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Abstract
Worldwide, gastric cancer (GC) is the fifth most commonly diagnosed mali-
gnancy. It has a reduced prevalence but has maintained its poor prognosis being 
the fourth leading cause of deaths related to cancer. The highest mortality rates 
occur in Asian and Latin American countries, where cases are usually diagnosed 
at advanced stages. Overall, GC is viewed as the consequence of a multifactorial 
process, involving the virulence of the Helicobacter pylori (H. pylori) strains, as well 
as some environmental factors, dietary habits, and host intrinsic factors. The 
tumor microenvironment in GC appears to be chronically inflamed which 
promotes tumor progression and reduces the therapeutic opportunities. It has 
been suggested that inflammation assessment needs to be measured qualitatively 
and quantitatively, considering cell-infiltration types, availability of receptors to 
detect damage and pathogens, and presence or absence of aggressive H. pylori 
strains. Gastrointestinal epithelial cells express several Toll-like receptors and 
determine the first defensive line against pathogens, and have been also described 
as mediators of tumorigenesis. However, other molecules, such as cytokines rela-
ted to inflammation and innate immunity, including immune checkpoint 
molecules, interferon-gamma pathway and NETosis have been associated with an 
increased risk of GC. Therefore, this review will explore innate immune activation 
in the context of premalignant lesions of the gastric epithelium and established 
gastric tumors.

Key Words: Gastric cancer; Toll-like receptor; Helicobacter pylori; Nuclear factor kappa 
B; Neutrophils
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Core Tip: Premalignant cascade of gastric cancer starts with a chronic gastritis, and evolves to atrophic 
gastritis, intestinal metaplasia, dysplasia and finally the carcinoma. During the process, different immune 
responses contribute to inflammation of the gastric epithelium. Our work compiles studies related to the 
innate immune response with a focus on molecular and cellular features such as, Toll-like receptors, 
neutrophils, cytokines and socioeconomic factors, as crucial players during the precancerous cascade and 
the cancer onset.

Citation: Villarroel-Espindola F, Ejsmentewicz T, Gonzalez-Stegmaier R, Jorquera RA, Salinas E. Intersections 
between innate immune response and gastric cancer development. World J Gastroenterol 2023; 29(15): 2222-2240
URL: https://www.wjgnet.com/1007-9327/full/v29/i15/2222.htm
DOI: https://dx.doi.org/10.3748/wjg.v29.i15.2222

INTRODUCTION
Globally, gastric cancer (GC) is the fifth most commonly diagnosed malignancy. Although there has 
been a reduction in its incidence, its poor prognosis makes it the fourth leading cause of cancer related 
deaths per year[1], and around 86% of all GC cases in 2018 occurred in countries with a high or very 
high Human Development Index, where 60% of the total cases occurred in Eastern and South-Eastern 
Asia[2]. GC development is a multistep process initiated by the transition of normal mucosa to non-
atrophic gastritis. This superficial gastritis may progress to atrophic gastritis, then intestinal metaplasia 
and finally to dysplasia and adenocarcinoma[3]. Overall, GC is viewed as the consequence of a 
multifactorial process involving environmental factors (socioeconomic status, smoking and alcohol 
consumption), dietary habits (diets rich in salt and poor in antioxidants) and intrinsic factors (ethnicity, 
genetic background, age and sex)[4,5]. Recently, a meta-analysis and prospective cohort study 
demonstrated in the Chinese population, that healthy lifestyle factors such as abstention from smoking, 
non-consumption of alcohol, low consumption of preserved foods, and frequent intake of fresh fruits 
and vegetables and all of these factors in combination can significantly reduce the relative and absolute 
risk of incidence of GC. Although, the individual carries a high polygenic risk of GC based on the 
presence of 112 single-nucleotide polymorphisms[6]. This observation suggests that some intrinsic host 
factors, like the genetic background, may be secondary to external or environmental aspects during GC 
onset.

Most of the malignant gastric tumors correspond to the histological type of adenocarcinoma (approx-
imately 90%), with a lower percentage of lymphomas of the mucosa-associated lymphoid tissue, leiomy-
osarcomas and other rarer tumors[7,8]. The adenocarcinomas have been divided classically into two 
histological subtypes: Diffuse and intestinal, each of which have differences in their presentations 
depending on the anatomic subsite, age when diagnosed, sex, race, demographical distribution and 
socio-economic situation[7-9]. More recent molecular and genomic classifications have defined four 
major genomic subtypes of GC: The Epstein-Barr virus (EBV) infected tumors; genomically stable 
tumors; chromosomally unstable tumors; and tumors with microsatellite instability (MSI)[5], all of 
which offer a poor prognosis and different molecular profiles.

It is very well documented that GC is strongly associated with infectious agents such as the bacterium 
Helicobacter pylori (H. pylori) and, recently, the EBV[5]. Approximately 15%–20% of human cancers are 
provoked by cancer-causing viruses[10]; however, the specific role of EBV in GC development is not 
clear as of yet. Although the World Health Organization has categorized H. pylori as a group 1 
carcinogen[11], the role of other bacteria in causing cancer is controversial; studies have shown that 
some bacteria, such as Fusobacterium nucleatum[12], and Porphyromonas spp.[13,14] play a role in the 
development of colon, oral and other digestive cancers. Nevertheless, all those microorganisms can 
promote a local inflammatory status and a parallel activation of protumoral pathways.

Innate immunity represents the first barrier against pathogens, and epithelial cells of the gastric 
mucosa are the first line of immunity against, for example, an H. pylori infection. In response to an 
infection, many physiological adaptations are observed, such as an increase in vascular diameter and 
permeability along with an overexpression of cell-adhesion molecules on endothelial cells which 
promotes the extravasation of myeloid cells into the inflamed site of infection. The characteristics of an 
inflamed microenvironment are low levels of glucose and a scarcity of oxygen due to an altered 
metabolism, increased oxygen consumption by neutrophils, and a reduced oxygen supply due to 
disrupted perfusion[15]. It is within such a hypoxic microenvironment that immune cells kill and 
prevent the spread of invading microorganisms. Accumulating evidence suggests that chronic inflam-
mation, either non-infectious such as in autoimmune disorders or, as a result of a pathogen infection, is 
connected to cancer development. At the same time, the crosstalk between innate and adaptive 
immunity is critical for the successful eradication of different pathogens and tumor cells.

https://www.wjgnet.com/1007-9327/full/v29/i15/2222.htm
https://dx.doi.org/10.3748/wjg.v29.i15.2222
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The aim of this review is to provide an overview of innate immune activation in the context of 
gastrointestinal malignancies, focusing on the premalignant lesions of the epithelium and the gastric 
tumor microenvironment. During the transition from atrophic gastritis to the final carcinoma, some 
microorganisms will play a determinant role promoting the neoplastic transformation or contributing 
with a particular tumor phenotype. This work compiles studies related to Toll-like receptors (TLRs), 
neutrophils, cytokines and pathogens, as crucial players during the precancerous cascade and the cancer 
onset (Figure 1), allowing the correlation of those aspects with clinical and socioeconomic variables.

STARTERS AND MEDIATORS OF THE INNATE IMMUNE RESPONSE IN GASTRIC TISSUE 
Gastro-intestinal epithelial cells express several TLRs that can respond to exogenous infectious ligands 
or pathogen-associated molecular patterns (PAMPs). TLRs are the most important class of pattern 
recognition receptors (PRRs). These transmembrane proteins present a distinctive Leucine-Rich Repeat 
extracellular domain that confers specificity to their ligands[16], and a cytoplasmic signaling domain 
homologous to that of the interleukin 1 receptor (IL-1R), termed the toll/IL-1R homology domain[17]. 
Up to now, the TLR family consists of ten (TLR1-TLR10) and twelve (TLR1-TLR9 and TLR11-TLR13) 
members identified in humans and mice respectively[18]. These receptors are expressed in various 
immune cells, including macrophages, Dendritic cells (DCs), B cells, specific types of T cells, and even in 
non-immune cells such as fibroblasts and epithelial cells; their activation leads to the induction of 
inflammatory cytokines, chemokines, antigen-presenting molecules, and costimulatory molecules[15,17,
19].

Epithelial cells from the gastric mucosa are considered as the first line of innate immunity against 
gastrointestinal pathogens, including H. pylori infection, and the PRRs have shown a wide range of 
expression in normal and pathological tissue (Table 1).

Human gastric epithelial cells and tumor cells were found to express both TLR2 and TLR4 and both 
receptors are described as responsible for the H. pylori lipopolysaccharides (LPS) recognition. However, 
the results are contradictory and have not accurately probed the role of those receptors due both to the 
diversity of the host’s immune system and the pathogenicity of the H. pylori strain[20,21]. TLR2 is the 
most extensively expressed gene among all the TLRs in gastric tumors and high levels of TLR4 are 
associated with a higher risk of GC[22-24].

On the other hand, TLR3 and TLR4 have been implicated in several disorders related to the gastroeso-
phageal reflux disease spectrum and largely documented, including the expression of both receptors 
and expression of their downstream products, such as cyclooxygenase-2, IL-8, nuclear factor-κB (NF-
κB), and nitric oxide in human tissue samples and ex vivo cell cultures from the esophagus, the 
esophageal-gastric junction and the stomach[25].

TLR5 is expressed within the esophageal epithelium and has been shown to increase in a stepwise 
manner with progression from normal to dysplastic and eventually neoplastic states[26]. In addition, it 
is well documented that TLR5 is present in both primary gastric epithelial cells and gastric tumor cell 
lines[22,24,27]; however, the role of TLR5 during the gastric precancerous cascade is not yet clear.

TLR5 is responsible for flagellin recognition. H. pylori flagellin seems to be a less potent stimulator 
compared with other flagellins[28] but has a significant role in long-term bacterial persistence. The lack 
of TLR5 activity in response to H. pylori flagellin is caused mainly by the amino acid residues variation 
R89, L93, and E114 described as hotspots for binding TLR5 which, replaced with threonine (R89T), 
lysine (L93K), and aspartate (E114D) in H. pylori flagellin, lead to receptor evasion[29]. TLR5 instead 
recognizes CagL and CagY, two proteins from the type IV secretion system (T4SS) of H. pylori, and both 
have immunoregulatory properties[30,31]. A high TLR5 expression has been suggested to have a better 
prognosis amongst young GC patients in an early stage of disease, and this better outcome may be 
associated with a non-distant metastasis and an intestinal-type cancer[32].

TLR9, the only TLR with both anti- and pro-inflammatory roles, is involved in the recognition of H. 
pylori DNA, and the promotion or suppression role of TLR9 will depend on the gastric environment
[22]. TLR9 expression has been shown to be up-regulated in H. pylori infected gastric tissue compared 
with non-infected tissue, and it was not related to the presence of tumor cells, suggesting that increased 
TLR9 expression was specifically associated with H. pylori infection[33]. It is reported that TLR9 
interaction with H. pylori and H. pylori DNA, triggers an IL-8 secretion response mediated by the NF-κB 
pathway[34].

The role of TLR9 in cancer is not absolutely clear, but patients with stage II of GC and a high TLR9 
expression had a better prognosis than cases with lower levels[32].

Other TLRs have been described, TLR1, TLR7, TLR8, and TLR10, but further studies are required in 
order to understand their role in GC and in H. pylori infected individuals, as well as other pathogens[22,
23,35]. However, high levels of TLR10 expression have been observed in gastric biopsy samples from 
subjects with H. pylori and, when NCI-N87 gastric cells were co-cultured with the bacteria, both TLR10 
and TLR2 mRNA levels were upregulated[35]. Those results suggest that TLR10 is a functional receptor 
and that TLR2/TLR10 heterodimer functions in H. pylori LPS recognition[35].
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Table 1 Expression of Toll-like receptors in esophageal and gastric epitheliums

PRR Organ Model Method Ligand Observation Reference

TLR1/2 Esophagus Esophageal carcinoma and 
premalignant lesions 

IHQ Triacyl 
lipopeptide

Receptor upregulation in tumor and dysplasia [22,171]

TLR2 Stomach; 
esophagus

Human ADC and 
premalignant lesions; H. 
pylori infection mice model 
andin vitro culture 

IHQ; RT-
qPCR

Microbial 
lipopeptide

Receptor upregulation in tumor cores. Increased 
tumorigenesis; constitutive expression in TE-1 cell 
line 

[21,22,27,32,
172-174]

TLR3 Stomach; 
esophagus

Human gastric and 
esophageal carcinoma 

IHQ; RT-
qPCR

dsRNA Increased receptor levels correlate with poor 
prognosis; increased expression on EAC-derived cell 
lines 

[25,174-176]

TLR4 Stomach; 
esophagus

Human ADC and 
premalignant lesions; H. 
pylori infection; esophageal 
carcinoma 

IHQ; RT-
qPCR

LPS Upregulation in tumor cores; weak association with 
clinicopathologic variables; high expression correlates 
with poor prognosis; upregulation of IL-8 and COX-2 
in BE 

[21,24,25,27,32,
171,173-179,
182]

TLR5 Stomach; 
esophagus

Human ADC and 
premalignant lesions; H 
pylori infection 

IHQ Flagellin Highly expressed;  upregulation in tumor and older 
patients;  association with necrosis and tumor growth 
in the stomach; overexpression in dysplastic lesions of 
BE;  no association with EAC prognosis 

[26,27,32,177]

TLR6 Esophagus Esophageal carcinoma and 
human dysplasia

IHQ; IF Diacyl 
lipopeptide

Upregulated in tumor tissue [22,171]

TLR7 Stomach; 
esophagus

Human ADC and normal 
tissue

IHQ; WB; 
RT-qPCR

ssRNA Downregulated in gastric tumors; high levels 
correlate with a better outcome in GC; constitutive 
expression in TE-1 cell line; association between 
expression and tumor grade in ESCC

[22,32,173,174,
176,180,183]

TLR9 Stomach; 
esophagus

Human ADC IHQ; RT-
qPCR

ssDNA; 
dsDNA

Upregulated in early tumors; correlation with better 
prognosis in GC; association with histopathological 
grade in ESCC and dysplasia; high expression in EAC 
correlates with advanced tumor stage and metastasis

[24,25,32-34,
173,175,176,
181,184]

TLR10 Stomach Human biopsy RT-qPCR ssDNA; 
dsDNA

Upregulated by H. pylori [35]

ADC: Adenocarcinoma; BE: Barrett’s esophagus; EAC: Esophageal adenocarcinoma; ESCC: Esophageal squamous cell carcinoma; GC: Gastric cancer; H. 
pylori: Helicobacter pylori; IF: Immunofluorescence; IHQ: Immunohistochemistry; PRR: Pattern recognition receptor; RT-qPCR: Reverse transcription and 
quantitative PCR; TE-1: Human cell line derived from esophageal cancer; TLR: Toll-like receptors; WB: Western blot.

From a cellular perspective, neutrophils are the most abundant white blood cells in human blood and 
also considered as part of the first line of defense against infections by pathogens[36]. These cells have 
the ability to capture and destroy invading microorganisms and participate as mediators of inflam-
mation. Phagocytosis and formation of neutrophil extracellular traps are part of the cellular mechanisms 
for pathogen elimination, as well as granules releasing[36-38].

Neutrophils extracellular traps (NETs) formation, known as NETosis is a process of releasing 
extracellular web-like structures, and is described as a coat consisting of decondensed chromatin 
filaments, histones and antimicrobial proteins[39]. NETosis is a mechanism of innate immunity to 
contain and prevent microbial spread, and eliminate bacteria[40].

H. pylori can activate different cells of innate immunity, including neutrophils, and these activated 
cells recognize H. pylori infection through different receptors, such as TLR2, TLR4, and TLR9[34,41,42]. 
TLR5 has not been detected in neutrophils localized in the lamina propria during H. pylori gastritis[24]. 
The activation and recruitment of neutrophils is stimulated by H. pylori neutrophil-activating protein, or 
HP-NAP[37,43]. TLR2 interacts with HP-NAP for the secretion of IL-8[41]. However, the interaction 
between neutrophils and H. pylori appears to be complex and contradictory and shows the development 
of different mechanisms of immune evasion, including NET degradation, the increase in bacterial 
resistance mediated by the modification of proteins or surface polysaccharides, or the suppression of 
NET formation[44].

H. pylori has shown a selective alteration of neutrophils function mediated by the inactivation of 
NADPH Oxidase and superoxide release[45]. In addition, the bacterium performs lipid A modification 
mediated by lipid A phosphatases to resist the polymyxin, an antimicrobial peptide[46]. Another study 
remarked on the presence of an outer membrane-associated nuclease that can degrade extracellular 
DNA, where the ability to degrade exogenous DNA was originally proposed as a purine source uptake 
mechanism[47], but it could also have the potential role of degrading NETs[48].

Although NETosis was described as an antimicrobial process, it has been described in other 
pathologies, including cancer. The first study that provided evidence on NET in cancer was Berger-
Achituv et al[49] studying the Ewing sarcoma. The authors proposed NET as a pro-tumor effect and the 
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Figure 1 Graphical abstract. Intersections between innate immune response and gastric cancer (GC) development is driven by common mediators, such as 
molecular pathways [nuclear factor-kappa B (NF-κB) and interferon-gamma (IFN-γ)], cellular processes (neutrophil and myeloid cells activation), and 
activators/inducers [pathogen-associated molecular patterns (PAMPs), damage-associated molecular patterns (DAMPs), tumor-antigens]. However, universal risk 
factors are identified affecting globally to any human being, which depending on extrinsic and intrinsic host factors might facilitate the progression of the precancerous 
cascade to GC. This image is created in BioRender.com. EBV: Epstein-Barr virus; H. pylori: Helicobacter pylori; ICM: Immune checkpoint molecule; TLR: Toll-like 
receptor.

possibility of using this parameter as a poor prognostic biomarker[49].
Regarding GC, the first study was reported by Yang et al[50]. The authors found the correlation of 

NET formation with TNM status and a significant increase in the formation of fibrin and thrombin, 
however, the focus was on peripheral circulation. More recently, the formation of NETs within the 
gastric tumor microenvironment including immunofluorescent staining of Neutrophil Elastase (NE) and 
citrullinated-histone 3[51,52] showed that NETs are more abundant in the tumor core than in the 
adjacent non-tumor tissue[51,52], and the plasma from GC patients revealed the capacity of NET 
formation in vitro[52]. NETs measured in peripheral blood have been shown to be significantly 
correlated with GC and staging, and its levels decrease after surgery[50-52].

A very recent report showed that abdominal infectious complications after gastrectomy would 
stimulate neutrophils to release NETs both in peripheral blood and the abdominal cavity, facilitating GC 
metastasis in vitro and in vivo dependent on transforming growth factor (TGF)-β signaling[53]. The 
formation of NETs has an important role in the epithelial-mesenchymal transition and gastric tumor 
progression, because NETosis may induce proliferation, invasion, migration, and a mesenchymal 
phenotype, in addition to its immune role, which makes it difficult to be therapeutically targeted.

ACCOMPLICE CELLS AND MEDIATORS OF AN ANTI-TUMOR RESPONSE
Additionally, the macrophages have been demonstrated to be important cells for the innate immune 
system in healthy and tumor tissue. Within the tumor microenvironment (TME), macrophages are 
known as tumor-associated macrophages (TAMs) and play a key role in the recognition and clearance of 
foreign and damaged cells, as well as in tumor development and the response to several cancer 
therapies.

Macrophages can infiltrate solid tumors modulating T cell activity within the TME, and often 
undergo phenotype polarization in response to stimuli or inhibitory factors, either to pro-inflammatory 
(M1) or anti-inflammatory (M2) subtypes, which cause immune response or immune escape of the 
tumors respectively[54-57]. The general consensus is that TAMs are usually pro-tumorigenic. These cells 
are recruited by tumor-derived chemokines and produce low levels of inflammatory cytokines, promote 
Th2-T cell response, favor wound healing, and increase angiogenesis and metastases[55,56].

IL-6 and tumor necrosis factor (TNF)-α are both pro-inflammatory cytokines, exerting pro-tumoral 
functions, including the promotion of angiogenesis and metastasis, and these molecules can be secreted 
by myeloid cells and leukocytes under different conditions and stimuli[54-56]. In parallel to classic 
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immunomodulators such as cytokines and chemokines, some microRNAs (miR) have shown a 
significant impact on macrophages activity[57]. miR-125b, miR-127, miR-155, miR-181 and miR-451 are 
significantly upregulated in M1 macrophages, whereas miR-125a-5p, miR-146a, miR-145-5p, miR-143-3p 
are highly expressed in M2 macrophages[58,59].

miR-155 directly targets the expression of the IL-13 receptor α1, thereby inhibiting STAT6 activation 
and promoting M1 polarization[59]. miR-155 knockdown in myeloid cells induces faster tumor growth, 
reduction of M1-macrophages and enrichment of pro-tumor cytokines within the TME[60]. In addition, 
miR-125b overexpression enhanced responsiveness to interferon (IFN)-γ, through the targeting of IRF4 
and increased expression of pro-inflammatory cytokines[58,61].

miR-187, miR-146a, let-7e, and miR-92a are considered anti-inflammatory miRs because they 
downregulate IL-6 and TNF-α in human macrophages by targeting the TLRs signaling[57,62]. The NF-
κB-dependent miR-146a expression is induced in monocytes and macrophages upon triggering of TLR4 
to act as a modulator of the inflammatory response[61]. miR-155 is key to modulating genes related to 
M2/pro-Th2 phenotype in macrophages, and includes CCL18, SERPINE, CD23 and DC-SIGN[56]. In 
addition, other microRNAs will modulate directly or indirectly the NF-κB or TLR activity, such as miR9, 
miR-21, miR-29b, and those can be expressed and released by both TAMs and solid tumors in exosomes
[57,62-65]. Due to the inflammatory microenvironment and oncogenic mutations, a significant number 
of human cancers have constitutive miRs deregulation affecting NF-κB activity, cytokine production 
and hallmarks of cancer such as apoptosis, proliferation and tumor survival[57,62,65].

Previous studies demonstrated that Gastric Epithelial Cells (GECs) function as antigen presenting 
cells by constitutively expressing MHC class II[66]. Interestingly, H. pylori infection induces up-
regulation of costimulatory molecules (CD86 and CD80) among GECs[66], suggesting its potential to be 
used as a local bridge between innate and acquired immunity; however, the capacity to play a role 
secreting cytokines and polarizing macrophages requires further studies.

The inhibition of the polarization of pro-inflammatory macrophages can accelerate the development 
of precancerous lesions in GC[67]. In addition, when TAMs spread in the peritoneum of GC patients, 
these cells normally are polarized to an anti-inflammatory subtype (M2), which can promote the growth 
and progression of GC when the tumor exists[68]. In fact, high densities of TAMs are associated with 
poor survival in GC patients[68,69].

INTRINSIC AND EXTRINSIC MODULATORS OF INFLAMMATION AND PRECANCEROUS 
LESIONS
Currently, there is enough evidence based on epidemiological, molecular and pathological studies that 
persistent infection with H. pylori is a risk factor for the development of gastric adenocarcinoma[70-73], 
estimating an increment in the relative risk by 3–6 times in infected people which might represent over 
80% of all distal GC cases and some with proximal gastric tumors[1,74,75]. The prevalence of H. pylori 
infection is extraordinarily high, infecting 50% of the world’s population[1,76-78].

H. pylori is a Gram-negative bacterium which colonizes the human stomach and promotes a full 
immune response locally and sustainably[19,79,80]. Strains of H. pylori are grouped into two broad 
families tentatively named type I and type II, which are based on whether they express or not the 
vacuolating cytotoxin (VacA) and the CagA antigen (cytotoxin-associated gene A)[81].

One of the major determinants of H. pylori’s virulence is the cag pathogenicity island (cag PAI)[82-
84]. This cagPAI is a 40-kb DNA region surrounding the cagA gene that contains about 27-31 genes that 
encode a bacterial type IV secretion system acting as a syringe-like structure, which allows for the 
delivery of bacterial effector molecules into host gastric epithelial cells[85]. During infection with H. 
pylori, CagA is translocated into epithelial cells, and it is tyrosine-phosphorylated in the EPIYA motifs 
by the proto-oncogene tyrosine-protein kinase Src and the members of the Abelson family of non-
receptor tyrosine kinases[86,87], which results in the interaction with various intracellular signaling 
pathways, triggering changes in the cytoskeleton, in the morphology and in the mobility of the host cells
[86,87].

Compared with cagA– strains, H. pylori cagA+ strains significantly increase the risk of developing 
severe gastritis, atrophic gastritis, peptic ulcer disease and distal GC. In fact, people infected with cagA+ 
strains have higher degrees of gastric inflammation and epithelial cell damage than people from whom 
cagA- strains have been isolated[88]. People infected with cagA+ H. pylori strains have an enhanced 
expression of IL-1α, IL-1β, and IL-8 in gastric biopsies compared to uninfected persons or patients 
infected with cagA- strains[89]. Keeping that consideration in mind, proinflammatory cytokines will be 
up-regulated by a local infection; however, the magnitude of that systemic response and the profile of 
released cytokines and chemokines will depend also on host factors.

