded fashion.

Statistical analyses
Data were analyzed using SPSS for Windows version 25 (IBM Corp., Armonk, NY, United States). 
Continuous variables were described as mean ± SD or median (interquartile range), while categorical 
variables were described as percentages or frequencies. The χ2 test or Fisher’s exact test were used to 
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compare pathological changes of gastric mucosa, including activity of inflammation, presence of precan-
cerous lesions and endoscopic pattern of gastric mucosa between patients with H. pylori infection and 
those without H. pylori infection. Grade data were analyzed using Wilcoxon signed-rank test, including 
degrees of inflammatory cell infiltration. A P value less than 0.05 (derived from two-tailed tests) was 
considered statistically significant.

RESULTS
Patients’ demographic characteristics and clinical data
A total of 1852 selected patients were further examined from a pool of 4258 pediatric ward patients 
(Figure 1). Then, 809 patients were excluded due to surgery, medication, idiopathic inflammatory bowel 
disease or bleeding, and 28 more patients were excluded because of no rapid urease test or histopatho-
logical test. The remaining 1015 eligible patients were enrolled and analyzed. Patient demographic data 
were summarized in Table 1. Among the 1015 enrolled patients, 604 were males and 411 were females, 
with median age of 11-years-old, and 854 patients were infected by H. pylori, while 161 patients were not 
infected. The mean age of H. pylori-infected patients was significantly older than those of non-infected 
subjects (11 years vs 9 years, P < 0.05). There were no significant differences in sex distribution between 
the H pylori-infected and non-infected groups.

The clinical characteristics of patients are also presented in Table 1. For endoscopic manifestations, 
superficial gastritis was observed in 255 (29.86%) cases among the H. pylori-positive patients and 76 
(47.20%) cases among the H. pylori-negative patients (P < 0.05). There was no significant difference in the 
proportion of superficial gastritis with erosion, superficial gastritis with bile reflux and esophagitis 
regardless of the status of H. pylori infection (P > 0.05). Antral nodularity was observed in 131 (15.34%) 
H. pylori-positive patients and 4 (2.48%) H. pylori-negative patients (P < 0.05). In both H. pylori-infected 
and non-infected patients, most patients were clinically diagnosed with non-atrophic gastritis, and only 
a small percentage of patients developed atrophic gastritis or peptic ulcers.

H. pylori infection status in different age groups
In the 1-4 years, 5-8 years, 9-12 years and 13-18 years age groups (Table 2), the H. pylori infection rates 
were 40.74%, 78.39%, 88.05% and 89.60%, respectively. The trend of infection rate increasing as age 
increased was noted. Patient infection rates of the 5-8 years, 9-12 years and 13-18 years age groups were 
significantly higher than that of the 1-4 years age group. Infection rates of the 9-12 years and 13-18 years 
age groups were also significantly higher than that of the 5-8 years age group, but the infection rates had 
no significant difference between the 9-12 and 13-18 years age groups.

Gastric mucosal precancerous lesions in different age groups
Patient gastric mucosal precancerous lesions are shown in Table 3. Among the 854 H. pylori-infected 
patients, 4.33% (37/854) had gastric mucosa precancerous lesions; among which, 17 patients had 
atrophy, 11 patients had IM, and 9 patients had dysplasia. Only 1 of the 161 H. pylori-uninfected patients 
(0.62%) had atrophic gastritis. The incidence of precancerous lesions of gastric mucosa in H. pylori-
infected patients was significantly more than those uninfected patients (χ2 = 5.178, P = 0.023). Among 
the H. pylori-positive patients, there were gastric mucosal precancerous lesions in each age group, 
whereas among the H. pylori-negative patients, only 1 patient with atrophic gastritis was found in the 
13-18 years age group. Representative pictures of normal, gastritis, and gastric mucosal precancerous 
lesions are shown in Figure 2.

Active inflammation in H. pylori-infected and -uninfected patients
As described in Table 4, active inflammation was observed in 16.04% (137/854) of the H. pylori-infected 
patients and only 3.73% (6/161) of the -uninfected patients. A significant difference was noticed 
between these two groups (χ2 = 16.975, P < 0.001). But in the 1-4 years age group, there was no 
significant difference in inflammatory activity between the H. pylori-infected and -uninfected patients 
(13.64% vs 6.25%, χ2 = 0.196, P = 0.658). Whereas in the 5-8 years, 9-12 years and 13-18 years age groups, 
the proportion of active inflammation in the H. pylori-positive patients was significantly higher than that 
in the H. pylori-negative patients (χ2 = 4.901, P = 0.027; χ2 = 3.987, P = 0.046; χ2 = 6.012, P = 0.014).

Characteristics of inflammatory cell infiltration in H. pylori-infected and -uninfected groups
The degree of neutrophil granulocyte infiltration with different H. pylori infection status is shown in 
Table 5. For the 854 infected patients, the proportions of absent, mild and moderate neutrophil 
granulocyte infiltration were 83.96%, 13.58% and 2.46%, respectively. While for the -uninfected patients, 
they were 96.27%, 3.73% and 0%, respectively. Compared with H. pylori-infected patients, the 
prevalence of neutrophil granulocyte infiltration in gastric mucosa was significantly higher than that in 
uninfected patients (Z = 4.319, P < 0.001). This difference between H. pylori-positive and -negative 
patients was also indicated in different age groups, with the exception of the 1-4 years age group.
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Table 1 Demographic and clinical data of patients

Variables Total H. pylori+ H. pylori- P value

Patients, n 1015 854 161

Age in year, median (IQR) 11 (9-13) 11 (9-13) 9 (6-12) < 0.001a

Sex, n (%)

Female 411 (40.49) 346 (40.52) 65 (40.37)

Male 604 (59.51) 508 (59.48) 96 (59.63) 0.973

Endoscopic pattern, n (%)

Esophagitis 28 (2.76) 23 (2.69) 5 (3.11) 0.975

Superficial gastritis 331 (32.61) 255 (29.86) 76 (47.20) < 0.001b

Superficial gastritis with erosion 236 (23.25) 200 (23.42) 36 (22.36) 0.77

Superficial gastritis with bile reflux 295 (29.06) 251 (29.39) 44 (27.33) 0.597

Antral nodularity 135 (13.30) 131 (15.34) 4 (2.48) < 0.001b

Peptic ulcer 90 (8.87) 80 (9.37) 10 (6.21) 0.196

Atrophic gastritis 18 (1.77) 17 (1.99) 1 (0.62) 0.378

Clinical diagnosis, n (%)

Esophagitis 28 (2.76) 23 (2.69) 5 (3.11) 0.975

Non atrophic gastritis 997 (98.23) 837 (98.01) 160 (99.38) 0.378

Atrophic gastritis 18 (1.77) 17 (1.99) 1 (0.62) 0.378

Gastric ulcer 18 (1.77) 16 (1.87) 2 (1.24) 0.817

Duodenal ulcer 72 (7.09) 64 (7.49) 8 (4.97) 0.252

aP < 0.05: Median age was compared between Helicobacter pylori (H. pylori)-positive and -negative groups.
bP < 0.05: When compared between H. pylori–positive and –negative within each disease group.
IQR: Interquartile range; H. pylori: Helicobacter pylori.

Table 2 Helicobacter pylori infection status in different age groups

Age group Sex, n (male/female) H. pylori+, n (%) H. pylori-, n (%)

1-4 54 (29/25) 22 (40.74) 32 (59.26)

5-8 199 (111/88) 156 (78.39)a 43 (21.61)

9-12 435 (286/149) 383 (88.05)a,b 52 (11.95)

13-18 327 (178/149) 293 (89.60)a,b 34 (10.40)

Total 1015 (604/411) 854 (84.14) 161 (15.86)

aP < 0.05: When Helicobacter pylori (H. pylori) infection rates were compared with the 1-4 years age group.
bP < 0.05: When H. pylori infection rates were compared with the 5-8 years age group.
H. pylori: Helicobacter pylori.

As for lymphocyte infiltration, patients with H. pylori infection had more severe lymphocyte infilt-
ration than uninfected patients (Z = 3.997, P < 0.001). In the H. pylori-positive group, 40.98%, 50.59% and 
8.43% of mild, moderate and marked lymphocyte infiltration, respectively, were found, while in the H. 
pylori-negative group, the rates were 56.52%, 40.99% and 2.48%, respectively. In H. pylori-infected 
patients, the 9-12 years and 13-18 years age groups also showed more severe lymphocyte infiltration 
compared to the uninfected patients (Z = 2.539, P = 0.011; Z = 2.164, P = 0.030), but this difference was 
not significant between the 1-4 years and 5-8 years age groups (Z = 0.570, P = 0.569; Z = 1.737, P = 0.082) 
(Table 6). Representative pictures of gastric mucosal inflammatory cell infiltration are shown in 
Figure 2.
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Table 3 Precancerous lesions in the gastric mucosa in children and adolescents

H. pylori+ H. pylori-
Age group

n Atrophy IM Dysplasia
Subtotal

n Atrophy IM Dysplasia
Subtotal

1-4 22 1 1 1 3 32 0 0 0 0

5-8 156 4 4 1 9 43 0 0 0 0

9-12 383 6 3 6 15 52 0 0 0 0

13-18 293 6 3 1 10 34 1 0 0 1

Total 854 37 (4.33%)a 161 1 (0.62%)

aP < 0.05: The incidence of gastric mucosal precancerous lesions was compared between Helicobacter pylori (H. pylori)-positive and H. pylori-negative 
patients.
IM: Intestinal metaplasia; H. pylori: Helicobacter pylori.

Table 4 Comparison of active inflammation between Helicobacter pylori-positive and -negative patients

H. pylori+ H. pylori-
Age group

n Active inflammation Non-active inflammation n Active inflammation Non-active inflammation

1-4 22 3 (13.64) 19 (86.36) 32 2 (6.25) 30 (93.75)

5-8 156 23 (14.74)a 133 (85.26) 43 1 (2.33) 42 (97.67)

9-12 383 52 (13.58)b 331 (86.42) 52 2 (3.85) 50 (96.15)

13-18 293 59 (20.14)c 234 (79.86) 34 1 (2.94) 33 (97.06)

Total 854 137 (16.04)d 717 (83.96) 161 6 (3.73) 155 (96.27)

aP < 0.05: Active inflammation in Helicobacter pylori (H. pylori)-positive patients were compared with -negative patients in the 5-8 years age group.
bP < 0.05: Active inflammation in H. pylori-positive patients was compared with -negative patients in the 9-12 years age group.
cP < 0.05: Active inflammation in H. pylori-positive patients was compared with -negative patients in the 13-18 years age group.
dP < 0.05: Active inflammation was compared between the H. pylori-positive and -negative groups.
Data are n (%), unless otherwise indicated. H. pylori: Helicobacter pylori.

Table 5 Degree of neutrophil granulocyte infiltration in Helicobacter pylori-positive and -negative patients

H. pylori+ H. pylori+
Age group

n Absent Mild Moderate n Absent Mild Moderate
Z P value

1-4 22 19 (86.36) 3 (13.64) 0 (0) 32 30 (93.75) 2 (6.25) 0 (0) 0.912 0.362

5-8 156 133 (85.26) 21 (13.46) 2 (1.28) 43 42 (97.67) 1 (2.33) 0 (0) 2.212 0.027a

9-12 383 331 (86.42) 44 (11.49) 8 (2.09) 52 50 (96.15) 2 (3.85) 0 (0) 2.009 0.045b

13-18 293 234 (79.86) 48 (16.38) 11 (3.76) 34 33 (97.06) 1 (2.94) 0 (0) 2.456 0.014c

Total 854 717 (83.96) 116 (13.58) 21 (2.46) 161 155 (96.27) 6 (3.73) 0 (0) 4.319 < 0.001d

aP < 0.05: Degree of neutrophil granulocyte infiltration in Helicobacter pylori (H. pylori)-positive patients were compared with -negative patients in the 5-8 
years age group.
bP < 0.05: Degree of neutrophil granulocyte infiltration in H. pylori-positive patients was compared with -negative patients in the 9-12 years age group.
cP < 0.05: Degree of neutrophil granulocyte infiltration in H. pylori-positive patients was compared with -negative patients in the 13-18 years age group.
dP < 0.05: Degree of neutrophil granulocyte infiltration was compared between H. pylori-positive and -negative groups.
Data are n (%), unless otherwise indicated. H. pylori: Helicobacter pylori.

DISCUSSION
In the current study, we investigated gastric mucosal inflammation and precancerous lesions in 
pediatric patients who were hospitalized for gastrointestinal symptoms. Among the 1015 children in our 
study who underwent upper gastrointestinal endoscopy, gastric mucosa precancerous lesions occurred 
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Table 6 Degree of lymphocyte infiltration in Helicobacter pylori-positive and -negative patients

H. pylori+ H. pylori-
Age group

n Mild Moderate Marked n Mild Moderate Marked
Z P value

1-4 22 10 (45.45) 11 (50) 1 (4.55) 32 17 (53.12) 14 (43.75) 1 ( 3.13) 0.57 0.569

5-8 156 67 (42.95) 75 (48.08) 14 (8.97) 43 24 (55.81) 18 (41.86) 1 (2.33) 1.737 0.082

9-12 383 161 (42.04) 195 (50.91) 27 (7.05) 52 31 (59.62) 20 (38.46) 1 (1.92) 2.539 0.01a 

13-18 293 112 (38.23) 151 (51.54) 30 (10.24) 34 19 (55.88) 14 (41.18) 1 (2.94) 2.164 0.03b 

Total 854 350 (40.98) 432 (50.59) 72 (8.43) 161 91 (56.52) 66 (40.99) 4 (2.48) 3.997 < 0.00c

aP < 0.05: Degree of lymphocyte infiltration in Helicobacter pylori (H. pylori)-positive patients were compared with -negative patients in 9-12 years age group.
bP < 0.05: Degree of lymphocyte infiltration in H. pylori-positive patients were compared with -negative patients in 13-18 years age group.
cP < 0.05: Degree of lymphocyte infiltration was compared between H. pylori-positive and -negative groups.
Data are n (%), unless otherwise indicated. H. pylori: Helicobacter pylori.

Figure 2 Representative pictures of normal and pathological gastric mucosa manifestations in children and adolescents. A: Normal gastric 
mucosa; B: Chronic inflammation of the gastric mucosa; C: Active inflammation of the gastric mucosa; D: Gastric mucosal atrophy; E: Intestinal metaplasia; F: Mild 
dysplasia. Hematoxylin and eosin, × 400.

in 4.33% of H. pylori-infected children, in which the proportions of atrophy, IM and dysplasia were 
1.99%, 1.29%, 1.05%, respectively, significantly higher than findings from H. pylori-negative patients.

Under endoscopy evaluation, H. pylori-positive children presented more nodular gastritis, which is an 
important feature of H. pylori infection in children. But, the proportions of esophagitis, chronic 
superficial gastritis with erosions, chronic superficial gastritis with bile reflux and esophagitis were not 
significantly different between the infected and non-infected groups. The results also showed that 
children with H. pylori infection had a significantly higher incidence of gastric mucosal inflammation, 
and the degrees of neutrophil and lymphocyte infiltration were also much more serious than in H. 
pylori-negative children. These results are in line with previous studies that showed various degrees of 
inflammation in H. pylori-infected pediatric patients. For example, in 2017, Broide et al[27] showed that 
monocyte and neutrophil infiltration was more severe in the infected children group with chronic 
gastritis in Israel. One retrospective study of 196 children in Japan in 2006 also reached a similar 
conclusion[17].

The above results indicate that H. pylori infection is closely related to gastric mucosal inflammation, 
which might be the basis for development of gastric precancerous lesions, as both basic experiments and 
clinical investigations have confirmed that certain bacterial components, such as CagA and VacA, have 
detrimental effects on gastric epithelial cells. In addition, CagA is a bacterial oncoprotein, which can 
cause epithelial cell oncogenic transformation in vivo[28-30]. Therefore, future experiments for more 
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detailed analysis of the H. pylori component on the pathogenesis of gastric precancerous lesions in 
children will be very helpful to understand the carcinogenesis and provide more rational for precise 
intervention and prevention.

The significance of this study is that it provides evidence to demonstrate that H. pylori infection is 
associated with the occurrence of precancerous lesions in pediatric patients, and these lesions increase 
with increase in age. Furthermore, the pediatric population might present in a similar way to adults 
with H. pylori infection, suggesting a healthcare threat to the pediatric patients. As eradication of H. 
pylori has been shown to prevent the development of atrophic gastritis, IM and gastric malignancy in 
adults[31,32], it is expected that proper intervention in pediatric patients could prevent the development 
of future diseases. Future investigation on the rationale and health economic evaluation would be 
required to provide more supporting evidence.

These results are also in line with previous reports. For example, in 2006, a study of 131 H. pylori-
infected children in Japan showed that the proportion of gastric antrum atrophy was 10.7%[17]. In a 
2020 study in Romania, the H. pylori infection rate was 33.06% (82/248); among 82 infected children, 9 
(11%) had atrophic gastritis and 2 (2.4%) had IM[33]. A survey of 1634 children in China in 2014 found 
that atrophic gastritis accounted for 4.4% (23/524 cases) of the H. pylori-infected children[16]. However, 
one Austrian study in 2011 found gastric atrophy was rare (1/84) in children infected with H. pylori[34]. 
In addition, no gastric atrophy was found in 66 French children infected with H. pylori in 2009[35], and 
no precancerous lesions were found in 132 gastric biopsies from 22 symptomatic H. pylori-infected 
children in a 2009 study in Brazil[36].

As H. pylori-induced disease presentations are mostly present in adulthood, the presence of precan-
cerous lesions in children unveiled a critical issue that was largely neglected previously[13,15,37]. 
Although there are still controversies on the significance and consequence of H. pylori-induced serious 
gastric mucosal lesions in children[13], current consensus reports from the Asia-Pacific region[38], 
China[8,39] and Japan[18] have indicated that H. pylori should be eradicated when such conditions are 
present, and their family members should also receive screening and treatment if confirmed positive. It 
is hypothesized that gastric mucosal atrophy and IM in children and adolescents might be present in a 
similar way to adult H. pylori infection and is probably more common in areas with high H. pylori 
infection rates than previously thought.

One of the major shortfalls of this retrospective study is that the rapid urease test was the primary test 
used to detect H. pylori infection because 13C-urea breath test, serological H. pylori antibody tests and 
stool antigen tests were not available for more accurate diagnosis. This could result in the underes-
timation of H. pylori infection rates or have false negative results in the uninfected children group. Two 
perplexing results might be attributed to these drawbacks as there are 8 duodenal ulcer patients 
(Table 1) and few patients had active gastric inflammation (Tables 4 and 5) in the H. pylori-negative 
group. Due to the strong relationship of H. pylori in causing these diseases, it is unlikely these patients 
were not infected by H. pylori. Furthermore, it is likely because of the limitation of the rapid urease test, 
which is unable to detect patchy distribution of H. pylori in the stomach. Therefore, future studies will be 
required to confirm these discrepancies. Even with these drawbacks, the overall conclusions and 
significance of the investigation were not affected.

Although the current work provides novel points on H. pylori-induced gastric mucosal precancerous 
lesions in children, due to its retrospective nature, the investigation has limitations. First, this study only 
discussed the relationship between H. pylori infection and gastric mucosa precancerous lesions and was 
unable to analyze the effects of different genotypes of infected H. pylori strains. Therefore, more detailed 
information on H. pylori strains are not available. Nonetheless, our previous work demonstrated that 
type I H. pylori (CagA- and VacA-positive) is the primary type of H. pylori infection in this region[40]. It 
is expected that the pediatric population is similar to the adult population. Second, not all cases had 
biopsy specimens from both the gastric antrum and body. Some of the precancerous lesions and H. 
pylori infection may have been missed due to histopathological presentation of the stomach, and patchy 
H. pylori infection status in other places of the stomach were unable to be examined. In the future, 
multiple biopsies might be helpful to overcome these drawbacks. Third, this was a single-center, 
retrospective analysis, and all the children were hospitalized due to gastrointestinal symptoms, which 
may be the reason why the infection rate was much higher than among the general population. In the 
future, large-scale investigations in the general public and multi-center, prospective and randomized 
control analyses are needed to comprehensively assess the risk of H. pylori infection and precancerous 
lesions in children and adolescents in order to understand the overall precancerous lesions of H. pylori-
infected pediatric patients.

CONCLUSION
Our results show that H. pylori-infected children have more active inflammation and inflammatory cell 
infiltration in the gastric mucosa, and infection rate increases with patient age. The incidence of precan-
cerous lesions in H. pylori-infected patients is also significantly higher compared to that in -uninfected 
patients. Although the percentage is only 4.33%, it provides an alarming alert and call for further invest-



Yu M et al. H. pylori-induced gastric precancerous lesions in children

WJG https://www.wjgnet.com 3691 July 28, 2022 Volume 28 Issue 28

igation and intervention for this population group.

ARTICLE HIGHLIGHTS
Research background
Chronic Helicobacter pylori (H. pylori) infection causes gastric mucosal precancerous lesions and gastric 
cancer in adult patients. It remains to be determined, however, whether gastric mucosal precancerous 
lesions may also occur in children and adolescents, as this remains an important issue for clinical 
intervention.

Research motivation
Investigating the relationship between H. pylori infection and gastric mucosal precancerous lesions in 
pediatric patients will provide important evidence on whether intervention should be offered to prevent 
related disease development in this population group.

Research objectives
H. pylori infection status, gastric mucosal inflammation and gastric precancerous lesions in hospitalized 
pediatric patients were investigated in central China.

Research methods
We retrospectively enrolled 1015 symptomatic pediatric patients to analyze their clinical and path-
ological data. The endoscopic and histological findings, occurrence of gastric mucosal precancerous 
lesions, inflammatory activity and degree of inflammatory cell infiltration were analyzed between H. 
pylori-positive and -negative patient groups.

Research results
The overall H. pylori infection rate was 84.14% for the 1015 enrolled pediatric patients, and infection rate 
increased with age. The incidence of gastric mucosal precancerous lesions in H. pylori-infected children 
was 4.33%, which was significantly higher than that in H. pylori-negative children. Infected patients 
showed more active inflammation as well as more severe inflammatory cell infiltration compared to the 
non-infected patients. Additionally, endoscopy revealed that the most common presentation was antral 
nodularity in H. pylori-positive patients, whereas superficial gastritis was a marked feature for H. pylori-
negative patients.

Research conclusions
In children and adolescents, gastric mucosal precancerous lesions occurred in 4.33% of H. pylori-infected 
patients in central China. The data revealed an obvious critical issue that requires future investigation 
and intervention for this population group.

Research perspectives
The results provide insights on H. pylori infection status and its relationship with gastric mucosal 
precancerous in symptomatic pediatric patients in central China. Further investigation and intervention 
for related disease prevention are required in this population group.

ACKNOWLEDGEMENTS
The authors are grateful to the staff of the Department of Gastroenterology and Hepatology, People’s 
Hospital of Zhengzhou University for their valuable assistance in this work.

FOOTNOTES
Author contributions: Yu M, Cheng YB, Jia BL, Kong LF, Chen CL and Ding SZ designed the research; Yu M, Song 
XX, Ma J, Shao QQ, Yu XC, Khan MN, Qi YB, Hu RB, Wei PR and Xiao W collected the clinical data and performed 
the experiments; Yu M analyzed the data; Yu M and Ding SZ wrote the paper; Ding SZ revised the article; all authors 
approved the final version of the manuscript.

Supported by the National Natural Science Foundation of China, No. U1604174; Henan Provincial Government-
Health and Family Planning Commission, No. 20170123 and No. SBGJ202002004; and Henan Provincial Government-
Health and Family Planning Commission Research Innovative Talents Project, No. 51282.



Yu M et al. H. pylori-induced gastric precancerous lesions in children

WJG https://www.wjgnet.com 3692 July 28, 2022 Volume 28 Issue 28

Institutional review board statement: This study was reviewed and approved by the Ethics Committee of People’s 
Hospital of Zhengzhou University (2019-KY-No. 10).

Informed consent statement: The study was performed retrospectively. Patients were not required to give informed 
consent for the study because the analysis used anonymous clinical data that were obtained after each patient agreed 
to treatment by written consent.

Conflict-of-interest statement: All authors declare that there are no conflicts of interests related to this work.

Data sharing statement: No additional data are available.

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

Country/Territory of origin: China

ORCID number: Miao Yu 0000-0002-3587-2760; Jing Ma 0000-0003-1172-527X; Xiao-Xia Song 0000-0003-4633-9862; Qiao-
Qiao Shao 0000-0002-4900-9394; Xue-Chun Yu 0000-0003-4425-6019; Muhammad Noman Khan 0000-0003-4814-7768; Ya-
Bin Qi 0000-0002-7736-4043; Ruo-Bing Hu 0000-0003-4735-1310; Pei-Ru Wei 0000-0001-6306-590X; Wei Xiao 0000-0002-
6814-9261; Bai-Ling Jia 0000-0002-2920-2322; Yan-Bo Cheng 0000-0003-3203-4603; Ling-Fei Kong 0000-0003-1710-8344; 
Chuan-Liang Chen 0000-0002-5566-7297; Song-Ze Ding 0000-0002-4589-6942.

S-Editor: Yan JP 
L-Editor: A 
P-Editor: Yan JP

REFERENCES
Yuan C, Adeloye D, Luk TT, Huang L, He Y, Xu Y, Ye X, Yi Q, Song P, Rudan I; Global Health Epidemiology Research 
Group. The global prevalence of and factors associated with Helicobacter pylori infection in children: a systematic review 
and meta-analysis. Lancet Child Adolesc Health 2022; 6: 185-194 [PMID: 35085494 DOI: 
10.1016/S2352-4642(21)00400-4]

1     

Park JS, Jun JS, Seo JH, Youn HS, Rhee KH. Changing prevalence of Helicobacter pylori infection in children and 
adolescents. Clin Exp Pediatr 2021; 64: 21-25 [PMID: 32668822 DOI: 10.3345/cep.2019.01543]

2     

Li XC, Wang HD, Zhang N, Wang YP, Zhou YN. Systematic review and meta-analysis of epidemiological investigation of 
Helicobacter pylori infection in children and adolescents in China. Linchuang Erke Zazhi 2017; 35: 782-787 [DOI: 
10.3969/j.issn.1000-3606.2017.10.016]

3     

Seo JH, Bortolin K, Jones NL. Review: Helicobacter pylori infection in children. Helicobacter 2020; 25 Suppl 1: e12742 
[PMID: 32918353 DOI: 10.1111/hel.12742]

4     

Subsomwong P, Miftahussurur M, Uchida T, Vilaichone RK, Ratanachu-Ek T, Mahachai V, Yamaoka Y. Prevalence, risk 
factors, and virulence genes of Helicobacter pylori among dyspeptic patients in two different gastric cancer risk regions of 
Thailand. PLoS One 2017; 12: e0187113 [PMID: 29084246 DOI: 10.1371/journal.pone.0187113]

5     

Li M, Sun Y, Yang J, de Martel C, Charvat H, Clifford GM, Vaccarella S, Wang L. Time trends and other sources of 
variation in Helicobacter pylori infection in mainland China: A systematic review and meta-analysis. Helicobacter 2020; 
25: e12729 [PMID: 32686261 DOI: 10.1111/hel.12729]

6     

Ren S, Cai P, Liu Y, Wang T, Zhang Y, Li Q, Gu Y, Wei L, Yan C, Jin G. Prevalence of Helicobacter pylori infection in 
China: A systematic review and meta-analysis. J Gastroenterol Hepatol 2022; 37: 464-470 [PMID: 34862656 DOI: 
10.1111/jgh.15751]

7     

Liu WZ, Xie Y, Lu H, Cheng H, Zeng ZR, Zhou LY, Chen Y, Wang JB, Du YQ, Lu NH; Chinese Society of 
Gastroenterology, Chinese Study Group on Helicobacter pylori and Peptic Ulcer. Fifth Chinese National Consensus Report 
on the management of Helicobacter pylori infection. Helicobacter 2018; 23: e12475 [PMID: 29512258 DOI: 
10.1111/hel.12475]

8     

Malfertheiner P, Megraud F, O'Morain CA, Gisbert JP, Kuipers EJ, Axon AT, Bazzoli F, Gasbarrini A, Atherton J, 
Graham DY, Hunt R, Moayyedi P, Rokkas T, Rugge M, Selgrad M, Suerbaum S, Sugano K, El-Omar EM; European 
Helicobacter and Microbiota Study Group and Consensus panel. Management of Helicobacter pylori infection-the 
Maastricht V/Florence Consensus Report. Gut 2017; 66: 6-30 [PMID: 27707777 DOI: 10.1136/gutjnl-2016-312288]

9     

Jones NL, Koletzko S, Goodman K, Bontems P, Cadranel S, Casswall T, Czinn S, Gold BD, Guarner J, Elitsur Y, Homan 
M, Kalach N, Kori M, Madrazo A, Megraud F, Papadopoulou A, Rowland M; ESPGHAN, NASPGHAN. Joint 
ESPGHAN/NASPGHAN Guidelines for the Management of Helicobacter pylori in Children and Adolescents (Update 
2016). J Pediatr Gastroenterol Nutr 2017; 64: 991-1003 [PMID: 28541262 DOI: 10.1097/MPG.0000000000001594]

10     

Correa P. A human model of gastric carcinogenesis. Cancer Res 1988; 48: 3554-3560 [PMID: 3288329]11     
Miftahussurur M, Sharma RP, Shrestha PK, Maharjan RK, Shiota S, Uchida T, Sato H, Yamaoka Y. Helicobacter pylori 
Infection and Gastric Mucosal Atrophy in Two Ethnic Groups in Nepal. Asian Pac J Cancer Prev 2015; 16: 7911-7916 

12     

https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0002-3587-2760
http://orcid.org/0000-0002-3587-2760
http://orcid.org/0000-0003-1172-527X
http://orcid.org/0000-0003-1172-527X
http://orcid.org/0000-0003-4633-9862
http://orcid.org/0000-0003-4633-9862
http://orcid.org/0000-0002-4900-9394
http://orcid.org/0000-0002-4900-9394
http://orcid.org/0000-0003-4425-6019
http://orcid.org/0000-0003-4425-6019
http://orcid.org/0000-0003-4814-7768
http://orcid.org/0000-0003-4814-7768
http://orcid.org/0000-0002-7736-4043
http://orcid.org/0000-0002-7736-4043
http://orcid.org/0000-0003-4735-1310
http://orcid.org/0000-0003-4735-1310
http://orcid.org/0000-0001-6306-590X
http://orcid.org/0000-0001-6306-590X
http://orcid.org/0000-0002-6814-9261
http://orcid.org/0000-0002-6814-9261
http://orcid.org/0000-0002-6814-9261
http://orcid.org/0000-0002-2920-2322
http://orcid.org/0000-0002-2920-2322
http://orcid.org/0000-0003-3203-4603
http://orcid.org/0000-0003-3203-4603
http://orcid.org/0000-0003-1710-8344
http://orcid.org/0000-0003-1710-8344
http://orcid.org/0000-0002-5566-7297
http://orcid.org/0000-0002-5566-7297
http://orcid.org/0000-0002-4589-6942
http://orcid.org/0000-0002-4589-6942
http://www.ncbi.nlm.nih.gov/pubmed/35085494
https://dx.doi.org/10.1016/S2352-4642(21)00400-4
http://www.ncbi.nlm.nih.gov/pubmed/32668822
https://dx.doi.org/10.3345/cep.2019.01543
https://dx.doi.org/10.3969/j.issn.1000-3606.2017.10.016
http://www.ncbi.nlm.nih.gov/pubmed/32918353
https://dx.doi.org/10.1111/hel.12742
http://www.ncbi.nlm.nih.gov/pubmed/29084246
https://dx.doi.org/10.1371/journal.pone.0187113
http://www.ncbi.nlm.nih.gov/pubmed/32686261
https://dx.doi.org/10.1111/hel.12729
http://www.ncbi.nlm.nih.gov/pubmed/34862656
https://dx.doi.org/10.1111/jgh.15751
http://www.ncbi.nlm.nih.gov/pubmed/29512258
https://dx.doi.org/10.1111/hel.12475
http://www.ncbi.nlm.nih.gov/pubmed/27707777
https://dx.doi.org/10.1136/gutjnl-2016-312288
http://www.ncbi.nlm.nih.gov/pubmed/28541262
https://dx.doi.org/10.1097/MPG.0000000000001594
http://www.ncbi.nlm.nih.gov/pubmed/3288329


Yu M et al. H. pylori-induced gastric precancerous lesions in children

WJG https://www.wjgnet.com 3693 July 28, 2022 Volume 28 Issue 28

[PMID: 26625820 DOI: 10.7314/apjcp.2015.16.17.7911]
Dimitrov G, Gottrand F. Does gastric atrophy exist in children? World J Gastroenterol 2006; 12: 6274-6279 [PMID: 
17072948 DOI: 10.3748/wjg.v12.i39.6274]

13     

Boukthir S, Mrad SM, Kalach N, Sammoud A. Gastric atrophy and Helicobacter pylori infection in children. Trop 
Gastroenterol 2009; 30: 107-109 [PMID: 19760998]

14     

Villarreal-Calderon R, Luévano-González A, Aragón-Flores M, Zhu H, Yuan Y, Xiang Q, Yan B, Stoll KA, Cross JV, 
Iczkowski KA, Mackinnon AC Jr. Antral atrophy, intestinal metaplasia, and preneoplastic markers in Mexican children 
with Helicobacter pylori-positive and Helicobacter pylori-negative gastritis. Ann Diagn Pathol 2014; 18: 129-135 [PMID: 
24656654 DOI: 10.1016/j.anndiagpath.2014.02.003]

15     

Yu Y, Su L, Wang X, Xu C. Association between Helicobacter pylori infection and pathological changes in the gastric 
mucosa in Chinese children. Intern Med 2014; 53: 83-88 [PMID: 24429445 DOI: 10.2169/internalmedicine.53.0918]

16     

Kato S, Nakajima S, Nishino Y, Ozawa K, Minoura T, Konno M, Maisawa S, Toyoda S, Yoshimura N, Vaid A, Genta RM. 
Association between gastric atrophy and Helicobacter pylori infection in Japanese children: a retrospective multicenter 
study. Dig Dis Sci 2006; 51: 99-104 [PMID: 16416219 DOI: 10.1007/s10620-006-3091-5]

17     

Sugano K, Tack J, Kuipers EJ, Graham DY, El-Omar EM, Miura S, Haruma K, Asaka M, Uemura N, Malfertheiner P; 
faculty members of Kyoto Global Consensus Conference. Kyoto global consensus report on Helicobacter pylori gastritis. 
Gut 2015; 64: 1353-1367 [PMID: 26187502 DOI: 10.1136/gutjnl-2015-309252]

18     

Osaki T, Konno M, Yonezawa H, Hojo F, Zaman C, Takahashi M, Fujiwara S, Kamiya S. Analysis of intra-familial 
transmission of Helicobacter pylori in Japanese families. J Med Microbiol 2015; 64: 67-73 [PMID: 25351712 DOI: 
10.1099/jmm.0.080507-0]

19     

Rothenbacher D, Winkler M, Gonser T, Adler G, Brenner H. Role of infected parents in transmission of Helicobacter 
pylori to their children. Pediatr Infect Dis J 2002; 21: 674-679 [PMID: 12237602 DOI: 
10.1097/00006454-200207000-00014]

20     

Kienesberger S, Perez-Perez GI, Olivares AZ, Bardhan P, Sarker SA, Hasan KZ, Sack RB, Blaser MJ. When is 
Helicobacter pylori acquired in populations in developing countries? Gut Microbes 2018; 9: 252-263 [PMID: 29494270 
DOI: 10.1080/19490976.2017.1421887]

21     

Jaramillo-Rodríguez Y, Nares-Cisneros J, Martínez-Ordaz VA, Velasco-Rodríguez VM, Márquez FC, Manríquez-
Covarrubias LE. Chronic gastritis associated with Helicobacter pylori in Mexican children: histopathological patterns. 
Pediatr Dev Pathol 2011; 14: 93-98 [PMID: 20658934 DOI: 10.2350/09-12-0754-OA.1]

22     

Okuda M, Lin Y, Kikuchi S. Helicobacter pylori Infection in Children and Adolescents. Adv Exp Med Biol 2019; 1149: 
107-120 [PMID: 31037557 DOI: 10.1007/5584_2019_361]

23     

Whitney AE, Guarner J, Hutwagner L, Gold BD. Helicobacter pylori gastritis in children and adults: comparative 
histopathologic study. Ann Diagn Pathol 2000; 4: 279-285 [PMID: 11073332 DOI: 10.1053/adpa.2000.17871]

24     

Liu S, Chen Q, Quan P, Zhang M, Zhang S, Guo L, Sun X, Wang C. Cancer incidence and mortality in Henan province, 
2012. Chin J Cancer Res 2016; 28: 275-285 [PMID: 27478313 DOI: 10.21147/j.issn.1000-9604.2016.03.02]

25     

Dixon MF, Genta RM, Yardley JH, Correa P. Classification and grading of gastritis. The updated Sydney System. 
International Workshop on the Histopathology of Gastritis, Houston 1994. Am J Surg Pathol 1996; 20: 1161-1181 [PMID: 
8827022 DOI: 10.1097/00000478-199610000-00001]

26     

Broide E, Richter V, Mendlovic S, Shalem T, Eindor-Abarbanel A, Moss SF, Shirin H. Lymphoid follicles in children with 
Helicobacter pylori-negative gastritis. Clin Exp Gastroenterol 2017; 10: 195-201 [PMID: 28860835 DOI: 
10.2147/CEG.S133421]

27     

Hatakeyama M. Helicobacter pylori and gastric carcinogenesis. J Gastroenterol 2009; 44: 239-248 [PMID: 19271114 
DOI: 10.1007/s00535-009-0014-1]

28     

Myint T, Miftahussurur M, Vilaichone RK, Ni N, Aye TT, Subsomwong P, Uchida T, Mahachai V, Yamaoka Y. 
Characterizing Helicobacter pylori cagA in Myanmar. Gut Liver 2018; 12: 51-57 [PMID: 29069889 DOI: 
10.5009/gnl17053]

29     

Hatakeyama M. Linking epithelial polarity and carcinogenesis by multitasking Helicobacter pylori virulence factor CagA. 
Oncogene 2008; 27: 7047-7054 [PMID: 19029944 DOI: 10.1038/onc.2008.353]

30     

Kong YJ, Yi HG, Dai JC, Wei MX. Histological changes of gastric mucosa after Helicobacter pylori eradication: a 
systematic review and meta-analysis. World J Gastroenterol 2014; 20: 5903-5911 [PMID: 24914352 DOI: 
10.3748/wjg.v20.i19.5903]

31     

Ford AC, Forman D, Hunt RH, Yuan Y, Moayyedi P. Helicobacter pylori eradication therapy to prevent gastric cancer in 
healthy asymptomatic infected individuals: systematic review and meta-analysis of randomised controlled trials. BMJ 2014; 
348: g3174 [PMID: 24846275 DOI: 10.1136/bmj.g3174]

32     

Domșa AT, Lupușoru R, Gheban D, Șerban R, Borzan CM. Helicobacter pylori Gastritis in Children-The Link between 
Endoscopy and Histology. J Clin Med 2020; 9 [PMID: 32183130 DOI: 10.3390/jcm9030784]

33     

Hoepler W, Hammer K, Hammer J. Gastric phenotype in children with Helicobacter pylori infection undergoing upper 
endoscopy. Scand J Gastroenterol 2011; 46: 293-298 [PMID: 21073375 DOI: 10.3109/00365521.2010.533383]

34     

Kalach N, Papadopoulos S, Asmar E, Spyckerelle C, Gosset P, Raymond J, Dehecq E, Decoster A, Creusy C, Dupont C. In 
French children, primary gastritis is more frequent than Helicobacter pylori gastritis. Dig Dis Sci 2009; 54: 1958-1965 
[PMID: 19003529 DOI: 10.1007/s10620-008-0553-y]

35     

Langner M, Machado RS, Patrício FR, Kawakami E. Evaluation of gastric histology in children and adolescents with 
Helicobacter pylori gastritis using the Update Sydney System. Arq Gastroenterol 2009; 46: 328-332 [PMID: 20232015 
DOI: 10.1590/s0004-28032009000400015]

36     

Kara N, Urganci N, Kalyoncu D, Yilmaz B. The association between Helicobacter pylori gastritis and lymphoid 
aggregates, lymphoid follicles and intestinal metaplasia in gastric mucosa of children. J Paediatr Child Health 2014; 50: 
605-609 [PMID: 24925694 DOI: 10.1111/jpc.12609]

37     

Mahachai V, Vilaichone RK, Pittayanon R, Rojborwonwitaya J, Leelakusolvong S, Maneerattanaporn M, 
Chotivitayatarakorn P, Treeprasertsuk S, Kositchaiwat C, Pisespongsa P, Mairiang P, Rani A, Leow A, Mya SM, Lee YC, 

38     

http://www.ncbi.nlm.nih.gov/pubmed/26625820
https://dx.doi.org/10.7314/apjcp.2015.16.17.7911
http://www.ncbi.nlm.nih.gov/pubmed/17072948
https://dx.doi.org/10.3748/wjg.v12.i39.6274
http://www.ncbi.nlm.nih.gov/pubmed/19760998
http://www.ncbi.nlm.nih.gov/pubmed/24656654
https://dx.doi.org/10.1016/j.anndiagpath.2014.02.003
http://www.ncbi.nlm.nih.gov/pubmed/24429445
https://dx.doi.org/10.2169/internalmedicine.53.0918
http://www.ncbi.nlm.nih.gov/pubmed/16416219
https://dx.doi.org/10.1007/s10620-006-3091-5
http://www.ncbi.nlm.nih.gov/pubmed/26187502
https://dx.doi.org/10.1136/gutjnl-2015-309252
http://www.ncbi.nlm.nih.gov/pubmed/25351712
https://dx.doi.org/10.1099/jmm.0.080507-0
http://www.ncbi.nlm.nih.gov/pubmed/12237602
https://dx.doi.org/10.1097/00006454-200207000-00014
http://www.ncbi.nlm.nih.gov/pubmed/29494270
https://dx.doi.org/10.1080/19490976.2017.1421887
http://www.ncbi.nlm.nih.gov/pubmed/20658934
https://dx.doi.org/10.2350/09-12-0754-OA.1
http://www.ncbi.nlm.nih.gov/pubmed/31037557
https://dx.doi.org/10.1007/5584_2019_361
http://www.ncbi.nlm.nih.gov/pubmed/11073332
https://dx.doi.org/10.1053/adpa.2000.17871
http://www.ncbi.nlm.nih.gov/pubmed/27478313
https://dx.doi.org/10.21147/j.issn.1000-9604.2016.03.02
http://www.ncbi.nlm.nih.gov/pubmed/8827022
https://dx.doi.org/10.1097/00000478-199610000-00001
http://www.ncbi.nlm.nih.gov/pubmed/28860835
https://dx.doi.org/10.2147/CEG.S133421
http://www.ncbi.nlm.nih.gov/pubmed/19271114
https://dx.doi.org/10.1007/s00535-009-0014-1
http://www.ncbi.nlm.nih.gov/pubmed/29069889
https://dx.doi.org/10.5009/gnl17053
http://www.ncbi.nlm.nih.gov/pubmed/19029944
https://dx.doi.org/10.1038/onc.2008.353
http://www.ncbi.nlm.nih.gov/pubmed/24914352
https://dx.doi.org/10.3748/wjg.v20.i19.5903
http://www.ncbi.nlm.nih.gov/pubmed/24846275
https://dx.doi.org/10.1136/bmj.g3174
http://www.ncbi.nlm.nih.gov/pubmed/32183130
https://dx.doi.org/10.3390/jcm9030784
http://www.ncbi.nlm.nih.gov/pubmed/21073375
https://dx.doi.org/10.3109/00365521.2010.533383
http://www.ncbi.nlm.nih.gov/pubmed/19003529
https://dx.doi.org/10.1007/s10620-008-0553-y
http://www.ncbi.nlm.nih.gov/pubmed/20232015
https://dx.doi.org/10.1590/s0004-28032009000400015
http://www.ncbi.nlm.nih.gov/pubmed/24925694
https://dx.doi.org/10.1111/jpc.12609