Regarding host factors, many polymorphisms in genes related to inflammation and innate immunity, 
such as cytokines and MHC molecules, have been reported to be associated with an increased risk of GC
[90-92]. Among the cytokines with polymorphisms that have been associated with GC are IL-1β, IL-1Rβ, 
IL-4, IL-6, IL-10, TNF-α, and TNF-β[93-97]. Based on ethnic backgrounds, two sets of haplotypes for IL-1
β and IL-10 have been related to increased risk for GC[93-95]; specifically, IL-1β-1464G/-511C/-31T and 
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IL-10-1082G/-819C/952C for Asians and IL-1β-1464C/-511T/-31C and IL-10-1082A/-819T/952T for 
Caucasians[95].

Canedo et al[96] found that IFN-γ receptor 1 -56C/T polymorphism is a relevant host susceptibility 
factor for GC development associated with H. pylori infection. Polymorphism in the promoter region of 
the gene coding for IL-10 and TGF-β has been also described in the Mexican population in relation to 
susceptibility to GC[97]. There is a need for extended studies in different populations and in larger 
patient groups, particularly in regions of Latin America where the burden of GC is more severe. In 
recent years, NF-κB has been widely studied in inflammation, immunity and cancer, but its roles are still 
unclear[98-100]. NF-κB is a master transcription factor activated downstream of the TLR and cytokines 
such as TNF-α and IL-1β[98]. In contrast to the canonical NF-κB pathway, the noncanonical NF-κB 
activation responds to specific stimuli, including ligands from the TNFR superfamily members such as 
LTβR, BAFFR, CD40 and RANK[99].

In GC, H. pylori is associated with increased expression of the proinflammatory NF-κB[101-104]. It has 
been shown that the induction of NF-κB mediated by H. pylori induces the expression of activation-
induced cytidine deaminase, which has been demonstrated to induce nucleotide modifications in the 
TP53 gene in gastric cell models[105] and suggests that the accumulation of those TP53 gene alterations 
might contribute to the development of gastric neoplasia.

As an example, in vitro studies showed that programmed death (PD)-1 is increased among gastric 
epithelial cells after H. pylori infection and its immunosuppressive functions on T-cells may contribute to 
carcinogenesis[106]. Evidence from small studies observed an up-regulation of PD-1 and programmed 
cell death-ligand 1 (PD-L1) in human H. pylori-related gastric carcinoma[107].

In addition, H. pylori has shown other effects within the gastrointestinal epithelium not associated 
with inflammation but compromising the genome stability, for example, reduced levels of transcripts 
for DNA mismatch repair (MMR) proteins such as MutS, MutL RAD51, FEN1, POLD1, and LIG1[108-
110], and this phenotype might be more severe in cases cagA+ H. pylori[110]. However, the deficiency 
MMR in gastric tumors was recently shown to predict clinical response to pembrolizumab[111], 
demonstrating also the expansion of antigen-specific T cells reactive to tumor-derived neoantigens, 
suggesting that further studies are required to understand the interaction between pathogens and 
genomic features as biomarkers.

CROSSTALK BETWEEN VIRAL INFECTION AND INNATE IMMUNITY ACTIVATION
The EBV is a ubiquitous virus and member of the subfamily of human Gammaherpesvirinae[112] and 
can infect several cell types, including B-lymphocytes, epithelial cells, and fibroblasts[113]. EBV is the 
main pathogenic factor for nasopharyngeal carcinoma. However, studies find that EBV infection is also 
associated with the development of T-cell lymphoma and EBV-associated GC[114]. Although the 
infection rate of EBV is extraordinarily high, reaching over 90% of the adult population worldwide[115,
116], the incidence rate of EBV-positive GC remains low, representing around 9% of characterized 
stomach adenocarcinomas[117], these EBV-positive tumors display recurrent PIK3CA mutations, 
extreme DNA hypermethylation, and amplification of JAK2 and both PD-L1 and PD-L2[5].

The EBV-positive GC has been characterized by an increased expression of PD-L1, and a sustained 
immune-infiltration, which is indicative of the presence of stable T-cells and supports the use of an 
immune checkpoint inhibitor for the treatment of this GC subtype[118,119]. In addition, most EBV-
positive GCs show MSI which has also been associated with inflammation and local immune activation
[120-123]. Previous groups have shown that high density of intra-tumoral or stromal CD8+ T cells with 
a high percentage of PD-L1 expression seems to be associated with a worse progression-free survival 
and overall survival[118,120,124]. However, a recent study demonstrated that EBV-positive GC patients 
treated with immunotherapy showed favorable responses[125], suggesting that viral status represents a 
potential predictive biomarker for using immune-checkpoint inhibitors; however, the balance between 
pro-inflammatory and immunosuppressive signals together with a concomitant viral infection requires 
more studies to clarify its role as a biomarker.

Type I and type II IFN are central to both combating virus infection and modulating the antiviral 
immune response[126]. The cytokine IFN-γ is mainly produced by T Cell CD4+ and natural killers to 
activate macrophages. The ligation to its receptor triggers an activation of the Janus-Activated kinases, 
JAK1 and JAK2, and subsequently the activation of STAT1 and interferon regulatory factor 1 (IRF1). 
STAT1 and IRF1 are activated by phosphorylation and translocated to the nucleus to regulate the IFN-γ 
gene expression[127].

Crucial to the induction of type I IFN is the recognition of viral PAMPs by PRRs, among which, the 
cyclic GMP-AMP synthase-stimulator of interferon genes modulates the antiviral response triggered by 
DNA viruses and retroviruses[128]. In addition, most viruses, including EBV, stimulate innate immune 
response during primary infection predominantly by activating the expression of TLRs, such as TLR2, 
TLR3, TLR4, TLR7, TLR8, and TLR9[129]. TLR2 is likely activated by EBV surface glycoprotein gp350
[130] and the nonstructural protein dUTPase[131], while EBV-encoded small RNAs released from EBV-
infected cells are detected by TLR3[132]. Furthermore, EBV can activate monocytes and plasmacytoid 
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DCs through cooperative action of TLR9 and TLR2[133].
Activation of PRRs by EBV-PAMPs triggers JAK-STAT-mediated IFN response and different 

branches of innate immune signaling including NF-κB pathway; inflammasome activation; and 
programmed cell death such as apoptosis and necroptosis[134]. However, innate immunity is a double-
edged sword as the induction of pro-inflammatory responses and activation of programmed cell death 
might release a burst of virions and may therefore facilitate the spread of infection[135].

Recently, IFN-γ has been the subject of studies due to its immune role in cancer development, 
especially in GC. There are several signaling pathways of innate immunity during GC development in 
which interferon is involved, such as in proliferation, metastasis, and advancement of GC through the 
upregulation of integrin β3-mediated NF-κB signaling[136]. Serum levels of IFN-γ are elevated in GC 
which may promote systemic and local responses[137] at the same time, for example: peroxisome prolif-
erator-activated receptor delta, a ligand involved in physiologic processes in cell metabolism, prolif-
eration, and inflammation[138] together with IFN-γ signaling creates an inflammatory tumor-promoting 
microenvironment enabling villin-expressing gastric progenitor cells transformation and gastric tumori-
genesis[139]. Furthermore, natural killer (NK) cells play a role in innate immunity against cancer cells. 
Lee et al[140] reported that IFN-γ produced by the activated NK decreases in GC patients compared 
with healthy donors. This low level of IFN-γ-NK could be used as a non-invasive biomarker for carcino-
genesis in GC[140].

Some reports including Latin American cohorts have shown that concentrations of IFN-γ and IL-10 
are significantly higher in GC than in non-oncological cases, and within the GC group, IFN-γ levels are 
increased at the early stages (I/II) and remain higher in late stage (IV)[141]. Interestingly, increased 
levels of viral capsid antigen antibodies are significantly associated with elevated serum levels of IFN-γ, 
particularly in the intestinal type of GC[142]. Therefore, IFN-γ is suggested as a biomarker for assessing 
GC risk; however, this molecule is known to mediate gastric damage or immune antipathogen 
responses, as well as the expression of some negative immune checkpoint molecules.

The PD-L1 expression is activated by several cytokines, of which IFN-γ is the strongest[143]. In a 
melanoma cell line model, PD-L1 has shown to be mainly regulated by the type II interferon receptor 
signaling pathway through JAK1 and JAK2, several STATs including STAT1/STAT2/STAT3, to 
converge on the binding of IRF1 to the PD-L1 promoter[144]. Later, Chen et al[145] treated with IFN-γ 
thirty-four cultured human tumor lines, including 18 melanomas (MEL), 12 renal cell carcinomas (RCC), 
3 squamous cell carcinomas of the head and neck (SCCHN), and 1 non-small-cell lung carcinoma, and 
as wildtype control the authors considered isolated peripheral blood monocytes. The results indicated 
that PD-L1 was constitutively expressed on 1/17 cultured MELs, 8/11 RCCs, 3/3 SCCHNs, and on 
monocytes; however, the inhibition of STAT1 but not STAT3 was more critical to reduce IFN-γ-induced 
PD-L1 protein expression on tumor cells[145]. Other authors have provided evidence of a crosstalk 
between JAK2-STAT1 and PI3K-AKT pathways in response to IFN-γ in lung adenocarcinoma[146]. 
Transcriptome analysis demonstrated that tumor tissues expressing IFN-γ display gene expression 
associated with suppressed cell cycle progression and expansion, which was not observed in PD-L1 
negative tumors. In lung adenocarcinoma cells, IFN-γ induces the activation of JAK2-STAT1 and PI3K-
AKT pathways, showing that the activation of JAK2-STAT1 is responsible for the anti-proliferative effect 
of IFN-γ, and the inhibition of PI3K downregulates PD-L1 expression and enhances the anti-prolif-
erative effect of IFN-γ[146]. In addition to the cytokine regulation, a lncRNA (long non-coding RNA) 
named Interferon-stimulated non-coding RNA 1 (INCR1) has been described as a major regulator of 
IFN-γ signaling in tumors by post-transcriptional modulation of PD-L1 and JAK2 expression[147]. 
INCR1 is expressed as an antisense RNA from the PD-L1/PD-L2 locus and has been detected in human 
samples across multiple tumor types, and its levels increase after IFN-γ stimulation, correlating with 
PD-L1 but not PD-L2 expression[147].

Regarding GC, PD-L1 has shown a wide and very variable range of expression based on technique 
and cutoff, however, it seems to be absent in non-tumor gastric tissue[148-151]. Imai et al[152] showed 
IFN-γ treatments enhanced the expression of intracellular and membranous PD-L1 expression in GC cell 
lines. This upregulation of PD-L1 induced by IFN-γ was associated with the JAK-STAT but not the 
MAPK and PI3K-AKT pathway activation[152,153]. PD-L1 overexpression mediated by IFN-γ is also 
seen in GC with positive EBV[154]. Polymorphism in PD-L1 related to GC has also been described. PD-
L1rs2297136 was positively correlated with a higher proportion of PD-L1 protein and could be 
employed as a tool of prognosis in GC patients[155,156].

A recent study suggested the role of ISG12a as a tumor suppressor in gastrointestinal tissue[157,158]. 
ISG12 or interferon alpha-inducible protein 27 promotes β-catenin proteasomal degradation by 
inhibiting the degradation of ubiquitinated Axin, thereby suppressing the canonical Wnt/β-catenin 
signaling pathway[158]. Reduced levels of ISG12a were observed in gastrointestinal cancer, such as 
hepatocellular cancer and GC, and it was associated with an immune-suppressive tumor microenvir-
onment. The authors argue that β-catenin is a transcription factor for PD-L1, and the inhibition of the 
Wnt/β-catenin signaling by ISG12a makes tumor cells more sensitive to NK cell-mediated killing[157]. 
Therefore, the balance between the induction or suppression of IFN-stimulated genes[159], such as 
ISG12a, may accelerate the malignant transformation of cancer cells and lead to a poor prognosis in 
gastrointestinal cancer[157,160].
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NON-BIOLOGICAL FEATURES AS IMMUNE AND PREMALIGNANT MODULATORS
GC is currently accepted as the consequence of a multifactorial process, involving pathogen infection 
and the virulence of some strains (as H. pylori), environmental factors, dietary habits, and host intrinsic 
factors, as we have discussed above; however, socioeconomic factors, such as education level and 
occupation, have shown to be determinant during the progression of the premalignant cascade of GC 
and the patient’s outcome after the cancer onset[161-163].

Asia accounts for 71% of GC’s worldwide, in which China’s incidence is 44.1%. The high incidence in 
China is marked by the rural population, and their exposure to carcinogens through diet, the 
environment and the H. pylori infection per se[164]. The incidence of GC in Europe is heterogeneous; 
while the highest incidence is in Central and Eastern Europe, the lowest incidence is in Western and 
Northern Europe, which correlates with a higher detection of H. pylori in Eastern Europe compared to 
Western Europe[165], as well as an observed higher consumption of red and processed meat resulting in 
an increased risk of GC[166].

After Europe, Latin American countries have shown a high incidence of gastric malignancies. The 
associated risk factors are infection with H. pylori, diet and habits such as smoking, consumption of salt, 
alcohol and meat, as well as ethnicity and age[167]. Some authors have suggested that Latin America 
has a close correlation between GC incidence and altitude which is based on the presence of a 
mountainous geography, such as the Sierra Madre, Cordillera de Centroamerica and the Cordillera de 
los Andes[168]. However, the mortality and incidence rates for gastric malignancies in the Chilean 
population is statistically higher than the average rates in the rest of Latin America, becoming the 
second cause of death from cancer in Chile, affecting 11.6 per 100000 inhabitants and causing around 
3000 deaths per year[1]. That incidence seems to correlate mainly with socioeconomic status, Mapuche 
ethnicity, and age at the primary H. pylori infection[169].

Surprisingly, most of the countries with the highest incidence of GC are not those with low incomes 
(Table 2). In fact, it seems that the vicious circle between precancerous lesions, inflammation and GC 
onset is caused by the low level of education within the population. A study performed within the 
Swedish population, that considered the economically active population, showed an increased risk 
factor of GC in workers engaged in manual-labor occupations and in industry. The statistics were 
standardized for categories of occupation and adjusted by age, period and region, and confirmed that 
overall manual-workers and farmers had the highest risk of GC, including male miners and quarry 
workers[162]. The European Prospective Investigation into Cancer and Nutrition cohort included about 
520000 participants mostly aged 35–70 years and, after an average follow-up of 6.5 years, reported 268 
cases with adenocarcinoma of the stomach. Higher education was significantly associated with a 
reduced risk of GC with a hazard ratio (HR) of 0.64 (95%CI: 0.43–0.98) and, as was expected from other 
reports, that effect was more pronounced for cancer of the cardia (HR: 0.42) as compared to non-cardia 
GC (HR: 0.66)[163].

A survey to address GC risk factors and endoscopic screening within the North American population 
showed that ethnicity, cultural habits and immigration patterns are potentially useful to identify high-
risk persons from multicultural areas within the United States[170]. The authors identified that dietary 
habits during teenage years (15-18) and education below high school level may represent signs of risk 
for GC in older people of foreign birth[170]. Most recently, based on the previous research, a secondary 
analysis showed that education level was the single most reliable measure of GC risk among three 
variables of socioeconomic status including, education, income, and occupation, which are the most 
commonly used for health outcomes such as cancer survival[171]. Similar results were observed in a 
seroepidemiologic study in Japan where the H. pylori positive rate increased at 1% per year for people 
born after 1950 but was comparatively constant for people with birth dates before 1950[171]. Based on 
the authors, the apparent decreased prevalence of H. pylori post-war was accompanied by the Western-
ization of the country and subsequently by a reduction in the frequency of atrophic gastritis and the 
incidence of gastric carcinoma during the most modern times[171,172].

The infection status in adults is considered to be influenced by socioeconomic status in childhood; 
however, given the massive improvement in hygiene and the economic environment around the world, 
it has contributed to the variation in the trends in incidence and death rates of GC among the countries 
mentioned above. Based on other authors, the education in H. pylori eradication and gastric 
malignancies is largely due to unplanned prevention caused by the widespread adoption of technology 
and improved manufacturing practices of the food industry. In a similar way, the prevalence of H. pylori 
infection may be reduced owing to improvements in sanitary and housing conditions based on 
education at early ages by primary schools and in adult life by primary health workers.

Where the intersection between education and immunity is not evident, by intuition a limited 
knowledge regarding gastrointestinal health and eradication of H. pylori infection might dramatically 
influence the development of GC. Therefore, the inflammatory process induced by a pathogen or even 
an incipient neoplasm may not receive enough attention, progressing finally to an advanced disease 
with limited therapeutic opportunities and uncertain outcome for the patient.
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Table 2 Gastric cancer incidence and socioeconomic indicators per country

Country Estimated cases Crude rate ASR, world1 Cum. risk HDI classification

Japan 138470 109.5 31.6 9.35 Very high

Korea 28713 56 27.9 6.51 Very high

Brunei Darussalam 55 12.6 13.5 5.93 Very high

Russia 37364 25.6 13.5 3.29 Very high

Chile 4208 22 13.1 4.17 Very high

Lithuania 864 31.7 13 3.4 Very high

Estonia 379 28.6 12.3 3.2 Very high

Latvia 530 28.1 12 3.01 Very high

Portugal 2950 28.9 11 2.99 Very high

Slovakia 1210 22.2 10.7 3.12 Very high

Mongolia 860 26.2 32.5 7.71 High

China 478508 33.1 20.6 5.24 High

Iran 14656 17.4 17.5 6.58 High

Kazakhstan 3357 17.9 15.8 3.47 High

Belarus 2739 29 15.4 3.5 High

Peru 6300 19.1 15.2 5.16 High

Colombia 8214 16.1 12.8 3.61 High

Costa Rica 952 18.7 12.8 4.12 High

Samoa 20 10.1 12.8 3.75 High

Azerbaijan 1453 14.3 12.7 3.42 High

Tajikistan 1301 13.6 23.4 6.96 Medium

Kyrgyzstan 1027 15.7 19.7 5.01 Medium

Cabo Verde 82 14.7 18.4 5.88 Medium

Bhutan 118 15.3 17.7 3.88 Medium

Viet Nam 17906 18.4 15.5 3.57 Medium

Sao Tome and Principe 18 8.2 14.7 2.06 Medium

Myanmar 7235 13.3 13.7 3.58 Medium

Lao 675 9.3 12.9 3.17 Medium

Guatemala 1637 9.1 12.2 3.93 Medium

Turkmenistan 583 9.7 11.8 2.37 Medium

Haiti 1184 10.4 13.5 4.58 Low

Mali 1097 5.4 12.8 2.96 Low

Afghanistan 2149 5.5 12.4 3.18 Low

Zimbabwe 641 4.3 9.4 3.24 Low

Papua New Guinea 474 5.3 9.2 3.17 Low

Rwanda 587 4.5 8.1 1.61 Low

Yemen 966 3.2 7.1 2.68 Low

Senegal 597 3.6 7 1.66 Low

Benin 429 3.5 7 2.29 Low

Mauritania 143 3.1 5.6 1.46 Low
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1Top 10 countries with the highest age-standardized incidence rates per 100000 inhabitants, per each human development index classification. Source: 
Globocan 2020, access by https://gco.iarc.fr. ASR: Age-standardized incidence rate; HDI: Human development index.

CONCLUSION
During the transition from premalignant lesions of the gastric epithelium to the final carcinoma, some 
microorganisms will play a determinant role promoting the neoplastic transformation or contributing 
with particular tumor phenotype and its heterogeneity, together with different mutagenic agents and 
genomic aberrations. This review provides an overview on innate immune activation in the context of 
gastrointestinal malignancies and compiles studies related to TLRs, neutrophils, cytokines and 
pathogens, as crucial players during the precancerous cascade and the cancer onset, allowing the 
correlation of those aspects with clinical and socioeconomic variables.

As shown in the graphical abstract, intersections between innate immune response and GC 
development is driven by common mediators, such as NF-κB and IFN-γ molecular pathways, cellular 
processes (neutrophil and myeloid cells activation), and activators/inducers (PAMP, damage-associated 
molecular patterns, tumor-antigens). However, universal risk factors are identified affecting globally 
any human being which, depending on extrinsic and intrinsic host factors, might facilitate the 
progression of the precancerous cascade to GC.

Modern therapies such as adoptive cell therapy, vaccines, and especially immunotherapy using 
checkpoint inhibitors, which have not been mentioned in this work, have shown in clinical trials the role 
of restoring the balance in favor of the immune system against GC. In the words of Dunn et al[173] the 
observed benefits in GC may be based on (1) Elimination: NK cells and T lymphocytes (helper and 
cytotoxic) secrete interferon IFN-γ leading to a reduction of angiogenesis and proliferation of cancerous 
cells; moreover, macrophages and DC secrete cytokines that activate immune cells to phagocytize dead 
tumor cells; (2) Equilibrium: Residual cancerous cells remain in a dormant state because DC and 
cytotoxic T cells secrete IFN-γ and inhibitory cytokines (IL-12) suppress them; and (3) Escape: Tumor 
cells change their features, up-regulating immune checkpoint pathways, which will be transmitted to 
the daughter cells, therefore escaping immunosuppression and proliferating, along with the apoptosis 
of the effector lymphocytes[173]. The success of those treatments relies on an efficient immune system, 
and of course an innate response able to promote priming and mobilization of newly activated immune 
cells; the presence of pathogens or their PAMPs, as well as molecules derived from the tumor itself will 
continuously modulate the tumor immune microenvironment. The shape of the tumor will also depend 
on the host background (genome stability, driver mutations and other gene variants) but in addition, the 
external environment shaped by the socioeconomic status of each person will determine the final 
outcome.

Innate immunity is the beginning, and certainly, will be part of the final response against tumors. All 
these observations require further investigation but it is clear that pathogens like H. pylori and EBV need 
to be assessed in GC based on their role as biomarkers and as potential mechanisms of resistance to 
therapy.
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Abstract
A global increase in the incidence of pancreatic cancer (PanCa) presents a major 
concern and health burden. The traditional tissue-based diagnostic techniques 
provided a major way forward for molecular diagnostics; however, they face 
limitations based on diagnosis-associated difficulties and concerns surrounding 
tissue availability in the clinical setting. Late disease development with 
asymptomatic behavior is a drawback in the case of existing diagnostic pro-
cedures. The capability of cell free markers in discriminating PanCa from 
autoimmune pancreatitis and chronic pancreatitis along with other precancerous 
lesions can be a boon to clinicians. Early-stage diagnosis of PanCa can be achieved 
only if these biomarkers specifically discriminate the non-carcinogenic disease 
stage from malignancy with respect to tumor stages. In this review, we compre-
hensively described the non-invasive disease detection approaches and why these 
approaches are gaining popularity for their early-stage diagnostic capability and 
associated clinical feasibility.
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Core Tip: Considering the limited commercial availability of cell free nucleic acids and secreted proteome-
based non-invasive biomarkers it is crucial to summarize them for the proper diagnosis of pancreatic 
cancer and distinguish it from other benign pancreatic diseases. We also highlighted the clinical use of 
these non-invasive biomarkers in diagnostics. This review will successfully guide readers to address the 
current issues and aid in the cutting-edge development of biomarkers with higher sensitivity and 
specificity.
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INTRODUCTION
The global population is severely burdened by the increase in multiple types of cancer. Cancer-related 
incidence and its associated mortality have emerged as a major threat to global health in developed 
countries, like the United States, European countries, Canada, and Australia, and developing as well as 
under-developed countries including India and Southeast Asian countries. Pancreatic cancer (PanCa) is 
a deadly and emerging type of cancer because of its associated poor survival. Only 20% of patients are 
eligible for surgery due to the physiologically deep-rooted location and the generalized symptoms 
caused by the close proximity to crucial vessels. In 2022, the estimated new incidences in the United 
States alone are 62210 (male) and 32970 (female), and the estimated deaths associated with PanCa are 
25970 males and 23860 females.

Per the GLOBACON 2020 data, PanCa is the 12th most common cause of cancer with 495000 new 
cases across the globe with approximately 47% of the new cases registered in Asia and another major 
proportion of 28% in Europe. There might be an increase in the incidence by 70% by the end of 2022, 
which translates into approximately 844000 new cases per year. As documented in the United States 
population, PanCa-related mortality has relatively increased in men than in women. In the United 
Kingdom, PanCa is the tenth most frequent cancer type, and it ranks fifth in terms of cancer-related 
deaths per year. Some risk factors associated with PanCa apart from genetic predisposition include 
obesity, diet and smoking. PanCa-associated surgery has a high mortality risk making it a more life-
threatening disease[1-4]. Based on the demography and ethnicity of patients, the profile of biomarkers 
and predisposition to particular risk factors can vary[4,5].