Yu M et al. H. pylori-induced gastric precancerous lesions in children

WJG https://www.wjgnet.com 3694 July 28, 2022 Volume 28 Issue 28

Vannarath S, Rasachak B, Chakravuth O, Aung MM, Ang TL, Sollano JD, Trong Quach D, Sansak I, Wiwattanachang O, 
Harnsomburana P, Syam AF, Yamaoka Y, Fock KM, Goh KL, Sugano K, Graham D. Helicobacter pylori management in 
ASEAN: The Bangkok consensus report. J Gastroenterol Hepatol 2018; 33: 37-56 [PMID: 28762251 DOI: 
10.1111/jgh.13911]
Ding SZ, Du YQ, Lu H, Wang WH, Cheng H, Chen SY, Chen MH, Chen WC, Chen Y, Fang JY, Gao HJ, Guo MZ, Han 
Y, Hou XH, Hu FL, Jiang B, Jiang HX, Lan CH, Li JN, Li Y, Li YQ, Liu J, Li YM, Lyu B, Lu YY, Miao YL, Nie YZ, 
Qian JM, Sheng JQ, Tang CW, Wang F, Wang HH, Wang JB, Wang JT, Wang JP, Wang XH, Wu KC, Xia XZ, Xie WF, 
Xie Y, Xu JM, Yang CQ, Yang GB, Yuan Y, Zeng ZR, Zhang BY, Zhang GY, Zhang GX, Zhang JZ, Zhang ZY, Zheng 
PY, Zhu Y, Zuo XL, Zhou LY, Lyu NH, Yang YS, Li ZS; National Clinical Research Center for Digestive Diseases 
(Shanghai), Gastrointestinal Early Cancer Prevention & Treatment Alliance of China (GECA), Helicobacter pylori Study 
Group of Chinese Society of Gastroenterology, and Chinese Alliance for Helicobacter pylori Study. Chinese Consensus 
Report on Family-Based Helicobacter pylori Infection Control and Management (2021 Edition). Gut 2022; 71: 238-253 
[PMID: 34836916 DOI: 10.1136/gutjnl-2021-325630]

39     

Yuan L, Zhao JB, Zhou YL, Qi YB, Guo QY, Zhang HH, Khan MN, Lan L, Jia CH, Zhang YR, Ding SZ. Type I and type 
II Helicobacter pylori infection status and their impact on gastrin and pepsinogen level in a gastric cancer prevalent area. 
World J Gastroenterol 2020; 26: 3673-3685 [PMID: 32742135 DOI: 10.3748/wjg.v26.i25.3673]

40     

http://www.ncbi.nlm.nih.gov/pubmed/28762251
https://dx.doi.org/10.1111/jgh.13911
http://www.ncbi.nlm.nih.gov/pubmed/34836916
https://dx.doi.org/10.1136/gutjnl-2021-325630
http://www.ncbi.nlm.nih.gov/pubmed/32742135
https://dx.doi.org/10.3748/wjg.v26.i25.3673


WJG https://www.wjgnet.com 3695 July 28, 2022 Volume 28 Issue 28

World Journal of 

GastroenterologyW J G
Submit a Manuscript: https://www.f6publishing.com World J Gastroenterol 2022 July 28; 28(28): 3695-3705

DOI: 10.3748/wjg.v28.i28.3695 ISSN 1007-9327 (print) ISSN 2219-2840 (online)

ORIGINAL ARTICLE

Observational Study

Secular trends of intrahepatic cholangiocarcinoma in a high endemic 
area: A population-based study

Chun-Ru Lin, Yu-Kwang Lee, Chun-Ju Chiang, Ya-Wen Yang, Hung-Chuen Chang, San-Lin You

Specialty type: Gastroenterology 
and hepatology

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

Peer-review model: Single blind

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

P-Reviewer: Coppola A, Italy; Li JT, 
China

Received: April 6, 2022 
Peer-review started: April 6, 2022 
First decision: May 29, 2022 
Revised: May 30, 2022 
Accepted: June 30, 2022 
Article in press: June 30, 2022 
Published online: July 28, 2022

Chun-Ru Lin, School of Medicine, College of Medicine, Fu Jen Catholic University, New Taipei 
City 242008, Taiwan

Yu-Kwang Lee, Department of Surgery, National Taiwan University Hospital, Taipei 100229, 
Taiwan

Chun-Ju Chiang, Ya-Wen Yang, Graduate Institute of Epidemiology and Preventive Medicine, 
College of Public Health, National Taiwan University, Taipei 10055, Taiwan

Hung-Chuen Chang, Division of Gastroenterology, Department of Internal Medicine, Shin Kong 
Wu Ho-Su Memorial Hospital, Taipei 111045, Taiwan

San-Lin You, School of Medicine and Data Science Center, Fu Jen Catholic University, New 
Taipei City 242008, Taiwan

Corresponding author: San-Lin You, PhD, Assistant Professor, School of Medicine and Data 
Science Center, Fu Jen Catholic University, No. 510 Zhongzheng Road, Xinzhuang District, 
New Taipei City 242008, Taiwan. yousanlin@gmail.com

Abstract
BACKGROUND 
Intrahepatic cholangiocarcinoma (ICC) is one of the most aggressive malign-
ancies. However, because of its scarcity there are limited population-based data 
available for investigations into its epidemiologic characteristics. In Taiwan, we 
have a national cancer registry database that can be used to evaluate the secular 
trends of ICC.

AIM 
To evaluate secular trends of ICC according to age, sex, and risk factors in 
Taiwan.

METHODS 
In this population-based study, we used the national Taiwan Cancer Registry 
database. Age-standardized and relative percent changes in incidence rates were 
used to describe secular trends in incidence rates and sex ratios of ICC in Taiwan.

RESULTS 
The age-standardized ICC incidence rate among males increased from 1.51 per 
100000 in 1993-1997 to 4.07 per 100000 in 2013-2017 and among female from 1.73 
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per 100000 to 2.95 per 100000. The incidence in females tended to plateau after 2008-2012. For 
males, the ICC incidence increased as age increased. In the long-term incidence trend of ICC in 
females, the incidence of the four age groups (40-44, 45-49, 50-54 and 55-59 years) remained stable 
in different years; although, the incidence of the 60-64 group had a peak in 2003-2007, and the peak 
incidence of the 65-69 and 70-74 groups occurred in 2008-2012. Among males, beginning at the age 
of 65, there were increases in the incidence of ICC for the period of 2003-2017 as compared with 
females in the period of 2003-2017.

CONCLUSION 
Increased incidence of ICC occurred in Taiwan over the past two decades. The increased incidence 
has progressively shifted toward younger people for both males and females.

Key Words: Intrahepatic cholangiocarcinoma; Incidence; Secular trend; Sex ratio; Risk factor

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

Core Tip: It is important to evaluate the secular trends of intrahepatic cholangiocarcinoma (ICC) incidence 
and to determine insightful etiological clues in a population with a high incidence of liver cancer. Using 
the national Taiwan Cancer Registry, we observed an increased incidence of ICC for both males and 
females. Our observations should be taken in the context of other studies conducted on secular trends of 
ICC.

Citation: Lin CR, Lee YK, Chiang CJ, Yang YW, Chang HC, You SL. Secular trends of intrahepatic 
cholangiocarcinoma in a high endemic area: A population-based study. World J Gastroenterol 2022; 28(28): 3695-
3705
URL: https://www.wjgnet.com/1007-9327/full/v28/i28/3695.htm
DOI: https://dx.doi.org/10.3748/wjg.v28.i28.3695

INTRODUCTION
Intrahepatic cholangiocarcinoma (ICC) is one of the most aggressive malignancies, and its mortality 
rates are 1–2 per 100000[1]. After surgery, patients with ICC have 5-year survival rates of approximately 
60%, and the rates of recurrence are 60%-65%[2]. In the United States, there were 1.18 new cases per 
100000 in 2012[3]. ICC is the second most commonly diagnosed liver cancer[4], and the incidence of ICC 
continues to increase[5]. Florio et al[5] reported that the incidence rate of ICC has regional differences. 
For example, the incidence rate of ICC in 2008-2012 was 2.80 per 100000 in South Korea [95% confidence 
interval (CI): 2.68 to 2.93], 2.19 per 100000 in Thailand (95%CI: 2.01-2.36), 0.58 per 100000 in Italy (95%CI: 
0.48-0.69), 0.78 per 100000 in the United States (95%CI: 0.74-0.82), and 1.15 per 100000 in the United 
Kingdom (95%CI: 1.12-1.18)[5]. The average annual percent change (AAPC) of ICC in 2008-2012 also 
exhibits regional differences. In particular, the AAPC of ICC in 2008-2012 was 4.5% in South Korea 
(95%CI: 3.0-5.9), -1.0% in Thailand (95%CI: -3.8-1.9), 3.3% in Italy (95%CI: 1.5-5.2), 2.0% in the United 
States (95%CI: -2.3-6.5), and 4.6% in the United Kingdom (95%CI: 3.2-6.1)[5]. Although these previous 
studies show that the threat of ICC is rising in many parts of the world[4,5], few studies have used 
nationwide incidence data to study the epidemiology of ICC.

Moreover, this population-based data facilitates an unbiased estimate of the burden of ICC into the 
near future. We aimed to evaluate the current trends of ICC in Taiwan. We investigated secular trends 
in the incidence of ICC to provide insightful etiological analyses, particularly for the variations by age 
and sex.

MATERIALS AND METHODS
Incidence data from 1993–2017 were obtained from the Taiwan Cancer Registry (TCR). We extracted 
incidence data on ICC [topography code of International Classification of Diseases for Oncology (ICD-
O-FT: T-155.1 before 2002 and ICD-O-3: C22.1, M code 9590-9993 was excluded)]. TCR is organized and 
funded by the Health Promotion Administration, Ministry of Health and Welfare, Taiwan. In 1979, TCR 
began to register all cancers nationwide[6,7].

https://www.wjgnet.com/1007-9327/full/v28/i28/3695.htm
https://dx.doi.org/10.3748/wjg.v28.i28.3695
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Statistical analysis
In 1995, Taiwan launched the National Health Insurance system[8]. Since that time, the health status of 
the Taiwanese population has been fully registered[7]. The incidence data were grouped into 17 5-year 
age groups (0-4, 5-9, 10-14, 15-19, … to 80+ years) and 5 periods (1993–1997, 1998–2002, …, and 
2013–2017). Therefore, the data design comprised 14 birth cohorts (the oldest: 1908-1912 to the youngest: 
1973-1977). In this study, we reasoned the choice of 1993-1997 as the beginning of the analytical year to 
avoid incomplete records of incidence data, and the quality of diagnosis in 1993 was similar to that after 
1995.

We calculated the incidence rates by sex for each age group by dividing the number of cases by the 
corresponding population size[9]. Age-standardized incidence rates by sex were calculated using the 
direct method with the 2000 world standard population as reference[10]. The male-to-female incidence 
ratios were calculated by dividing the rate in males by that in females for each age group.

All statistical analyses were performed using SAS version 9.4 (SAS Institute Inc., Cary, NC, United 
States). The research protocol was approved by the Institutional Review Board of Fu-Jen Catholic 
University (No. C107099).

RESULTS
Age-standardized incidence rates
Figure 1 shows the trend of age-standardized rate (ASR) of ICC in men and women in Taiwan from 
1993-1997 to 2013-2017. The incidence of ICC in men increased linearly. The ASR increased from 1.51 per 
100000 in 1993-1997 to 4.07 per 100000 in 2013-2017, and its relative percent change was 169%. The 
incidence of ICC in women tended to plateau after 2008-2012. The ASR increased from 1.73 per 100000 
population in 1993-1997 to 2.95 per 100000 in 2008-2012. The relative percentage change was 70%. From 
1993-1997 to 2013-2017, the ASR incidence of ICC in men increased more rapidly than that in women.

Age-specific incidence rates
Figure 2A showed the age-specific rates of ICC per 100000 men in Taiwan. For males, the incidence of 
ICC increased as age increased. The age-specific rate of ICC in seven age groups (40-44, 45-49, 50-54, 55-
59, 60-64, 65-69, and 70-74) increased steadily between 1993-1997 and 2013-2017. The respective relative 
percent changes were 372%, 265%, 156%, 124%, 153%, 231%, and 139%. The 70-74 age group had a 
larger growth between 1993-1997 and 2003-2007, and its relative percent change was 114%. Then, it 
increased more slowly between 2003-2007 and 2013-2017, and its relative percent change was only 5%. 
The 80+ age group showed a trend from rising to declining, with peaks occurring in 2008-2012. 
Compared to 1993-1997, its relative percent change was 175%. From 2008-2007 to 2013-2017, the 
incidence decreased 4%.

Figure 2B shows the age-specific rates of ICC per 100000 women in Taiwan. The age-specific rates of 
the four age groups of 40-44, 45-49, 50-54, and 55-59 remained stable in different years. The incidence of 
the 60-64 age group had a peak in 2003-2007, and the incidence increased by 69% compared with 1993-
1997. The peak incidence of the 65-69 and 70-74 age groups occurred in 2008-2012 compared with the 
incidence of 1993-1997. The respective relative percent change was 111% and 136%. The incidence of the 
75-79 age group increased steadily from 1993-1997 to 2013-2017, with an increase of 121%. The incidence 
of the 80+ age group peaked in 2008-2012 compared with that in 1993-1997, and the relative percentage 
change was 227%. Then, the incidence decreased by 11% between 2008-2012 and 2013-2017.

Figure 3 showed the age-specific rates of men and women in different birth cohorts. The incidence of 
ICC increased as the birth year increased for both males and females. For example, in the 70-74 age 
group, the incidence of males born in 1943-1947 was 8.41 times of those born in 1913-1917, and the 
incidence of women born in 1943-1947 was 16.11 times of those born in 1913-1917.

Sex ratios of age-standardized incidence rates
Figure 4 shows the sex ratio of the ASR of ICC in Taiwan from 1993 to 2017. A turning point was 
apparent at 1998-2002. Before that period, the incidence of ICC in women was higher than that in men. 
In 1998-2002, the sex ratio of the incidence of ICC was 1.02, which means that the incidence of ICC in 
men and women was almost the same. After 2002, the incidence of ICC in men was higher than that of 
women. From 1993-1997 to 2013-2017, the sex ratio of the incidence of ICC increased from 0.87 to 1.52, 
and the relative percent change was 75%, which indicates a trend of an increasing gap in the incidence 
of ICC between men and women.

Sex ratios of age-specific incidence rates
Figure 5 shows the sex ratio of the age-specific rates of ICC in Taiwan by diagnostic period. For ICC 
patients younger than 70-year-old, the sex ratio of age-specific rates increased with year. For example, in 
the 40-44 age group, the sex ratio was 0.72 in 1993-1997 and 2.98 in 2013-2017. Its relative percent change 
was 314% from 1993-1997 to 2013-2017. In the age group over 70-years-old, the sex ratio showed a stable 
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Figure 1  Secular trend in age-standardized incidence rates of intrahepatic cholangiocarcinoma in Taiwan, 1993–2017.

Figure 2 Age-specific incidence rates of intrahepatic cholangiocarcinoma by year of diagnosis and sex. A: Male age-specific rate; B: Female 
age-specific rate.

baseline in different years, which meant that the incidence of ICC was similar in men and women.

DISCUSSION
This population-based study showed that the incidence of ICC has rapidly increased in Taiwan. This 
increase remained after stratification by age, sex, diagnosis period, and birth cohort. These results, 
which highlight the current and projected incidence of ICC, suggest that there is a need for more 
research to prevent the burden of this cancer in Asian countries.

The incidence rate of ICC varies among different regions of the world[4]. Globally, the ASR is 0.85 per 
100000[11]. In Asia, the highest ASR was 2.80 per 100000 in South Korea, and the lowest was 0.26 per 
100000 in Israel during 2008-2012[5]. According to our result, the ASR in Taiwan was about 3.3 per 
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Figure 3 Age-specific incidence rates of intrahepatic cholangiocarcinoma by birth year and sex. 

Figure 4  Sex ratio for age-standardized incidence rate of intrahepatic cholangiocarcinoma by year of diagnosis.

100000 during 2008-2012, which means that Taiwan is a high-risk region of ICC. Higher incidence of 
ICC in Asian countries is likely due to the presence of more risk factors[4,12].

Changes in the incidence of ICC also differs among different countries[5]. Overall, the incidence of 
ICC has increased in most of the countries in the world[5]. However, the incidence of ICC was higher in 
Asia, and the increase-rate was higher in Europe and North America[13]. The AAPC of ICC incidence 
from 1993 to 2012 was 5.0% in Canada, 6.1% in Costa Rica, 6.5% in France, 7.5% in Germany, 8.7% in 
Poland, 10.5% in Ireland, and 20.1% in Latvia[5]. In Asian countries, the AAPC of ICC incidence was -
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Figure 5  Age-specific sex ratio of intrahepatic cholangiocarcinoma by year of diagnosis and age groups.

0.7% in Japan, -1.0% in Thailand, -2.4% in Philippines, 4.5% in South Korea, and 11.1% in China[5]. In 
some Asian countries, such as Philippines, Thailand, and Japan, the incidence of ICC showed a nonsig-
nificant decline[5]. In contrast to other studies, our results indicate a rising burden of ICC in the Asia-
Pacific area.

A previous study attempted to report the population-based incidence rate of ICC[14]. A study 
conducted in the United States found that ICC incidence increased from 0.44 per 100000 in 1973 to 1.8 
per 100000 in 2012. The AAPC from 2001 to 2012 was 2.3%, and AAPC was 4.36% from 2003 to 2012[3]. 
In this study, we used the national registry system, which provides comprehensive coverage of the 
entire population, to make an unbiased estimation of ICC incidence. We found that the incidence of ICC 
in Taiwan increased from 1.04 per 100000 to 3.36 per 100000 from 1988-1992 to 2013-2017.

An expert consensus document reported that ICC has several risk factors, such as aging of the 
population, smoking, obesity, diabetes mellitus (DM), hepatitis B virus (HBV) infection, and hepatitis C 
virus (HCV) infection[4], which may account for this projected increasing incidence. However, due to 
the number of risk factors of ICC, the phenomenon of the increasing trend of the ICC incidence in 
Taiwan cannot be explained by a single risk factor.

Aging is an established risk factor for ICC[4]. A study published in 2016 found that the median age at 
diagnosis among patients in the United States diagnosed with ICC was 67 years between 2008 and 2012
[3]. More than 73% of those patients with ICC were older than 60 years[15], which was similar to our 
results. We found that the incidence rate was low before age 60 and increased dramatically thereafter. 
The proportion of people in the population aged 60 and above increased from 13.6% in 2007 to 23.2% in 
2020 in Taiwan[9]. A previous study found that the aging of populations in developed countries 
contributes to the increasing incidence of ICC[15]. Nevertheless, we found the age-adjusted incidence 
increased gradually over time, and the trend remained consistently elevated, even after stratification by 
age. This implies that population aging has contributed to the increasing ICC incidence in Taiwan.

A previous meta-analysis showed that DM significantly increased the risk of ICC independent of 
various confounding factors (relative risk: 1.97, 95%CI: 1.57-2.46; P = 0.025 for heterogeneity)[16]. A 
previous study reported an increasing prevalence of DM for both sexes in Taiwan from 1992 to 1996
[17], while the incidence remained stable at 6.9–7.7 per 1000 person-years from 1999 to 2004[18]. From 
2000 to 2007, the ASR of type 2 DM remained high, at 8.7–9.8 per 1000[19]. In the elderly age group (≥ 65 
years), the incidence rate in women (873.2/100000) was higher than that in men (721.4/100000)[20].

Smoking is the most comprehensive environmental factor responsible for ICC. A study based on the 
National Cancer Institute’s SEER 18 database reported that smoking increases the risk of ICC by 46% 
(95%CI: 1.28-1.66)[20]. A cohort study that included 1518741 individuals showed that current smokers 
have a 47% greater risk of ICC compared to non-smokers (95%CI: 1.07-2.02)[21]. Taiwan has a high 
prevalence of smoking. The smoking rate among adult men increased from 59% in 1986 to 63% in 1990, 
which resulted from the cigarette market opening[22]. A study based on the National Health Interview 
Survey of Taiwan was conducted in 2001. The prevalence of smokers was 46.8% and the prevalence of 
ex-smokers was 6.8% in Taiwanese adult males in 2001. The prevalence of smoking was 4.3% and the 
prevalence of ex-smokers was 0.5% in Taiwanese adult females in 2001[23]. In 2009, a new anti-smoking 
law was established in Taiwan. Despite the efforts of the Taiwan government, a cross-sectional study 
that included 961 adults found that up to 42% of sampled Taiwanese adults had smoked cigarettes after 
that new law had been implemented[24]. The high prevalence of smoking among the early birth cohort 
in Taiwan may partly explain its high incidence of ICC and seemed to have a cohort effect on ICC.
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Obesity was found to increase the risk of ICC by a previous meta-analysis [odds ratio (OR): 1.56, 
95%CI: 1.26-1.94][25]. Recently, the prevalence of obesity in Taiwan has increased rapidly. More 
specifically, a study based on the Nutrition and Health Surveys in Taiwan reported that the prevalence 
of obesity in men increased from 10.5% in 1993–1996 to 17.0% in 2005. The prevalence of obesity tripled 
for elementary school boys from 1993 to 2002. Due to the consumption of high-fat foods and lack of 
physical activity, the prevalence of obesity is likely to increase further in Taiwan[26]. The aforemen-
tioned phenomenon may contribute to the increasing prevalence of ICC.

A previous study reported that ICC incidence rates were higher in males than in females in most 
countries in the world[5]. The sex ratio of the incidence of ICC was 2.9 in Malta, 1.9 in South Korea, 1.9 
in Thailand, 1.9 in Japan, 1.9 in Spain, 1.6 in Slovakia, and 1.6 in France[5]. A study based on the SEER 
database reported that the incidence of ICC was higher in males than in females, and the sex ratio of the 
age-specific rates of ICC decreased in the aging group[27]. Our results also showed similar outcomes, 
and this phenomenon may be due to the different hormone profiles of males and females[28]. A study 
reported that estrogen may modulate cholangiocyte proliferation in nude mice[29]. A previous study 
used chromatography-tandem mass spectrometry and competitive electrochemiluminescence 
immunoassay to analyze the relationship between sex steroid hormones and ICC. In that study, a high 
level of estradiol was found to increase the risk of ICC (OR: 1.40, 95%CI: 1.05-1.89)[30]. A previous study 
in Taiwan reported that women born in younger cohorts had a later age at natural menopause (hazard 
ratio: 0.87 per 10-year difference, 95%CI: 0.81-0.95)[31]. The lower ICC incidence of females in our study 
may be attributed to decreasing estrogen levels in elderly and postmenopausal women. The lower 
prevalence of smoking among women (4%-8%) than men (47% in 2001)[22] may also contribute to their 
lower incidence of ICC.

A previous study found that hepatitis B surface antigen (HBsAg) and HCV antibodies had a high 
association with ICC[32]. A meta-analysis reported that HBV and HCV infection increased the risk of 
ICC (OR: 3.17, 95%CI: 1.88-5.34 and OR: 3.42, 95%CI: 1.96-5.99, respectively)[33]. Previously, Taiwan 
was classified as a high-risk region for HBsAg[34]. A study found that HBV DNA could interrupt seven 
genes (TERT, CEACAM20, SPATA18, TRERF1, ZNF23, LINC01449, and LINC00486) in ICC tissue, which 
may indicate a potential mechanism for the increased risk of ICC in HBV carriers[35].

A retrospective multicenter study in Taiwan reported that the HBsAg prevalence in hepatocellular 
carcinoma from 1981 to 2001 decreased from 81.5% to 61.2% in males and decreased from 66.7% to 
41.4% in females[36]. The sex ratio of HBsAg prevalence of hepatocellular carcinoma increased from 
1.22 to 1.61[36], which was consistent with the increasing trend of the sex ratio of the ICC incidence in 
our study. A previous review hypothesized that HCV could induce the transformation of hepatocytes 
into cholangiocyte precursors[37]. The HCV antibody prevalence in hepatocellular carcinoma was 31.5% 
(95%CI: 30.4%-32.6%) in Taiwanese males and 56.7% (95%CI: 54.4%-59.0%) in Taiwanese females[36]. A 
retrospective cross-sectional study in Taiwan reported that in patients with HCV infection, visceral 
obesity was significantly associated with waist-to-height ratio, body fat percentage, fat-free mass/body 
weight, and muscle mass/body weight[38]. Thus, we assumed that HBV and/or HCV infection may be 
at least partially explain why the incidence of ICC in Taiwan was high.

We found that the sex ratio of the incidence of ICC increased as the diagnostic year increased. In the 
group over the age of 70 years, the sex ratio of the incidence of ICC between men and women was close 
to 1, which meant that there was almost no difference in the incidence of ICC between men and women. 
The proportion of women with ICC increases with age. Another population-based study in the United 
States showed the proportion of females with ICC was 38.9% for those aged 40-59 years, 45.8% for those 
aged 60-79 years, and 56.3% for those aged ≥ 80 years[27]. The aforementioned research results are 
consistent with our study outcome. However, another study based on the Italian National Institute of 
Statistics A in Italy, another country with a high risk of ICC, reported that the incidence of ICC in males 
was always higher than that in females[39], which was different from our study outcome. Due to the 
variety of risk factors of ICC, it is difficult to identify the cause of this difference. A study based on the 
Netherlands Cancer Registry reported that the incidence of ICC in a low endemic area significantly 
increased in older populations, especially in in the 45–59 years age group[40]. Interestingly, we also 
found a similar pattern.

Assessing the temporal trends in the sex difference of ICC incidence has useful implications. Any 
temporal changes in the sex difference reflect the contributions from environmental and extrinsic risk 
factors, while a stable sex difference indicates the role of intrinsic exposures or environmental risk. The 
increase of the sex difference in the incidence of ICC may be explained by the decreasing prevalence of 
smoking, particularly in men with a historically higher prevalence[23,24]. The decline in smoking 
prevalence in Taiwan, which has been more rapid for men than for women, may have also contributed 
to the decreased sex difference in ICC[23,24]. In addition, we noted an increased sex difference in the 
incidence of ICC since 2008, which warrants confirmation through continued monitoring and investig-
ations.

We found that the gap in the sex ratio between the 40-44 age group and the 80+ age group increased 
as the diagnostic year increased. In age groups younger than 70 years, the sex ratio increased as the 
diagnostic year increased. However, in the age groups over 70 years, the sex ratio was similar during 
each diagnostic period. In our cohort, we found that the incidence of ICC in males and females was 
higher in the elder birth cohort, which resulted in the aforementioned phenomenon.
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Surgery is the only curative treatment for ICC[4]. A previous study found the incidence of sarcopenia 
among ICC patients following receipt of liver resection to be 50%. Preoperative nutritional evaluation is 
important for ICC[41]. In addition, nutritional factors may affect the disease incidence. Indeed, a 
population-based cohort study found that regular use of oil supplement lowered the risk of total liver 
cancer to 44% (95%CI: 25%-59%) and risk of ICC to 40% (95%CI: 7%-61%)[42]. A meta-analysis 
suggested that vegetable and fruit consumption may reduce the risk of ICC; specifically, the reported 
ORs of mixed vegetables, mixed fruits, and combined fruits and vegetables were 0.61 (95%CI: 0.50-0.75), 
0.79 (95%CI: 0.65-0.96), and 0.68 (95%CI: 0.57-0.80), respectively[43]. A multi-center study determined 
that high dietary fiber intake could be associated with a lower risk of intrahepatic bile duct cancer[44]. 
Finally, an animal model-based study in Taiwan provided further evidence of a relationship between 
ICC and nutrition; vitamin D supplementation lead to significant suppression of ICC initiation and 
progression in the rat model via regulation of gene expression (e.g., of lipocalin 2)[45].

This study has several limitations. As seen in other studies based on cancer registry databases[46], a 
substantial portion of cases did not receive histological verification. Old age and advanced tumor stage 
at presentation likely prohibited this verification. Nevertheless, integrity of the TCR database was 98.4%
[47]. The morphological verication percentage of the TCR database is 93.0%[47], which minimizes the 
misdiagnosis of cancer incidence. In addition, quality and accuracy of clinical diagnosis in our databases 
has been validated, and the percentage of death certicate-only data is 1%[47]. In addition, we extracted 
the ICD-O-FT: T-155.1 before 2002 and ICD-O-3: C22.1 from 2003–2017, which may misclassify some 
diagnostic cases. However, due to the rarity of ICC cases in Taiwan, this deviation did not affect the 
statistical trend outcomes in our study. In addition, restriction to cases with histological proof would 
have introduced selection bias. Ultimately, although our study found that there are various risks 
associated with ICC, including sex, age, DM, HBV and/or HCV infection, obesity, nutritional factors, 
and smoking, the results need to be validated in larger cohorts, exploring the risk of ICC development 
in a high incidence area in particular.

CONCLUSION
The incidence of ICC continues to rise in Asia. The etiological role of ICC is still unclear. However, 
future prospective evaluations are warranted to explore potential risk factors of ICC. The assessment of 
their independent and/or interactive effects are suggested, which could lead to prevention of ICC, 
development of early detection methods for early curative surgery, and identification of potential 
prognostic factors related to improved therapy and outcomes.

ARTICLE HIGHLIGHTS
Research background
Intrahepatic cholangiocarcinoma (ICC) is one of the most aggressive malignancies. However, because of 
its scarcity few population-based studies have explored its epidemiology. In Taiwan, we have a national 
cancer registry database, which can be used to evaluate the epidemiology of ICC.

Research motivation
To discover the secular incidence trends and associated risk factors of ICC in Taiwan.

Research objectives
To observe secular trends in ICC incidence according to age, sex, and risk factors in Taiwan.

Research methods
In this population-based study, we used the national Taiwan Cancer Registry database. Relative percent 
change in incidence rates were used to describe secular trends in incidence rates and sex ratios of ICC in 
Taiwan.

Research results
The age-standardized ICC incidence rate among males increased from 1.51 per 100000 in 1993-1997 to 
4.07 per 100000 in 2013-2017 and among females from 1.73 per 100000 to 2.95 per 100000. ICC incidence 
rates in females tended to plateau after 2008-2012. For males, the incidence of ICC increased as age 
increased. In the long-term incidence trend of ICC in females, the incidence of the four age groups of 40-
44, 45-49, 50-54, and 55-59 years remained stable in different years, the incidence of the 60-64 age group 
had a peak in 2003-2007, and the peak incidence in the 65-69 and 70-74 age groups occurred in 2008-
2012.
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Research conclusions
An increased incidence of ICC has occurred in Taiwan over the past two decades. The increased sex 
ratios has progressively shifted toward younger people.

Research perspectives
Further long-term cohort studies are needed to investigate the relationship between ICC and its risk 
factors.
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Abstract
BACKGROUND 
Helicobacter pylori (H. pylori) has characteristics of family cluster infection; 
however, its family-based infection status, related factors, and transmission 
pattern in central China, a high-risk area for H. pylori infection and gastric cancer, 
have not been evaluated. We investigated family-based H. pylori infection in 
healthy households to understand its infection status, related factors, and patterns 
of transmission for related disease prevention.

AIM 
To investigate family-based H. pylori infection status, related factors, and patterns 
of transmission in healthy households for related disease prevention.

METHODS 
Blood samples and survey questionnaires were collected from 282 families 
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including 772 individuals. The recruited families were from 10 selected communities in the greater 
Zhengzhou area with different living standards, and the family members’ general data, H. pylori 
infection status, related factors, and transmission pattern were analyzed. H. pylori infection was 
confirmed primarily by serum H. pylori antibody arrays; if patients previously underwent H. pylori 
eradication therapy, an additional 13C-urea breath test was performed to obtain their current 
infection status. Serum gastrin and pepsinogens (PGs) were also analyzed.

RESULTS 
Among the 772 individuals examined, H. pylori infection rate was 54.27%. These infected 
individuals were from 246 families, accounting for 87.23% of all 282 families examined, and 34.55% 
of these families were infected by the same strains. In 27.24% of infected families, all members 
were infected, and 68.66% of them were infected with type I strains. Among the 244 families that 
included both husband and wife, spouse co-infection rate was 34.84%, and in only 17.21% of these 
spouses, none were infected. The infection rate increased with duration of marriage, but annual 
household income, history of smoking, history of alcohol consumption, dining location, presence 
of gastrointestinal symptoms, and family history of gastric disease or GC did not affect infection 
rates; however, individuals who had a higher education level showed lower infection rates. The 
levels of gastrin-17, PGI, and PGII were significantly higher, and PGI/II ratio was significantly 
lower in H. pylori-infected groups than in H. pylori-negative groups.

CONCLUSION 
In our study sample from the general public of central China, H. pylori infection rate was 54.27%, 
but in 87.23% of healthy households, there was at least 1 H. pylori-infected person; in 27.24% of 
these infected families, all members were infected. Type I H. pylori was the dominant strain in this 
area. Individuals with a higher education level showed significantly lower infection rates; no other 
variables affected infection rates.

Key Words: Helicobacter pylori; Atrophic gastritis; Family clustering infection; Gastric cancer; Gastrin; 
Pepsinogen

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

Core Tip: Helicobacter pylori (H. pylori) has characteristics of family cluster infection. However, few 
studies have investigated family-based infection status and pattern of intrafamilial transmission in the 
general public of central China. In our study, H. pylori infection rate was 54.27%, but in 87.23% of 
healthy households, there was at least 1 H. pylori-infected person; in 27.24% of these infected families, all 
members were infected. Type I H. pylori was the dominant strain in this area. Intrafamilial infection status 
and patterns of transmission represent one important source of H. pylori spread, indicating the urgent need 
for family-based infection control and related disease prevention.
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INTRODUCTION
Chronic Helicobacter pylori (H. pylori) infection is the major cause of chronic gastritis, peptic ulcers, and 
gastric cancer (GC), and is also closely associated with a number of extra-gastrointestinal (GI) diseases
[1-3]. H. pylori infection rate in China is about 50%, but the infection rate varies widely in different 
regions due to economic development, age, lifestyle habit, and sanitary conditions[4-6]. H. pylori has 
characteristics of family cluster infection[7]. Most H. pylori infections are acquired during childhood and 
adolescence, and infection will persist for decades unless proper treatment is offered.

Mounting evidence has demonstrated that transmission of H. pylori is mainly by oral-oral and fecal-
oral routes, and water sources[8,9], and intra-familial spread is the major source of H. pylori trans-
mission[10-12]. The infected parent, especially the mother, is thought to play an important role in its 
transmission[9,11]. When parents are infected with H. pylori, the infection rates of their children 

https://www.wjgnet.com/1007-9327/full/v28/i28/3706.htm
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markedly increase; spread has also been demonstrated between spouses and among siblings[13-17]. 
Therefore, diagnosis and treatment of the whole family have important clinical implications for 
preventing related diseases[18]. Recently, the notion of “family-based H. pylori infection control and 
management” has been introduced to China as a practical strategy to curb H. pylori intra-familial 
transmission[3]. However, relatively few studies have been performed to investigate the family-based 
infection status, related factors, and pattern of intrafamilial transmission in the general population.

Type I [cytotoxin-associated protein-positive (CagA+), vacuolating cytotoxin-positive (VacA+)] H. 
pylori infection causes severe gastric inflammation and is prone to induce carcinogenesis[19,20]. Our 
previous study of 3572 patients admitted to the hospital showed that the H. pylori infection rate was 
75.9% in this area of central China. The infection rate was further confirmed by investigation of 523 
endoscopy-confirmed patients (76.9%), of whom 72.4% (291/402) had type I H. pylori infection and 
27.5% had type II H. pylori infection. Importantly, 88.4% of GC patients were H. pylori-positive, of whom 
84.2% had type I infection; only 11.6% of GC patients were H. pylori-negative[21]. At present, the 
genotype of family based-H. pylori infection in the healthy household is unclear, as well as its 
relationship with GC epidemiological markers such as gastrin-17 (G-17), pepsinogen (PG) level, and PG 
I/II ratio (PGR).

Henan province in central China is one of the high-risk areas for H. pylori and GC, with an H. pylori 
infection rate of 49.6%[22] and GC incidence of 42.52/100000[23]. The capital city, Zhengzhou, has a 
population of 12 million, but there has been no large-scale family-based H. pylori intrafamilial 
transmission survey, and the factors that affect H. pylori spread and cause disease are also unclear.

Therefore, we investigated family-based H. pylori infection status, factors related to bacteria spread, 
bacteria genotype, and patterns of transmission for the residents in this area, and analyzed their impact 
on GC epidemiological markers including G-17, PGI, PGII, and PGR. The results of this study will 
provide information on H. pylori infection status in the household and help to refine eradication 
strategies for the prevention of related diseases.

MATERIALS AND METHODS
Study population and data collection
From September 2020 to April 2021, blood samples and questionnaires were collected from family 
members of 10 selected communities in greater Zhengzhou area; each community enrolled 20-30 
families, with all members participating. The 10 communities were selected based on high, middle, and 
low living standards to prevent biased selection of the population; these included two high-income 
communities, six middle-class communities, and two communities originating from rural areas. Spe-
cifically, the study included two communities located in Guancheng District, namely Lufu Pavilion and 
Houjiadong Street communities; three communities located in Jinshui District, namely Chengbei Road, 
Jiagang, and Huilong Digital City communities; four communities in New East Zhengzhou District, 
namely Hanhai Qingyu, Zhengzhou Academy of Aviation Administration, Henan University of 
Finance, Economics and Law, and Nanxi Fudi communities; and one community in Central Zhengzhou 
District, namely Kowloon City community.

A total of 282 families (family size ≥ 2 persons) including 772 individuals participated in the survey. 
Inclusion criteria were: Family members being long-term residents living in Zhengzhou area, with no 
age limit; all family members being willing to participate by providing blood samples and filling out the 
questionnaire; at least 2 people composing the family unit, but with no limitation on how many people 
are living in the same household; and all family members being willing to provide written informed 
consent. An infected family was defined as a household with various family members infected with H. 
pylori, ranging from only 1 person to all family members being infected, and a family could be 
composed of only a couple, with or without children. Exclusion criteria were: Pregnant and breast-
feeding females; people with mental illness; or people who refused to fill out the questionnaire or sign 
the consent form.

This study was approved by the Ethics Committee of People’s Hospital of Zhengzhou University 
(No. 53, 2021). All subjects provided written informed consent; for minor subjects, written informed 
consent was given by their legal guardian. This study was registered in the China Clinical Trial Registry 
(www.chictr.org.cn; No. ChiCTR2100052950), and the protocol is freely available from the website after 
registration.

Subject enrollment and questionnaire
Before and during enrollment, an introduction brochure or information booklet for the study was 
distributed to the community center staff, who were responsible for distributing and helping recruit 
community family members for onsite registration. A registration website was also open to community 
members for whole family-based registration; registration for only a single individual was declined. A 
questionnaire was filled out either online or onsite by each of the participating family members. Blood 
samples were collected from each participating member for H. pylori, gastrin, and PG analyses; if 
necessary, 13C-urea breath test (UBT) was subsequently performed by appointment.

http://www.chictr.org.cn
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Based on the purpose of this study, questionnaire included the following 17 items: Age; sex; family 
ethic; number of family members; professions; marriage status; socioeconomic data; dining history; 
living habits; lifestyle; disease history; medication history; presence of GI symptoms; H. pylori 
eradication history; history of gastroscopy; infection history of other family members; and treatment 
history (Table 1).

H. pylori infection status, gastrin, and PG analyses
Three milliliters of fasting venous blood were collected from all subjects in the morning. Blood samples 
were centrifuged at 1000 × g for 10 min, (80-2 centrifuge; Jiangsu Zhongda Instrument Technology Co., 
Ltd., Jiangsu, China), and samples were either analyzed on ice on the same day or stored at -80 °C for 
subsequent analyses. Serum anti-H. pylori antibodies [detecting CagA, VacA, UreA, UreB via H. pylori 
enzyme-linked immunosorbent assay (ELISA) kit (Blot Biotech Co., Ltd., Shenzhen, Guangdong, 
China)] and G-17, PGI, PGII levels, as well as PGR (via PGI, PGII, G-17 ELISA kits; Biohit Biotechnology, 
Helsinki, Finland) were measured by an ELISA kit following manufacturer’s instructions as previously 
reported[22]. If patients had previously undergone H. pylori eradication therapy, an additional 13C-UBT 
was performed to obtain their current infection status (13C-UBT Diagnostic Kit; Beijing Boran Pharma-
ceutical Co., Ltd., Beijing, China).

Statistical analyses
Data were analyzed using SPSS for Windows version 25 (IBM Corp, Armonk, NY, United States). 
Continuous variables are expressed as mean ± SD, whereas categorical variables are described as 
percentages or frequencies. The measurement data were compared by t-test, and the enumeration data 
were compared by χ2 test or Fisher’s exact test. P < 0.05 was considered statistically significant.

RESULTS
Demographic information of the enrolled families
As shown in Table 1, a total of 282 families including 772 members participated in this study. Among 
them, 419 had H. pylori infection, giving an overall infection rate of 54.27% (419/772); among the 
infected individuals, 328 (42.49%, 328/772) were infected with type I strains and 91 (11.79%, 91/772) 
were infected with type II strains. Type I strains accounted for 78.28% (328/419) of cases, and type II 
strains accounted for 21.7% (91/419) of infected individuals (Figure 1A).

In total, 330 (42.75%) of the study participants were male, with an average age of 44.56 ± 20.19 years, 
and 442 (57.25%) were female, with an average age of 45.95 ± 18.74 years (P > 0.05). The age range of the 
enrolled individuals was 3 years to 90 years, with the youngest and oldest infected individuals aged 5 
years and 87 years, respectively.

As shown in Figure 2, stratified age and H. pylori genotype infection were further analyzed, type I 
strains was the dominant strains for all age groups. The infection rates of individuals under the age of 
18 were 23.26% (20/86), and the age groups of 51-60 and 61-70 years had the highest infection rates of 
63.01% (92/146) and 65.95% (93/141), respectively. Compared with age groups under 18-years-old, the 
infection rate was significantly higher in groups above 18-years-old (P < 0.05), but there was no 
difference in infection rates among groups above 18-years-old (P > 0.05).