LIQUID BIOPSY AND ITS ROLE IN PANCA DIAGNOSIS
Liquid biopsy (also known as a fluid biopsy) is an approach to identify markers released from tumors in 
the blood or associated body fluids. It includes but is not limited to cell-free DNA (cfDNA), cell-free 
RNA (cfRNA), cell-free proteins, circulating tumor cells and exosomes[6-8]. Liquid biopsy is rapidly 
developing and has a highly emerging market with an estimated $5 billion (USD) turnover globally by 
2023[9]. DNA is the most dominant approach in terms of biomarker identification from plasma or serum 
and in terms of availability for clinical practices, which makes cfDNA a lucrative option.

There are multiple factors that make liquid biopsy an attractive option in comparison to tissue biopsy. 
A major reason is that traditional tissue biopsy fails to identify tissue heterogeneity in depth whereas 
liquid biopsy does that more efficiently[10]. The reason behind this is based on the concept that various 
categories of tumor materials are released in the blood irrespective of tumor heterogeneity. Therefore, 
making the liquid biopsy samples, such as plasma or serum, a cocktail that has tumor markers 
irrespective of cell type is not present in the case of the traditional biopsy technique. In addition, the 
exponential growth of next generation sequencing technologies enables the identification of cell free 
nucleic acids with high sensitivity, which is of great clinical application.

Moreover, traditional tissue biopsy is not applicable in the case of patients that are in an early stage 
and have not developed a tumor of significant size[11]. Early-stage PanCa is usually asymptomatic, and 
no operative options are available to examine the tumor, making traditional tissue biopsy non-
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functional in this context. For early or advanced diagnosis and disease assessment, liquid biopsy can be 
a major step forward toward cancer prevention and screening of populations. APAPTEST was the first 
cancer blood-based test done to identify markers in the case of cervical cancer[12]. Disease-targeted 
liquid biopsy-based biomarkers can detect patients who have an intermediate chance of developing 
PanCa such as those having chronic pancreatitis (CP), diabetes or a genetic predisposition to PanCa. It 
can also distinguish between PanCa and pancreatic diseases that are immune system modulated in their 
origin.

A crucial requirement is distinguishing autoimmune pancreatitis (AIP) from PanCa. AIP diagnosis, 
which is an autoimmune disease based on the rise in IgG4 levels in serum, is based on a liquid biopsy-
based approach for identification and differentiation from malignancies such as PanCa. Upregulation of 
IgG4-positive plasma cells in organ tissues followed by increased IgG4 levels in the serum is usually 
defined as type 1 AIP. On the contrary, type 2 AIP has no connection with IgG4. It demonstrates 
features in the pancreatic ducts resembling granulocytic epithelial lesions. Type 1 AIP also acts as a 
pancreatic lesion related to IgG4-related disease[13]. Since both type I AIP and type II AIP are based on 
identification using non-invasive approaches, the development of these techniques is urgent to support 
cases where invasive approaches are a less viable option. This approach acts as a powerful alternative to 
existing diagnostic methods and will be highly beneficial for the identification of cases with aggressive 
tumor biology and support clinicians to make proper individualized targeted therapy[13-17].

The methylation status alteration in cancer cells is also an important point to consider for disease 
diagnosis. The nature of methylation based alterations discriminates itself from genetic changes based 
on tumor tissue type specificity, which is crucial in the case of methylation alterations apart from being 
more pervasive and prevalent in terms of occurrences[18,19]. Aberrant DNA methylation alterations 
mostly occur in CpG islands and play a vital role in activating tumor suppressor genes and oncogenes, 
thereby modulating the genome[20-23]. The approach to identifying cfDNA-based methylation changes 
is a growing area of interest because invasive approaches are not always feasible and proactive in terms 
of clinical diagnostics[24,25]. Various reports claimed that in the case of pancreatic ductal adenocar-
cinoma (PDAC) an altered methylation signature has been observed when tumor tissues were 
compared with normal tissues, hence directing its implications in biomarker development[26,27].

The neoplastic tendency of the pancreas needs to be identified, and specific non-invasive markers 
discriminating PanCa from CP or other pancreatic precursor lesions such as pancreatic intraepithelial 
neoplasia (PanIN), intrapapillary mucinous neoplasia (IPMN) and mucinous cystic neoplasm need to be 
developed[28]. Luo et al[29] documented that cg10673833, a circulating tumor DNA (ctDNA) 
methylation marker was found to be very sensitive (89.7%) and specific (86.8%) for the detection of 
colorectal cancer and its associated pre-cancerous lesions. SEPT9 was the first blood-based screening test 
that the Food and Drug Administration approved for colorectal cancer. Cancer-seek was developed by 
Tivey et al[30]. It is a blood test that detects circulatory protein and cfDNA biomarkers. It is capable of 
detecting eight cancer types, mostly in their respective advanced stages, with a specificity of 99% and a 
sensitivity of 69%-98%, which varied based on cancer type[12,20].

PANCA AND ITS ASSOCIATED BENIGN DISEASES
Systemic approaches to develop biomarkers to distinguish PDAC from other precancerous lesions are of 
great importance as they will also support the early diagnosis of PDAC and substantially improve 
outcomes. Single gene analysis has its limitation in early detection because it has been observed that the 
specificity and sensitivity of biomarkers in combination increase more than single biomarkers. 
Traditional serum-based biomarkers like CA19-9, CA125, and carcinoembryonic antigen (CEA) for 
PanCa diagnostics are of immense importance, but there is a need for the development of more sensitive 
and specific non-invasive biomarkers. The sensitivity and specificity of detection are usually much 
higher when the above three biomarkers are used jointly instead of individually[21,31]. In addition, 
varied combinations of DNA methylation-based biomarkers are being developed to better understand 
the complexity of the diseases including both the initiation and neoplastic stages. Concurrently 
addressing the contribution of immune cells in the cfDNA pool and its associated methylation or 
hydroxyl-methylation pattern is of great importance as it can be obtained from plasma samples[32-35].

Almost 50 of 100000 people are affected by CP worldwide with an increasing trend, and a CP-
associated prolonged inflammatory state enhances tissue conversion to neoplasia. Pancreatic tumor (PT) 
formation is also increasing along with CP worldwide. Mortality due to PTs is close to 6%. After a 
diagnosis of CP, it takes almost 10 years before tumor symptoms appear, which is a long latency period 
with sufficient time for early diagnosis and treatment via non-invasive approaches. PENK DNA 
methylation has been observed broadly in precancerous lesions of various grades including extraductal 
and intraductal PTs and CP along with PanIN, IPMN and mucinous cystic neoplasm. PENK methylation 
alterations increased as the neoplastic tissue grade increased but was absent in the case of AIP and 
adjacent normal pancreatic tissue[36].

In a study of an 87 gene panel, 6 genes, namely PRKC, IKZF1, CD1D, KCNK12, CLEC11A and NDRG4, 
were shown to have clinical ability and potential as a cfDNA diagnostic biomarker for PanCa[37]. In this 
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study using pancreatic juice taken from PanCa, CP and healthy patients, the authors documented that 
most of the biomarkers were successful in discriminating patients with PanCa from healthy patients, but 
only CD1D was successful in discriminating patients with CP from PanCa with a sensitivity of 84%[37,
38]. A remarkable change in methylation status was documented by Liggett et al[39], where they 
showcased that hypomethylated genes in CP converted to hypermethylated genes in PanCa, suggesting 
that altered methylation is also a driving reason for neoplasia development in the case of PTs.

A total of 14 genes, namely CCND2, CDKN2B, DAPK1, MUC2, MYOD1, promoter A of MLH1, 
CDKN1C, ESR1, MGMT PGK1, the proximal region of the PGR promoter, RARB, RB1 and SYK, were 
successful in distinguishing CP from PanCa based on cfDNA DNA methylation profiling with 91% 
sensitivity and specificity[38,39]. In a study to identify cell death specific to tissue type by Lehmann-
Werman et al[40], they observed that CUX2 and REG1A are specific to pancreas tissue type. They also 
found these genes to be hypomethylated in plasma in both PanCa and CP, but the levels were lowered 
in other lower neoplastic grade lesions. CUX2 was more hypomethylated in the case of PanCa and 
REG1A was higher in CP, which gives the ability to discriminate CP from PanCa based on tissue death 
irrespective of etiology[38,40].

In a study using pancreatic juice samples collected from PanCa and other associated precancerous 
lesions, six genes were demonstrated to be differentially methylated between CP and PanCa[41]. The six 
genes, TFPI2, NPTX2, FOXE1, p16, ppENK and CyclinD2, were able to successfully distinguish between 
CP and PanCa as CP had lower levels of methylation than PanCa. Similarly, the levels differed amongst 
healthy tissue and high-risk patients creating a gradient of altered methylation across various stages 
starting from healthy to precancerous to PanCa samples. It was also able to distinguish between IPMN 
and PanCa based on cfDNA methylation from pancreatic juice samples. Further, the study also 
attempted to address the limitations of IPMN diagnostics, which cytology mostly fails[42]. Promoter 
DNA methylation of the CDO1 gene was identified to be involved in early-stage PanCa based on 
cytological experiments. cfDNA methylation analysis of CDO1 from PanCa, CP and AIP patients 
showed that significant promoter methylation was associated with PanCa but was absent in CP and AIP
[43]. In another study, CD1D showed cfDNA methylation when analyzed in pancreatic juice samples of 
PanCa [area under the curve (AUC): 0.92], but no methylation was documented in benign diseases[21,
43]. In a study by Humeau et al[44], they reported that urine and sputum are also suitable alternatives to 
plasma for cell-free nucleic acid biomarker development. The utility of other material such as urine as a 
source of non-invasive testing needs further data and investigation.

MicroRNA (miRNA), namely hsa-miR-23a and hsa-miR-23b, have been documented to be overex-
pressed in IPMN patient saliva, which makes it a suitable precancerous lesion biomarker. It was also 
observed that hsa-miR-210 along with let-7c signals may be leveraged from saliva in distinguishing CP 
from healthy subjects[32,44]. Su et al[45] concurrently conducted a study using serum as a sample source 
and observed that miR-877, miR-3201, miR-890, miR-602 and miR-16-2-3p were successful in distin-
guishing low-risk and high-risk PDAC[32,45]. Irrespective of this development, there is still a hindrance 
in using miRNAs in clinical diagnostics due to reproducibility issues and variable expression of 
miRNAs. However, substantial work is ongoing in this area[32].

In a study to differentiate PDAC from CP by Bosch et al[46], it was documented that the the presence 
of a high level of soluble AXL (sAXL) was associated with lower overall survival in the case of PDAC. 
When identified from plasma, a higher level of sAXL was documented in PDAC than in CP and healthy 
controls, and they concluded that it is a potential biomarker for discriminating CP from PDAC and 
useful in identifying the onset of PDAC by its increasing level during monitoring. The findings were 
also validated in murine models. sAXL was also found to be overexpressed in IPMN, which is a pre-
PDAC stage[46].

Weeks et al[47] conducted research where they studied the urine proteome differences amongst 
PDAC, CP and healthy individuals. They noticed 101 proteins that were significantly altered in PanCa 
and CP. S100A9 was found to be downregulated in PanCa but overexpressed in CP. Annexin A2, CD59 
and gelsolin proteins were also found to be dysregulated in PDAC samples[47]. An isotope-coded 
affinity tag tended to successfully distinguish between PanCa and CP based on quantitative protein 
expression[41]. In this review, we documented the important cell free biomarkers that are vital in the 
early-stage detection of PanCa and are able to distinguish PanCa from its non-malignant precursors.

CFDNA AND ITS ASSOCIATED SECRETED PROTEOME
cfDNA in PanCa and its association with benign pancreatic diseases
First reported in 1948 by Mandel and Meta[48], cfDNA is undoubtedly the most dominant form among 
the liquid biopsy-based approaches and when released by tumor is also a ctDNA. Leon et al[49] in 1977 
introduced cfDNA levels, which were found to be notably more advanced in malignancies than in 
healthy individuals thereby showcasing its role in carcinogenesis. Similar observations were made in 
1983 with PDAC patients, and it was noted that cfDNA levels were higher in PDAC patients than in CP 
and acute pancreatitis[50]. The origin of cfDNA in the blood can be due to release from tumors, 
apoptosis or necrosis and other active cellular secretions. A major factor leading to the rise in cfDNA 
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studies in cancer management is the half-life of cfDNA, which is around 16 min-2.5 h, and that it can be 
monitored for overall disease progression and associated clinical prognosis with medical treatment 
(Table 1)[12,49,51].

Cancer diagnosis and treatment face a major setback from recurrence of the malignancy that cannot 
be ideally monitored using traditional techniques due to the lack of proper tumor formation and its 
associated diagnostic techniques. Postoperative or post-chemotherapeutic analysis of ctDNA in the 
blood can also be referred to as minimal residual disease (MRD) analysis. Minimal residual disease 
analysis cannot be ideally performed using imaging and traditional biopsy techniques, and the analysis 
using cfDNA/ctDNA is a great advance to measure tumor recurrence (Table 1)[12,52].

In terms of aberrant DNA methylation, which is also a common observation in PDAC patients, it has 
been documented that a change in methylation levels has been observed in various stages of dysplasia
[53,54]. This indicates that the level of cfDNA methylation across various pre-PanCa lesions to PDAC is 
altered providing a candidate opportunity to track PDAC progression. In 2009, Melnikov et al[55] 
established the use of cfDNA methylation in PDAC diagnosis from 30 plasma samples. This was 
completed using microarray technology where they identified that the promoter region was 
hypomethylated in five genes with a sensitivity and specificity of 76% and 59%, respectively[55]. A 
crucial step in PanCa treatment is staging as that provides a proper clinical treatment approach and is 
associated with DNA promoter hypermethylation. Henriksen et al[56] reported that the use of cfDNA 
promoter hypermethylation as a prognostic biomarker in PDAC staging, which is based on the 
hypothesis that cfDNA methylation is stage-specific, can help in stage classification. Henriksen et al[56] 
analyzed a set of 28 genes in PDAC plasma samples. They developed the first prognostic prediction 
model using cfDNA hypermethylation targeting PDAC staging. They separated cluster cases with and 
without distant metastasis. The researchers were also able to document significantly higher numbers of 
hypermethylated genes clustering in stage IV PDAC than in earlier stages amongst which BNC1 was the 
most significant gene of interest (Table 1)[25,27,56].

A crucial challenge in cell free nucleosome identification for the differentiation of benign pancreatic 
disease from PanCa is a nonspecific rise of cell free nucleosome levels in the serum of patients while 
quantifying the cell free nucleosome. Bauden et al[36] identified the cell free nucleosome epigenetic 
alterations specific to disease type and stages by isolating intact nucleosomes and then quantifying them 
using an enzyme-linked immunosorbent assay. They were successful in quantifying five serum cell free 
nucleosome diagnostic biomarkers with an AUC of 0.95, which differentiated PanCa from a healthy 
pancreas. The epigenetic profiles of cell free nucleosomes often differ between individual patient serum 
samples based on cancer and healthy populations. Understanding that the epigenetic changes usually 
occur at the onset of the neoplastic transformation stages, those already in pre-neoplastic stages may 
represent cell free nucleosome profiles that can act as possible cell free biomarkers for the early 
detection of cancer (Table 1)[36].

Role of cfDNA as a diagnostic and therapeutic biomarker
Tumors in the pancreas can occur in tissues that are hard to isolate due to their depth of location and 
also small tumor size can be a limitation. Therefore, in this context blood-based cell free biomarkers are 
of high clinical importance[56]. Melnikov et al[55] investigated that they developed the MethDet56 test 
which contained screening of 56 gene promoters from PDAC plasma samples that identified five 
promoters namely CCND2, SOCS1, THBS1, PLAU and VHL with significant aberrant DNA methylation 
and with sensitivity and specificity of 76% and 59% respectively. These are initial biomarker 
development work showcasing that blood-based biomarkers could be highly valuable in diagnosis and 
prognosis if further studied and developed[55]. In a study by Sato et al[57], three out of six genes, 
namely CLDN5, SFRP1 and NPTX2, previously validated in tissue samples were found to be differen-
tially methylated in pancreatic juice samples collected from PTs[38,57]. However, Matsubayashi et al[42] 
concluded that five genes that were previously validated by solid biopsy failed were not replicated in 
liquid biopsy. Although the genes TFPI2, PENK, CCND2, NPTX2 and FOXE1 were successfully able to 
discriminate PanCa from healthy tissue, the analysis failed to discriminate CP from PanCa or healthy 
tissue based on cfDNA methylation (Table 1)[42,55].

Yi et al[58] interestingly found the use of BNC1 and ADAMTS1 as novel serum-based biomarkers for 
early PanCa detection. The same research group concluded that low frequencies of these two genes 
were observed in pancreatitis, and there was a significant methylation difference between PanINs and 
PanCa. BNC1 could still be detected in PanIN-1, but ADAMTS1 could only be detected significantly in 
invasive PanCas[58]. Li et al[59] reported in an analogous study that BNC1 and SEPT9 were found to be 
highly methylated in PanCa and were suggested to have a significant role in PanCa diagnostic cfDNA 
biomarker development from plasma. A limitation of the study was that cfDNA methylation level in 
plasma was also found to be elevated in other benign diseases such as CP, acute pancreatitis and other 
lesions as these are risk factors leading to PT formation. This suggests a possible role of methylation 
changes in driving the progression of benign lesions to metastatic PanCa[60].

Global epigenetic alterations in 5-methylcytosine (5mC) and 5-hydroxymethylcytosine (5hmC) work 
as standalone entities in carcinogenesis[61]. Cao et al[62] concluded in this context that 5mC as well as 
5hmC work as effective cfDNA in PDAC diagnostics and that when 5mC-5hmC work as an integrated 
system it provides an enhanced diagnostic power. As reported by Guler et al[33], PanCa early detection 
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Table 1 Cell free DNA involved in pancreatic cancer diagnostic and prognostics

Target candidate Up/down Sample Potential value

CEA mRNA Up Whole blood D

EGFR mRNA Up Serum D

4GnT mRNA Up Whole blood D

COL6A3 mRNA Up Serum D/P

Mir-155 Up Plasma D

miR-196a Up Plasma D

miR-21 Up Plasma D

miR-210 Up Plasma D

miR-155 Up Pancreatic juice D

miR-21 Up Plasma D

miR-196a Up Serum D/P

miR-200a Up Serum D

miR-200b Up Plasma D

miR-210 Up Plasma D

miR-18a Up Plasma D/T

miR-16 Up Plasma D

miR-196a Up Plasma D

miR-185 Up Serum D

miR-191 Up Serum D

miR-20a Up Serum D

miR-21 Up Serum D/P

miR-24 Up Serum D

miR-25 Up Serum D

miR-99a Up Serum D

miR-1290 Up Serum D

miR-221 Up Plasma D/T/P

miR-375 Down Plasma D/T/P

miR-375 Up Plasma D

miR-27a3p Up Whole blood D

miR-196a Up Serum D

miR-196b Up Serum D

miR-205 Up Pancreatic juice D/P

miR-210 Up Saliva D/P

miR-492 Up Plasma D/P

miR-1427 Up Plasma D/P

miR-22 Up Plasma D

miR-642b Up Plasma D

miR-885-5p Up Plasma D

Multigene index Up Whole blood D

miR-483-3p Up Plasma D

MIR-21 Up Serum D
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MIR-210 Down Serum D

MIR-155 Up Serum D

miR-222 Down Serum D

miR-203 Down Serum D

miR-132 Down Serum D

miR-212 Down Serum D

miR-96 Down Serum D

mi-126 Down Serum D

mi-217 Down Serum D

Let-7 Down Serum D

miR-144 Down Serum D

miR-148 Down Serum D

miR-34a Down Serum D

miR-3548 Up Serum D

CEA: Carcinoembryonic antigen; D: Diagnostic; P: Prognostic; T: Therapeutic; miR: MicroRNA.

is suitable using 5hmC-based detection techniques, and a regression model showed an AUC of 0.919 
encompassing a highly variable gene set. The low cfDNA methylation observation in the case of PDAC 
was consistent with other studies, and it corresponded to KRAS mutation increase in malignancy. PDAC 
5-hmC increase was observed at the transcription start site and 3’ untranslated region, but a decrease 
was seen in the promoters[33]. cfDNA-based KRAS mutation identification is usually a good indicator 
of neoplasia though with limited specificity. KRAS remains a widely used gene for the early stage 
detection of PanCa. Other gene mutations, such as DNMT3A, TP53, GNAS, JAK2 and BCORL1, remain 
alternative ctDNA-based biomarkers[24,63-65]. However, it is clear that analysis of somatic genes in 
ctDNA provides limited sensitivity in detecting early-stage tumors (Table 1).

Cell free protein (secreted proteome) in PanCa and its associated benign pancreatic diseases
The secreted proteome often acts as a suitable diagnostic biomarker, but currently only CA19-9 is a Food 
and Drug Administration-approved biomarker for PDAC diagnosis. It has substantial drawbacks and 
lacks a proper proteomic dataset for PanCa. Often false negative CA19-9 results are given by patients 
with FUT3 mutations, and false positives are also observed in non-malignant CP patients as CA19-9 is 
usually very highly overexpressed[46].

The plasma-free amino acids (PFAAs) index is growing in popularity as a suitable approach for the 
diagnosis of PanCa. A study to compare the PFAAs index between PanCa and healthy controls by 
Fukutake et al[66] found PFAAs as a significant biomarker capable of distinguishing PDAC. The 
receiver operating curve AUC developed index was demonstrated to suitably discriminate PanCa from 
controls. PFAAs are modulated by metabolic changes, in particular in organ systems based on disease 
induction. As a result, most metabolomic studies consider the analysis of the PFAAs index[66]. Sources 
of protein biomarker analysis are usually blood and pancreatic juice, but it can also be validated from 
tissue samples. Wu et al[21] documented that altered levels of proteins, namely GPC1, PFAA, OPNT + 
TIMP-1, CPA4, MUC5AC and C4BPA, were observed in the serum of PanCa patients. They also 
documented that GPC1 level was significantly higher in PanCa patients than in patients with benign 
pancreatic diseases such as CP or AIP. It was also documented that serum levels of cell free CPA4 were 
significantly higher in PanCa than in healthy controls with a parallel observation that C4BPA was 
comparatively more sensitive than CA19-9. A crucial observation was based on PFAA where it was 
revealed that PFAA levels correlated with PanCa staging and that can be used for pathological PanCa 
staging. A significantly high level of serine in plasma was also documented along with a significant 
decrease in threonine levels in PanCa patient plasma (Table 2)[21,66,67].

Proteomic techniques are gaining a lot of attention for studying protein expression in PanCa. Urine as 
a source for the non-invasive analysis of biomarkers has gained attention. Advantages of using urine 
are: (1) Common proteins such as albumin are less abundant; (2) Sample processing is simpler (the 
plasma secreted proteome (secretome) is much more complex than the urine proteome); (3) Urine is 
more thermostable; and (4) 49% of proteins are soluble products in urine obtained from glomerular 
filtration of lymphatic fluids (indicates that various external sources contribute towards the pool of the 
urine proteome and its protein components). Similar studies have been completed in breast and ovarian 
cancers; and it is likely to remain an active area of investigation (Table 2)[47,68,69].