Among questionnaire variables (Table 1), annual household income, history of smoking, history of 
alcohol consumption, dining location, presence of GI symptoms, and family history of gastric disease 
and GC did not affect infection rates (P > 0.05), but individuals with a higher education level showed 
significantly lower infection rates (P < 0.05).

H. pylori infection status of the enrolled families
The average family size of the study cohort was 2.74 persons per households, and family size ranged 
from as few as 2 persons per family to as many as 6 per family (Figure 1B). In this survey, 2- and 3-
person households accounted for 80.85% (228/282) of the families enrolled.

As shown in Figure 1C-F, H. pylori-infected individuals were distributed in 246 of the 282 families 
with varying numbers of members infected, ranging from only 1 person to all family members infected. 
The family infection rate was 87.23% with at least 1 person infected in a family unit (246/282), in 12.77% 
of the 282 households, no family members were infected (36/282) (Figure 1C). In 67 of the 246 infected 
families, all members were infected (27.24%, 67/246), among these 67 all member-infected households, 
46 households were infected with the same type I strains (68.66%, 46/67), 1 household was infected with 
type II strains (1.49%, 1/67), and 20 households had mixed type I and II strain infection (29.85%, 20/67) 
(Figure 1D). The data of the stratified family member infection rate of 282 households were shown in 
Figure 1E. In 53.66% (132/246) of families with at least 2 members infected, 59.09% (78/132) of these 
families were infected with type I strains, 5.30% (7/132) were infected with type II strains, and 35.61% 
(47/132) were infected with mixed type I and II strains (Figure 1F).
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Table 1 Demography information and Helicobacter pylori infection status of 772 subjects

H. pylori positive
Variables items, n

Sub total, n Type I, n Type II, n
H. pylori negative, n Infection rate (%) P value

Total (772) 419 328 91 353 54.27

Gender

Male (330) 173 130 43 157 52.42

Female (442) 246 198 48 196 55.66 0.373

Age (yr) (mean ± SD)1

Total (45.36 ± 19.38) 49.38 ± 16.92 49.59 ± 17.04 48.65 ± 16.47 40.58 ± 20.97 0.000a

Male (44.56 ± 20.19) 49.62 ± 18.06 49.21 ± 18.53 50.86 ± 16.50 38.98 ± 20.93

Female (45.95 ± 18.74) 49.22 ± 16.06 49.83 ± 15.97 46.67 ± 16.20 41.86 ± 20.92 0.240b

Family annual income2 (10000 RMB)

< 10 (287) 171 142 29 116 59.58

10-20 (209) 119 86 33 90 56.94 0.555c

20-30 (84) 47 36 11 37 55.95 0.552c

> 30 (59) 34 27 7 25 57.63 0.781c

Unknown (47) 28 20 8 19 59.57

Cigarette smoking2

Yes (158) 91 64 27 67 57.59

No (520) 302 242 60 218 58.08 0.914

Unknown (8) 6 5 1 2 75.00

Alcohol drinking2

Yes (149) 86 64 22 63 57.72

No (511) 297 233 64 214 58.12 0.930

Unknown (26) 16 14 2 10 61.54

Gastrointestinal symptoms2

Yes (311) 183 145 38 128 58.84

No (339) 193 148 45 146 56.93 0.622

Unknown (36) 23 18 5 13 63.89

Dining location2

Home (472) 276 215 61 196 58.47

Restaurant (186) 106 83 23 80 56.99 0.728

Unknown (28) 17 13 4 11 60.71

Family history of stomach disease3

Yes (167) 92 65 27 75 55.09

No (430) 256 205 51 174 59.53 0.323

Unknown (89) 51 41 10 38 57.30

Family history of gastric cancer3

Yes (41) 23 20 3 18 56.10

No (576) 335 260 75 241 58.16 0.796

Unknown (69) 41 31 10 28 59.42

Education level2

Senior and below (286) 180 142 38 106 62.94
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University or above (376) 199 155 44 177 52.93 0.010a

Unknown (24) 20 14 6 4 83.33

aP < 0.05, when Helicobacter pylori (H. pylori)-positive groups were compared with H. pylori-negative groups.
bP > 0.05, when male H. pylori-positive groups were compared with female H. pylori-positive groups.
cP > 0.05, when H. pylori infection rate in the annual income < 100000 RMB group was compared with other income groups.
1Data are presented as the mean ± SD.
2Data only included adults, and children and adolescents age ≤ 18 yr were not included.
3Data only included history of gastric disease or gastric cancer in families across three consecutive generations.
H. pylori: Helicobacter pylori.

Figure 1 Helicobacter pylori infection status of the 282 enrolled families. Values above each column are the case number and percentages of each 
group. A: Genotype pattern of the 419 infected subjects in the enrolled families; B: Distribution pattern of the 282 enrolled families ranged from 2-6 people; C: General 
Helicobacter pylori (H. pylori) infection status of 282 families; D: Genotype pattern of the 67 all member-infected families from the enrolled 282 families; E: Distribution 
pattern of the H. pylori infection status of the 282 enrolled families; F: Genotype pattern of the 132 H. pylori-infected families with ≥ 2 persons infected from the 282 
enrolled families. Infected family: At least 1 person in a family was infected; Non-infected family: All members in a family were not infected; Type I H. pylori: H. pylori 
infection with type I strains; Type II H. pylori: H. pylori infection with type II strains; Mixed infection: H. pylori infection with type I and type II strains.
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H. pylori infection status between couples
H. pylori infection status between couples is shown in Figure 3. In all, 244 of the 282 families had both 
spouses, and infection rate of both spouses was 34.84% (85/244); further, 17.21% (42/244) couples were 
not infected, and 47.95% (117/244) had only a single spouse infection (Figure 3A). Among 117 families 
with infection of only 1 spouse, 75.21% (88/117) were infected with type I strains and 24.79% (29/117) 
were infected with type II strains (Figure 3B). Of these spouses, the husband was infected in 49.57% 
(58/117) of cases and the wife was infected in 50.53% (59/117) of cases (P > 0.05), they were further 
stratified into type I and type II strains infections (Figure 3C). Furthermore, among the 85 families with 
both husband and wife co-infected with H. pylori, 68.24% (58/85) were infected with the same type of 
strain, of whom 63.53% (54/85) were infected with type I strains, 4.71% (4/85) were infected with type II 
strains, and 31.76% (27/85) had mixed type I and type II infection (Figure 3D). Significantly more 
couples were infected with the same type of strain than with mixed strains (P < 0.05). In addition, with 
the increase in marriage duration, infection rate of both husband and wife was significantly increased (r 
= 0.98, P < 0.05; Figure 3E).

Parental infection and infection status of children and adolescents
In 51 families with both parents and children younger than 18 years of age, as shown in Table 2, the 
infection rate of children was 23.08% (6/26) when both parents were H. pylori-infected; however, when 
both parents were not infected, the infection rate of children was 18.18% (2/11) (P > 0.05). When only 
mother was infected, the infection rate of children was 45.45% (5/11); no child was infected (0/9) when 
only father was infected (P > 0.05).

Table 3 shows infection status of the 51 families comprising both parents and children, for a total of 
190 individuals. Among these family members, the infection rates were as follows: Father, 62.75% 
(32/51); mother, 62.75% (32/51); grandfather, 50.00% (2/4); grandmother, 66.67% (8/12); maternal 
grandfather, 25.00% (1/4); maternal grandmother, 37.50% (3/8); and other relatives, 66.67% (2/3).

Comparison of G-17, PGI, and PGII levels, and PGR with different types of H. pylori infection
To determine the impact of H. pylori infection on common GC epidemiological markers (e.g., G-17, PGI, 
PGII, and PGR) in healthy households, we assayed their levels during H. pylori infection. As shown in 
Table 4, compared to H. pylori-negative groups, PGI levels were significantly higher and PGR was 
significantly lower in H. pylori type I infections compared with H. pylori-negative groups (P < 0.05). 
However, there were no differences in G-17, PGII level, and PGR between type II H. pylori infection and 
H. pylori-negative groups (P > 0.05). The levels of G-17, PGI, and PGII were significantly higher, and 
PGR was significantly lower in H. pylori-infected groups than in H. pylori-negative groups (P < 0.05).

DISCUSSION
H. pylori infection rates vary greatly among different countries and regions[24]. Although numerous 
studies have demonstrated that intrafamilial transmission is one of the most important sources of H. 
pylori spread[2,18,24], there are few studies on the characteristics and pattern of family-based H. pylori 
infection for disease prevention and control[9,25,26]. Therefore, focusing on family-based H. pylori 
infection control and management would be a novel approach to reduce the related diseases and GC 
burden in a society.

In this work, we analyzed H. pylori infection status in a total of 772 individuals from 282 families in 
the Zhengzhou area. The results showed that despite an overall infection rate of only 54.27%, in as high 
as 87.23% of the surveyed families (246/282), there was at least 1 person infected, and in 27.07% 
(67/246) of these infected families, all family members were infected; further, 34.55% (85/246) of these 
families were infected with the same type of strain. Therefore, this study provides new evidence 
showing the importance of family-based H. pylori infection control, which has substantive public health 
implications, and suggests that intrafamilial infection is a major source of H. pylori transmission. Thus, 
preventing intrafamilial spread is critical to eliminate the source of infection in order to prevent the 
related diseases.

Over the past several decades, the social and family structure in China has changed dramatically. The 
latest national statistics[27] (2020) revealed that the nation has a population of 1.41 billion and 492 
million families with an average family size of 2.62 persons/family, which is much smaller than it was 
in 1990, when China had 1.13 billion citizens and 278.6 million families, with an average family size of 
4.05 persons/family[27]. Due to the previous nationwide “one-children-per-family policy” (between 
1982 and 2016), most families in China only have 1 child and two generations. As these children do not 
have siblings, transmission among siblings within a family unit did not appear to be the major route of 
transmission in the current analysis. H. pylori spread from parent or grandparent to children is probably 
more important for bacteria transmission. Although the current results provide a snapshot of H. pylori 
infection status in the general public, a nationwide large-scale investigation is needed to explore the 
nationwide infection status and develop policies for related disease prevention.
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Table 2 Parental infection and infection status of children and adolescents in 51 families

Children infection (57) 
Parental infection (Household numbers)

H. pylori+ (n) H. pylori- (n)
Infection rate (%) P value

Neither parent infected (11) 2 9 18.18

Both parent infected (21) 6 20 23.08 0.109a

Only father infected (9) 0 9 0

Only mother infected (10) 5 6 45.45

Total (51) 13 44 22.81

aP > 0.05 when both parents infected group were compared with neither parent infected group.
n: Person per group; Infection rate (%): Infection rate of children in different groups; H. pylori+: H. pylori-positive; H. pylori-: H. pylori-negative.

Table 3 Helicobacter pylori infection status in 51 families with children and other relatives

H. pylori positive
Family members (N)

Sub total, n Type I H. pylori, n Type II H. pylori, n
H. pylori negative, n Infection rate (%)

Total (190) 93 66 27 97 48.95

Father (51) 32 23 9 19 62.75

Mother (51) 32 22 10 19 62.75

Grandfather (4) 2 1 1 2 50.00

Grandmother (12) 8 6 2 4 66.67

Maternal grandfather (4) 1 0 1 3 25.00

Maternal grandmother (8) 3 2 1 5 37.50

Other relatives (3) 2 2 0 1 66.67

Child (57) 13 10 3 45 22.81

N: Number of family members in 51 families; n: Person per group; Type I H. pylori: H. pylori infection with type I strains; Type II H. pylori: H. pylori infection 
with type II strains; H. pylori: Helicobacter pylori; Infection rate: Number of H. pylori-positive family members/number of family members.

Table 4 Serum gastrin-17, pepsinogen I, pepsinogen II and pepsinogen I/II ratio levels in Helicobacter pylori-infected population

H. pylori+ Type I H. pylori Type II H. pylori H. pylori-

G-17 (pmol/L) 8.95 ± 14.53 9.87 ± 15.60 5.62 ± 9.10c 4.90 ± 9.21a,d

PGI (μg/L) 117.90 ± 55.99 123.12 ± 57.11 99.10 ± 47.45 91.13 ± 38.29a,b,d

PGII (μg/L) 12.66 ± 10.41 13.83 ± 11.07 8.43 ± 5.91c 7.39 ± 6.82a,d

PGR 12.16 ± 6.39 11.64 ± 6.40 14.05 ± 6.04c 15.58 ± 7.97a,d

aP < 0.05 when type I Helicobacter pylori (H. pylori)-infected groups were compared with H. pylori-negative groups.
bP < 0.05 when type II H. pylori-infected groups were compared with H. pylori-negative groups.
cP < 0.05 when type I H. pylori-infected groups were compared with type II H. pylori-infected groups.
dP < 0.05 when H. pylori-infected groups were compared with H. pylori-negative groups.
Data are presented as mean ± SD. G-17: Gastrin-17; PG: Pepsinogen; PGR: PG I/II ratio; Type I H. pylori: H. pylori infection with type I strains; Type II H. 
pylori: H. pylori infection with type II strains; H. pylori: Helicobacter pylori; H. pylori+: H. pylori-positive; H. pylori-: H. pylori-negative.

In single factor analysis, we noted that the highly infected age groups were between 31 years and 70 
years, and infection rates increased along with age and duration of marriage. Annual household 
income, history of smoking, history of alcohol consumption, dining location, and family history of 
gastric disease or GC were not different between the infected and non-infected groups, but individuals 
with a higher education level showed a lower infection rate. A 2020 all-ages population-based cross-
sectional study[28] in Wuwei county in northwestern China showed that the prevalence of H. pylori 
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Figure 2 Helicobacter pylori infection status of 772 subjects in different age groups. Values above each column are the case number and its 
percentages in each specific age group. aP < 0.05 when Helicobacter pylori (H. pylori) infection rate in the age group of ≤ 18 yr was compared with other age groups. 
Type I H. pylori: H. pylori infection with type I strains; Type II H. pylori: H. pylori infection with type II strains.

infection was closely associated with socioeconomic conditions, sanitary situations, dietary habits of the 
participants in the city. Boarding, eating at school, and drinking untreated water were main factors 
explaining the rising infection rate in junior-senior high school students. The results indicated that close 
contact is associated with increased infection risk. In addition, differences in geographic location, study 
population, lifestyle habit, and sanitary conditions are important factors that greatly contribute to H. 
pylori infection[22,29,30].

Similar results were obtained from other regions, such as one community-based study[31] in Vietnam 
in 2017 on familial clustering in a multiple-generation population. The study showed that high monthly 
income, not regularly being fed chewed food, and being breastfed were protective factors against H. 
pylori infection. Risk factors for H. pylori infection in children were not regularly handwashing after 
defecation, H. pylori-infected mother and grandfather, father’s occupation, mother’s education, and 
household size. Other factors such as number of siblings, infected fathers, regularly sharing a bed, 
group living, and antibiotic use were not found to be significant risk factors for infection.

H. pylori-infected family members are a possible source of continued transmission, which is an 
important health threat for uninfected family members[7,32,33]. A 2003 study[9] in the Stockholm area 
of Sweden using bacterial isolates for family-based DNA fingerprinting technique demonstrated a high 
proportion of shared strains among siblings, and between spouses, but also showed different strains in a 
portion of subjects (8%). Similar results were also reported by a 2009 study in Bangladesh[26]. In the 
current analysis, we found that among the 67 all member-infected households (Figure 1F), 68.66% 
(46/67) were infected with H. pylori type I strains, 1.49% (1/67) were infected with type II strains, and 
29.85% (20/67) had mixed type I and II strain infection. These data support the notion that intrafamilial 
transmission is the primary transmission route, but exogenous infection outside the family can occur, 
indicating that there may be multiple sources of transmission. In 244 couples comprising both husband 
and wife, 34.84% (85/244) of them were co-infected, and 68.24% (58/85) of households were infected 
with the same strain. With an increase of marriage duration, the infection rate of both husband and wife 
was significantly increased, suggesting that there was also cross-infection between husband and wife.

One unexpected result was that when both parents were infected, the infection rate of children was 
23.08% (6/21), whereas when both parents were not infected, the infection rate of children was 18.18% 
(2/11), and the difference did not reach statistical significance. This result was slightly different from 
our previous concept that parental H. pylori infection is an independent factor for infection in young 
children, and that mothers play an important role in H. pylori transmission to their descendent[13-15,
26]. However, the current results likely reflect the current infection status in this region, as the gradually 
improved living standard, sanitary condition, use of tap water, and avoiding chewing food to feed 
children over the past several decades in China’s urban family have resulted in a reduced infection rate. 
This is in line with the fact that the overall H. pylori infection rate is declining in most of China’s urban 
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Figure 3 Helicobacter pylori infection status between 244 couples. Values above each column are the case number and percentages of each group. A: 
Helicobacter pylori (H. pylori) infection status of 244 couples; B: Type I and II H. pylori genotype status of the 117 couples with 1 spouse infected; C: H. pylori 
genotype and sex of 117 couples with 1 spouse infected; D: H. pylori genotype status in 85 couples with both spouses infected; E: Relationship between infection and 
marriage duration in 244 couples. The dashed line across the figure is the trendline of both spouses infected, r = 0.98. Non-infected: All members in a couple were 
not infected; one spouse infected: Only 1 in a couple was infected; Type I H. pylori: H. pylori infection with type I strains; Type II H. pylori: H. pylori infection with type 
II strains; Mixed infection: H. pylori infection with type I and type II strains.

areas[3,22]. Another possibility is that the current cohort had relatively small numbers of children and 
adolescents, which may not have generated enough power for statistical significance. In addition, we 
were unable to perform bacterial DNA fingerprinting to confirm if the strains were identical, so the 
genotype that precise bacterial strains transmit within a family unit has yet to be determined. Future 
large-scale investigations are needed to confirm the current conclusion.

Type I H. pylori strain accounted for 78.28% of the infected population in this survey, similar to the 
results of our previous study in patients admitted to the hospital, which showed that type I H. pylori 
infection accounted for 72.4% (291/402) of the infected patients, and type II was 27.6%[21]. When 
compared to H. pylori-negative groups, G-17, PGI, and PGII levels were higher in H. pylori-infected 
groups. G-17, PGI, and PGII levels were significantly higher and PGR was significantly lower in the 
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type I H. pylori-infected groups than in H. pylori-negative groups. The levels of G-17 and PG II were 
significantly higher, and PGR was significantly lower in type I H. pylori-infected groups than in type II-
infected groups. These results are in line with our previous endoscopy results from inpatients, and 
indicate that both type I and type II H. pylori strains increase G-17 Level, whereas only type I H. pylori 
infection affects PGI and PGII levels and the PGR in this geographic area[21].

Type I infection and reduced PGR are risk factors for gastric mucosal precancerous lesions and GC
[19,21]. Therefore, these results have important clinical implications, as the abnormal expression of 
gastric markers was noted in a portion of individuals in healthy households infected with H. pylori 
before they sought medical examinations. It was unclear if this group of individuals had gastric mucosal 
precancerous lesions; thus, further examinations by endoscopy may be required for confirmation. The 
results of this study also provide another line of support showing that family-based H. pylori infection 
control and management would be an important strategy for infection control and related disease 
prevention[3,18,34,35].

Although this pilot work provides novel information regarding family-based H. pylori infection 
status, it had some limitations. First, the investigation was performed with a relatively small number of 
families, and in some groups, especially children and adolescents, the number of samples was not large 
enough to reach statistical significance; thus, future large-scale, multiple region sampling would 
provide more convincing data. Second, this was a cross-sectional study without data from endoscopy to 
confirm H. pylori infection-related disease status and pathological changes in gastric mucosa; therefore, 
some in-depth information was missing, and the work was performed in a Chinese setting, which may 
not be suitable to other areas. Third, type I and II H. pylori genotype concordance through antibody 
array analysis only provided a very general evaluation. As we did not obtain bacteria strain culture and 
DNA fingerprinting data, H. pylori intrafamilial transmission was unable to be evaluated precisely to 
assess the heterogeneity of H. pylori strains within families. Thus, future studies are needed to evaluate 
the H. pylori DNA fingerprinting pattern for more precise evaluation. Even with these limitations, this 
study provides novel points and information on family-based H. pylori infection characteristics, which 
merit further large-scale exploration.

CONCLUSION
The current results provide snapshots of family-based H. pylori infection status in central China. The 
high infection rate and coincidence of people infected with H. pylori within a family unit indicate the 
status and pattern of intrafamilial transmission, which provide a novel option for family-based H. pylori 
infection control and related disease prevention. The concept is applicable not only to Chinese residents 
but also to other communities with high infection rates.

ARTICLE HIGHLIGHTS
Research background
Helicobacter pylori (H. pylori) has characteristics of family cluster infection; however, its family-based 
infection status, related factors, and transmission pattern in central China have not been evaluated.

Research motivation
We evaluated family-based H. pylori infection status, related factors, and interfamilial transmission 
pattern in healthy households in central China, a high-risk area for H. pylori and gastric cancer (GC).

Research objectives
To investigate family-based H. pylori infection and identify a better approach for H. pylori infection 
control and related disease prevention.

Research methods
H. pylori infection was confirmed primarily by serum antibody arrays in 282 enrolled families, including 
a total of 772 family members. If patients previously underwent H. pylori eradication therapy, an 
additional 13C-urea breath test was performed to obtain their current infection status. Serum levels of 
gastrin and pepsinogens (PGs) were also analyzed.

Research results
In our study sample from the general public of central China, H. pylori infection rate was 54.27%. In 
87.23% of healthy households, there was at least 1 H. pylori-infected person, and in 27.24% of these 
infected families, all members were infected. Type I H. pylori was the dominant strain in this geographic 
area. Among many variables, only individuals with a higher education level showed lower infection 
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rates. H. pylori infection was also correlated with abnormal gastrin-17, PGI, and PGII levels and 
PGI/PGII ratio.