Bararia A et al. Cell free biomarkers in pancreatic diseases

WJG https://www.wjgnet.com 2248 April 21, 2023 Volume 29 Issue 15

Table 2 Cell free protein (secreted proteome) involved in pancreatic cancer diagnostic and prognostics

Target 
candidate Up/down Sample Target Pathway Potential 

value

ADAMTS1 Up Plasma ADAMTS1 Methylation D

BNC1 Up Plasma BNC1 Methylation D

CDKN1C Up Plasma CDKN1C Methylation D

MLH1 Down Plasma MLH1 Mutation D

PGR (prox) Up Plasma PGR Cell signaling D

SYK Up Plasma SYK protein, mRNA Cell signaling D

CCND2 Up Plasma Cyclin D2 Cell signaling D

ALX4 Up Plasma Transcription factor Mutation P

APC Down Plasma APC Mutation P

BMP3 Up Plasma TGFβ Cell signaling P

BNC1 Up Plasma BNC1 Cell signaling P

BRCA1 Up Plasma BRCA1 Mutation P

CDKN2B Up Plasma Ink4, p16, p14 Cell signaling P

CHFR Up Plasma E3 Ubiquitin-protein Cell signaling, check point P

ESR1 Up Plasma ESR1, Transcription factor Cell signaling P

EYA2 Up Plasma EYA2 Cell cycle P

GSTP1 Up Plasma GSTP1 Cell signaling P

HIC1 Up Plasma HIC ZBTB TRANSCRIPTIONAL 
RECEPTOR 1

Cell signaling P

MEST1v2 Up Plasma Alpha/Beta hydrolase superfamily Cell signaling P

Foxe1 Down Pancreatic 
juice

Foxe1 Methylation D

MGMT Up Plasma MGMT Methylation P

MLH1 Up Plasma MLH1 Mutation P

NPTX2 Up Pancreatic 
juice

NP, synaptic proteins Cell signaling P

NEUROG1 Up Plasma NEUROG1 Cell signaling, regulatory network P

RARB Up Plasma RARB Cell signaling P

RASSF1A Down Plasma RAS effector protein Methylation P

SFRP2 Up Plasma SFRP2 Wnt signaling P

SEPT9v2 Up Plasma Septin9 Cell cycle P

CDID Up Pancreatic 
juice

CDID Methylation D

PRKC Up Pancreatic 
juice

PRKC Methylation D

IKZF1 Up Pancreatic 
juice

IKZF1 Methylation D

KCNK12 Up Pancreatic 
juice

KCNK12 Methylation D

CLEC11A Up Pancreatic 
juice

CLEC11A Methylation D/P

NDRG4 Up Pancreatic 
juice

NDRG4 promoter Methylation D

SST Up Plasma SST Downstream signaling, transcriptional 
regulation

P
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TFPI2 Up Pancreatic 
juice

TFPI2 Gene silencing, cell adhesion plasmin 
signaling

P

TAC1 Up Plasma TAC1 Gpcr downstream, signal transduction P

VIM Up Plasma Vimentin Cell signaling P

WNT5A Up Plasma WNT5A Wnt signaling P

PENK Up Pancreatic 
juice

Proenkephalin Apoptotic, downstream signaling

DCC Down Plasma Netrin-1 Receptor Mutation D

P16 Down Pancreatic 
juice

CDKN2A Mutation, cell cycle regulation D

P14 Down Plasma CDKN2A Cell cycle D

DNMT1 Up Plasma DNMT1 Mutation D

DNMT3A Up Plasma DNMT3A Methylation D

DNMT3B Up Plasma DNA Methylation D

D: Diagnostic; P: Prognostic.

Role of secretome as a diagnostic and therapeutic biomarker
Cell free nucleic acid alone or combined with the secretome is likely to enhance sensitivity in PanCa 
diagnosis, and it remains an area of high interest in the field. Research often claims that patients with 
some signature of circulating proteins ideally overlap with circulating DNA. The main issue is that 
cfDNA and cell free proteins are most often seen in advanced stages than in early stages[63]. A 
secretome study to identify cell free proteins as biomarkers in PanCa is usually dominated by the urine 
proteome. In a study by Poruk et al[70], the researchers validated a pair of biomarkers to distinguish 
between PDAC and healthy controls as well as distinguishing it from CP. This group also focused on 
the ability of the biomarker to identify the early onset of the disease. The pair of biomarkers were OPN 
and TIMP-1, and they were found to be uniformly overexpressed in the case of PDAC. Due to their 
tendency to be available as the secretome in blood, they were easy to detect and were shown to be a 
useful tool for diagnosis. OPN particularly acts as a more advanced prognostic biomarker by itself[70-
72]. Urine samples are also a reliable source of cell free biomarker isolation and identification.

A three-protein biomarker panel was developed from urine samples of PDAC patients and were 
assayed using GeLC/mass spectroscopy (MS)/MS and validated using an enzyme-linked 
immunosorbent assay. The candidate protein biomarkers were namely LYVE-1, TFF1 and REG1A, and 
they provided an AUC of 0.89. These biomarkers were able to distinguish between early-stage PDAC 
and advanced-stage PDAC and were almost consistent with CA-19 levels that were documented in 
regard to every PDAC stage. The panel was also able to distinguish between PDAC and CP based on the 
higher levels of biomarkers in PDAC than in CP as well as PDAC stage I-II. The concentrations of these 
proteins were significantly higher than CP, which generated a clear demarcation between these groups
[73].

Kaur et al[74] reported MUC5AC as a suitable biomarker candidate for PanCa diagnosis based on its 
capability to differentiate between PanCa, CP and AIP. Another urine-based diagnosis study claimed 
that neutrophil gelatinase-associated lipocalin can provide valuable information on the onset of PanCa 
identification[21,74]. Considering that pancreatic juice collection is an invasive process, the parallel 
study was completed studying the role of ARG2 as PanCa biomarker, which was specific in targeting 
the bile component for PanCa early-stage detection. sLR11, which is present in the bile of PanCa cases, 
was able to discriminate between PanCa and healthy controls[75]. A panel of CA19-9, CA 242, CA 125 
and CEA obtained from serum showed a sensitivity and specificity of 90% and 94%, respectively[76,77]. 
A novel nucleosome marker panel developed by Bauden et al[36] showed better sensitivity than CA19-9 
in discriminating PanCa from a healthy control. The markers were H3K4Me2, H2AZ, H2AK119Ub, 
H2A1.1 and 5mC[36]. Additionally, as documented by Melo et al[78], the absolute prediction (AUC = 
1.0) of PanCa using glypican 1 on exosomes identified by MS showed utility as a biomarker (Table 2).

cfRNA in PanCa and its association with benign pancreatic diseases
Amidst the traditional serum-based biomarkers like CA19-9, CA125 and CEA for PanCa diagnostics, 
there is an immense need for the development of more sensitive and specific non-invasive biomarkers. 
Sensitivity and specificity are usually higher when the three are used jointly (Table 3)[21,31].

Uncontrolled proliferating cancer has a high mortality rate, and treatment and diagnosis are also 
difficult due to the lack of screening imaging modalities and specific biomarkers. Emerging evidence of 
biomarkers generated from tumor cells contains a high quantity of RNA in the bloodstream that block 
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Table 3 Cell-free RNA involved in pancreatic cancer diagnostic and prognostics

Target 
candidate Up/down Sample Target Pathway Potential 

value

ERBB2 Up Plasma Ch 12, KRAS Mutation D

CDKN2A Down Plasma Gene, Ch 9p21 Mutation D

SMAD4 Down Plasma TGFβ Cell signaling D

TP53 Down Plasma P53 protein Mutation/cell signaling D

EGFR Up Plasma Exon 19, 21 Cell signaling/mutation D

PBRM1 Down Plasma SWI/SNF ch remodeling comp Mutation, immune checkpoint 
blockade

D

KMT2D Down Plasma FOX1-miR-1224, HIF/GATA5-miR-133a Mutation D

RNF43 Down Plasma RNF43PROTEIN Wnt signaling D

TP63 Down Plasma P63 protein Cell signaling D

MTOR Up Plasma mTOR mTOR signaling D

NRAS Up Plasma NRAS Mutation D

HRAS Up Plasma HRAS Mutation D

BRCA1 Down Plasma BRCA1 Signaling D

BRCA2 Down Plasma BRCA2 Signaling D

PALB2 Up Plasma PALB2 Signaling/mutation D

GPC1 Up Serum MAPK, PI3K-AKT-mTOR, Hedgehog 
signaling

Cell signaling D

PFAA Up Serum MAPK, PI3K-AKT-mTOR, Hedgehog 
signaling

Cell signaling D

OPNT+TIMP-1 Up Serum MAPK, PI3K-AKT-mTOR, signaling Cell signaling D

CPA4 Up Serum MAPK, mTOR, Hedgehog signaling Cell signaling D

MUC5 AC Up Urine/pancreatic 
juice

MAPK, PI3K-AKT-mTOR, Hedgehog 
signaling

Cell signaling D/P

C4BPA Up Serum MAPK, PI3K-AKT-mTOR, Hedgehog 
signaling

Cell signaling D

OPN Up Serum OPN Cell signaling P

TIMP-1 Up Serum TIMP-1 Cell signaling D

NGAL Up Urine Receptor binding protein Cell signaling D

ARG2 Down Pancreatic juice Beta cell function Cell signaling D

LYVE-1 Up Urine Receptor binding glycoprotein D

TFF1 Up Urine Regulation of transcription factor Promoter modeling D

REG1A Up Urine REG1A protein Cell signaling D

NGAL: Neutrophil gelatinase-associated lipocalin; miR: MicroRNA; D: Diagnostic; P: Prognostic.

RNases in blood. They also showcase sufficient levels for quantitative analyses[79]. Living cells 
consistently release RNA, which is encapsulated inside big lipoprotein complexes, namely exosomes/
microvesicles (MVs). RNA that is obtained from dead or dying cells found from blood is connected with 
apoptotic bodies and protein complexes[80].

Exosomes range from 40-140 nm in diameter and are made of lipoprotein membranous vesicles of 
endocytic origin. They are formed from the fusion of multivesicular bodies with the plasma membrane. 
They are released into extracellular spaces thereafter[81]. MVs are much larger than exosomes and have 
a diameter ranging from 100-1000 nm. They have heterogeneous morphologies, and they originate from 
the plasma membrane by budding with the extracellular space.

Apoptotic bodies are morphologically MVs that are heterogeneous in shape, spanning 50-500 nm in 
diameter, and contain organelles. They are released via outward protrusion from the plasma membrane 
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during the late phase of apoptosis[82]. Several studies have demonstrated that tumors specifically 
secrete exosomes or MVs, which contain specific miRNAs. However, Arroyo et al[83] stated that 
miRNAs in circulation are principally found in the Ago2 ribonucleoprotein complex and not vesicles. 
This indicates that detected miRNAs are derived mostly from apoptotic and necrotic processes, which 
occur frequently in tumor cells. These circulating RNAs are found in the plasma or serum of patients 
and are upregulated when compared to healthy patients.

A significant amount of RNA biomarkers have been shown to be circulating miRNAs and are mostly 
tissue specific. Some reports found tumor-specific upregulation of various types of small noncoding 
RNAs (ncRNAs), such as small nuclear RNAs, Piwi-interacting RNAs and long ncRNAs (lncRNAs) like 
HOTAIR and MALAT1. They act as diagnostic and prognostic markers in the serum or plasma of cancer 
patients[84,85]. Amidst that, some have reported alterations in gene expression according to disease 
progression, which discriminates between a chronic inflammatory state and carcinoma (Table 3)[86,87].

Funaki et al[88] detected CEA mRNA by real-time reverse transcription PCR in the whole blood of 
PanCa patients. Clarke et al[89] also detected EGFR mRNA in the serum and detected alpha 1,4-N-
acetylglucosaminyltransferase mRNA in the mononuclear cell fraction of peripheral blood from PanCa 
patients. Kang et al[90] further demonstrated that serum-type collagen mRNA acts as good marker of 
PanCa. It undergoes tumor-specific alternative splicing, which is expected to result in high specificity 
(Table 3).

In PanCa, the tumor suppressor genes p53, p16 and SMAD4 are rendered inactive by the miRNAs, 
which are produced only in tumor tissues[91]. In pancreatic cell lines and tissue, miR-21 is increased, 
which drastically lowers the survival rate. In the KRAS (G12D) animal model, it has been reported that 
miR-21 overexpression is the lesion onset point that leads to tumor growth. miR-155 is also overex-
pressed in PanCa. This aids in the development of tumors. Decreasing the expression of miR-155, MT1-
MMP, KRAS, and EGFR inhibits cell growth. miR-221 is also upregulated in PanCa and promotes 
distant metastasis as well as unresectable tumors[92]. In approximately 50%-70% of cases of PanCa in 
humans, the p53 gene has a point mutation. Hypoxia with malnutrition trigger stress signaling in cells 
that upregulates p53, which increases the expression of numerous genes, including MIR-107, MIR-34a/b/
c and MIR-34 (Table 3)[15,65,86].

Role of cfRNA as a diagnostic and therapeutic biomarker
According to some reports, miRNA dysregulation has been reported in feces, urine and saliva, which 
are easy to obtain by non-invasive methods. The levels of miR-143, miR-223 and miR-30 were seen to be 
higher in the urine of patients with stage I disease. The combination of miR-143 with miR-30 showed 
very high sensitivity and specificity of 83.3% and 96.2%, respectively. Yang et al[93] reported that the 
levels of miR-21 and miR-155 were much higher in PanCa patient stool when compared with healthy 
controls. Recently studies revealed that salivary miRNAs were stable because of the protection of 
exosomes or protein complexes, thus highlighting promising roles as diagnostic markers. SNHG15 
serum expression exerts an average diagnostic value (Table 3)[94].

Liao et al[95] found that plasma snoRNA SNORD33/66/76 might serve as a diagnostic biomarker for 
non-small cell lung cancer (NSCLC) using comprehensive next generation sequencing analysis. Wang et 
al[96] detected the expression of miRNAs in the plasma of patients with PDAC and identified miRs-21, 
miR-210, miR-155 and miR-196a. They are upregulated in PanCa tissue and cell lines as candidate 
biomarkers, and miR-200a/b, miR-18a, miR-221 and miR-196a/b have been found to be upregulated in 
the serum/plasma in parallel with cancer tissues by comprehensive sequence and microarray analysis 
(Table 3)[96,97].

Kishikawa et al[86] suggested that some miRNAs, such as miR-16, miR-223 and let-7, are highly and 
constantly expressed in the serum/plasma and are correlated with the number of blood cells. Tang et al
[98] found higher levels of three lncRNAs, long intergenic non protein-coding RNA 1627 (LINC01627), 
LINC01628 and ERICH1 antisense RNA 1 (ERICH1-AS1; also known as DLGAP2), in the plasma from 
patients with NSCLC than in samples from healthy individuals after microarray assay. They proposed a 
potential diagnostic signature for NSCLC based on these lncRNAs. Anfossi et al[99,100] suggested that 
urine levels of miR-148a and miR-375 have been found to be significantly downregulated and 
upregulated, respectively, in patients with prostate cancer and enabled patients with prostate cancer to 
be distinguished from healthy individuals (Table 3).

Higher levels of expression of hsa-miR-106a, hsa-miR-125a-5p, hsa-miR-129-3p, hsa-miR-375, hsa-
miR-205, hsa-miR-29b, hsa-miR-21 and hsa-miR-7 in histopathology as well as in cytology samples 
using real-time reverse transcription PCR act as valuable diagnostic biomarkers in different types of 
cancer[101]. Also, miR-21, miR-210, miR-155 and miR-196a, which have been upregulated in PanCa 
tissue and cell lines, have been identified by Wang et al[96] as candidate biomarkers. A possible 
diagnostic biomarker for malignant melanoma is miR-221. Li et al[103] found that patients with high 
serum miR-221 levels had significantly worse 5-year relapse-free survival (12.5% vs 45.2%; P = 0.008). 
Increased circulating levels of miR-221 allowed patients with melanoma to be discriminated from 
healthy individuals (P = 0.0001) (Table 3)[103].

Rac1 downregulation leads to the switching of the MKK4-JNK-c-Jun pathway, which silences miR-
124. In response to TGF, miR-200a and miR-205 are downregulated in PDAC during epithelial-
mesenchymal transformation (EMT), while miR-21 overexpression is identified as the lesion initiator 
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that drives tumor growth in a KRAS (G12D) animal model. miR-155, which is elevated in PanCa, aids in 
the development of tumors.

Karandish et al[104] suggested that stress signaling in cells induced by hypoxia and starvation 
upregulate p53 and activate the expression of several genes, such as MIR-107, MIR-34a/b/c and MIR-34. 
Mutation of p53 mediates transcription of MIR-130b and MIR-155, which modifies the expression of the 
corresponding target genes (ZEB1 and ZNF652). This leads to cell proliferation and invasion in several 
cancers. ZEB1 has been shown by Wellner et al[106] to control the activation of EMT in pancreatic cancer 
stem cells and to suppress the production of the miR-200 family[104]. In addition, p53 mutation impairs 
the maturation of miR-145 and miR-16-1 causing cell proliferation, invasion and migration in PDAC 
(Table 3).

As a long intergenic non-protein coding RNA, p53 induced transcript (Linc-pint) is ubiquitously 
expressed in humans and acts as a direct p53 transcriptional target. Plasma lncRNA Linc-pint was 
significantly decreased in patients with PanCa, carcinoma of the ampulla of Vater and cholangiocar-
cinoma compared with healthy volunteers[108]. Therefore, Linc-pint might be used for identifying the 
cause of malignant obstructive jaundice and helping to trace the origin of the cancer. Some of these 
results indicate that low plasma Linc-pint expression could serve as a minimally invasive biomarker for 
early PanCa detection and that low Linc-pint levels in PanCa tumors could be used for predicting 
patient prognosis(Table 3)[103].

Prior studies revealed that upregulation of chromatin-interacting lncRNA along with MEG3 inhibited 
PanCa cell proliferation with the activation of p53. Additionally, lncRNA-NUTF2P3-001 contributed to 
PanCa proliferation and invasion by activating the miR-3923/KRAS signaling pathway. Moreover, 
LOC389641 promoted the progression of PDAC and increased cell invasion by regulating E-cadherin 
with the possible involvement of TNFRSF10A (Table 3)[109].

The d-signature comprises eight extracellular vesicle long RNAs, including FGA, KRT19, HIST1H2BK, 
ITIH2, MARCH2, CLDN1, MAL2 and TIMP1, for PDAC detection, and the d-signature could distinguish 
between CA19-9 negative PDAC cases and healthy controls, thus complementing the use of CA19-9 in 
PDAC detection. It could also distinguish PDAC from CP with high accuracy. Circ-LDLRAD3 was 
found to be increased in PanCa tissues as well as in plasma samples. It was markedly related to 
lymphatic invasion, along with venous invasion and metastasis. Circ-LDLRAD3 has not been reported 
as an ideal standalone biomarker but may be in combination with CA19-9[110].

The circRNAs PDE8A and IARS are present in the plasma exosome. They were upregulated along 
with a concurrent association with prognosis and progression of PanCa. They were also likely to be 
promising biomarkers in the detection of early-stage PanCa. When compared with the healthy controls, 
circ-001569 levels were higher. Aberrant levels of CPA4, PFAA, MUC5AC, GPANCA1, OPNT + TIMP-1 
and C4BPA were frequently reported in serum samples of PanCa patients. In pancreatic juice samples, 
the higher regulation of ARG2 signifies its role as a biomarker for PanCa diagnosis. Neutrophil 
gelatinase-associated lipocalin in urine also provides some clue for early diagnosis of PanCa (Table 3)
[111,112].

Role of immunological treatments in PanCa and non-malignant diseases
The lack of immune and targeted molecular therapies is a reason for treatment failure and lower 
survival rates[113]. The reason behind less efficient immune therapies in PanCa is unclear. Usually, PTs 
are surrounded by thick desmoplastic stroma making targeted treatments less effective. Other reasons 
of immune therapy failure are chemokine-initiated barring of T cells followed by comparatively faulty 
antigenicity when compared to other solid tumors[114]. A model states that the systemic progression of 
PDAC development initiates from PanIN1 to PanIN3 and finally leads to invasive PDAC. This occurs 
when high progressive deposition of desmoplastic stroma and alteration of leucocyte infiltration 
happens[115].

The lower mutation burden in PDAC is partially due to poor antigenicity of the tumor microenvir-
onment (TME). The abundant immunosuppressive TME plays a crucial role in blocking T cell activation, 
which further leads to lower immune therapy efficiency[116]. A significantly increased level of the TH17 
and Th1 genes acts as an inflammatory immune marker[117]. A variety of immune biomarkers have 
been reported in PDAC. Those with sound prognostic capability are CD3, CD4, CD8 and CD20. In 
contrast, increased expression of CD163, FOXP3, CD204, CD68 and CD66b leads to poorer outcomes[114,
118].

Interestingly, the presence of T cells has no clinical correlation with PDAC. Tumor-infiltrating CD3+ 
T cells have been identified in isolated PDAC tumors. However, due to the lack of CD3 zeta expression, 
the capability to activate T cell-associated receptor signaling has been lost and is under functioning
[119]. The tumor immune microenvironment and TME of PDAC is peculiar when compared with other 
solid tumors because immune therapy does not yield significant results in PanCa treatment. PD-L1, 
CTLA-4 and PD-1 targeting antibodies are part of immune checkpoints, and inhibition of these targets 
has been successful in other malignancies but have failed in curative treatment of PanCa[120]. Of note, 
PD-L1 and PD-1 expression is significantly lower in PDAC than in other tumors. PD-L1 has high 
expression in almost 30%-40% of PanCa cases, which is correlated with CD8+ cells, thereby indicating a 
poor prognosis[120,121].
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Table 4 Cell-free biomarkers involved in distinguishing pancreatic cancer from other pancreatic benign diseases

Biomarkers CP AIP PanIN IPMN MCN

PENK DNA Yes No Yes Yes Yes

CUX2 Yes No No No No

REGIA Yes No No No No

TFP12 Yes No Yes Yes Yes

FOXE1 Yes No Yes Yes Yes

P16 Yes No Yes Yes Yes

NPTX2 Yes No Yes Yes Yes

PENK Yes No Yes Yes Yes

CYCLIN D2 Yes No Yes Yes Yes

CDO1 No Yes No No No

HAS-mIR-23a No No No Yes No

HAS-mIR-23b No No No Yes No

HAS-mIR-210 Yes No No No No

Let-7c Yes No No No No

S100A9 Yes No No No No

BNCI No No Yes No No

ADAMTS1 No No No No No

BNC1 No No No No No

9-Sep No No No No No

GPC1 No No No No No

PFAA No No No No No

OPNT + TIMP-1 No No No No No

CPA4 No No No No No

MUC5 AC No No No No No

C4BPA No No No No No

AIP: Autoimmune pancreatitis; CP: Chronic pancreatitis; IPMN: Intrapapillary mucinous neoplasia; MCN: Mucinous cystic neoplasm; PanCa: Pancreatic 
cancer; PanIN: Pancreatic intraepithelial neoplasia.

CONCLUSION
Currently, a variety of specimens have emerged as possible sources for liquid biopsy analysis for 
diagnostic applications. Apart from plasma or serum, urine and sputum have also produced promising 
disease diagnostic results[44,122]. Liquid biopsies are ideally non-invasive or minimally invasive for 
sample collection, minimizing patient stress and discomfort. Non-invasive approaches can significantly 
aid clinical research and utility. Even the recurrence and metastasis of the disease can be potentially 
monitored based on the cfDNA methods (Table 4).

Therefore, in this review we highlighted the current development in tools for PanCa early diagnosis 
and prognosis. We demonstrated that useful data can be obtained based on DNA methylation 
signatures and mutations. The heterogeneity in the pool of cfDNA isolated from a suitable source, such 
as plasma, contains cfDNA molecules obtained from various origins, and various outcomes, such as 
DNA methylation or gene mutations, could be obtained from such material. The process of properly 
understanding the disease source and cfDNA origin has been facilitated significantly by advancements 
in technologies, such as single cell-based techniques[40]. These advancements can further facilitate 
liquid biopsy research associated with PanCa biomarker discovery. This also showcases that aberrant 
DNA methylation signatures harness a significant capability to guide PanCa disease management[32,
51]. Approximately 300 clinical trials are currently ongoing that target the use of cfDNA biomarkers in 
the diagnosis of malignancies. Limitations include cfDNA isolation and sample processing and 
understanding the biology of ctDNA based on its release from tumors.
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The outcome of the secretome can also support PanCa diagnosis significantly. Premalignant lesions 
such as PanIN are still facing detection challenges because no PanIN-specic protein has been clinically 
approved. The alterations in cell free nucleic acids does not always manifest into protein changes that 
can be clinically validated and utilized. However, the secretome in PanCa and secretome biomarkers 
specific to premalignant lesions are yet to be identified for clinical use but are likely to be highly useful 
in the future. Validation of biomarkers based on cfDNA alterations and subsequent protein expression 
can substantially help in the early diagnosis of PanCa and other pancreatic-associated diseases[51,123].
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Abstract
Hepatocellular carcinoma (HCC) is presented frequently in late stages that are not 
amenable for curative treatment. Even for patients who can undergo resection for 
curative treatment of HCC, up to 50% recur. For patients who were not exposed to 
systemic therapy prior to recurrence, recurrence frequently cannot be subjected to 
curative therapy or local treatments. Such patients have several options of 
immunotherapy (IO). This includes programmed cell death protein 1 (PD-1) and 
cytotoxic T- lymphocyte associated protein 4 treatment, combination of PD-1 and 
vascular endothelial growth factor inhibitor or single agent PD-1 therapy when all 
other options are deemed inappropriate. There are also investigational therapies 
in this area that explore either PD-1 and tyrosine kinase inhibitors or a novel agent 
in addition to PD-1 with vascular endothelial growth factor inhibitors. This mini-
review explored IO options for patients with recurrent HCC who were not 
exposed to systemic therapy at the initial diagnosis. We also discussed potential 
IO options for patients with recurrent HCC who were exposed to first-line 
therapy with curative intent at diagnosis.

Key Words: Liver neoplasms; Immune checkpoint blockade; Combination drug therapy; 
PD-1- PD-L1 blockade; CTLA-4 inhibitor.

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Immunotherapy (IO) has made strong headway in the management of hepato-
cellular carcinoma (HCC). For patients who recur on local therapy, IO has become the 
standard of care treatment option for unresectable HCC. The role of IO agents is still not 
explored in patients who progress on prior IO. This mini-review highlighted the various 
treatment options available in clinical practice as well as upcoming novel management 
strategies in recurrent HCC.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most common cancers worldwide, with more than 900000 
new cases in 2020. HCC accounts for the third most cancer deaths, next only to lung cancer and 
colorectal cancer. It occurs twice as frequently in males compared to females and is more common in 
Eastern Asian countries compared to Europe[1]. In the United States (US), there is a shift in the 
incidence and mortality of HCC from predominantly Asians/Pacific Islanders to African American and 
Hispanic communities[2]. Such change is most likely due to the successful implementation of hepatitis B 
virus control measures such as vaccination and effective anti-viral therapy (hepatitis B virus is the main 
cause of HCC in Eastern Asian populations)[3,4]. On the other hand, nonalcoholic steatohepatitis 
(NASH) is another common cause of HCC in the Western world and is quickly becoming a key 
contributor to increasing HCC cases[5]. Between the period of 2010 to 2019, NASH has seen the fastest 
growth in HCC-associated deaths globally[6]. In the US, NASH is viewed as the most common risk 
factor (59%), followed by hepatitis C (22%)[7]. Chronic alcohol consumption continues to be a leading 
cause of HCC as well in the US and other Western countries[8].

Managing patients with early-stage HCC includes local therapy using transplantation, hepatic 
resection, ablation or transarterial chemoembolization (TACE), but there is always a chance of 
recurrence. The rate of recurrence was found to be 16% with liver transplantations for HCC, which is the 
lowest among all local therapy approaches. Thus, for patients eligible for liver transplantation, it is the 
best treatment option for patients with early HCC[9]. In patients treated with surgical resection, 
recurrence is seen in > 50% of the patients[10]. Radiofrequency ablation showed recurrence in more than 
80% of the patients, either locally or distant at the 5-year follow-up[11]. Surgical resection when 
compared to ablation for HCC did not show significant improvement in overall survival (OS); however, 
the disease-free survival period was significantly better for surgical resection[12]. Therefore, resection is 
often preferred over ablation in HCC. TACE is traditionally used as a bridge to transplantation. For 
patients who cannot proceed with transplantation, TACE can still provide effective local control. In a 
large study of 681 patients, of which 287 were treated in the first-line therapy with TACE, recurrence 
was seen in 43.2% of the patients that achieved complete response (CR)[13].

If HCC recurs, patients can be candidates again for local therapy as described above. However, if they 
are not amenable to local therapy, systemic therapy is used. There are two types of systemic therapies: 
(1) Immunotherapy (IO) based; and (2) Non-Immunotherapy based. In this review, we focused on the 
IO-based systemic approaches.

IMMUNOTHERAPY BASED APPROACHES IN THE FIRST-LINE SETTING
Atezolizumab with bevacizumab
Atezolizumab (Atezo), a programmed death ligand 1 (PD-L1) inhibitor, and bevacizumab (Bev), a 
vascular endothelial growth factor receptor (VEGF) inhibitor were initially tested in a phase Ib study to 
evaluate their role for the management of untreated, advanced HCC patients[14-16]. Atezo acts by 
preventing T cell suppression and selectively inhibiting PD-L1 from attaching to programmed cell death 
protein 1 (PD-1)receptors[14]. Bev inhibits VEGF, which is commonly associated with progression and 
development of liver cancer[17]. It acts by inhibiting angiogenesis and tumor growth[18]. The 
combination of Atezo and Bev can act by reversing VEGF mediated immunosuppression and increased 
T cell infiltration in the tumor microenvironment, which can be efficacious in treating cancer[19,20].

The IMBRAVE150 study established Atezo in combination with Bev as the standard of care for 
advanced HCC patients[21] (Table 1). The IMBRAVE 150 (NCT03434379) was a large multicenter, open 
label phase III randomized study that evaluated the safety and efficacy of Atezo in combination with 
Bev in comparison to sorafenib in the first-line setting for systemic therapy naïve patients with 
unresectable HCC[22]. At the time of the first analysis at data cutoff, the OS rate at 12 months (mo) was 
67.2% [95% confidence interval (CI): 61.3-73.1] with Atezo + Bev and 54.6% (95%CI: 45.2-64.0) with 
sorafenib. Median OS (mOS) was not reached for the Atezo + Bev arm and was 13.2 mo (95%CI: 10.4-not 
reached) for the sorafenib arm. The study had shown median progression-free survival (mPFS) of 6.8 
mo (95%CI: 5.7-8.3) for the Atezo + Bev arm and 4.3 mo (95%CI: 4.0 to 5.6) for the sorafenib arm. Thus, 
the OS and PFS were significantly improved compared to the tyrosine kinase inhibitor (TKI) sorafenib. 
The Atezo + Bev arm in the study demonstrated a superior overall response rate (ORR) of 27.3% (95%CI: 
22.5-32.5) when compared to the sorafenib arm of 11.9% (95%CI: 7.4-18.0), per response evaluation 

https://www.wjgnet.com/1007-9327/full/v29/i15/2261.htm
https://dx.doi.org/10.3748/wjg.v29.i15.2261


Bhatt A et al. Immunotherapy for recurrent HCC

WJG https://www.wjgnet.com 2263 April 21, 2023 Volume 29 Issue 15

Table 1 Immunotherapy regimens for first-line use in patients with advanced hepatocellular carcinoma with no prior systemic therapy

Immunotherapy regimen IMBRAVE150 (NCT03434379) HIMALAYA (NCT03298451)

Drugs Atezolizumab, Bevacizumab Durvalumab, Tremelimumab

Drug class combination PD-L1 inhibitor, VEGF inhibitor PD-1 inhibitor, CTLA-4 inhibitor

Study population Child-Pugh A, ECOG score 0/1, no prior systemic 
therapy

Child-Pugh A, ECOG score 0/1, BCLC B or C, no prior 
systemic therapy

Key difference Portal vein thrombosis patients included Portal vein thrombosis patients excluded

EGD required? Yes No

Overall survival 19.2 mo (95%CI: 17.0-23.7) 16.4 mo (95%CI: 14.2-19.6)

Median progression free survival 6.8 mo (95%CI: 5.7-8.3) vs 4.3 (95%CI: 4.0-5.6) 3.8 mo (95%CI: 3.7-5.3)

Overall response rate 27.3% (95%CI: 22.5-32.5) STRIDE arm: 20.1%

Long-term survival data Not available Available

BCLC: Barcelona Clinic Liver Cancer; CI: Confidence interval; CTLA-4: Cytotoxic T lymphocyte associated protein-4; ECOG: Eastern Cooperative 
Oncology Group; EGD: Esophagogastroduodenoscopy; FDA: Food and Drug Administration; PD-1: Programmed cell death protein-1; PD-L1: 
Programmed death- ligand 1; STRIDE: Single Tremelimumab Regular Interval Durvalumab; VEGF: Vascular endothelial growth factor.

criteria in solid tumors 1.1 (RECIST 1.1) (P <0.001).
The Atezo+Bev is the only first-line combination regimen involving IO that evaluated high risk 

patients having Vp4 thrombus, bile duct invasion or liver infiltration > 50%. The improved OS, mPFS 
and ORR compared to sorafenib regardless of patient etiology and disease risk stamped its role in first-
line management of treatment naïve unresectable HCC. The only caveat is that the trial required a 
pretreatment evaluation of esophageal varices because of its increased complications with cirrhosis and 
HCC and due to the side effect profile of Bev. Varices, if present, also needed to be treated otherwise the 
patients were excluded from the trial. Hence, the trial selectively looked at patients who had preserved 
liver function (Child-Pugh class A) and a decreased risk of variceal bleeding.

At the American Society of Clinical Oncology (ASCO) Gastrointestinal Cancers Symposium 2021, 
additional data was presented. After a median 15.6mo (range: 0-28.6) follow-up, the mOS was 19.2 mo 
(95%CI: 17.0-23.7) in the Atezo + Bev arm and 13.4 mo (95%CI: 11.4-16.9) in the sorafenib arm, whereas 
the mPFS and ORR were similar to the original presented data[23]. The updated data showed 8% of the 
patients achieving CR with Atezo + Bev compared to < 1% with sorafenib. Moreover, data for a PD-L1 
negative patient subgroup did not reveal a meaningful difference in OS, thus suggesting treatment 
efficacy regardless of PD-L1 expression.

Durvalumab and tremelimumab
Durvalumab (Durva), a PD-L1 inhibitor, and tremelimumab (Treme), a cytotoxic T lymphocyte 
associated protein 4 (CTLA-4) inhibitor, based on their additive and complementary immunostimu-
latory activity, were combined in the treatment of HCC[24-26]. At the ASCO 2022 Gastrointestinal 
Cancers Symposium, the HIMALAYA study was presented. HIMALAYA is an open-label, multicenter, 
phase III study evaluating the IO combination of Treme+ Durva vs sorafenib. Patients with newly 
diagnosed unresected HCC not amenable to local therapy were initially randomized to the Single Treme 
Regular Interval Durva (STRIDE regimen) or Durva or sorafenib in a 1:1:1 ratio[27]. The study met the 
primary endpoint of improved OS in the Treme + Durva arm (STRIDE regimen) when compared to 
sorafenib. This was also the first study to evaluate long-term OS, with a median follow-up duration of 
more than 30 mo.

OS was significantly improved for STRIDE vs sorafenib [hazard ratio (HR): 0.78; 95%CI: 0.65-0.92; P = 
0.0035). The mOS for STRIDE was 16.4 mo (95%CI: 14.1-19.5) vs13.7 mo (95%CI: 12.2-16.1) for sorafenib. 
The mPFS was 3.8 mo (95%CI: 3.7-5.3) in the STRIDE arm and 4.1 mo (95%CI: 3.8-5.5) in the sorafenib 
arm. Despite a similar PFS for STRIDE and sorafenib, more patients remained progression free at the 
time of data cutoff for the STRIDE arm. Patients also continued on treatment with STRIDE (46.9%) for at 
least one cycle compared to sorafenib (36%) past disease progression, which would suggest that more 
patients derived clinical benefit from this combination. The STRIDE regimen showed superiority in 
ORR (20.1%) compared to sorafenib (5.1%). In addition, Durva met the objective of OS non-inferiority to 
sorafenib (HR: 0.86; 95%CI: 0.73-1.03). The ORR was higher for Durva (17.0%) than for sorafenib (5.1%).

In contrast to the IMBRAVE150 study, the HIMALAYA study did not include Vp4 thrombus patients, 
which is considered a high risk patient group. The subgroup analyses are not available yet[22,27]. The 
STRIDE regimen was not associated with an increased risk of bleeding with esophageal varices, thus 
eliminating the need for esophagogastroduodenoscopy for evaluation, as is required for the Atezo+ Bev 
combination. Therefore, STRIDE can be a very good option for patients who are contraindicated to Bev 
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(commonly fistula, recent bleeding, high grade varices, severe hypertension and proteinuria).
Even though benefits were seen with the STRIDE regimen, it only involved a single dose of Treme, a 

CTLA-4 inhibitor, which drives the majority of the toxicities in the IO combination and was seen in this 
study as well. STRIDE is a proposed treatment regimen for patients who are treatment naïve and have 
unresectable disease. The treatment was approved for first-line use in October 2022 by the Food and 
Drug Administration (FDA)[28]. The OS non-inferiority of Durva to sorafenib, along with higher ORR 
and lower toxicity profile, makes Durva a very attractive option compared to sorafenib. Durva is not 
FDA approved yet for HCC.

Tislelizumab
The RATIONALE 301 study is a phase III randomized, open label study that evaluated tislelizumab, a 
PD-1 inhibitor, vs sorafenib as first-line treatment for unresectable HCC[29]. The primary objective of 
the study is to compare OS. The patients have unresectable HCC with no prior systemic therapy, Child-
Pugh A class and Eastern Cooperative Oncology Group (ECOG) score 0 or 1. The patients are 
randomized 1:1 and received either tislelizumab or sorafenib. The study reported non-inferiority of 
tislelizumab to sorafenib in terms of OS, with a favorable safety profile (mOS: 15.9 mo for tislelizumab 
vs 14.1 mo for sorafenib; stratified HR: 0.85; 95%CI: 0.712-1.019][30]. Based on the results of this study, 
single agent tislelizumab can be a potential first-line option for the management of HCC.

Ipilimumab + nivolumab
Checkmate 9DW is another phase III trial evaluating ipilimumab and nivolumab vs standard of care 
TKIs sorafenib or lenvatinib in patients with unresectable HCC who have not received systemic therapy
[31]. The primary objective is to measure OS, and the secondary objective is to measure ORR and 
duration of response.

SRF388
SRF388 is another agent that is being used in combination with Atezo and Bev in the frontline setting for 
patients with advanced HCC. SRF388 is an inhibitor of interleukin-27 (IL-27), and as a single agent has 
reduced HCC growth in mouse models[32]. HCC development is suppressed if IL-27 is inhibited in 
NASH-induced HCC models. Higher levels of IL-27 have also been shown to reduce survival in HCC. 
IL-27 upregulates PD-L1 expression, lymphocyte activation gene 3 (LAG-3), T cell immunoglobulin and 
mucin-domain containing protein 3 and T cell immunoglobulin and ITIM domain (TIGIT). Thus, 
combining PD1 therapy with SRF388 increases cytokines such as tumor necrosis factor- alpha and 
interferon-gamma, which can potentially help in reducing tumor growth.

The preliminary results from a phase I study showed that there were no significant drug-related 
toxicities (grade > 3 or higher or dose limiting toxicity) and achieved a response similar to preclinical 
mouse models in humans[33]. Phase II of the study, SRF388-201 study, is currently open and actively 
recruiting patients who are newly diagnosed with no prior systemic therapy, Child class A, not eligible 
for TACE and have ECOG 0 or 1. The patients will be randomized 1:1 and will either receive SRF388 or 
placebo in combination with Atezo and Bev.

CHILD-PUGH SCORE B GROUP
All currently approved therapies are based on studies that exclude Child-Pugh score B patients. There is 
no prospective data evaluating this group of patients in a first-line setting. A retrospective study 
evaluated 27 advanced HCC patients with Child-Pugh score B after treatment with Atezo + Bev[34]. The 
study compared these patients with 130 patients with Child-Pugh score A. Modest activity of the Atezo 
+ Bev combination was seen with an ORR of 14.8% in the Child-Pugh score B group compared to 32.3% 
for Child-Pugh score A group. mPFS and OS were 3 mo (95%CI: 1.6-4.3) and 6 mo(95%CI: 4.9-7.0), 
respectively, for Child-Pugh score B compared to mPFS of 6 mo and mOS not reached for Child-Pugh 
score A group. More grade 3/4 adverse events were observed, with thrombocytopenia and aspartate 
transaminase elevation being the most common. A higher discontinuation rate was seen in the Child-
Pugh score B group.

Similar retrospective studies have also shown that nivolumab and pembrolizumab have a limited role 
in the management of advanced HCC for Child-Pugh score B/C patients previously treated with other 
therapies. Poor outcomes were associated with high Child-Pugh score, portal vein thrombosis and 
diuretic refractory ascites[35,36]. Wong et al[36] demonstrated a superior response in Child-Pugh score 
B7 patients compared to Child-Pughscore B ≥ 8. A trial is currently open that is prospectively evaluating 
Atezo + Bev combination in HCC patients with Child-Pugh score B7 with no prior systemic therapy[37].
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IMMUNOTHERAPY BASED APPROACHES IN SECOND-LINE SETTING
For patients exposed to non-immunotherapeutic agents in first-line
Current strategies involve using immunotherapeutic or non-immunotherapeutic agents in the first-line 
setting for advanced HCC. For patients who recur following non-immunotherapeutic agents like 
sorafenib or lenvatinib, several agents are currently approved by the FDA.

Nivolumab +ipilimumab
The Checkmate 040 study was an open label phase I/II dose escalation and expansion trial evaluating 
single agent nivolumab, a PD-1 inhibitor, in advanced HCC[38] (Table 2). The drug received accelerated 
approval for use in HCC in patients who progressed on sorafenib. The Checkmate 459 study evaluated 
nivolumab vs sorafenib for HCC. The study did not show significant improvement in OS with single 
agent nivolumab, which later resulted in the withdrawal of the drug[39,40].

Nivolumab in combination with ipilimumab, a CTLA-4 inhibitor, was also studied in patients with 
HCC after progression or intolerance to prior therapy in the randomized phase II portion Checkmate 
040 study[41]. Majority of the patients received prior sorafenib and included patients who received up 
to three lines of prior systemic therapy. The study involved three arms with 1:1:1 randomization using 
different dose combinations of ipilimumab and nivolumab. Arm A had nivolumab 1 mg/kg plus 
ipilimumab 3 mg/kg (Ipi3 + Nivo1), administered every 3 weeks for four doses, followed by nivolumab 
240 mg every 2 weeks. Arm B had nivolumab 3 mg/kg plus ipilimumab 1 mg/kg (Ipi1 + Nivo3), 
administered every 3 weeks for four doses, followed by nivolumab 240 mg every 2 weeks. Arm C had 
nivolumab 3 mg/kg every 2 weeks plus ipilimumab 1 mg/kg every 6 weeks.

A total of 148 patients were enrolled. The ORR was 32%, 27% and 29%, respectively, for the three 
arms. Time to response occurred early and was similar across all treatment arms, regardless of PD-L1 
status or baseline alpha-fetoprotein (AFP) levels. The duration of response was also similar. However, 
mOS were 22.8mo (95%CI: 9.4-not reached), 12.5mo (95%CI: 7.6-16.4) and 12.7mo (95%CI: 7.4-33.0) for 
Arms A, B and C respectively. Arm A reported higher grade 3/4 treatment-related adverse events (53%) 
(TRAEs) and higher immune-mediated events compared to Arms B (29%) and C (31%), most likely 
correlative of the higher dose of ipilimumab. Rash, hepatitis and hypothyroidism were the most 
common immune-related AEs.

Amongst the three arms, arm A achieved the highest CR rate (8%) with the best OS at 30 mo (44%) 
and the longest mOS of 22 mo. This treatment of Ipi3 + Nivo1, followed by nivolumab single agent 
received accelerated approval by the FDA for second-line use in advanced HCC. At the ASCO 2021 
Gastrointestinal Cancers Symposium, the 44 mo survival data was presented and continues to show 
promising results regarding long-term survival and safety profile[42]. A few caveats of the study were 
that it was an open label phase I/II study without a standard of care control arm and a small number of 
patients in each arm. The patients were also not stratified per risk factors. However, the study included 
high risk patients with extrahepatic spread and elevated AFP levels and multiple lines of prior systemic 
therapy.

Ipilimumab + nivolumab is the standard of care treatment option for patients who progressed or are 
intolerant to first-line non-immunotherapeutic agents such as sorafenib or lenvatinib.

Pembrolizumab
Keynote 224 is a single arm phase II study of pembrolizumab, a PD-1 inhibitor, in patients with 
advanced HCC who had progressed on or were intolerant to sorafenib[43]. In total, 104 participants 
received 200mg of pembrolizumab intravenously every 3 weeks for 2 years or until disease progression, 
toxicity or withdrawal from the trial. The primary objective of the study was ORR (17%). The mPFS was 
4.9 mo (95%CI: 3.4-7.2), and mOS was 12.9 mo (95%CI: 9.7-15.5). TRAEs were observed in 73% of the 
patients, and 15% of the patients had serious TRAEs. Grade 3/4 TRAEs occurred in about 25% of the 
patients, with increased alanine transferase, increased aspartate transferase and fatigue being the most 
common. Immune-mediated grade 3/4 AEs were seen in only 4% of the patients, with adrenal insuffi-
ciency being the most common. Based on the data, pembrolizumab is an effective and tolerable option 
for patients previously treated with sorafenib.

The study also suggested that PD-L1 expression based on combined positive score using tumor and 
immune cells was correlative of anti PD-1 activity with pembrolizumab. This association was not 
significant when correlated to tumor positivity score alone. The limitations of the study were that it was 
a single arm study and did not compare pembrolizumab with a control arm.

Keynote 240 was a phase III global study that tested the efficacy of pembrolizumab with best 
supportive care (BSC) vs placebo with BSC in the second-line setting following progression or 
intolerance to sorafenib. However, there was no statistical difference seen in mOS or mPFS[44]. The 
mOS was 13.9 mo (95%CI: 11.6-16.0 mo) for pembrolizumab vs 10.6 mo (95%CI: 8.3-13.5 mo) for placebo 
(HR: 0.78; 95%CI: 0.61-0.99; P = 0.024). mPFS for pembrolizumab was 3.0 mo (95%CI: 2.8-4.1 mo) vs 2.8 
mo (95%CI: 1.6-3.0 mo) for placebo at the final analysis (HR: 0.72; 95%CI: 0.57-0.90; P = 0.002). The ORR 
was 18.4%, which was similar to the ORR seen in Keynote 224.
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Table 2 Current Food and Drug Administration-approved immunotherapy agents in second-line use post-progression on sorafenib in 
advanced hepatocellular carcinoma

Immunotherapy agent Checkmate 040 (NCT01658878) Keynote 224 (NCT02702414)

Drugs Ipilimumab, nivolumab Pembrolizumab

Drug class combination CTLA-4 inhibitor, PD-1 inhibitor PD-1 inhibitor

Study population Child-Pugh A, ECOG score 0/1, prior systemic therapy with 
sorafenib or intolerance to sorafenib

Child-Pugh A, ECOG score 0/1, prior systemic therapy with 
sorafenib or intolerance to sorafenib

Overall survival 22.8mo (95%CI: 9.4-not reached) 12.9 mo (95%CI: 9.7-15.5)

Median progression free 
survival

3.9 mo (95%CI: 2.6-8.3) 4.9 mo (95%CI: 3.4-7.2)

Overall response rate 32% 18%

Most common treatment 
related AE

Rash, hepatitis, hypothyroidism Hypothyroidism, hepatitis, adrenal insufficiency

Child-Pugh score B group 
studied

No data available Retrospective data available

FDA approval Yes Yes

CI: Confidence interval; CTLA-4: Cytotoxic T lymphocyte associated protein-4; ECOG: Eastern cooperative oncology group; FDA: Food and drug 
administration; PD-1: Programmed cell death protein- 1.

Keynote 394 is another phase III randomized study evaluating pembrolizumab + BSC vs placebo + 
BSC, specifically in Asian patients with advanced HCC with progression on or intolerance to sorafenib 
or oxaliplatin chemotherapy. Early results were presented at ASCO 2022, and they showed that 
pembrolizumab with BSC improves OS, PFS and ORR in Asian patients[44]. At the final analysis, 
pembrolizumab significantly improved mOS vs placebo. mOS was noted to be 14.6 mo (95%CI: 12.6-
18.0) for pembrolizumab vs 13.0 mo (95%CI: 10.5-15.1) for placebo. According to the protocol, if OS was 
superior, PFS and ORR at the second interim analysis were studied. Pembrolizumab significantly 
improved PFS (HR: 0.74; 95%CI: 0.6-0.9; P = 0.003) and ORR (estimated difference: 11.4%; 95%CI: 6.7-
16.0; P = 0.00004).

Based on these studies, PD-1 single agent may have a differential benefit according to various 
pharmacodynamic changes amongst ethnic groups. Pembrolizumab therefore could be a better tolerated 
option for patients with progression or intolerance to first-line non-IO based agents, particularly in 
Asian patients.

For patients exposed to immunotherapeutic agents in first-line
There is no prospective data for any therapy in patients who recur following first-line IO. Clinical trials 
are currently underway exploring this space.

Wong et al[46] performed a retrospective analysis of 25 patients who had previously progressed on 
prior immune checkpoint inhibitor (ICI) monotherapy or combined therapy. Patients received 
ipilimumab in combination with either nivolumab or pembrolizumab. The 3-year follow-up data 
revealed that ORR was 16%, and CR rate was 12%. Overall, 40% of the patients achieved clinical benefit 
with this regimen, with a median duration of response of 11.5 mo (2.7-30.3 mo), and mOS were 10.9 mo. 
The drugs had an acceptable safety profile.