Research conclusions
H. pylori infection in healthy households is very common in central China, and poses an important 
health threat to uninfected family members. The intrafamilial infection status and patterns of 
transmission represent one important source of H. pylori spread, and indicate the urgent need for 
family-based infection control and related disease prevention.

Research perspectives
The results of this study provide new information on family-based H. pylori infection status in central 
China, and support the novel concept of family-based H. pylori infection control and management. This 
notion is also likely to benefit other H. pylori and GC prevalent areas.
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Abstract
BACKGROUND 
Clostridioides (Clostridium) difficile (C. difficile) is still the most common cause of 
healthcare-associated diarrhoea and is increasing in prevalence as a community-
acquired infection. In addition, the emergence of antibiotic resistance in C. difficile 
can increase the likelihood of the disease developing and/or spreading.

AIM 
To provide an up-to-date picture of the trends in publications related to C. difficile 
infection, together with specific insights into hot-button issues in this field.

METHODS 
Publications on C. difficile infections in the field of microbiology between 2001 and 
2020 were identified from the Scopus database and Reference Citation Analysis. 
Bibliometric indicators were determined, including the number and type of publi-
cations, countries, affiliations, funding agencies, journals and citation patterns. 
VOSviewer was used to determine research areas and hot-button issues by 
identifying recurring terms with a high relative occurrence in the title and 
abstract.

RESULTS 
A total of 8127 documents on ‘C. difficile-associated diarrhoea’ published between 
2001 and 2020 were retrieved from the Scopus database. In the last decade, there 
has been a significant almost fourfold increase in the number of published papers 
on this topic. The United States was among the countries (44.11%) with the most 
publications, and the most involved institution was the University of Leeds in the 
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United Kingdom (2.50%). Three clusters of research were identified and included ‘illness spectrum 
and severity, as well as the signs, symptoms and clinical pathogenesis of C. difficile’; ‘laboratory 
diagnosis and characterization of C. difficile’ and ‘risk factors for C. difficile infection’.

CONCLUSION 
This study contains the most up-to-date and comprehensive data ever compiled in this field. More 
international research and cross-institutional collaborations are needed to address more global C. 
difficile concerns and to benefit from greater sharing of expertise, which will result in higher 
quality or more effective studies in the future. Promising research avenues in the near future may 
draw the attention of relevant scientists and funding organizations and open up novel C. difficile 
infection–based diagnosis and treatment approaches.

Key Words: Clostridioides;  Clostridium difficile; Bibliometric; Scopus; VOSviewer; Diarrhoea

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

Core Tip: The significance of this study lies in the fact that, to our best knowledge, there are no previous 
bibliometric studies on Clostridioides (Clostridium) difficile (C. difficile) infection research. This study 
presents the evolution of C. difficile infection-related publications over time. This bibliometric study will 
provide clinicians and researchers in gastroenterology and microbiology with a quantitative and timely 
summary of C. difficile infection-related publications. Promising research avenues in the near future may 
draw the attention of relevant scientists and funding organizations and open up novel C. difficile 
infection–based diagnosis and treatment approaches.
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INTRODUCTION
Clostridium difficile (C. difficile) has been reclassified as Clostridioides difficile, although the preferred term 
remains C. difficile. C. difficile infections are increasing in prevalence and are among the most common 
healthcare-associated illnesses globally[1-3]. C. difficile infections, also known as C. difficile-associated 
diarrhoea, are the most common signs of clinical infection and can range from mild diarrhoea to 
fulminant colitis[4]. C. difficile is frequently linked to the use of antibiotics. C. difficile was once thought 
to be predominantly a nosocomial illness; however, community-acquired C. difficile has already been 
identified[3].

Metronidazole and vancomycin have been the primary treatments for C. difficile infections for more 
than three decades. However, the low number of sustained cures and the rising incidence of C. difficile 
infections, as well as the accompanying morbidity and death, have necessitated the development and 
investigation of novel treatment approaches[1,5]. Despite ongoing attempts to enhance C. difficile 
prevention and treatment, C. difficile continues to be a major public health concern. In both hospitals and 
the community, C. difficile infection is still a prevalent and dangerous problem. In recent years, faecal 
microbial transplantation has been developed as a safe and successful method of treatment for recurrent 
infections[6-11]. Therefore, faecal microbial transplantation will most likely become the standard 
therapy for recurrent infection as a novel technique[6-11].

Bibliometrics and research performance assessments have been performed in a broad range of health 
areas[12,13], particularly to address environmental[14-17], and toxicological[18] issues. Yet, to our 
knowledge, a large number of bibliometric studies noticeably focused on microbiology[19-23] have been 
conducted by using different databases for data analysis. Because of these studies[19-23], microbiology 
research has recently been given increased scientific attention worldwide. Still, more research efforts are 
needed to thoroughly review and identify the existing literature related to C. difficile infection from 
different aspects, including authorships, country, affiliation, journals, citation patterns, and content 
analysis, to determine the research areas that are hot-button issues in this field.

C. difficile infection is considered one of the most debated topics in this era. Using the bibliometric 
approach to C. difficile infection would affect how scientists design and conduct studies and the selection 
of models that estimate risk. Using a bibliometric analysis of publications in Scopus, this study provides 
an up-to-date picture of the trends in publications related to C. difficile infection, together with specific 
insights into hot-button issues in this field. The significance of this study lies in the fact that, to our best 
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knowledge, there are no previous bibliometric studies on C. difficile infection research. Therefore, this 
study presents the evolution of C. difficile infection-related publications over time. This bibliometric 
study will provide clinicians and researchers in gastroenterology and microbiology with a quantitative 
and timely summary of C. difficile infection-related publications. Furthermore, it aims to provide 
clinicians and researchers with a resource for principles and current evidence. A detailed understanding 
of the historical trends in this field of research and its obstacles may help to establish a framework for 
future gastroenterology scholarship.

MATERIALS AND METHODS
Data acquisition 
The research data were taken from the Scopus bibliographic database and Reference Citation Analysis 
(RCA) (https://www.referencecitationanalysis.com/). Scopus was chosen because it has a larger 
number of indexed journals than other databases (e.g. PubMed or Web of Science) and is completely 
inclusive of all journals in Medline[24-26]. Scopus is the most popular set of scientific publications used 
in bibliometric and scientometric studies, together with PubMed or Web of Science[27]. In addition, 
Scopus contains indexed journals in the health, social, physical and life sciences. This enhances the 
likelihood of retrieving as many relevant publications as is feasible. Baishideng Publishing Group Inc. 
owns RCA, which is an open transdisciplinary citation analysis database (Pleasanton, CA 94566, United 
States)[28].

Search strategy 
To identify studies related to C. difficile-associated diarrhoea, we took the following steps.

Step 1: Data extraction was performed on July 25, 2021 and the results obtained within one day to avoid 
potential bias due to the regular updating of the database. The terms used in the search engines were 
applied in Title ((TITLE (Clostrid* difficile) OR TITLE(‘C. diff*’) OR TITLE(‘Cl. diff*’)))) AND 
Title/Abstract (TITLE-ABS(diarrh*) OR TITLE-ABS(Antibiotic) OR TITLE-ABS(infection) OR TITLE-
ABS(AAD)). More precisely, in the results, the search strategy for research related to Clostridium difficile 
terms was limited to the title only to eliminate false-negative results. Search terms with different suffixes 
were truncated using an asterisk (*). The keywords used were chosen because they are commonly used 
in the literature related to C. difficile-associated diarrhoea[3,29-31].

Step 2: The year 2021 was omitted because the database records for this year would not have been 
completed at the time of the search.

Step 3: All retrieved documents were reviewed and analysed with respect to the following different 
bibliometric indicators, as in previous bibliometric studies[13,32-34]: (1) The annual number of public-
ations on C. difficile-associated diarrhoea indexed in Scopus and published from 2001 to 2020; (2) Prolific 
countries, journals, and authors in this field in relation to the number of publications; (3) Research 
collaboration among the most productive countries; (4) The most frequently cited publications. It is 
likely that certain articles were cited more frequently than others due to the considerable period that 
had passed since their publication. Therefore, a citation index was generated for each article to 
overcome the bias caused by the period that had passed since publication. The citation index is derived 
by dividing the average number of citations by the number of years since the article was first published; 
(5) Hot-button issues in this field; and (6) RCA was used to determine the impact index per article for the 
top ten most-cited publications.

Step 4: A network visualization map based on the publications retrieved from the Scopus database was 
created using VOSviewer (version 1.6.16) software (www.vosviewer.com). The output results from 
VOSviewer are displayed in clusters. The existing connections between the bibliometric data can be 
clearly visualized to analyse collaboration between countries. Furthermore, it illustrated the terms 
widely used in the titles and abstracts of the publications collected, showing the hot research topics.

RESULTS
General description of the retrieved publications
A total of 8127 documents on ‘C. difficile-associated diarrhoea’ published between 2001 and 2020 were 
retrieved from the Scopus database. From these publications, articles (n = 6062) were the most often 
published documents, comprising 74.59% of the total, followed by reviews (n = 1016; 12.50%) and letters 
(n = 384; 4.72%).

https://www.referencecitationanalysis.com/
http://www.vosviewer.com
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The trend of global publications
As shown in Figure 1, there was a growing trend in the number of publications on C. difficile-associated 
diarrhoea in the Scopus database between 2001 and 2020. It is obvious that there was an increasing 
number of publications mostly during two periods: From 2006 to 2013 and from 2014 to 2020. Since 
2006, the number of relevant articles grew significantly, which is notable. Papers published during the 
last seven years (2014 to 2020) accounted for 60.16% of the total publications. As a result of these 
findings, the number of yearly publications grew progressively from 2014 to 2020, showing that the 
amount of research output increased steadily over that period.

Contributions by country
Table 1 shows that the United States was the most prolific country, whose authors published the most 
documents (n = 3585), followed by the United Kingdom (n = 1013), Canada (n = 556), and Germany (n = 
434). The first 10 countries in Table 1 produced 89.84% of the documents published related to C. difficile-
associated diarrhoea. Analysis of international collaboration was conducted on the downloaded data 
based on co-authorship relationships between countries (Figure 2).

Contributions by institution
The top 10 most productive institutes in terms of total papers are listed in Table 2. The major academic 
contributions mainly originated from University of Leeds (2.50%), Leiden University Medical Center (2.35%) 
and Harvard Medical School (2.25%).

Contributions by funding agency
Table 3 lists the top 10 global funding agencies that sponsored research output on C. difficile-associated 
diarrhoea. Among them, eight agencies were from the United States, and two were from the United 
Kingdom. The National Institutes of Health ranked first, supporting the highest number of studies at 884. 
The U.S. Department of Health and Human Services ranked second (n = 841), and the National Institute of 
Allergy and Infectious Diseases ranked third (n = 539).

Most active journals
The 10 most prolific journals are presented in Table 4. The most productive journal was Infection Control 
and Hospital Epidemiology (n = 304), followed by Anaerobe (n = 276), Clinical Infectious Diseases (n = 251) 
and Journal of Hospital Infection (n = 212). Thus, the first 10 journals in Table 4 produced 23.97% of the 
documents published related to C. difficile-associated diarrhoea.

Most cited documents
Table 5 presents the 10 most often cited articles published on C. difficile-associated diarrhoea[35-44]. 
Furthermore, the ten most cited articles have an impact index per article of 45.6 to 313.9 (Table 5).

Most frequent topics
We studied the distribution of co-occurrence terms using VOSviewer software (the minimum number of 
occurrences of a term in all publications is 100 times in titles and abstracts) to detect directions and 
topics in C. difficile-associated diarrhoea research and understand the growth of this discipline. The size 
of the circle or node of a term equals that particular term's number of occurrences. For example, in 
Figure 3, of the 84961 terms, 385 terms occurred at least 100 times, distributed in three clusters: Cluster 
1, shown by green dots, includes those terms commonly found in studies related to clinical features of C. 
difficile, including the illness spectrum and severity, as well as the signs, symptoms and clinical 
pathogenesis of C. difficile. Cluster 2, shown by blue dots, includes those terms commonly found in 
laboratory diagnosis and characterization studies of C. difficile. Cluster 3, indicated by red dots, includes 
terms commonly found in studies related to risk factors for C. difficile infections. To investigate the 
changes in hotspots over time, a network visualization map of the most frequent terms in the 
titles/abstracts of the retrieved documents was generated using VOSviewer software, and the results 
revealed that the topic ‘risk factors for C. difficile infection’ began to appear more frequently in the last 
five years (Figure 4).

DISCUSSION
The current study was a descriptive study on global research output of publications related to C. difficile 
infection. It is important to examine the quantity and quality of research in this field, given the changing 
epidemiology of C. difficile morbidity and mortality, worldwide escalation of antibiotic resistance and 
limited alternative preventive strategies for C. difficile infection. This bibliometric analysis will aid in 
revealing key milestones and progressions in this field, detecting current shortages and developing 
trends and directing the field's future research path. The current study showed a fourfold increase in 
publications in the last decade. These results reflect those of Balsells et al[45] and Ofosu[46], who also 
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Table 1 Top 10 countries published Clostridium difficile-associated diarrhea between 2001 and 2020

Position Country No. of publication %

1st United States 3585 44.11

2nd United Kingdom 1013 12.46

3rd Canada 556 6.84

4th Germany 434 5.34

5th France 383 4.71

6th China 315 3.88

7th Netherlands 273 3.36

8th Australia 261 3.21

9th Italy 244 3.00

10th Spain 238 2.93

Table 2 Ten most productive and influential institutions in Clostridium difficile-associated diarrhea between 2001 and 2020

Position Institution Country No. of publication %

1st University of Leeds United Kingdom 203 2.50

2nd Leiden University Medical Center-LUMC Netherlands 191 2.35

3rd Harvard Medical School United States 183 2.25

4th VA Medical Center United States 173 2.13

5th Leeds Teaching Hospitals NHS Trust United Kingdom 160 1.97

6th Beth Israel Deaconess Medical Center Israel 135 1.66

7th Washington University School of Medicine in St. Louis United States 118 1.45

8th Edward Hines Jr. VA Hospital United States 115 1.42

9th The University of Western Australia Australia 109 1.34

10th Baylor College of Medicine United States 108 1.33

Table 3 Top 10 related funding agencies in Clostridium difficile-associated diarrhea between 2001 and 2020

Position Funding agencies Country No. of publication %

1st National Institutes of Health United States 884 10.88

2nd U.S. Department of Health and Human Services United States 841 10.35

3rd National Institute of Allergy and Infectious Diseases United States 539 6.63

4th National Institute of Diabetes and Digestive and Kidney Diseases United States 239 2.94

5th Merck United States 171 2.10

6th National Center for Advancing Translational Sciences United States 154 1.89

7th Medical Research Council United Kingdom 150 1.85

8th National Institute of General Medical Sciences United States 146 1.80

9th Pfizer United States 137 1.69

10th United Kingdom Research and Innovation United Kingdom 132 1.62

stated that in recent years, there had been a growing understanding of the principle of C. difficile 
infection, the risk factors associated with C. difficile infection, the pathogenesis and clinical manifestation, 
prevention, diagnosis and C. difficile infection treatment, including new emerging therapies and faecal 
microbiota transplantation.
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Table 4 Ten most productive and influential journals in Clostridium difficile-associated diarrhea between 2001 and 2020

Position Journal n % IF1

1st Infection Control and Hospital Epidemiology 304 3.74 3.254

2nd Anaerobe 276 3.4 3.331

3rd Clinical Infectious Diseases 251 3.09 9.097

4th Journal of Hospital Infection 212 2.61 3.926

5th Journal of Clinical Microbiology 183 2.25 5.948

6th Plos One 181 2.23 3.240

7th American Journal of Infection Control 169 2.08 2.918

8th Antimicrobial Agents and Chemotherapy 130 1.6 5.191

9th Journal of Antimicrobial Chemotherapy 124 1.53 5.790

10th Clinical Microbiology and Infection 117 1.44 8.067

1Impact factor (IF) based on Journal Citation Reports (JCR) 2020 from Clarivate Analytics.

Table 5 Ten most cited publications and authors between 2001 and 2020 in in Clostridium difficile-associated diarrhea

Ref. Title Year Source title Cited 
by

Citation 
index

Impact 
index per 
article1

Cohen et al
[35]

“Clinical practice guidelines for Clostridium difficile infection in 
adults: 2010 update by the Society for Healthcare Epidemiology of 
America (SHEA) and the Infectious Diseases Society of America 
(IDSA)”

2010 Infection Control and 
Hospital Epidemiology

2370 237.0 313.9

van Nood et 
al[42]

“Duodenal infusion of donor feces for recurrent clostridium difficile” 2013 New England Journal of 
Medicine

2140 305.7 241.3

Loo et al[37] “A predominantly clonal multi-institutional outbreak of Clostridium 
difficile - Associated diarrhea with high morbidity and mortality”

2005 New England Journal of 
Medicine

1601 106.7 88.6

Lessa et al
[44]

“Burden of Clostridium difficile infection in the United States” 2015 New England Journal of 
Medicine

1430 286.0 234.3

Surawicz et 
al[41]

“Guidelines for diagnosis, treatment, and prevention of clostridium 
difficile infections”

2013 American Journal of 
Gastroenterology

1087 155.3 116.8

Louie et al
[38]

“Fidaxomicin versus vancomycin for Clostridium difficile infection” 2011 New England Journal of 
Medicine

1074 119.3 91.4

Kelly and 
LaMont[36]

“Clostridium difficile - More difficult than ever” 2008 New England Journal of 
Medicine

1019 84.9 68.1

Rupnik et al
[40]

“Clostridium difficile infection: New developments in epidemiology 
and pathogenesis”

2009 Nature Reviews 
Microbiology

985 89.5 73.4

Zar et al[43] “A comparison of vancomycin and metronidazole for the treatment of 
Clostridium difficile-associated diarrhea, stratified by disease 
severity”

2007 Clinical Infectious 
Diseases

935 71.9 58.9

Pépin et al
[39]

“Clostridium difficile-associated diarrhea in a region of Quebec from 
1991 to 2003: A changing pattern of disease severity”

2004 CMAJ 916 57.3 45.6

1The impact index per article is presented based on Reference Citation Analysis [Source: Baishideng Publishing Group Inc. (Pleasanton, CA 94566, United 
States)].

The United States was the leading country in C. difficile infection-related publications, contributing 
about half of all Scopus publications in this field. This is presumably due to economic prosperity and 
population growth, and the large number of microbiology researchers[47,48]. The economic basis plays 
an essential part in supporting scientific research in the current study. The majority of the top 10 
funding agencies were based in the United States. High-income countries have published most C. 
difficile infection-related publications, with limited input from low- and middle-income countries. An 
analysis of the countries that generated the most C. difficile infection-related publications indicates that 
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Figure 1 Annual number of publications on Clostridium difficile-associated diarrhea indexed in Scopus and published from 2001 to 2020.

Figure 2 Network visualization map of country co-authorships. Of the 103 countries, 31 had at least 50 publications.

countries with economic power indicators have the greatest say in this field. This finding broadly 
supports the work of other studies in different areas linking scientific research output with geographical 
location and financial growth[12,49,50]. Various bibliometric analysis studies have also shown that the 
United States is the most prolific country in microbiology research output[19,20,23,51].

The current study showed that the most frequently cited article on C. difficile-associated diarrhoea, 
written by Cohen et al[35] and published in 2010, with 2370 citations, is a guideline that updates the 
recommendations for epidemiology, diagnostics, therapeutics, infection control, and environmental 
management. The second most frequently cited paper has 2140 citations and addresses the effect of 
duodenal infusion of donor faeces in patients with recurrent C. difficile infection; this article, published 
in 2013, was written by van Nood et al[42]. These two papers receive approximately 237 and 305.7 
citations per year on average, respectively. However, the article with the second-highest number of 
citations per year, placed fourth in the ranking, was published in 2015 and was written by Lessa et al
[44]. This paper aimed to produce more accurate national estimates the burden of illness, incidence, 
recurrence and death by collecting data from a variety of health care delivery and community contexts. 
Note that five papers published after 2010 appear in the top 10 most cited publications between 2001 
and 2020 in C. difficile-associated diarrhoea.

Although it is challenging to reveal the quality or impact of publications through bibliometric 
analysis, to some degree, citations are considered an indirect measure of an article's contribution to the 
knowledge generated in the field, i.e. the connection between the research finding and its significance 
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Figure 3 Network visualization map of the most frequent terms in the titles/abstracts of the retrieved documents. Of the 84961 terms, 385 had 
at least 100 publications. Terms with the same color represent a separate cluster (research theme).

Figure 4 Overlay network visualization map of the most frequent terms in the titles/abstracts of the retrieved documents. The colors on the 
map reflected the period of emergence in the literature, with yellow representing terms that were relatively recent in the literature.

for science[52,53]. However, these analyses of the top 10 most cited publications will guide microbio-
logists interested in further studies by updating knowledge of current developments in C. difficile 
infection-related publications and potential future directions for study.