In clinical practice, when patients desire second-line IO after progression on first-line IO, we can 
potentially use agents that have not been tried in the first-line setting. Treme and Durva, which is an 
IO+IO combination can be tried after progression on Atezo and Bev, which is an IO + VEGF 
combination. The reverse order can also be offered for patients who are offered IO+ IO combination 
first. Further clinical trials in this space are also required to evaluate the role of these agents post-
progression.

COMBINATION THERAPY TRIALS WITH SYSTEMIC THERAPY
Several non-immunotherapeutic agents have been approved by the FDA for use in the management of 
advanced HCC, either in first-line or second-line settings post-progression. Trials are ongoing in this 
space to evaluate their potential role in combination with an immunotherapeutic agent (Table 3).

Camrelizumab, an anti PD-1 inhibitor, in combination with rivoceranib, an anti-VEGF receptor type 2 
TKI (apatinib), is the first phase III study to show positive survival benefits with a PD-1/PD-L1 inhibitor 
and anti-angiogenic TKI for unresectable HCC[47]. In this randomized, open-label, phase III trial, 543 
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Table 3 Possible treatment regimens for patients with advanced hepatocellular carcinoma who have recurred on local therapy

Patient group Treatment Status

Atezolizumab + bevacizumab FDA approved for first-line use (no contraindications to 
atezolizumab/bevacizumab or both)

Durvalumab + tremelimumab Contraindications to atezolizumab or bevacizumab or both; 
FDA approved for first-line use

Advanced HCC patients with no prior systemic 
therapy

Single agent immunotherapy Poor ECOG 3-4

Ipilimumab + nivolumab FDA approved for second-line use 

Pembrolizumab FDA approved for second-line use; High risk subgroups: 
Asian patients, poor ECOG

Atezolizumab + bevacizumab

Durvalumab + tremelimumab

Warrants further evaluation

Advanced HCC with prior systemic therapy 
with TKIs like sorafenib or lenvatinib

Clinical trials

Partner switching from currently 
available first-line options

Using drugs with different mechanism of action in 
comparison to first line IO therapy

Pembrolizumab

Ipilimumab + nivolumab

Warrants further evaluation

HCC patients with prior IO based systemic 
therapy

Clinical trials

ECOG: Eastern cooperative oncology group; FDA: Food and drug administration; HCC: Hepatocellular carcinoma; IO: Immunotherapy; TKI: Tyrosine 
kinase inhibitor.

patients were randomized 1:1 to receive camrelizumab (C) + rivoceranib (R) /apatinib or sorafenib. 
Patients were stratified by macrovascular invasion and/or extrahepatic metastases, geographical region 
(Asia vs non-Asia) and baseline serum AFP (< 400 vs ≥ 400 ng/mL). The primary endpoints were PFS as 
well as OS. With a median follow-up time of 7.8 mo, PFS was significantly improved with C + R vs 
sorafenib [median 5.6 mo (95%CI: 5.5-6.3) vs 3.7 mo(2.8-3.7); HR: 0.52;95%CI: 0.41-0.65; P < 0.0001]. With 
a median follow-up of 14.5 mo, OS was significantly prolonged with C + R vs sorafenib [median 22.1 mo 
(95%CI: 19.1-27.2) vs 15.2 mo (13.0-18.5); HR: 0.62; 95%CI: 0.49-0.80; 1-sided P < 0.0001]. ORR, disease 
control rate and duration of response were also better with C+R vs sorafenib. Grade ≥3 TRAEs occurred 
in 80.9% with C + R and 52.4% with sorafenib. TRAE led to discontinuation of any treatment in 24.3% 
(of both agents in 3.7%) with C + R and 4.5% with sorafenib.

Keynote 524 was a phase Ib study to assess the antitumor activity of lenvatinib in combination with 
pembrolizumab. The initial data showed that the combination was safe for use with no drug limiting 
toxicities, and Grade ≥ 3 toxicities were seen in 67% of the patients. The ORR was 36% per RECIST 1.1, 
with 1 patient having CR. Median duration of response was 12.6 mo, and the ORR findings were 
consistent for subgroups with poor prognostic features. The time to treatment response was less than 2.0 
mo, with mPFS of 8.6 mo and mOS of 22.0 mo[48].

Based on this promising activity, a phase III study, LEAP-002, tested pembrolizumab + lenvatinib as a 
combination therapy[49]. Patients (n = 794) were randomized 1:1 for lenvatinib + pembrolizumab vs 
lenvatinib + placebo. The dual primary endpoints of the study were OS and PFS. After the follow-up, 
the authors observed 17.6 mo for the final PFS and 32.1 mo for the final OS. The primary endpoints of 
OS and PFS did not meet pre-specified statistical significance. The mOS with lenvatinib + pembrol-
izumab was 21.2 mo vs 19.0 mo with lenvatinib, and the HR was 0.840 (95%CI: 0.708-0.997; P = 0.0227). 
mPFS at final analysis was 8.2 mo for lenvatinib + pembrolizumab vs 8 mo for the lenvatinib alone arm. 
HR for PFS at interim analysis 1 was 0.867 (95%CI: 0.734-1.024; P = 0.04660. ORR at final analysis was 
26.1% for lenvatinib + pembrolizumab vs 17.5% for lenvatinib. Grade 3-5 TRAEs were 62.5% in the 
lenvatinib + pembrolizumab arm and 57.5% in the lenvatinib arm (grade 5). Notably, in the LEAP-002 
trial, OS with lenvatinib monotherapy was the longest observed with a TKI (19.0 mo), which was much 
longer than the mOS of Lenvatinib (13.6 mo) shown in the REFLECT trial[50]. Based on the data, a 
meaningful difference in activity was not seen with lenvatinib + pembrolizumab vs lenvatinib 
monotherapy alone.

Cosmic 312 is a phase III trial comparing cabozantinib plus Atezo vs sorafenib as first-line systemic 
treatment for advanced HCC[51]. Patients with tumors invading the main portal vein were not excluded 
from the trial. Patients were randomly assigned (2:1:1) to cabozantinib 40 mg orally once daily plus 
Atezo 1200 mg q3 weeks, sorafenib 400 mg orally BID or single agent cabozantinib 60 mg orally once 
daily. Primary endpoints for the study were PFS in the first 372 patients in the intention to treat patient 
population and OS for all patients. mPFS was 6.8 mo (95%CI: 5.6-8.3) in the combination treatment 
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group vs 4.2 mo (95%CI: 2.8-7.0) in the sorafenib group (HR: 0.63; 95%CI: 0.44-0.91; P = 0.0012). mOS 
(interim analysis) was 15.4 mo (95%CI: 13.7-17.7) in the combination treatment group vs 15.5 mo (12.1-
not estimable) in the sorafenib group (HR: 0.90; 95%CI: 0.69-1.18; P = 0.44).

NOVEL AGENTS
Several novel IO-based agents are currently in development that could have a potential role in the 
management of HCC.

LAG-3 inhibitors are potential agents in development and are currently being tested in their role in 
HCC. LAG-3 inhibition leads to the activation of exhausted T cells. Relatlimab, a LAG-3 inhibitor, is 
currently being tested with nivolumab for potential use in patients who have progressed on first-line 
TKIs, like sorafenib, and are IO naïve[52]. The agent is also being investigated in combination with 
nivolumab and Bev in treatment naïve unresectable HCC patients[53].

A novel therapy targeting glypican-3 (GPC-3) using chimeric antigen receptor T cells is underway in 
advanced HCC. Early results from two phase I studies have demonstrated their safety, with 2 patients 
out of 13 showing partial response[54]. Glypican-3 expression has been associated with a worse 
prognosis in HCC[55]. There are several trials underway in this space. Natural killer cell activity has 
also been potentially linked to an increased risk of recurrence following curative treatment of HCC[56]. 
FT500 and FATE NK-100 are some of the natural killer cell IO trials currently in development for their 
potential role in HCC[57,58].

CONCLUSION
The scope of IO in the management of HCC is indeed promising. We have moved beyond sorafenib, the 
standard of care in the first-line management of advanced HCC for the past decade[59]. Atezo in 
combination with Bev, based on the IMBRAVE150 study, can now be considered the new standard of 
care for patients who have a recurrence of disease and are not amenable to local therapy. The STRIDE 
regimen, based on the HIMALAYA study, can also be considered a potential option if a patient is not a 
good candidate for the IMBRAVE regimen. For patients previously treated with sorafenib and recur or 
progress, ipilimumab + nivolumab or pembrolizumab are currently identified agents in the second-line 
setting. In their study, Wong et al[46] have shown that continuing to use IO agents in the second-line 
setting post-progression on prior ICI is certainly protective. Clinical trials to evaluate the role of ICIs in 
this space are undoubtedly necessary. Partner switching such as using PD-1/PD-L1 inhibitors, VEGF-
inhibitors or CTLA-4 inhibitors based on the currently approved therapies should also be evaluated in 
the second-line setting. The role of these agents in patients with Child-Pugh score B also needs further 
evaluation. We are also looking at emerging combinations of non-immunotherapeutic agents like 
lenvatinib and cabozantinib with immunotherapeutic agents, based on the LEAP-002 and COSMIC-312 
trials. Further clinical trials are warranted to assess these agents’ roles in managing HCC.

With the increasing use of immunotherapeutic agents in the neoadjuvant and adjuvant setting for 
early-stage HCC, we will see patients exposed to IO agents before recurrence and require systemic 
therapy. These patients may recur while still being on treatment with an IO agent or can recur after 
completion of treatment. The scope of immunotherapeutic agents in this setting will further need 
exploration. There is an unmet need for clinical trials to evaluate treatments involving HCC. Further 
immunotherapeutic agents are already being developed to improve the existing agents in the first-line 
setting.
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Abstract
Intestinal ultrasound (IUS) is a non-invasive, real-time, cross-sectional imaging 
tool that can be used at the point-of-care to assess disease activity in patients with 
Crohn’s disease or ulcerative colitis. IUS promotes quick and impactful treatment 
decisions that can modify disease progression and enhance patient compliance. 
This review will summarize the technical aspects of IUS, the evidence to support 
the use of IUS in disease activity monitoring, the comparison of IUS to current 
standard of care monitoring modalities such as colonoscopy and calprotectin, and 
the optimal positioning of IUS in a tight-control monitoring strategy.
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Core Tip: Intestinal ultrasound (IUS) is a non-invasive, real-time, cross-sectional 
imaging tool that is currently underutilized for direct disease activity monitoring in 
Crohn’s disease (CD) and ulcerative colitis (UC). IUS is the optimal point-of-care 
method to monitor disease activity in patients with CD or UC with excellent patient 
compliance and comparison to such traditional monitoring modalities as calprotectin, 
colonoscopy, and magnetic resonance enterography.
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INTRODUCTION
The current conventional approach to inflammatory bowel disease (IBD) monitoring in the United 
States includes routine patient visits to the gastroenterology clinic every 3-6 mo with more urgent or 
frequent visits based on symptomatology. During these visits, an assessment of the patient’s current 
disease status is undertaken via history and physical examination. After the visit, the evaluation 
typically continues with biomarkers such as C-reactive protein and fecal calprotectin (FC), colonoscopy, 
and magnetic resonance enterography (MRE) though results are often delayed and compliance rates 
low. This traditional, fragmented model of IBD monitoring is not well suited to detect subclinical 
inflammation or prevent disease progression, and has contributed to a therapeutic effectiveness ceiling 
of 30%[1].

Intestinal ultrasound (IUS) is a non-invasive, real-time, cross-sectional imaging tool that is currently 
underutilized for direct disease activity monitoring in Crohn’s disease (CD) and ulcerative colitis (UC)
[2]. Use of IUS at the point-of-care in a tight monitoring model can add significant value to the routine 
clinic visit by allowing the treating gastroenterologist to accurately and immediately assess disease 
activity and treatment responsiveness, something that is sorely lacking in the current traditional IBD 
care model. Furthermore, IUS allows for the easy assessment of transmural healing (TH), a target 
beyond simple mucosal healing (MH) that may impact long-term disease outcomes.

In this review, we discuss key concepts to understand how IUS utilization will impact care delivery 
for patients with IBD and achieve disease modification. We will review the technical aspects of IUS, 
evidence for detection of disease activity and treatment responsiveness, comparison to current standard 
of care management tools such as MRE, FC, and ileo colonoscopy, impact on shared understanding and 
real-time decision making, optimal utilization, and future applications.

TECHNICAL ASPECTS OF IUS
Basic ultrasound machine requirements
Use of IUS as a cross-sectional tool for disease activity monitoring starts with a minimum requirement 
of a modern ultrasound machine available for regular use. Two probes are needed with ability to assess 
color Doppler signal (CDS) - a lower-frequency convex array probe (3-5 MHz) for global evaluation of 
the entire bowel and assessment of complications with ability for deeper penetration, and a higher-
frequency linear array probe (5-15 MHz) for visualization of the five bowel wall layers and 
measurement of bowel wall thickness (BWT) to the level of 0.1 millimeters (mm)[3].

Patient preparation and the role of contrast
Fasting or bowel preparation prior to IUS is unnecessary for optimal visualization of the bowel and the 
examination can be performed without any prior planning. Intravenous [Contrast Enhanced Ultrasound 
(CEUS)] or oral contrast [Small Intestinal Contrast Ultrasound (SICUS)] are not beneficial during point-
of-care evaluation in IBD activity monitoring and treatment response assessment. The value of CEUS 
and SICUS, based on local availability and expertise, is in the assessment of suspected complications. 
CEUS is a valuable tool in the detection of and differentiation of phlegmon and abscesses compared to 
traditional non-contrast IUS[4]. SICUS adds further value over IUS in the evaluation of proximal small 
bowel (proximal ileal and jejunal) lesions and detection of stenoses, but the ingestion of oral contrast 
leads to extended time for completion of the examination that is no longer suitable for use as a point-of-
care assessment tool[5,6].

IUS examination
IUS examination should begin with an initial assessment of the distal sigmoid colon using the convex 
probe beginning in the left lower quadrant of the abdomen or left suprapubic region with identification 
of the iliac vessels and left iliopsoas muscle, fanning the probe up with the use of graded compression to 
identify air within the lumen of the distal sigmoid colon and visualization of the subsequent bowel wall 
layers (Figure 1).

The colon should then be tracked proximally visualizing the retroperitoneal descending colon to the 
left inferior border of the intercostals or just below to denote the splenic flexure, then to identify the 
transverse colon utilizing the thick wall of the stomach as an anatomical landmark, then to the hepatic 
flexure, downward toward the right lateral hemiabdomen to visualize the ascending colon, cecum, and 
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Figure 1 Inflamed sigmoid colon located super to the iliac vessels and iliopsoas muscle in the left lower quadrant of the abdomen. IA: Iliac 
artery; IV: Iliac vein; IP: Iliopsoas muscle.

ultimately to the right lower quadrant of the abdomen and/or right suprapubic region to identify the 
ileocecal valve, and terminal ileum, again using the right lower quadrant iliac vessels and iliopsoas 
muscle as a landmark for proper identification of the terminal ileum superior. The remainder of the 
proximal small intestine should be scanned in a “lawn-mower” technique, sweeping up and down over 
the mid-abdomen, to visualize the remaining proximal small bowel. Differentiation of the large intestine 
and small intestine from one another during this process is essential and done easily based on the 
hypermotility and movement of intestinal contents within the small bowel compared to that of the 
colon. Once the global initial assessment of the bowel is complete with a convex probe, careful repeat 
assessment of the entire colon and small bowel should be performed for IBD activity assessment with 
the linear high-frequency probe. Measurements for BWT should be performed for each segment in both 
longitudinal and transverse planes, with an average of measurements taken at least 1 cm apart denoting 
the thickness between the lumen-mucosal interface and the muscularis-serosal interface (Figure 2). CDS 
assessment of the bowel wall for hyperemia should be performed in each segment with use of the 
modified Limberg score (Figure 3). The other two parameters that should be assessed in each segment 
are inflammatory fat (iFat) and the presence or loss of bowel wall layer stratification.

Bowel segments for IUS activity monitoring
The primary bowel segments assessed during every IUS examination are the sigmoid colon, descending 
colon, transverse colon, ascending colon, cecum, and terminal ileum[7]. Visualization of the rectum can 
be challenging and typically only performed with adequate resolution for disease activity assessment in 
patients with lower body mass indices and full bladders at the time of examination. Even with visual-
ization of the rectum, normal values are not well defined, thus making it even harder for use at the 
point-of-care for disease activity assessment without benchmark with another non-invasive biomarker 
such as FC or a recent endoscopic evaluation. Additionally, the proximal small bowel beyond 30 cm of 
the ileum remains challenging and even an expert utilizing the proper technique may miss proximal 
ileal or jejunal inflammation relying on evaluation with IUS alone (Table 1).

MONITORING DISEASE ACTIVITY AND TREATMENT RESPONSE
Features of disease activity
IUS assessment of BWT is the primary and most important measure of disease activity in both CD and 
UC and has been shown to correlate with endoscopic inflammation[8]. In adults, a BWT cut-off > 3 mm 
in any segment is the most consistent individual IUS parameter that correlates with active endoscopic 
disease, with a sensitivity and specificity of 88%-89% and 93%-96% respectively[9,10]. When assessing 
the colonic bowel segments in patients with IBD, the per patient sensitivity and specificity of IUS to 
detect disease activity is 90% and 96% respectively[11]. UC is a transmural disease and thus IUS is an 
excellent option to monitor disease activity non-invasively and assess disease extension in patients with 
ulcerative proctitis[12]. In a retrospective study of patients with UC, BWT alone was shown to correlate 
with the Mayo endoscopic score[13]. In children, there is no agreed upon cut-off for BWT that correlates 
with endoscopic activity, however a BWT < 2 mm is almost always normal[14].

After BWT, hyperemia assessed by CDS is the next most important measure of disease activity. 
Assessment of CDS alone has been shown to correlate with CD clinical activity[15-17]. When combined 
with increased BWT, increased hyperemia is almost always representative of active disease. In fact, in 
development of both CD and UC IUS scores with endoscopy, multivariable analysis demonstrates that 
often the only independent predictors of endoscopic activity are BWT and hyperemia[18-20]. Additional 
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Table 1 Optimal and limited bowel segments for intestinal ultrasound disease activity monitoring

Optimal bowel segments Limited bowel segments

Sigmoid colon Rectum

Descending colon Splenic flexure

Transverse colon Proximal ileum

Ascending colon Jejunum

Ileocecal valve

Terminal ileum

Figure 2 Measurements for bowel wall thickness. A: Schematic of bowel wall layers; B: Bowel wall thickness measurement in the inflamed terminal ileum, 
yellow lines indicate the measurement of bowel wall thickness from the lumen-mucosa interface to the muscularis propria-serosal interact.

Figure 3 Severe hyperemia assessed by color Doppler signal. Color Doppler signal graded by the modified Limberg score. Shown here is a modified 
Limberg score of 3 in the terminal ileum. A score of 0 = absent signal. A score of 1: Short signals inside the bowel. A score of 2: Long signals inside the bowel, and a 
score of 3: Long signals inside and outside of the bowel.

characteristics of inflammation in IBD are focal disruption of the bowel wall layers, and hypoechoic or 
hyperechoic changes in the layers representing a loss of bowel wall stratification. Inflammatory 
mesenteric fat wrapping is seen, appearing hyperechoic encasing the inflamed bowel.

IUS activity scores
There have been more than twenty IUS activity scores developed for adults with CD and UC, with the 
most common and important parameters being BWT, followed by both hyperemia and bowel wall 
stratification[21]. Only a few recently developed IUS scores have been validated with a standardized 
endoscopic score. They are simple and can be used at the point-of-care for clinical decision making 
without significant time for calculation (Table 2)[19,20,22-24]. Only two scores specific to children with 
IBD have been developed, one CD and one UC, and only the UC score is validated with an endoscopic 
score[24,25]. A novel IUS score recently developed by a group of international experts, the International 
Bowel Ultrasound Group (IBUS)-SAS (score 0-100), is yet to be validated and is more complex. 
Although its clinical utility may be limited, it may serve as a novel score for disease monitoring and 
treatment response in clinical trials[26].
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Table 2 Interpretation of validated and simple intestinal ultrasound activity scores for Crohn’s disease and ulcerative colitis

IUS scoring system BWT (mm) iFAT Modified LS LBWS Other
Crohn’s disease indices

0: < 3.0 0: LS 0

1: 3.0-4.9 1: LS 1-2

2: 5.0-7.9 2: LS 3

 
SUS-CD (0-5)[19]

3: ≥ 8.0

 
Simple US score[20]

0.957 (BWT) 0.859 (LS)

Ulcerative colitis indices

0: LS 0 
MUC[21,24]

1.4 (BWT)

2: LS 1-3

0: ≤ 2 0: Absent 0: LS 0 0: No loss

1: 2.1-3.0 1: Present 1: LS 1 1: Loss is present

2: 3.1-4.0 2: LS 2-3

 
UC-IUS (0-7)[25]

3: > 4

0: ≤ 3 0: LS 0 0: No loss 
Civitelli UC index (0-4)[26] 
(pediatric) 1: > 3 2: LS 1-3 1: Loss is present

Abnormal haustrations (0: Normal, 1: 
Abnormal)

IUS: Intestinal ultrasound; BWT: Bowel wall thickness; iFat: Inflammatory fat; LS: Limberg Score; LBWS: Loss of bowel wall stratification; UC: Ulcerative 
colitis; CD: Crohn’s disease.

Monitoring treatment response in CD and UC
IUS is a reliable tool to monitor treatment response in both CD and UC. Improvement in all IUS 
parameters (BWT, hyperemia, iFat, bowel wall stratification) can be seen within 12 wk of treatment 
initiation, with faster changes seen in certain patients and in the colon as compared to the ileum. (30) 
How to interpret these changes, including defining transmural remission, and the timing of repeat IUS 
assessments remains an evolving concept.

In patients with CD prescribed anti-inflammatory IBD therapy, a large multicenter German study 
demonstrated that improvement in all IUS measures can be seen at both 3 and 12 mo[27]. TH, defined as 
a BWT ≤ 3 mm and absent hyperemia by CDS, has been shown to be achievable in approximately 25%-
31% of adult patients with CD after 2 years of treatment[28-32]. The STARDUST sub-study recently 
evaluated the effect of ustekinumab on TH monitored by IUS and demonstrated increasing TH rates to a 
total of 24.1% by week 48[33]. In 40 adult patients with endoscopically active CD initiating anti-tumor 
necrosis factor therapy, an 18% decrease in BWT 4-8 wk post-induction predicted endoscopic response 
[area under the receiver operating characteristic curve (AUROC) =0.77, odds ratio (OR) = 10.80, P = 
0.012] and a BWT cut-off of 3.2 mm was accurate to detect endoscopic remission (AUROC = 0.94, OR = 
39.42, P < 0.0001) at weeks 12-32[34]. Lastly, a recent multicenter Italian study of adult patients with CD 
treated with various biologic therapies demonstrated higher rates of TH (defined as normalization of all 
IUS parameters) with improvement in IUS in 53% at 3 mo and 64% by 1 year with a number needed to 
treat of 3.6 patients in order to achieve TH. Compared to MH alone, TH is associated with improved 
outcomes and a decreased risk of long-term disease progression[29,30,35,36].

Similarly, there is evidence in patients with UC to support the use of IUS as a monitoring tool of 
treatment response, and in fact, changes on IUS may be seen quicker in patients with UC compared to 
those with ileal CD. Evidence comes from a large multicenter German study of patients with UC who 
experienced clinical relapse and were treated with anti-inflammatory therapies; there was improvement 
in the colon BWT as early as 2 wk and BWT improvement continued 12 wk after treatment initiation
[37]. In a study of 74 patients with UC, those who did not have a significant treatment response on IUS 
by 3 mo, measured by a significantly increased BWT to > 6 mm and presence of hyperemia, were at 
increased risk of continued severe endoscopic activity at 15 mo[38]. In 27 patients with UC treated with 
tofacitinib, BWT correlated with Mayo score (r = 0.68, P < 0.0001) and UC Endoscopic Index for Severity 
(r = 0.73, P < 0.0001) at induction and week 8 after treatment initiation. A decrease in BWT was more 
pronounced in patients with endoscopic response with a decrease in BWT of 32% from baseline being 
accurate for endoscopic response (AUROC = 0.87) and a BWT cut-off of 2.8 mm being the most accurate 
value to detect endoscopic remission (AUROC = 0.87)[39]. Utilizing IUS at baseline in patients with UC 
can also predict disease course. A Milan Ultrasound Criteria score > 6.2 at baseline in a study of 98 



Dolinger MT et al. IUS in IBD

WJG https://www.wjgnet.com 2277 April 21, 2023 Volume 29 Issue 15

patients with UC was predictive of a negative disease course (need for corticosteroids, change in 
therapy, hospitalization, or colectomy) at 1.6 years after treatment initiation[40].

Utility for monitoring in pregnancy
While it is critical to control IBD activity during pregnancy, the tools for tight control disease activity 
monitoring are limited. IUS provides significant value for the precise monitoring of disease activity in 
the colon throughout all three trimesters and in the terminal ileum during the first two trimesters. In an 
Australian cohort of 90 pregnant women with IBD, 127 IUS examinations were performed. Adequate 
ileal views for disease activity assessment were obtained in 93% of patients at less than 20 wk 
gestational age, but in only 56% of patients at 20-26 wk. In contrast, adequate colonic views were 
obtained in 91% of all IUS examinations[41]. In this cohort, BWT was compared to FC as the current 
reference standard for disease activity monitoring during pregnancy and BWT was found to positively 
correlate with FC (r = 0.26, P = 0.03) and had a sensitivity of 74%, specificity of 83% and negative 
predictive value of 90%. Similarly, in a small Dutch cohort of 38 pregnant women with IBD, 27 of whom 
were followed with serial IUS examinations during pregnancy, feasibility to assess the terminal ileum 
significantly decreased from 91.3% in the first trimester to 21.7% in the third trimester (P < 0.0001). 
When compared to FC and clinical activity combined, IUS was able to distinguish active from quiescent 
disease with 84% sensitivity and 98% specificity[42].

Utility for monitoring in pediatrics
In children, use of IUS as a non-invasive tool to monitor disease activity is of even more importance 
than in adults, as younger children often require sedation for MRE and there is a need to reduce the risk 
of radiation exposure from repeated CT scans. As previously stated, there is a clear consensus that a cut-
off value for normal BWT in children is not 3 mm, but more likely to be in the range of 2-2.5 mm[14]. 
Similar to adults, IUS can be used to monitor treatment response in children with CD treated with 
infliximab. In a study of 28 children with newly diagnosed ileal CD, BWT, hyperemia and involved 
segment length all significantly decreased as early as 2 wk after infliximab initiation and there was a 
strong correlation between CDS and FC (r = 0.71, P < 0.0001). Linear mixed models from this study 
demonstrated that BWT, hyperemia, and involved segment length continue to decrease over the course 
of 6 mo after infliximab initiation[43]. In a small pilot study of 13 children with small bowel CD 
undergoing infliximab induction, bowel wall hyperemia decreased in all but one patient post-induction 
(P = 0.01), indicating that hyperemia assessed by CDS may be the earliest IUS measure to normalize 
post-induction[44].

Utility for monitoring postoperative CD recurrence
IUS is an accurate tool for monitoring postoperative CD recurrence in the neo-terminal ileum after 
ileocolic resection. BWT greater than 3-3.5 mm is accurate to detect recurrence based on ileocolonoscopy 
with a sensitivity of 90%-100%[45]. In a study using both traditional IUS and CEUS to assess CD 
recurrence, 90 patients, 62 of which had severe recurrence (Rutgeerts score i3 or i4), underwent IUS, 
CEUS, and endoscopy. A BWT > 5 mm, without any additional parameters, demonstrated 100% 
specificity to detect recurrence and a BWT > 6 mm was 95.7% specific to detect severe recurrence. The 
addition of bowel wall contrast enhancement ≥ 70% to either BWT ≥ 5 or 6 mm was the most accurate to 
the Rutgeerts score with an AUROC of 0.89 for detecting recurrence[46].

COMPARISON WITH OTHER CROSS-SECTIONAL IMAGING MODALITIES
Overall IUS, MRE, and CTE have similar accuracy for the diagnosis of CD complications such as 
strictures, abscesses, and fistulae[47]. In the largest study to date, the prospective multi-center METRIC 
trial included 284 patients, 233 of which had small bowel CD, and demonstrated that IUS and MRE are 
comparable for detection of disease in the terminal ileum. IUS had a sensitivity and specificity of 92% 
and 84% while MRE had a sensitivity and specificity of 97% and 96%. MRE was superior to IUS for the 
detection of small bowel disease extent with a sensitivity of 80% compared to 70% for IUS. Similarly, in 
a multicenter Italian study of 234 adult patients with CD, IUS and MRE had comparable accuracy with a 
sensitivity and specificity to detect inflammation of 96% and 97% for IUS and 96% and 94% for MRE. 
MRE was more accurate than IUS to define small bowel disease extension (r = 0.69) and detect fistulae (k 
= 0.67), but comparable for detection of strictures (k = 0.82) and abscesses (k = 0.88)[48]. As such, the 
updated guidelines from the European Crohn’s and Colitis Organization (ECCO)-European Society for 
Gastrointestinal and Abdominal Radiology and ECCO-European Society for Pediatric Gastroenterology, 
Hepatology, and Nutrition now propose the use of IUS in the diagnostic evaluation for adult and 
pediatric CD[49,50].

Follow-up analysis from the METRIC trial for observer agreement demonstrated that IUS and MRE 
are similar, with IUS performing slightly better than MRE numerically. Interobserver agreement for 
MRE was modest for new diagnosis [68% (k = 0.36)] and relapsed patients [78% (k = 0.56)] and only 
slight for colonic assessment for new diagnosis [61% (k = 0.21)] and relapsed patients [60% (k = 0.20)]
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[51]. Interobserver agreement for IUS was higher than MRE in the small bowel for new diagnosis [82% (
k = 0.64)] and for relapsed patients [81% (k = 0.63)] and in the colon for new diagnosis [64% (k = 0.27)] 
and relapsed patients [78% (k = 0.56)][52]. Furthermore, a retrospective study in children with IBD 
demonstrated that MRE is not accurate for the assessment of colonic disease, with the simplified 
Magnetic Resonance Index of Activity unable to identify severe lesions in colonic segments[53].

IMPACT ON PATIENT MANAGEMENT AND SHARED DECISION MAKING
When determining the optimal tight control monitoring tool, perhaps the most important aspect to 
consider is patient preference and compliance. IUS is one of the most preferred monitoring tool by 
patients with IBD. In a survey of 121 Australian patients with a formal diagnosis of IBD, IUS scored 
highly acceptable for disease activity monitoring (mean 9.20 ± 1.37) compared to colonoscopy (7.94 ± 
2.30), FC (8.17 ± 1.96), serum sampling (8.87 ± 1.62) and alternative forms of cross-sectional imaging 
(8.67 ± 1.60)[54].

Beyond preference, use of IUS for IBD monitoring enhances shared understanding and increases the 
ability of providers to make major treatment decisions during routine clinic visits. In a study of patients 
randomized to ultrasound-driven IBD care vs non-ultrasound driven IBD care, patients who underwent 
IUS reported better understanding of all aspects of their disease and symptoms, and were more 
confident in their ability to make informed decisions about managing their disease[55]. Furthermore, 
gastroenterologists altered management by changing medications in 47% of patients in the ultrasound 
group compared to just 22% in the non-ultrasound group (P = 0.002). Based on disease activity, 
providers were more likely to change therapy when patients had an IUS compared to when they did not 
(P = 0.024).

POSITIONING ALGORITHM AT THE POINT OF CARE IN THE CLINIC
Debate over the timing and utilization of IUS for tight control monitoring, as well as the definition of 
treatment response and remission, is ongoing. Multiple studies demonstrate a decrease in BWT by week 
4 after therapy initiation, but the longitudinal effect of response reassessment at this early timepoint is 
still unclear[43,56]. A panel of gastroenterologists from the IBUS developed an expert consensus 
statement and defined: (1) IUS response as a decrease in BWT by 25% from baseline or 2.0 mm, or 
greater than 1.0 mm with a decrease in CDS by the modified Limberg score of one grade; and (2) IUS 
remission as a BWT ≤ 3 mm and normal CDS or absence of hyperemia[57].

Here we propose a practical tight control monitoring algorithm based on IUS (Figure 4). IUS should 
be repeated post-induction at week eight, regardless of biologic therapy, to assess change in BWT and 
hyperemia by CDS. If there is no change or an increase in BWT and/or hyperemia, optimization of 
therapy (dose or interval escalation) should be considered. Repeat IUS should then occur again in eight 
weeks to reassess response. If again there is no change or worsening, repeat ileocolonoscopy assessment 
and subsequent therapy discontinuation and switch should be considered. If there is IUS response (as 
defined above), then the interval to repeat IUS should be extended to 12 wk. Repeat IUS should be 
performed then every 12 wk until one year and if complete IUS transmural remission is achieved, then 
IUS can be performed every 6 mo for subsequent monitoring and confirmation of sustained transmural 
remission.

FUTURE APPLICATIONS
Eventually, the use of IUS at the point-of-care may be able to quantify the proportion of active vs chronic 
inflammation in patients with IBD. This will aid in treatment decision making, guiding choices toward 
either an anti-inflammatory or anti-fibrotic therapy, with or without surgery. In a study of 35 CD 
patients who underwent sheer wave elastography (SWE) within 1 wk of surgical resection, a cut-off 
value of 22.5 kPa was 69.6% sensitive and 91.7% specific with an AUROC of 0.82 to discriminate 
between mild/moderate and severe fibrosis based on histopathology[58]. Future studies validating cut-
offs to discriminate degrees of fibrosis and active inflammation are still needed, but in the future 
provides will be able to personalize management for patients based on where they fall on the active 
inflammation vs fibrosis pathway utilizing SWE[59,60]. Additionally, use of hand-held IUS in 
combination with artificial intelligence will be able to help patients monitor both their active inflam-
mation and fibrosis remotely for further tight control in the future[61].
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Figure 4 Intestinal ultrasound-based tight control monitoring algorithm. IUS: Intestinal ultrasound; BWT: Bowel wall thickness; CDS: Color Doppler 
signal.

CONCLUSION
IUS is an accurate, non-invasive cross-sectional imaging tool to assess IBD activity in real time. 
Incorporation of IUS into a tight control monitoring strategy promotes quick and impactful treatment 
decisions that can modify disease progression and enhance patient compliance. Specific populations of 
patients with IBD, especially children and pregnant women, would benefit significantly from the 
increased use of IUS for disease monitoring. Continued advances in technology will likely allow for 
enhanced stratification of active vs chronic inflammation at the point-of-care and enable remote 
monitoring for even tighter control. Ultimately, an IUS-based tight control monitoring algorithm and 
prediction tool may be used for early treatment decisions to achieve sustained deep remission and 
disease modification.
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Abstract
Coronavirus disease 2019 (COVID-19) caused by the novel severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) has become a major global pu-
blic health event, resulting in a significant social and economic burden. Although 
COVID-19 was initially characterized as an upper respiratory and pulmonary 
infection, recent evidence suggests that it is a complex disease including gast-
rointestinal symptoms, such as diarrhea, nausea, and vomiting. Moreover, it 
remains unclear whether the gastrointestinal symptoms are caused by direct 
infection of the gastrointestinal tract by SARS-CoV-2 or are the result of systemic 
immune activation and subsequent dysregulation of homeostatic mechanisms. 
This review provides a brief overview of the mechanisms by which SARS-CoV-2 
disrupts the integrity of the gastrointestinal barrier including the mechanical 
barrier, chemical barrier, microbial barrier, and immune barrier.

Key Words: Gastrointestinal barrier dysfunction; SARS-CoV-2; COVID-19; Angiotensin-
converting enzyme 2; Microbiome; Immune cells

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Coronavirus disease 2019 (COVID-19) has become a major global public 
health event, resulting in a significant social and economic burden. Although COVID-
19 was initially characterized as an upper respiratory and pulmonary infection, recent 
evidence suggests that it is a complex disease including gastrointestinal symptoms. 
Moreover, it remains unclear whether the gastrointestinal symptoms are caused by direct 
infection of the gastrointestinal tract by severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) or are the result of systemic immune activation and subsequent dysregu-
lation of homeostatic mechanisms. This review provides a brief overview of the 
mechanisms by which SARS-CoV-2 disrupts gastrointestinal barrier integrity.
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INTRODUCTION
Since the advent of coronavirus disease 2019 (COVID-19), the disease has spread globally and had a 
profound impact on the lives and health of people around the world[1]. The virus that causes COVID-
19, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), replicates and matures once it 
enters cells through the angiotensin-converting enzyme 2 (ACE2) receptor. SARS-CoV-2 can trigger an 
inflammatory response that involves the activation of immune cells by a variety of cytokines[2,3]. ACE2 
receptors are present in multiple cell types throughout the body, including the oral and nasal mucosa, 
lung, and gastrointestinal tract, indicating that SARS-CoV-2 can cause multi-organ damage[4,5].

The intestinal tract is the digestive organ of the body, but also has endocrine and immune functions, 
and is the first line of defense against non-specific infections. However, the intestine is also the largest 
reservoir of bacteria and endotoxins in the body and is, therefore, a hidden source of infection. While 
digesting and absorbing nutrients, the intestine contains bacteria and their metabolites, and the 
gastrointestinal barrier plays a very important role in preventing systemic absorption of harmful 
microbes and substances[6,7]. The gastrointestinal barrier is composed of the intestinal epithelial cell 
layer, mucus layer, normal intestinal flora, intestinal immune system, and intestine-hepatic axis, which 
together perform the functions of mechanical barrier, chemical barrier, microbial barrier, and immune 
barrier (Figure 1). This barrier plays an important role in homeostasis by preventing harmful substances 
and pathogens in the gastrointestinal tract from entering the internal environment of the body[8]. In this 
review, we describe the pathophysiological mechanisms of gastrointestinal barrier dysfunction in 
COVID-19 patients (Figure 2).

MECHANISMS OF THE GASTROINTESTINAL BARRIER 
Mechanical barrier
The intestinal mechanical barrier consists of intestinal mucosal epithelial cells, tight junctions (TJs) 
between epithelial cells, and a layer of bacteria and mucous on the surface of epithelial cells. TJs are the 
most important component of the intestinal mechanical barrier[9] and are composed of four 
transmembrane proteins: Zonula occludens (ZO); occludin; claudins, and junctional adhesion molecules 
(JAMs). TJs form an important barrier against the translocation of bacteria and toxins in the intestine
[10]. The TJs between cells close the gaps between adjacent intestinal epithelial cells, preventing bacteria 
and antigens in the intestinal lumen from entering the lamina propria and activating immune cells in 
the lamina propria. Therefore, TJs maintain the stability of the intestinal mucosal barrier and prevent 
abnormal immune reactions in the mucosa. Moreover, the TJs between intestinal epithelial cells play an 
important role in maintaining the morphological structure of epithelial cells, regulating the differen-
tiation and repair of epithelial cells and intercellular material transport, and maintaining the barrier 
function of the intestinal mucosa and intestinal mucosal permeability[10-12].

Chemical barrier
The intestinal chemical barrier, also called the mucus layer, is a general term for the antimicrobial 
substances produced by the resident intestinal bacteria and host cells e.g., Paneth cells and the chemicals 
that inhibit bacterial adhesion and colonization, such as gastric acid, digestive enzymes, lysozyme, and 
mucin[13,14]. The mucus layer, which is mainly composed of mucins and secretory mucin MUC2, limits 
the contact of gastrointestinal tissues with the microbiota[15,16]. Therefore, the mucus layer separates 
bacteria from intestinal epithelial cells in the intestinal lumen while allowing nutrient absorption[17]. It 
also lubricates the luminal contents to prevent degradation of the gastrointestinal tissues[18,19]. Gastric 
acid acts mainly at the beginning of the small intestine to inactivate bacteria and other pathogenic 
microorganisms. Lysozyme exerts bactericidal and antibacterial effects on the intestinal epithelial 
surface and in the intestinal lumen[20,21]. Moreover, bile is an important chemical barrier to endotoxins, 
as bile salts bind to endotoxins in the intestine and prevent absorption from the intestine into the portal 
vein[22].

Microbial barrier
The normal intestine is inhabited by a large number of bacteria, with at least 500 different species, most 
of which are anaerobic[23]. Under normal conditions, the normal flora maintain a relatively stable 
proportional relationship with each other. They combine with the intestinal mucosa to form a micro-
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Figure 1 Schematic diagram of the intestinal barrier. The intestinal barrier is composed of biological, chemical, mechanical, and immune barriers. The 
intestinal lumen contains antimicrobial peptides, mucins, gastric acid, bile salts, lysozyme, and commensal bacteria, which together provide a protective barrier effect 
and inhibit pathogen colonization. The epithelial layer consists of a single layer of epithelial cells with tight junctions that prevent paracellular passage. In addition, this 
layer also harbors M cells, Goblet cells, and Paneth cells. The lamina propria contains a large number of immune cells, including B cells, T cells, plasma cells, 
macrophages, dendritic cells, and mast cells.

ecosystem that is both interdependent and interactive with the micro-spatial structure of the host and 
this micro-ecosystem forms the microbial barrier of the intestine[24]. Under normal microecological 
conditions, the dominant replication of non-pathogenic intestinal flora can hinder the survival of 
pathogenic bacteria. At the same time, non-pathogenic flora also secrete some antibacterial and antimi-
crobial substances, such as lactic acid and bacteriocins, which can interfere with and inhibit the vitality 
and function of pathogenic bacteria[25-27].

Immune barrier
The intestine is both a digestive organ and the largest immune organ in the body and is, therefore, an 
important part of the systemic immune system. The intestine is constantly exposed to antigenic 
substances, such as microbial antigens and food antigens, but the gastrointestinal barrier, including the 
immune barrier, can effectively prevent the penetration of these antigens. The intestinal immune 
defense system is mainly composed of gut-associated lymphoid tissue (GALT) in the intestinal wall and 
secreted IgA, IgM, and IgE. GALT is the site of induction and activation of the immune response, 
mainly in the Peyer's patches that are distributed throughout the small intestine[28,29]. Most of the IgA 
in intestinal secretions is secretory IgA (sIgA), which is the most secreted immunoglobulin in the body 
and the main immunoglobulin on the intestinal mucosal surface. sIgA plays a leading role in humoral 
immunity and is the first line of defense against the adhesion and colonization of pathogens in the 
intestinal mucosa[30,31]. Furthermore, perivascular macrophages in the lamina propria constitute an 
anatomical barrier that functions to prevent bacterial translocation[32]. Also, neutrophils play an 
important role in capturing and killing pathogens in enterocolitis[33].

FACTORS CONTRIBUTING TO THE GASTROINTESTINAL BARRIER DYSFUNCTION 
CAUSED BY SARS-COV-2
SARS-CoV-2 and the mechanical barrier
Damage to the gastrointestinal mechanical barrier can be caused by direct infection of intestinal cells 
with SARS-CoV-2. The spike protein of SARS-CoV-2 has a high affinity for ACE2, which is widely 
expressed in intestinal epithelial cells. SARS-CoV-2 enters target cells mainly through the ACE2 receptor 
thus causing primary damage to the intestine by altering the expression and function of TJ-related 
proteins, leading to disruption of the paracellular barrier function[34-37]. A study by Sun et al[38] that 
compared differentially enriched proteins in the stools of COVID-19 patients and normal participants 
found evidence of intestinal infection and intestinal damage caused by SARS-CoV-2. For example, 
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Figure 2 Mechanisms of gastrointestinal barrier dysfunction in coronavirus disease 2019 patients. A: Severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) binds with angiotensin-converting enzyme 2 (ACE2) to enter the lung and, through the CCL25-CCR9 axis, mediate the recruitment of 
lung-derived effector CD4+ T cells to the small intestine. This promotes the in-situ polarization of small intestinal Th17 cells and production of IL-17A leading to 
neutrophil aggregation and injuring the intestine; B: The intestinal flora is transferred to the liver through the portal vein, affecting liver function and leading to a 
decrease in endotoxin inactivation. Endotoxins enter the systemic circulation and induce an inflammatory response. In addition, decreased liver function also leads to 
reduced bile secretion and decreased inhibition of intestinal flora; C: The SARS-CoV-2 attack on cerebral neurons produces a large amount of pro-inflammatory 
cytokines that activate the systemic immune system, leading to damage of the gastrointestinal barrier. In addition, neurological damage activates the 
hypothalamic–pituitary–adrenal axis, which causes an increase in adrenal cortisol secretion, impairing the gastrointestinal barrier; D: The use of antibacterial or 
antiviral drugs may cause dysbiosis or immune suppression resulting in gastrointestinal barrier disorders; E: Competitive binding of ACE2 receptors by the SARS-
CoV-2 virus inhibits tryptophan absorption through the B0AT1/ACE2 transport pathway in enterocytes, thus impairing regulation of antimicrobial peptide expression 
and causing dysbiosis of the flora, which disrupts the gastrointestinal barrier. ACE2: Angiotensin-converting enzyme 2.

certain protein components of human immunoglobulins and hemoglobin were upregulated in COVID-
19 patients, suggesting an enhanced immune response and potential bleeding in the intestine.

Studies have also shown that ZO-1 interacts with: (1) Occludin, claudins, and JAM; (2) molecular 
components of intracellular TJ plaques, such as ZO-2, ZO-3, and cingulin; and (3) the actin cytoskeleton
[39]. Thus, ZO-1 plays a key role in the structural and functional integrity of the paracellular barrier[39]. 
Furthermore, the cytoskeletal and barrier biomarkers KRT19 and ZO1 were respectively enriched in 
stool and blood samples from COVID-19 patients, suggesting increased intestinal paracellular 
permeability and injury[38,40]. Another group showed that the microbial metabolite d-lactate and the TJ 
regulator zonulin were increased in the serum of patients with severe COVID-19 and in COVID-19 
patients with secondary infections[41]. These data suggest that biomarkers of intestinal permeability 
may also be early biomarkers for a fatal outcome. Indeed, treatment with larazotide, a zonulin inhibitor, 
significantly improved time-to-resolution of gastrointestinal symptoms and time-to-clearance of spike 
antigenemia in pediatric COVID-19 patients[42,43].

In addition, apoptosis of intestinal epithelial cells in COVID-19 patients is another important factor 
affecting the integrity of the gastrointestinal mechanical barrier. A study by Lehmann et al[44] 
demonstrated a significant increase in the number of apoptotic epithelial cells in COVID-19 patients by 
using immunohistochemistry to detect cleaved caspase-3. They also examined the histomorphological 
changes of epithelial cells and found apoptosis and subsequent regenerative proliferation of epithelial 
cells in the small intestine of COVID-19 patients[44].

In addition, infection of lung and small intestinal epithelial cells with SARS-CoV-2 stimulates 
secretion of large amounts of pro-inflammatory cytokines (chemokine-1, TGF-β1, TNF-α, IL-1, and IL-6) 
causing a cytokine storm and damage to the small intestine that disrupts the integrity of the gastr-
ointestinal barrier[45]. Interestingly, this phenomenon was confirmed using human induced pluripotent 
stem (iPS)-derived intestinal epithelium, suggesting that iPSC could be a useful in vitro model for 
evaluating COVID-19 pathology in gastrointestinal barrier dysfunction[46].

SARS-CoV-2 and the chemical barrier
Many COVID-19 patients have a significantly reduced appetite, and severely affected patients, such as 
those dependent on mechanical ventilation, may not be able to eat, resulting in reduced secretion of 
gastric acid and bile. Under normal conditions, the intestinal epithelial surface is less susceptible to 
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damage by harmful substances due to the mucus cover, which plays an important role in the 
gastrointestinal barrier. Studies have shown that in rats receiving total parenteral nutrition, glands 
atrophy, the intestinal mucus layer is damaged and thinned, intestinal permeability increases, and the 
gastrointestinal barrier is disrupted[47,48]. In standard total parenteral nutrition, no food passes 
through the intestine in the loading state and certain essential intestinal nutrients such as glutamine are 
lacking. Numerous subsequent studies have confirmed that parenteral nutrition tends to damage the 
intestinal epithelial mucus layer, leading to disruption of the gastrointestinal barrier[49,50].

SARS-CoV-2 is known to be neuroinvasive, and when the body is infected with SARS-CoV-2, a 
cytokine storm is generated and the release of large amounts of pro-inflammatory cytokines leads to 
blood-brain barrier damage[51,52]. In addition, lipopolysaccharide (LPS) is recognized by Toll-like 
receptors, which transduce signals that stimulate release of inflammatory cytokines[53-55]. ACE2 is 
expressed in certain regions of the human brain as well as in neurons and SARS-CoV-2 can directly 
damage these target organs[56]. After SARS-CoV-2 infection, impairment of the gastrointestinal barrier 
causes leaky gut and increased translocation of bacterial metabolic components and toxins into the 
bloodstream, which activates the immune response and leads to systemic inflammation[57-59]. This can 
promote neuronal degeneration and the development of psychiatric and neurodegenerative disorders
[60]. Furthermore, neurological damage can affect the gastrointestinal barrier via the neuroendocrine 
pathway; this occurs mainly through the hypothalamic–pituitary–adrenal (HPA) axis[61-63]. Stress 
activates the HPA axis, which ultimately leads to the release of glucocorticoids such as cortisol from the 
adrenal cortex. Cortisol can alter gastrointestinal dynamics, increase intestinal permeability, and affect 
the intestinal microbiota[61].