Analysis of the frequencies of occurrence of terms in publications can offer insights into certain fields' 
main and hot topics[54]. The current study found that highly cited literature focused on the signs, 
symptoms and clinical pathogenesis of C. difficile concepts and risk factors for C. difficile infections. A 
clear theme to emerge from the results is that the most frequently cited publications on C. difficile 
infections highlighted a range of subtopics similar to the hot research topics. A recent bibliometric study
[55] was defined to assess global research activity on antimicrobial stewardship as one measure for 
efforts dedicated to containing antimicrobial resistance. This study found that C. difficile was frequently 
encountered as author keywords in the retrieved literature on antimicrobial stewardship. The United 
States Centers for Disease Control and Prevention has considered C. difficile infection an urgent danger 
in its 2019 Antibiotic Resistance Threats Report[56]. In a European point prevalence study, C. difficile 
was rated sixth among bacteria responsible for healthcare-associated illnesses[57]. The majority of C. 
difficile infections in the United States are considered hospital acquired[58].
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Strengths and limitations
This study offered the first bibliometric analysis of C. difficile infections from the unique perspective of 
its research hotspots to determine the influential scientific areas and global trends. C. difficile infection-
based publications in microbiology were collected in the online Scopus database and analysed compre-
hensively, thoroughly and objectively. As with all previous bibliometric studies[13,31,32,59], the current 
study has some limitations. First, we preferentially selected English articles from the database but lost 
some articles that were not in English. Second, we chose Scopus alone as the data source for C. difficile 
infection research because it presented the most reliable and credible information. Inevitably, any useful 
information from other medical sources such as PubMed and Web of Science would be overlooked. On 
the other hand, Scopus remains the best database available for analysing research activity and 
identifying research hotspots on a certain topic. Given these limitations, we believe that this study offers 
a qualified global view of C. difficile infection-based publications in the field of microbiology from 2001 
to 2020.

CONCLUSION
The current study used a bibliometric analysis of C. difficile infection-based publications in the fields of 
microbiology and gastroenterology during the period 2001–2020 to determine research hotspots for 
possible future directions. The results showed that C. difficile-based publications have grown rapidly 
since 2006. Research activity on C. difficile infections has been an emerging topic during the last two 
decades and has been developed predominantly by scientists from the United States of America, the 
United Kingdom, Canada, Germany, France and China. Risk factors for C. difficile infection, laboratory 
diagnosis and characterization of C. difficile, signs, symptoms and clinical pathogenesis of C. difficile 
concepts were the main research hotspots in C. difficile infection, and related studies should pioneer 
these fields in the future. Promising research avenues in the near future may draw the attention of 
relevant scientists and funding organizations and open up novel C. difficile infection–based diagnosis 
and treatment approaches.

ARTICLE HIGHLIGHTS
Research background
Clostridioides (Clostridium) difficile (C. difficile) infections are growing more prevalent and are now one of 
the most often encountered healthcare-associated infections worldwide.

Research motivation
To our best knowledge, however, a large number of bibliometric studies notably focused on 
microbiology have been undertaken by using various databases for data analysis. More research efforts 
are still required to thoroughly analyse and identify the existing literature related to C. difficile infection 
from many perspectives in order to identify study area hot issues in this field.

Research objectives
This study gives an up-to-date picture of the trends in publications linked to C. difficile infection, as well 
as unique insights into hot topics in this field.

Research methods
This study was based on a bibliometric analysis of Scopus and Reference Citation Analysis publications.

Research results
Three clusters of research were highlighted as hot topics: ‘illness spectrum and severity, as well as signs, 
symptoms and clinical pathogenesis of C. difficile’; ‘laboratory diagnosis and characterization of C. 
difficile’ and ‘risk factors for C. difficile infection’.

Research conclusions
The current study conducted a bibliometric analysis of C. difficile-related publications in the disciplines 
of microbiology and gastroenterology from 2001 to 2020 to identify research hotspots for potential 
future directions. Results revealed that the topic ‘risk factors for C. difficile infection’ began to appear 
more frequently in the last five years.

Research perspectives
This bibliometric study will provide clinicians and researchers in gastroenterology and microbiology 
with a quantitative and timely summary of publications linked to C. difficile infection. It also intends to 
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be a resource for clinicians and researchers on principles and current evidence.
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Abstract
BACKGROUND 
Secondary sclerosing cholangitis, characterized by biliary obstruction, can be 
caused by drugs such as immune checkpoint inhibitors (ICIs). While there a few 
reports of sclerosing cholangitis after immune checkpoint inhibitor adminis-
tration, no case has been reported after discontinuation of such drugs.

CASE SUMMARY 
A 68-year-old man who underwent chemotherapy for lung adenocarcinoma with 
bone metastasis presented with abdominal pain and fever 4 mo after the final 
administration of pembrolizumab. Computed tomography revealed thickening of 
the gallbladder wall and dilatation of the common bile duct. Endoscopic retro-
grade cholangiopancreatography revealed an irregularly narrowed intrahepatic 
bile duct. Biopsy of the bile duct demonstrated that CD8+ T cells were 
predominant over CD4+ T cells. Liver biopsy showed dominant infiltration of 
CD8+ T in the portal tract, but onion-skin lesions were not observed. The patient 
was diagnosed with immune-related sclerosing cholangitis induced by pembrol-
izumab. Administration of methylprednisolone and endoscopic nasobiliary 
drainage were performed, but the cholangiography and laboratory test findings 
did not improve. No further treatment was administered due to disease 
progression, and the patient was referred for palliative care.

CONCLUSION 
Immune-related sclerosing cholangitis may have a late onset, and such cases 
occurring after discontinuation of ICIs should be carefully managed.

Key Words: Immune-related adverse events; Sclerosing cholangitis; Delayed immune-
related events; Case report
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Core Tip: Immune checkpoint inhibitors have become a new standard in cancer treatment, but have often 
been reported to induce adverse events, called immune-related adverse events (irAEs). Biliary system 
complications, such as irAEs, remain rare, and the management strategy remains unclear. We present 
herein, a rare case of delayed immune-related sclerosing cholangitis (SC) after discontinuation of pembrol-
izumab. Our case emphasizes that immune-related SC can occur later, but the mechanisms have not yet 
been elucidated. As such, our case contributes to new knowledge in the hopes of being able to establish 
proper diagnostic criteria and management strategies for similar patients.

Citation: Tanaka T, Sakai A, Tsujimae M, Yamada Y, Kobayashi T, Masuda A, Kodama Y. Delayed immune-
related sclerosing cholangitis after discontinuation of pembrolizumab: A case report. World J Gastroenterol 2022; 
28(28): 3732-3738
URL: https://www.wjgnet.com/1007-9327/full/v28/i28/3732.htm
DOI: https://dx.doi.org/10.3748/wjg.v28.i28.3732

INTRODUCTION
Secondary sclerosing cholangitis (SC) is a chronic disease characterized by biliary obstruction and can 
be caused by a variety of specific etiologies such as infections, immune-related factors, toxicity, 
obstruction, ischemic injury, or drugs, including immune checkpoint inhibitors (ICIs)[1]. ICIs have 
transformed the treatment landscape for patients with many advanced malignancies but have often 
been reported to induce adverse events, called immune-related adverse events (irAEs)[2]. The irAEs 
differ from toxicities caused by cytotoxic or molecularly targeted agents, and the time to toxicity may be 
delayed and not follow a cyclical pattern, as observed with conventional cytotoxic agents[3]. Biliary 
system complications, such as irAEs, remain rare, and the management strategy remains unclear. There 
are a few reports of SC induced by ICIs; however, no cases developed immune-related SC after discon-
tinuation of ICIs. Herein, we report a case of delayed immune-related SC caused by pembrolizumab.

CASE PRESENTATION
Chief complaints
A 68-year-old male patient was admitted to our hospital with abdominal pain and fever.

Imaging examinations
Contrast-enhanced computed tomography and endoscopic ultrasonography revealed swelling and wall 
thickening of the gallbladder and dilatation of the common bile duct without obstruction (Figure 1A-D). 
Endoscopic retrograde cholangiopancreatography revealed a dilated common bile duct and irregularly 
narrowed right intrahepatic bile duct (Figure 1E). Intraductal ultrasonography demonstrated diffuse 
wall thickening from the right bile duct to the common bile duct (Figure 1F).

Laboratory examinations
Laboratory tests revealed increased levels of white blood cells [10100/μL (3300-8600/μL)], C-reactive 
protein [4.88 mg/dL (0.00-0.18 mg/dL)], aspartate transaminase [31 U/L (13–30 U/L)], alanine transa-
minase (ALT) [50 U/L (7–23 U/L)], gamma-glutamyl transpeptidase [205 U/L (13-64 U/L)], and 
alkaline phosphatase (ALP) [996 U/L (38-113 U/L)]. Total bilirubin was within the normal range [0.7 
mg/dL (0.4-1.5 mg/dL)], and blood cultures showed no bacterial infection. The serum immunological 
markers, including antinuclear antibody, antimitochondrial antibody, and anti-smooth muscle antibody 
were negative, and the immunoglobulin G4 Level (59 mg/dL) was within the normal range.

Physical examination
The patient's body temperature was 38.9 °C, but the other vital signs were stable. Regarding the 
pulmonary and cardiac examination, no obvious abnormality was observed. Physical examination 
revealed epigastric tenderness without rebound tenderness or Murphy’s sign. No jaundice or palpable 
masses were observed.

https://www.wjgnet.com/1007-9327/full/v28/i28/3732.htm
https://dx.doi.org/10.3748/wjg.v28.i28.3732
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Figure 1 Imaging examinations of the gallbladder and common bile duct. A, B: Contrast-enhanced computed tomography shows swelling and wall 
thickness of the gallbladder and common bile duct; C, D: Endoscopic ultrasonography shows dilatation of the common bile duct without obstruction and wall thickness 
of the gallbladder; E: Endoscopic retrograde cholangiopancreatography shows a dilated common bile duct and irregularly narrowed right intrahepatic bile duct (white 
arrow); F: Intraductal ultrasonography shows the wall thickness from the right bile duct to the common bile duct (white arrowhead).

Personal and family history
No information was available regarding his family history.

History of past illness
The patient has laparoscopic inguinal hernia repair twenty years ago.

History of present illness
The patient was diagnosed with stage IV lung adenocarcinoma (wild-type epidermal growth factor 
receptor and anaplastic lymphoma kinase, programmed death ligand 1 positive expression) and 
received first-line treatment with cisplatin and pemetrexed sodium hydrate. Four months after the 
initiation of first-line chemotherapy, the patient received second-line treatment with pembrolizumab 
because of disease progression. Three months later (three cycles of pembrolizumab), carboplatin and 
nab-paclitaxel were administered as third-line treatments. Four months after discontinuation of 
pembrolizumab (3 mo after initiation of third-line chemotherapy), the patient was admitted to our 
hospital with abdominal pain and fever.

FINAL DIAGNOSIS
The common bile duct biopsy showed intraepithelial infiltration of lymphocytes, and CD8+ T cells were 
more predominant in the biliary epithelium than CD4+ T cells (Figure 2A-C). Percutaneous ultrasono-
graphy-guided liver biopsy was also performed for differential diagnosis of other liver diseases. The 
liver biopsy showed infiltration of predominantly CD8+ T cells in the portal area, but the periductal 
"onion-skin" fibrosis characteristic of primary sclerosing cholangiopathies, and panlobular hepatitis or 
isolated central zonal necrosis characteristic of acute hepatitis were not detected (Figure 2D-G). 
According to these imaging and pathological findings, the patient was diagnosed with immune-related 
SC induced by pembrolizumab.
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Figure 2 Pathological findings of the common bile duct and liver. A: Hematoxylin–eosin staining (× 40): Intraepithelial infiltrations of lymphocytes are 
observed; B and C: CD8 (B) and CD4 (C) staining (× 40): Infiltration of CD8+ T cells are predominant in the biliary epithelium compared to CD4+ T cells; D and E: 
Hematoxylin–eosin staining: On liver biopsy, inflammation of the hepatic parenchyma is not observed. The periductal "onion-skin" fibrosis is not observed in the portal 
area (black arrow); F and G: CD8 (F) and CD4 (G) staining (× 200): In a zoomed-in view of the portal area, predominant infiltration of CD8+ T cells, compared with 
CD4+ T cells, is observed.

TREATMENT
Endoscopic nasobiliary drainage was performed and administration of 25 mg (0.5 mg/kg) of methyl-
prednisolone was initiated. However, grade 3 elevation of ALP and grade 1 elevation of ALT were still 
present, and the cholangiography findings did not improve.

OUTCOME AND FOLLOW-UP
Because of disease progression, no further treatment was administered, and the patient was referred for 
palliative care.

DISCUSSION
ICIs enhance antitumor immunity by blocking negative regulators of T cell function that exist on both 
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immune and tumor cells. Although these agents can lead to remarkable responses, their use may also be 
associated with irAEs. A previous study showed that most irAEs occur in the first few months of 
treatment, but late-onset toxicity even after ICI discontinuation is also possible[4]. To the best of our 
knowledge, no case of immune-related SC after pembrolizumab discontinuation has been reported.

Kawakami et al[5] revealed that immune-related cholangitis was characterized by: (1) Localized 
extrahepatic bile duct dilation without obstruction; (2) Diffuse hypertrophy of the extrahepatic bile duct 
wall; (3) A dominant increase in the biliary tract enzymes ALP and gamma-glutamyl transpeptidase 
relative to the hepatic enzymes aspartate and alanine aminotransferase; (4) Normal or reduced levels of 
the serum immunological markers antinuclear antibody, antimitochondrial antibody, smooth muscle 
antibody, and immunoglobulin G4; (5) Pathological findings of biliary tract cluster of differentiation 
CD8+ T cell infiltration from liver biopsy; and (6) A moderate to poor response to steroid therapy. The 
present case met all these characteristics of immune-related cholangitis.

In contrast, SC developed while carboplatin and nab-paclitaxel were administered. Previous studies 
reported that chemotherapy-induced SC and drug-induced SC appeared to be one or more strictures of 
the large bile ducts, mainly the common hepatic duct and the right and left hepatic ducts, usually 
sparing the common bile duct and smaller intrahepatic ducts[6,7]. Histologically, Weber et al[8] showed 
that a shift in the CD4+/CD8+ cell ratio in favor of CD8+ cytotoxic T lymphocytes is useful in discrim-
inating irAEs from other conditions (e.g., autoimmune diseases and drug-induced injury). In our case, 
an irregularly narrowed right intrahepatic bile duct and infiltration of predominantly CD8+ T cells were 
observed. Therefore, we diagnosed the patient with SC induced by pembrolizumab on the basis of the 
imaging and pathological findings of previous reports.

Recently, new reports of irAEs emerging after discontinuation of immunotherapy, a clinical 
diagnostic complex termed delayed immune-related events (DIRE), have surfaced[9]. The first case of 
DIRE after discontinuation of pembrolizumab was reported in 2013[10], and various late-onset irAEs 
have also been reported in the literature[11]. Anti-PD-1 antibodies continue to bind to lymphocytes 
several weeks after the last infusion of PD-1 inhibitors, which explains the development of irAEs after 
discontinuation of ICI therapy[12]. Although there have been some reports of DIRE after discon-
tinuation of pembrolizumab, no cases of delayed immune-related SC induced by pembrolizumab have 
been reported.

Previous studies showed that steroid therapy was recommended for the treatment of irAEs, but was 
not useful for the treatment of immune-related SC[4,13]. Ursodeoxycholic acid (UDCA) and other anti-
inflammatory agents, including immunomodulators and infliximab, have been considered for the 
treatment of irAEs, but their efficacy and response have been reported to be insufficient for the 
treatment of immune-related SC[14,15], and more cases may be needed to evaluate the usefulness of 
these drugs for immune-related SC. Biliary drainage has been reported to be ineffective for immune-
related SCs[5,16,17]. It remains uncertain why there is a poor response to steroid therapy and biliary 
drainage for immune-related SC, and further studies are necessary to establish the treatment for 
immune-related SC.

This indicates that immune-related SC can occur later, similar to other hepatic irAEs. The imaging 
features and pathological findings of immune-related SC have become almost clear, but the mechanism 
and onset time of immune-related SC have not been elucidated. Further studies and accumulation of 
cases are necessary to establish appropriate diagnostic criteria and management strategies, and caution 
should be exercised for late-onset irAEs after discontinuation of ICIs.

CONCLUSION
Immune-related sclerosing cholangitis may have a late onset, and such cases occurring after discon-
tinuation of immune checkpoint inhibitors should be carefully managed.
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Abstract
Pneumatosis intestinalis (PI) is defined as the presence of gas within the 
submucosal or subserosal layer of the gastrointestinal tract. It is a radiologic sign 
suspicious for bowel ischemia, hence non-viable bowel must be ruled out in 
patients with PI. However, up to 15% of cases with PI are not associated with 
bowel ischemia or acute abdomen. We described an asymptomatic patient with 
prednisolone-induced PI and modified the Naranjo score to aid in a surgeon’s 
decision-making for emergency laparotomy vs non-operative management with 
serial assessment in patients who are immunocompromised due to long-term 
steroid use.

Key Words: Benign pneumatosis; Pneumatosis coli; Pneumatosis intestinalis; Prednisolone

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

Core Tip: We described an asymptomatic patient with prednisolone-induced pneumatosis 
intestinalis and modified the Naranjo score to aid in a surgeon’s decision-making for 
emergency laparotomy vs non-operative management with serial assessment in patients 
who are immunocompromised due to long-term steroid use.
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TO THE EDITOR
We read with interest the report by Azzaroli et al[1], who conservatively managed two 
patients with benign pneumatosis intestinalis (PI). We would like to share a similar 
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Figure 1 Computed tomography of abdomen and pelvis and serial erect abdominal radiographs showing interval improvement in 
pneumatosis coli and resolution of pneumoperitoneum. A: First admission day. Pneumatosis coli from cecum to transverse colon; B: 2 wk after 
admission. Progression of pneumatosis coli and pneumoperitoneum; C: 2 wk Post-hyperbaric oxygen therapy. Resolution of pneumoperitoneum and pneumatosis 
coli.

clinical case with prednisolone-induced pneumatosis coli and propose a modified Naranjo score for 
prednisolone-induced pneumatosis.

A 71-year-old lady with dysphagia and diplopia symptoms was diagnosed with Neuromyelitis 
Optica (NMO). Treatment with prednisolone 20 mg once daily improved her diplopia. Nasogastric tube 
(NGT) feeding was commenced due to malnourishment from dysphagia. The chest radiograph for NGT 
placement showed pneumoperitoneum, and she was referred urgently to the surgical unit. She was 
asymptomatic, afebrile with normal hemodynamics. Abdomen was soft and non-tender. Leukocyte 
count, procalcitonin, lactate, and arterial blood gas were normal. A computed tomography of abdomen 
and pelvis (CTAP) with intravenous and NGT contrast confirmed pneumoperitoneum and pneumatosis 
coli from cecum to splenic flexure (Figure 1). There was no contrast extravasation, portal venous gas, 
inflammatory pathology, or mesenteric ischemia. Non-operative management with nil enteral feeding, 
serial abdominal examination, serum tests, and abdominal radiographs (AXR) was done. The patient 
remained asymptomatic with normal serum tests. A repeat CTAP showed minimal improvement of 
pneumoperitoneum. A follow-up AXR two weeks later showed worsening of pneumatosis coli. 
Hyperbaric oxygen therapy (HBOT) was arranged. Five HBOT sessions were performed at 2.2 
atmospheric pressure for 90 min. Her abdominal girth reduced from 79 to 73 cm with minimal AXR 
improvement. Prednisolone was weaned over next five days and she was discharged well on oral diet. 
At two-weeks outpatient follow-up, AXR showed improvement (Figure 1).

Corticosteroid therapy remains the cornerstone for the treatment of autoimmune diseases. The true 
incidence of benign PI as an ADR secondary to corticosteroids is unknown[2,3]. The hypothesis is due to 
atrophy of lymphoid follicles in the bowel wall. Although PI occurred after prednisolone's 
commencement in our patient, we did not initially stop prednisolone in balancing risk vs benefits for 
NMO therapy. When PI worsened, HBOT was offered due to concerns for secondary bowel ischemia 
from PI. The HBOT regimen was similar to that described by Feuerstein et al[4], who suggested at least 
three sessions. As our patient's PI improved but did not resolve fully after 5 HBOT sessions, we reduced 
prednisolone dose. After two weeks of cessation, PI resolved, similar to a report described by Choi et al
[5].

According to the Naranjo score (adverse drug reaction probability scale) of 6, PI was probably caused 
by prednisolone in our patient. Naranjo score recommends isolation of drug in toxic concentrations in 
body fluid, response to placebo administration, and drug rechallenge to evaluate for the occurrence of 
symptoms. These three criteria are not routinely done due to practical and safety reasons[6]. We 
propose a modified Naranjo score (Tables 1 and 2) for prednisolone-induced pneumatosis which 
replaces these three criteria with the following: (1) No symptoms or signs of abdominal pathology; (2) 
Serum investigations for inflammatory markers (e.g., C-reactive protein and procalcitonin) must be 
normal; and (3) Imaging studies should rule out hollow viscus perforation or inflammatory abdominal 
pathology as a cause for PI. With the modified Naranjo score, the causal link of PI due to prednisolone 
becomes definite. We propose validation of modified Naranjo score.
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Table 1 Modified Naranjo score-pneumatosis intestinalis specific score

Question Yes/No/Do not 
know Score

Are there previous conclusive reports on this reaction? Yes 1

Did the adverse event appear after the suspected drug was administered? Yes 2

Did the adverse reaction improve when the drug was discontinued, or a specific antagonist was administered? Yes 1

Are there alternative causes (other than the drug) that could on their own have caused the reaction? No 0

Was the reaction more severe when the dose was increased or less severe when the dose was decreased? Yes 1

Did the patient have a similar reaction to the same or similar drugs in any previous exposure? No 0

Did any objective evidence confirm the adverse event? Yes 1

Were there any symptoms or signs of abdominal pathology? (instead of isolation of drug in toxic concentrations in 
body fluid)

No 1

Were the serum inflammatory markers normal? (instead of drug rechallenge to evaluate for reoccurrence of 
symptoms)

Yes 1

Did imaging studies rule out hollow viscus perforation or inflammatory abdominal organ pathology? (instead of 
response to placebo administration)

Yes 1

Total score 9 (definite) 

Table 2 Interpretation of scores

Total score Interpretation of scores

≥ 9 Definite

5 to 8 Probable

1 to 4 Possible

≤ 0 Doubtful
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Abstract
Endoscopic anti-reflux treatment is emerging as a new option for gastro-
esophageal reflux disease (GERD) treatment in patients with the same indications 
as for laparoscopic fundoplication. There are many techniques, the first of which 
are transoral incisionless fundoplication (TIF) and nonablative radio-frequency 
(STRETTA) that have been tested with comparative studies and randomized 
controlled trials, whereas the other more recent ones still require a deeper 
evaluation. The purpose of the latter is to verify whether reflux is abolished or 
significantly reduced after intervention, whether there is a valid high pressure 
zone at the gastroesophageal junction, and whether esophagitis, when present, 
has disappeared. Unfortunately in a certain number of cases, and especially in the 
more recently introduced ones, the evaluation has been based almost exclusively 
on subjective criteria, such as improvement in the quality of life, remission of 
heartburn and regurgitation, and reduction or suspension of antacid and antise-
cretory drug consumption. However, with the most studied techniques such as 
TIF and STRETTA, an improvement in symptoms better than that of laparoscopic 
fundoplication can often be observed, whereas the number of acid episodes and 
acid exposure time are similar or higher, as if the acid refluxes are better tolerated 
by these patients. The suspicion of a local hyposensitivity taking place after anti-
reflux endoscopic intervention seems confirmed by a Bernstein test at least for 
STRETTA. This examination should be done for all the other techniques, both old 
and new, to identify the ones that reassure rather than cure. In conclusion, the 
evaluation of the effectiveness of the endoscopic anti-reflux techniques should not 
be based exclusively on subjective criteria, but should also be confirmed by 
objective examinations, because there might be a gap between the improvement in 
symptoms declared by the patient and the underlying pathophysiologic 
alterations of GERD.

Key Words: Endoscopic anti-reflux treatment; Transoral incisionless fundoplication; 
Nonablative radio-frequency; Anti-reflux mucosectomy; Gastro-esophageal reflux disease; 
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Core Tip: Endoscopic anti-reflux treatments are being increasingly used instead of anti-reflux surgery. 
However, most of them have been evaluated only on the ground of subjective symptoms, without 
performing any objective examination. Furthermore, some also appear to be more effective than surgery in 
improving acid reflux symptoms, even if their acid exposure is worse, suggesting a reduced sensitivity. 
The Bernstein test performed after nonablative radio-frequency seems to confirm this hypothesis. Hence, 
to verify the effectiveness of these esophageal anti-reflux interventions, in addition to evaluating the 
symptoms before and after the intervention, it is necessary to perform objective examinations.

Citation: Bortolotti M. Is patient satisfaction sufficient to validate endoscopic anti-reflux treatments? World J 
Gastroenterol 2022; 28(28): 3743-3746
URL: https://www.wjgnet.com/1007-9327/full/v28/i28/3743.htm
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TO THE EDITOR
In the past few years, endoscopic anti-reflux treatments have increasingly caught the attention of many 
gastroenterological centers, as they offer a minimally invasive option for patients with gastroesophageal 
reflux disease (GERD) who show refractoriness or intolerance to proton pump inhibitors (PPI), or who 
refuse to take lifelong medication, but want to avoid a surgical intervention, such as the classical laparo-
scopic fundoplication (LF). A recent article[1] has provided an up-to-date review of the technical 
aspects, clinical effectiveness, and safety of the main endoscopic anti-reflux procedures including 
transoral incisionless fundoplication (TIF), nonablative radio-frequency (STRETTA), and Medigus 
ultrasonic surgical endostapler (MUSE), together with the following still experimental techniques, such 
as full-thickness endoscopic plication device, anti-reflux mucosectomy (ARMS), anti-reflux mucosal 
ablation, and band-assisted ligation techniques. However, two observations can be made after 
consulting the literature studies on the effectiveness of these systems.

First, in most studies the efficacy of an endoscopic anti-reflux technique has been evaluated almost 
exclusively considering subjective symptoms, such as the improvement in quality of life, remission of 
heartburn and regurgitation, and reduction or suspension of antacid and antisecretory drugs 
consumption, to the extent that it has been deemed a success when the patient halved the dose of PPI 
used prior to intervention.

Second, in most studies where these endoscopic interventions are compared with LF or PPI therapy, 
symptom improvement after endoscopic treatments is frequently greater than that obtained with LF, 
even when the 24 h pH recording shows a worse result.

This statement can be easily verified in the systematic review and network meta-analysis of Richter et 
al[2] from seven randomized controlled trials (RCTs) with a total of 1128 patients, concerning a 
comparison of laparoscopic Nissen fundoplication (LNF) vs TIF or PPI treatment. The results indicate 
that TIF has the highest likelihood of increasing the patient’s health-related quality of life (HRQL) 
followed by LNF, whereas the LNF has the highest likelihood of increasing the percentage of time with 
distal esophageal pH > 4, followed by PPI and then by TIF, which, in addition, has a higher likelihood 
than LNF for persistent esophagitis.

Also in the randomized controlled trial of Witteman et al[3] performed in 60 patients to evaluate the 
effectiveness of TIF in comparison with the PPI treatment, GERD symptoms after 6 mo are significantly 
more improved in the TIF group than in the PPI group, despite the similar improvement in distal 
esophageal acid exposure, whereas the pH normalization for TIF group is 50% with respect to 63% for 
the PPI group.

A systematic review and network meta-analysis[4] comprising 516 patients from 10 RCTs compared 
the anti-reflux efficacy of Stretta, TIF, and PPI. Both STRETTA and TIF are significantly superior to PPI 
in improving GERD-HRQL and heartburn scores, whereas PPI is better in decreasing the percentage of 
time with pH < 4.0 when compared with TIF.

Also in the study of He et al[5], the symptom score improvement was significantly higher in the 
STRETTA group of 26 patients compared with the PPI group of 21 patients after 6 mo, whereas both 
interventions improved, without significant differences, the 24 h pH parameters, including the number 
of acid episodes, acid exposure time, and DeMeester score.

Furthermore, the absence of correlation between the improvement in GER symptoms and the 
decrease in acid reflux in patients treated with STRETTA is highlighted by the following two studies.

Coron et al[6] in an article comparing the results in 20 patients undergoing STRETTA and 16 patients 
treated with PPI report that GERD-HRQL scores do not differ between groups, whereas no significant 
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change in esophageal acid exposure is noted between baseline and 6 mo after STRETTA treatment. So 
they came to the conclusion that the efficacy of the STRETTA treatment does not seem to be related to a 
decrease in esophageal acid exposure. In addition, the study of Arts et al[7] shows that 3 mo after 
STRETTA procedure on 11 patients, the symptom score was significantly improved, whereas no 
changes were observed in esophageal acid exposure.

In view of all these results, we may be led to believe that the greater improvements in GER symptoms 
observed after TIF and STRETTA applications as compared with LF and PPI treatments, despite the 
scarce improvement in GER objective parameters, likely depend on another factor, that could be 
identified with a decreased visceral sensitivity. The hypothesis that symptom improvement in these 
patients depends on a decreased esophageal acid sensitivity is confirmed, at least for STRETTA, by the 
study of Arts et al[8]. They found that 6 mo after the STRETTA procedure in 13 patients, the mean time 
needed to induce heartburn during esophageal acid perfusion of the Bernstein test increased from 9.5 ± 
2.3 (mean ± SD) to 18.1 ± 4.4 min (P < 0.01) , whereas five had become insensitive to 30 min acid 
perfusion, vs none at baseline (P = 0.04).

Also in the case of TIF, the dissociation between symptoms and objective parameters, if compared 
with those of LF and PPI, suggests the post-intervention appearance of a hyposensitive condition, 
similar to that of STRETTA, although a Bernstein test is necessary to confirm this supposition.

The cause of this local hyposensitivity could lie in an effect of radiofrequency (RF) energy of 
STRETTA on the myenteric and submucosal nervous plexuses carrying sensory receptors, acetylcholine 
stimulatory and non-adrenergic, non-cholinergic (NANC) inhibitory neurons, as well as on the two 
branches of the vagus nerve, which pass in the subadventitial space at the esophagogastric junction 
level. RF energy inducing a thermal injury promoting submucosal fibrosis and muscularis propria 
hypertrophy, should also act on nervous tissues impairing the inhibitory NANC neurons with a 
decrease in transient LES relaxations, while increasing its yield pressures[9]. It is likely that RF energy 
could also act on sensitive neurons of the esophageal wall. In addition, a slight excess of RF energy or a 
tissue weakness may also cause damage to the vagus nerve passing below, causing delayed gastric 
emptying and gastroparesis reported by some authors[10-13]. With regard to the other endoscopic 
procedures, there are no appropriate comparative studies with LNF and PPI treatments, except for the 
study of Wong et al[14], who compared Nissen fundoplication with ARMS. But they did not perform 
objective measurements for reflux and only evaluated GERD-HRQL and reflux symptoms up to 2 years, 
without observing any difference between the two groups.

In conclusion, the evaluation of the effectiveness of any endoscopic anti-reflux technique should not 
be based exclusively on subjective criteria, such as a good response to PPI suspension, remission of 
heartburn, and GERD-HRQL improvement, but should also be established with objective examinations, 
such as 24 h pH monitoring, and, if possible, manometric measurement of the high pressure zone in the 
distal esophagus, besides endoscopy for the assessment of esophagitis. The good capacity of TIF and 
STRETTA to improve the reflux symptoms and the quality of life more than LF and PPI treatments, is a 
double-edged weapon, because a scarce prevention of acid reflux in the long term may expose the 
patient to the risk that more or less serious alterations will pass unnoticed. This risk could also be taken 
with the other more recent endoscopic techniques, which, as previously mentioned, should be 
compared with LF or PPI treatments and possibly examined by the Bernstein test.
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Abstract
Anastomotic leakage (AL) has a wide range of clinical features ranging from 
radiological only findings to peritonitis and sepsis with multiorgan failure. An 
early diagnosis of AL is essential in order to establish the most appropriate 
treatment for this complication. Despite AL continues to be a dreadful compli-
cation after colorectal surgery, there has been no consensus on its management. 
However, based on patient’s presentation and timing of the AL, there has been a 
gradual shift to a more conservative management, keeping surgery as the last 
option Reoperation for sepsis control is rarely necessary especially in those 
patients who already have a diverting stoma at the time of the leak. A 
nonoperative management is usually preferred in these patients. There are several 
treatment options, also for patients without a stoma who do not require a 
reoperation for a contained pelvic leak, including recently developed endoscopic 
procedures, such as clip placement or endoluminal vacuum-assisted therapy. 
More conservative treatments could be an option in patients who are clinically 
stable or in presence of a small defect.

Key Words: Anastomotic leakage; Colorectal cancer; Colorectal surgery; Mortality; 
Morbidity
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Core Tip: The authors of the review have a remarkable clinical experience and scientific authority in 
colorectal surgery and related complications. The authors focus their attention on endoluminal vacuum 
therapy to treat anastomotic leakage in colorectal surgery. The authors highlight that most studies are 
heterogeneous in term of success rate definition, salvage and long-term results. Furthermore, there is 
paucity of comparative studies and thus definitive conclusions are not warranted at present time, as 
pointed out by the authors in their narrative review.

Citation: Chiarello MM, Bianchi V, Fransvea P, Brisinda G. Endoluminal vacuum-assisted therapy as a treatment 
for anastomotic leakage in colorectal surgery. World J Gastroenterol 2022; 28(28): 3747-3752
URL: https://www.wjgnet.com/1007-9327/full/v28/i28/3747.htm
DOI: https://dx.doi.org/10.3748/wjg.v28.i28.3747

TO THE EDITOR
We were pleased to read the high-level article on treatment of colorectal anastomotic leakage (AL) with 
endoluminal vacuum therapy (EVT), published by Vignali and De Nardi[1]. The authors have a 
remarkable clinical experience and scientific authority in colorectal surgery and related complications[2-
4].

We agree with the authors that AL is still the worst complication of colorectal surgery today. The 
consequences of AL can severely alter functional outcomes and oncological results[5]. In the case of AL, 
the severity of the clinical picture is extremely variable. Some AL have no impact on the patient, while 
others present with sepsis and can be fatal[6-8].

The incidence of AL is variable[1,5,9]. We believe that this variability in incidence is related to several 
factors. In accordance with the literature data, we believe that variables such as neoplastic or inflam-
matory disease, timing of the operation, the distance of the tumor from the anal merge, the clinical 
presentation with signs of visceral perforation or intestinal obstruction, the local characteristics of the 
tumor and the surgery performed are important for the postoperative onset of AL. In this context, the 
need for a common definition appears to be fundamental. AL occurs when a surgical anastomosis fails. 
In this circumstance, the intestinal contents leak out of the surgical connection. A pelvic abscess close to 
the anastomosis must be considered as AL. The classification of severity degrees proposed by the 
International Study Group of Rectal Cancer (ISREC)[10] is the most widely adopted. ISREC[10] proposes 
a classification of AL into three types (A, B and C) of increasing severity according to the therapeutic 
management it requires (conservative management in type A; non-surgical management in type B; 
surgical treatment in type C).

We believe that the onset of AL is important. The time to onset of AL affects both the severity of the 
complication and also the treatment of the complication itself. Colonic or rectal stump ischemia due to 
excessive preparation of the stump itself with consequent interruption of the perianastomotic supply of 
microvascular blood or tension in the anastomotic site is usually responsible for the early onset of AL
[11]. On the other hand, the late presentation of AL is not linked to surgical technique problems but 
rather to clinical conditions of impaired tissue healing, such as local sepsis, malnutrition, the intake of 
immunosuppressive drugs, severe obesity and exposure to radiation[9,12]. In most patients, AL that 
occurs early is associated with more severe clinical symptoms. Faecal contamination of the peritoneum 
is frequently observed in these patients and the incidence of emergency laparotomies is higher. In 
conditions of worsening sepsis, mortality rates increase. By contrast, in late forms of AL, clinical 
manifestations will be characterized by the appearance of a pelvic abscess[13,14].

Furthermore, we believe that early diagnosis of AL is essential in order to establish the most 
appropriate treatment for this complication[15]. Despite AL continues to be a dreadful complication 
after colorectal surgery, there has been no consensus on its management[5]. Today, however, there is an 
increasing use of more conservative management. It is preferred to keep surgery as a last resort. 
Obviously this attitude is related to the presentation of the patient and the timing of the AL[16-18]. In 
agreement with Vignali and De Nardi[1], we believe that saving the anastomosis through the use of 
conservative treatments represents a valid therapeutic option to be used especially in clinically stable 
patients or in the presence of a small defect.

The authors focus their attention on EVT. Its principle is based on the application of topic negative 
pressure to drain the cavity and to prevent the development of chronic sinus. The paragraph on the 
description of the device is interesting and exhaustive, too. We agree with Vignali and De Nardi[1] that 
several reviews, and meta-analyses have been published so far with promising results. Nevertheless, the 
analysis of most documents yields mixed results, especially when the success rate, anastomosis salvage 
rates, and long-term outcomes are taken into account. Furthermore, the paucity of comparative studies 
does not allow definitive conclusions to be drawn, as pointed out by the authors in their narrative 
review.
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There are several treatment options, including recently developed endoscopic procedures, such as 
stent or clip placement or EVT. These procedures can be used primarily in patients who already have a 
diverting stoma at the time of the leak. These treatments also find application in patients with extraperi-
toneal anastomosis and in those without ostomy who do not require further surgery due to a contained 
pelvic loss (type B of the ISREC classification). EVT is performed endoscopically. An open-pored 
polyurethane sponge is positioned in the leakage cavity through the anastomotic defect. The main 
advantages of the treatment are represented by a less invasive approach and continuous drainage. 
Treatment favors granulation and vascularity; furthermore, it determines a mechanical reduction in the 
size of the abscess cavity[19-21]. The main indication for the use of the EVT are extraperitoneal, low 
leaks that are difficult to drain. A disadvantage to the systematic adoption of EVT is the fact that the 
sponges must be periodically changed, usually more than 8 times in 4-6 wk. Anastomotic necrosis and 
stricture are the most common complications of the procedure.

The AL treatment should be tailored taking into consideration many factors, giving that there is no 
universally accepted management flowchart for the optimal treatment of this complication. Non-
operative management is usually preferred in patients with extraperitoneal anastomosis without sepsis 
and peritonitis and in those who underwent proximal faecal diversion at the initial operation[5]. 
Excluding complications directly related to the endoluminal device, the factors associated with the 
failure of a conservative approach using EVT are mainly represented by neoadjuvant therapy, lack of a 
protective stoma before treatment and male sex. However, it must be emphasized that most of these are 
well known risk factors for AL in general. The timing of EVT can influence success, significantly. A high 
success rate occurs when endoluminal therapy is started early (within 6 wk) after the onset of AL[22,
23]. Riss et al[24] found that 25% of patients assessed after primary successful EVT in a multicentre 
study developed recurrent abscesses after a median follow-up of 17 mo. No study in the literature has 
focused attention on oncological and functional outcomes.

It seems obvious to us that in case of AL it is better to prevent its complications rather than treat them 
once they have arisen. Unfortunately, we believe that complications after colorectal surgery are still 
inevitable. We are sure that also Vignali and De Nardi[1] agree with our orientation.

Moreover, surgeons have employed several intraoperative techniques to assess integrity of the 
colorectal anastomoses in order to minimize the risks of postoperative complications. Basic mechanic 
patency tests (traditional air leak testing, saline leak, and methylene blue leak tests), endoscopic visual-
ization techniques, and more recently, micro perfusion assessment technology are the most commonly 
used methods. Other methods commonly adopted to evaluate the blood perfusion of the intestinal 
segments to be used for the creation of the anastomosis are the visual evaluation of the color of the 
intestinal wall, the presence of visible peristalsis and bleeding from the marginal arteries. These tests are 
limited. None of these tests allow viewing of the lumen. The anastomosis is assessed by occluding the 
proximal lumen and then filling the intraluminal cavity with air or fluid and checking for leakage[2,25].

Intraoperative endoscopy was used to visualize the anastomosis. However, the use of the method is 
not so widespread. Furthermore, the results of intraoperative endoscopy are not of univocal 
interpretation. A recent systematic review evaluating the results of five non-randomized controlled 
trials, in which a total of over 900 patients were enrolled, documented an incidence rate of AL of 7.7% in 
patients with documented AL at intraoperative endoscopy, with no significant difference in 
postoperative AL rate compared to patients with negative intraoperative endoscopy for AL[26].

Nowadays, a promising and increasingly used new technology is intra-operative fluorescence 
angiography with indocyanine green[2,27-29]. Evidence for the impact of intraoperative fluorescence 
angiography in reducing AL after colorectal anastomosis is growing. The procedure allows direct 
visualization of tissue perfusion. It may help to prevent AL. The use of indocyanine green fluorescence 
angiography leads to a significant reduction in AL compared to standard intraoperative methods to 
assess anastomotic blood perfusion in colorectal surgery. Moreover, especially in patients with low or 
ultra-low rectal resection, the use of indocyanine green fluorescence decreases the need for surgical 
reintervention for AL.

A diverting stoma ideally protects a low colorectal anastomosis. However, there is a lot of 
controversy surrounding the use of a protective stoma. The first controversy is certainly about which is 
the most optimal type of ostomy, an ileostomy or a colostomy[30]. We believe that ostomy is useful to 
reduce clinical symptoms of AL by increasing the percentage of sub-clinical dehiscence, but not 
modifying the overall percentage. Moreover, no significant benefit of a diverting stoma for reducing the 
risk of AL has been showed in some large-volume studies. Usually, we tend to protect with an ostomy 
the patients who underwent neoadjuvant radiotherapy and those with an ultralow colorectal 
anastomosis. In recent years, this dogma has been challenged. Several authors questioning the need of 
an ostomy for all patients with an ultralow anastomosis.

We believe that the use of a transanastomotic drainage tube (TDT) may be useful in preventing the 
onset of AL. Regarding the TDT, several studies showed no difference in AL rate between patients with 
and without one[31]. Other literature observations, instead, have documented a reduction in frequency 
of AL in patients with TDT[32-35]. Prophylactic TDT presents fewer risks of complication than 
derivative stoma. It was thought to lower the risk of AL, per as documented in a systematic review and 
meta-analysis pooling 1772 patients undergoing rectal anterior resection[36]. The same conclusions were 
obtained in another systematic review and meta-analysis, including patients with diverting stoma[37]. 
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Therefore, prophylactic TDT could constitute an efficient method to prevent AL in high-risk patients 
without exposing them to the complications of a diverting stoma. However, it is necessary to conduct an 
RCT on a large number of patients in order to obtain definitive results from the comparison of the two 
techniques.

AL after rectal surgery is a fearsome complication with considerable mortality and morbidity. Many 
factors are related to the onset of AL in the postoperative period. Some of these factors cannot be 
changed in the least by medical intervention. It is paramount to identify leaks early to minimize the 
potential morbidities of this complication. Despite advances in combating surgical infections, new 
devices for bowel reapproximation, better understanding of risk factors for anastomotic complications, 
and improved perioperative care, we continue to struggle with the occurrence and management of this 
complication. Technology will likely never be developed that would allow surgeons to prevent the onset 
of AL in the postoperative period. The use of the TDT prevents the formation of AL. This is a simple 
method that could avoid performing diverting ileostomies. AL can be further reduced by fluorescence 
angiography. This method, while bringing significant intraoperative changes in surgical strategies, 
allows the direct evaluation of the vascularization of the intestinal segments. In the meantime, it’s 
necessary promptly diagnose AL. Likewise, the knowledge of all the therapeutic possibilities, from the 
least invasive ones to surgery, is necessary in order to treat AL and improve patient outcomes by 
reducing the incidence of functional disorders or the impact on survival.
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