SARS-CoV-2 and the microbial barrier
When the microbial balance in the intestine is altered, pathogenic bacteria adhere to the intestinal 
epithelium and grow dominantly to replace the normal flora[64]. Pathogenic bacteria can directly 
damage the microvillous membrane proteins of the intestinal epithelium by producing bacterial 
proteases. Furthermore, pathogenic bacteria can alter biochemical reactions in the intestinal epithelium, 
leading to damage, blunting, fusion, or obliteration of the villi[65]. In addition, pathogenic bacteria can 
produce various toxins or other metabolites that inhibit protein synthesis in the intestinal epithelium, 
thereby damaging the intestinal mucosal barrier. Some opportunistic pathogens can also produce 
proteases that degrade IgA, which can weaken or eliminate the immune function provided by sIgA and 
promote bacterial translocation, leading to bacteremia and endotoxemia, thereby further damaging 
gastrointestinal barrier integrity[66].

A study by Sun et al[38] using metagenomic and metaproteomic methods showed significant changes 
in the composition of the gut microbiome in COVID-19 patients, characterized by a decrease in 
commensal species and an increase in opportunistic pathogenic species. Moreover, other studies have 
shown that the microbiota of COVID-19 patients is enriched with opportunistic pathogens, compared 
with healthy individuals[64,67-69]. Furthermore, the plasma concentration of the gut permeability 
marker FABP2 and gut microbial antigens PGN and LPS were significantly elevated in COVID-19 
patients in comparison to healthy controls[70].

Hashimoto et al[71] found that ACE2 acts as a binding partner of amino acid transporter B0AT1 
(SLC6A19) in the intestine and plays an important role in amino acid transport. Tryptophan is mainly 
absorbed through the B0AT1/ACE2 transport pathway in enterocytes, which activates the mammalian 
target of the rapamycin (mTOR) pathway to regulate the expression of antimicrobial peptides. These 
antimicrobial peptides affect the composition of the intestinal microbiota[71]. Competitive binding of 
ACE2 receptors by the SARS-CoV-2 virus prevents the absorption of tryptophan through the B0AT1/
ACE2 transport pathway in enterocytes, impairs the regulation of antimicrobial peptide expression, and 
causes an intestinal dysbiosis, leading to disruption of the gastrointestinal barrier.

In addition, when patients with COVID-19 are admitted to hospital for treatment, changes in 
gastrointestinal barrier dysfunction are often induced by bacterial translocation and gut microbiome 
dysbiosis as a result of early and heavy use of antimicrobial drugs, such as macrolides, fluor-
oquinolones, or cephalosporin antibiotics[72-74]. Wu et al[75] reported that washed microbiota 
transplantation can improve the intestinal mucosal barrier function, inflammatory response, and 
immunity. Therefore, this treatment is expected to be an efficacious and safe therapeutic option for the 
treatment of COVID-19 patients with gut microbiota dysbiosis[75].

SARS-CoV-2 and the immune barrier
After binding to ACE2 receptors expressed on intestinal epithelial cells, SARS-CoV-2 is transported to 
the nuclear endosome and releases its RNA[76,77]. Toll-like receptors recognize viral RNA and signal 
downstream mediators, which induce IFN-α and -β production and then activate the transcription factor 
NF-κB to produce pro-inflammatory cytokines[78]. During SARS-CoV-2 infection, small intestinal tissue 
and feces show increased pro-inflammatory markers, including neutrophil and monocyte accumulation, 
increased chemokine-1, TGF-β1, IL-1, IL-6, IL-8, and IFN-γ expression and decreased levels of the anti-
inflammatory cytokine IL-10[45,79,80]. IFN-γ is produced by several types of immune cells, especially T 
helper type 1 (Th1) cells. IFN-γ acts as a major inducer of the cell-mediated response to infection by 
activating macrophages, enhancing antigen presentation and T cell differentiation[81], and interacting 
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directly with epithelial cells, leading to chemokine expression and antimicrobial peptide secretion[82,
83]. In addition, mucosal CD4+ and CD8+ T cells, Th17 cells, neutrophils, dendritic cells, and 
macrophages were activated and T regulatory cells were reduced after intestinal epithelial cells were 
infected by SARS-CoV-2. Therefore, SARS-CoV-2 infection promotes an over-activated immune 
response that further damages intestinal epithelium[84-86]. Interestingly, one study found that SARS-
CoV-2 was not always measurable in the stools of COVID-19 patients with gastrointestinal symptoms. 
These data further suggest that the gastrointestinal barrier dysfunction may not be a direct result of viral 
infection of intestinal mucosal epithelial cells, but rather a result of the immune response[87].

CCL25 is expressed in enterocytes and the CCL25-CCR9 axis mediates recruitment of lung-derived 
effector CD4+ T cells to the small intestine[88]. CCR9+CD4+ T cells disrupt homeostasis of the intestinal 
flora, thereby promoting the in-situ polarization of small intestinal Th17 cells and the production of IL-
17A, leading to neutrophil aggregation and ultimately mediating intestinal immune-mediated injury[88,
89]. Moreover, damage to the intestinal mucosa and bacterial imbalance can lead to harmful metabolites 
in the intestine being transferred to the liver through the portal vein, affecting liver function[90]. With 
impaired liver function, endotoxin inactivation is reduced, resulting in endotoxin entering the systemic 
circulation[91-94]. This induces an inflammatory response, damages intestinal mucosa, and causes 
bacterial translocation and bacteremia, inducing a systemic inflammatory response and thus forming a 
vicious cycle[95].

Furthermore, antiviral drugs can also cause gastrointestinal barrier dysfunction. For example, severe 
and persistent diarrhea may be associated with the use of oseltamivir and arborol. Other drugs that can 
cause gastrointestinal barrier dysfunction include chloroquine phosphate, lopinavir, remdesivir, and 
some proprietary Chinese medicines, as well as immunosuppressors[96].

CONCLUSION
Gastrointestinal barrier dysfunction in COVID-19 patients is not an independent symptom, but rather a 
trigger of other diseases. In critically ill patients, gastrointestinal barrier dysfunction, if not treated early, 
may aggravate primary disease or even cause multi-organ dysfunction syndrome, thus endangering 
patients' lives. To assess gastrointestinal barrier dysfunction in COVID-19 patients, clinicians should not 
only consider the effect of the primary disease, but also the pathophysiological situation within the 
intestine. The pathological mechanisms that cause gastrointestinal barrier damage and dysfunction are 
complex and various mechanisms are often intertwined, interacting with each other. Therefore, the 
clinical diagnosis and treatment of gastrointestinal barrier dysfunction should be comprehensive and 
targeted.
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Abstract
BACKGROUND 
Ferroptosis is involved in developing inammatory diseases; yet, its role in acute 
hypertriglyceridemic pancreatitis (HTGP) remains unclear.

AIM 
To explore whether ferroptosis is involved in the process of HTGP and elucidate 
its potential mechanisms.

METHODS 
An HTGP mouse model was induced using intraperitoneal injection of P-407 and 
caerulein (CAE). Then, pancreatic tissues from the model animals were subjected 
to proteome sequencing analysis. The pathological changes and scores of the 
pancreas, lung, and kidney were determined using hematoxylin-eosin staining. 
The levels of serum amylase (AMY), triglyceride, and total cholesterol were 
measured with an automatic blood cell analyzer. Additionally, the serum levels of 
tumor necrosis factor (TNF)-α, interleukin (IL)-6, and IL-1β were determined by 
enzyme linked immunosorbent assay. Malonaldehyde (MDA), glutathione (GSH), 
and Fe2+ were detected in the pancreas. Finally, immunohistochemistry was 
performed to assess the expression of ferroptosis-related proteins.

RESULTS 
Proteome sequencing revealed that ferroptosis was involved in the process of 
HTGP and that NADPH oxidase (NOX) 2 may participate in ferroptosis 
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regulation. Moreover, the levels of serum AMY, TNF-α, IL-6, and IL-1β were significantly 
increased, MDA and Fe2+ were upregulated, GSH and ferroptosis-related proteins were reduced, 
and the injury of the pancreas, lung, and kidney were aggravated in the P407 + CAE group 
compared to CAE and wild type groups (all P < 0.05). Notably, the inhibition of ferroptosis and 
NOX2 attenuated the pathological damage and the release of TNF-α, IL-6, and IL-1β in the serum 
of the mice.

CONCLUSION 
Ferroptosis was found to have an important role in HTGP and may be considered a potential 
target for clinical treatment.

Key Words: Ferroptosis; Acute hypertriglyceridemic pancreatitis; NADPH oxidase 2; Ferrostatin-1; Vas2870
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Core Tip: Ferroptosis is involved in the development of inflammatory diseases, but its relationship with 
acute hypertriglyceridemic pancreatitis (HTGP) remains unclear. This study discoverd ferroptosis is 
involved in the process of HTGP and therefore a potential target for clinical treatment.

Citation: Meng YT, Zhou Y, Han PY, Ren HB. Ferroptosis inhibition attenuates inflammatory response in mice 
with acute hypertriglyceridemic pancreatitis. World J Gastroenterol 2023; 29(15): 2294-2309
URL: https://www.wjgnet.com/1007-9327/full/v29/i15/2294.htm
DOI: https://dx.doi.org/10.3748/wjg.v29.i15.2294

INTRODUCTION
Hypertriglyceridemia is one of the leading causes of acute pancreatitis (AP). In China, the incidence rate 
of acute hypertriglyceridemic pancreatitis (HTGP) has increased from 13% in 2009 to 25.6% in 2013, and 
it is currently considered a second predominant type of AP[1-3]. Compared with AP caused by other 
causes, HTGP is associated with multiple organ dysfunction syndrome (MODS) and higher mortality[1,
4]. However, the underlying mechanisms of HTGP remain clear, and no effective treatments are 
available. Therefore, exploring the pathogenesis of HTGP and seeking more accurate therapeutic targets 
are of critical importance.

It is generally believed that excessive triglyceride (TG), which is hydrolyzed by pancreatic lipase, 
results in the release of damage-inducing free fatty acids (FFA), which then directly damage the 
pancreatic function and induce and amplify inflammatory responses through oxidative stress, 
aggravating multiple organ damage and leading to MODS[5-8]. In 2020, Rawla et al[9] found that when 
serum TG levels were higher than 1000 mg/dL, the incidence of AP was 5%, but when TG was over 
2000 mg/dL, the incidence of AP increased to 10%-20%[9].

Previous studies have also revealed that various forms of regulated cell death (RCD), such as 
apoptosis and autophagy, are involved in the pathogenesis of AP[10-12]. Yet, the role of ferroptosis in 
HGAP is still not fully understood. Ferroptosis, as an iron-dependent form of non-apoptotic cell death 
first reported in 2012, is induced by excessive accumulation of peroxidized lipids and strictly regulated 
by glutathione peroxidase 4 (GPX4) and acyl-CoA synthetase long-chain family member 4[13-16]. 
Existing evidence suggests that the development of many diseases, including cancer, neurological 
diseases, ischemia-reperfusion injury, kidney injury, and cardiovascular diseases, is driven by 
ferroptosis[17-21]. In addition to altered iron homeostasis, the excessive production of reactive oxygen 
species (ROS) has also been reported as a key factor in ferroptosis induction[22].

Abnormal lipid metabolism is also considered to have an important role in the process of HTGP[4]. 
Meanwhile, FFA has been found to induce the excessive release of ROS and accumulation in the body
[5]. Therefore, since abnormal lipid metabolism and ROS accumulation occur in both ferroptosis and 
HTGP, we hypothesized that ferroptosis might also participate in the process of HTGP. In the present 
study, we assessed the role of ferroptosis in HTGP through proteome sequencing. Then, we investigated 
the possible pathways and verified our results using animal experiments. This study provides new 
insides into the mechanism and treatment of HTGP.

https://www.wjgnet.com/1007-9327/full/v29/i15/2294.htm
https://dx.doi.org/10.3748/wjg.v29.i15.2294
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MATERIALS AND METHODS
Materials and reagents
P-407 and caerulein (CAE) were purchased from Sigma Chemical (St. Louis, MO, United States). 
Ferrostatin-1 (Fer-1) and Vas2870 (Vas) were obtained from MedChemExpress (MCE, Monmouth 
Junction, NJ, United States). P-407 was solubilized in phosphate buffer solution (PBS) and stored at 4 °C. 
CAE, Fer-1, and Vas were solubilized in dimethyl sulfoxide and stored at 20 °C. Enzyme linked 
immunosorbent assay (ELISA) kits were obtained from Solarbio (Beijing, China).

Animals and modeling
Adult male C57BL/6 mice (25-30 g, 8-wk) were housed in a ventilated environment with a temperature 
of 22 ± 1 ºC, relative humidity of 50% ± 1%, and a light/dark cycle of 12/12 hr and given water and food 
ad libitum. After acclimatization, mice were randomly categorized into 4 groups (n = 4 per group): 
Control, P-407, AP (CAE), and HTGP (P-407 + CAE). The P-407 exposure group was intraperitoneally 
injected with a dosage of 0.6 g/kg body weight (bw) P-407[1,23]. Eight hours later, the AP group was 
intraperitoneally injected with a dosage of 100 μg/kg bw CAE 8 times (once every hour)[1,24]. The 
control group was injected with the same volume of PBS. After the last injection, all mice were alive. The 
animals were sacrificed and pancreas, lung, and kidney tissues were excised.

Serum assays 
After the mice fasted for 16 h, Roche blood glucose meter was used to detect fasting blood glucose, and 
the collected blood from eyeballs was centrifuged at 4 °C, 3000 g for 10 min. The activities of the serum 
α-amylase (AMY), total cholesterol (TC), TG, aspartate transaminase (AST), and alanine aminotrans-
ferase (ALT) in blood samples were measured by an automatic blood cell analyzer (Mindray, Shenzhen, 
China). Malonaldehyde (MDA), tumor necrosis factor (TNF)-α, interleukin (IL)-6, and IL-1β were 
detected by specific ELISA kits (Solarbio Science & Technology Co., Ltd, Beijing, China), following the 
manufacturer’s instructions. The concentrations were expressed as pg/mL. The serum fasting insulin 
(FINS) levels were detected by a specific ELISA kit (Proteintech, Wuhan, China). The homeostasis model 
assessment insulin resistance index (HOMA-IR) = fasting blood glucose (FBG, mmol/L) × Fasting 
insulin (FINS, mIU/L)/22.5.

Glutathione detection
The Micro Reduced glutathione (GSH) Assay Kit was from Solarbio (Solarbio Science & Technology Co., 
Ltd, Beijing, China). Continuously dilute the standard product according to the corresponding concen-
tration, and make the standard curve. Then, the supernatant of pancreas samples and total glutathione 
test solution were added into the 96-well plate successively, mixed, and incubated at 25 °C or room 
temperature for 5 min. 50 μL 0.5 mg/mL NADPH solution was added to per hole and mixed. The 
absorbance of each hole was measured immediately with an enzyme marker (λ = 412 nm). The total 
GSH content of each pore was obtained according to absorbance and standard curve. The sample is 
processed with GSH scavenger and GSH scavenger assistant in the kit to remove GSH, and the content 
of oxidized glutathione disulfide (GSSG) is measured, finally the content of reduced GSH is subtracted 
by total GSH and GSSG.

Fe2+ detection
Fe2+ in pancreas was detected according to the instructions in the Ferrous Ion Content Assay Kit 
(Solarbio Science & Technology Co., Ltd, Beijing, China). The absorbance was measured immediately 
with an enzyme marker (λ = 593 nm). The content of Fe2+ was obtained according to the concentration of 
standard substance and absorbance.

Malondialdehyde detection
MDA in pancreas was detected according to the instructions of MDA Content Assay Kit (Solarbio 
Science & Technology Co., Ltd, Beijing, China). After pretreatment, appropriate amount of supernatant 
was taken, and the absorbance of each group was measured at 532 nm. MDA content was obtained 
according to absorbance.

Histology and immunohistochemistry analyses
The tissue sections (pancreas, lung, and kidney) were cut into continuous slices. Hematoxylin–eosin 
(HE) staining was performed according to the Solarbio kit guidelines, and immunohistochemistry (IHC) 
analysis was conducted according to the Kangwei kit instructions. Images were acquired by Pannoramic 
MIDI (3DHISTECH). Brown-stained areas indicated immunoreactivity. Tissue sections were blindly 
evaluated by two pathologists based on previously reported criteria: The pathological injury of the 
pancreas was scored according to the edema, inflammation, hemorrhage, and necrosis of the pancreas
[25]; the pathological score of the lung was measured on the basis of edema, neutrophil infiltration, and 
hemorrhage[26]; the pathological renal score was evaluated by the degree of tubulointerstitial injury 
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based on previously reported criteria[27].
Ferroptosis-related proteins (the light chain subunit solute carrier family 7 member 11 (SLC7A11) and 

GPX4 were determined by IHC analysis. Image J was used to quantify the expression of SLC7A11 and 
GPX4.

Protein extraction
The sample was ground with liquid nitrogen into cell powder and then transferred to a 5-mL centrifuge 
tube. After that, four volumes of lysis buffer (8 M urea, 1% protease inhibitor cocktail) were added to the 
cell powder, followed by sonication three times on ice using a high-intensity ultrasonic processor 
(Scientz). Next, the remaining debris was removed by centrifugation at 12000 g at 4 °C for 10 min. 
Finally, the supernatant was collected, and the protein concentration was determined with a 
Bicinchoninic Acid Assay kit according to the manufacturer’s instructions.

Trypsin digestion
For digestion, the protein solution was reduced by 5 mmol/L dithiothreitol for 30 min at 56 °C and 
alkylated with 11 mmol/L iodoacetamide for 15 min at room temperature in darkness. The protein 
sample was then diluted by adding 100 mmol/L tetraethyl ammonium bromide to urea concentration < 
2 M. Finally, trypsin was added at 1:50 trypsin-to-protein mass ratio for the first digestion overnight and 
1:100 trypsin-to-protein mass ratio for a second 4 h digestion. Finally, the peptides were desalted using 
the C18 SPE column.

4D mass spectrometer
The tryptic peptides were dissolved in solvent A (0.1% formic acid, 2% acetonitrile/in water) and 
directly loaded onto a homemade reversed-phase analytical column (25 cm length, 75/100 μm inside 
diameter). Peptides were separated with a gradient from 6% to 24% solvent B (0.1% formic acid in 
acetonitrile) over 70 min, 24% to 35% in 14 min, and climbing to 80% in 3 min, then holding at 80% for 
the last 3 min, all at a constant flow rate of 450 nL/min on a nanoElute UHPLC system (Bruker 
Daltonics).

The peptides were subjected to a capillary source followed by the timsTOF Pro (Bruker Daltonics) 
mass spectrometry. The electrospray voltage applied was 1.60 kV. Precursors and fragments were 
analyzed at the TOF detector, with an MS/MS scan ranging from 100 to 1700 m/z. The timsTOF Pro 
was operated in parallel accumulation serial fragmentation (PASEF) mode. Precursors with charge 
states 0 to 5 were selected for fragmentation, and 10 PASEF-MS/MS scans were acquired per cycle. The 
dynamic exclusion was set to 30 s.

Database search
The resulting MS/MS data were processed using the MaxQuant search engine (v.1.6.15.0). Tandem 
mass spectra were searched against the mouse SwissProt database (17089 entries) concatenated with the 
reverse decoy database. Trypsin/P was specified as a cleavage enzyme allowing up to 2 missing 
cleavages. The mass tolerance for precursor ions was set as 20 ppm in the first search and 5 ppm in the 
main search, and the mass tolerance for fragment ions was set as 0.02 Da. Carbamidomethyl on Cys was 
specified as a fixed modification, and acetylation on protein N-terminal and oxidation on Met were 
specified as variable modifications. The false discovery rate was adjusted to < 1%. The data base is 
UniProt, the species-specific protein library is Mus_musculus_10090_SP_2021072. fasta. The proteomic 
analysis was performed by PTM Biolabs.

Principle component analysis
Principle component analysis (PCA) was conducted using R packages ‘gmodels’, ‘ggplot2’, and 
‘ggrepel’. The protein quantitative principal component (PC) analysis results of all samples were 
calculated. The degree of aggregation between samples in the figure represents the difference between 
samples.

Differentially expressed proteins analysis
The samples to be compared were selected, and the relative quantitative values of each protein in the 
repeated samples were taken as the difference multiple (fold change, FC). In order to judge the 
significance of the difference, the relative quantitative value of each protein in the samples of the 
comparison group was subjected to a t-test. The corresponding P value was calculated as the 
significance index. The default P value was < 0.05.

Gene Ontology enrichment analysis
Gene Ontology (GO) is used to express various properties of genes and gene products. GO annotations 
are divided into three categories: Biological Process, Cellular Component, and Molecular Function, 
which aim to explain the biological role of proteins from different perspectives. We performed differ-
ential protein enrichment analysis on a biological process in GO classification.
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Kyoto Encyclopedia of Genes and Genomes pathway analysis
Kyoto Encyclopedia of Genes and Genomes (KEGG)[28] analysis was conducted using the ‘cluster-
Profiler’ package[29] of R software. A previously described method was used[30].

Cluster analysis
According to Fisher's exact test obtained by the enrichment analysis, the related functions in different 
comparison groups were clustered using the hierarchical clustering method, and heatmaps were drawn. 
In the heatmaps, the horizontal direction of the heatmap represents different comparison groups, and 
the vertical direction indicates related functions enriched by differentially expressed proteins in 
different comparison groups. The color patches corresponding to the functional description of the 
enrichment of the differentially expressed proteins in different comparison groups indicate the degree 
of enrichment. Red color represents strong enrichment, and blue represents weak enrichment.

Statistical analysis 
All data are expressed as mean ± SD. The statistical analyses were conducted using SPSS version 18.0 
software, and the differences in data among the groups were analyzed using the unpaired Student t-test 
of variance test. P < 0.05 (2-tailed) was considered to indicate a statistically significant difference.

RESULTS
P-407 and CAE were successfully used to develop the mouse model of HTGP
The exposure of mice to P-407 and CAE for 48 h resulted in much higher TC and TG in the P-407 (model 
for hyperlipidemia) and P-407 + CAE (model for HTGP) groups than in the Ctrl and CAE (model for 
AP) groups (Figure 1A). A slight rise in the AMY level was seen in the CAE group, whereas in the P-407 
+ CAE group, a significant increase in the AMY level was detected compared to other groups (all P < 
0.05, Figure 1B). In addition, an increase in AST and ALT levels were seen in the CAE-treated groups, 
but there was no difference between CAE and P-407 + CAE-treated groups (P > 0.05, Figure 1C). There 
was no change in HOMA-IR among different groups (P > 0.05, Figure 1D). Furthermore, in the CAE 
group, a minor injury was seen in the pancreas and kidney, whereas in the P-407 + CAE group, serious 
injuries were observed in the pancreas, lung, and kidney, which were detected by HE staining 
(Figure 1E-G). Also, in the P-407 + CAE group, high levels of serum TNF-α, IL-1β, and IL-6 were 
detected (Figure 1H). These results proved that P-407 and CAE mice models were successful.

Proteome profiling predicts the role of ferroptosis in P-407 + CAE-induced HTGP rather than AP
Next, proteome sequencing was used to compare the mechanisms of HTGP and AP. Samples of the 
same group were clustered together from both PCA and clustering analyses (Figure 2A and B). The CAE 
treatment caused the rightward movement of samples along the PC1, explaining 56.0% of the total 
variance. The P-407 + CAE treatment upward along PC2 explained 17.5% of the total variance 
(Figure 2A). Additionally, 190 proteins were downregulated, whereas 272 proteins were upregulated in 
the pairwise comparisons (CAE vs WT). Furthermore, 43 proteins were downregulated and 125 were 
upregulated when comparing P-407 + CAE and CAE groups (Figure 2C and D). These results suggested 
that AP and HTGP exert different effects on the pancreas.

GO analyses further showed that the acute inflammatory response was highly enchased in the P-407 
+ CAE group vs CAE group; this difference, however, was not evident when comparing CAE vs WT 
groups, which also confirmed that P-407 + CAE induces more severe pancreas injury than CAE 
(Figure 2E). Furthermore, KEGG pathway analyses also showed that upregulated proteins were weakly 
enriched for ferroptosis in the CAE group vs WT group but also strongly enriched for ferroptosis in the 
P-407 + CAE group vs CAE group (Figure 2F). These results suggest that ferroptosis occurs specifically 
in P-407 + CAE-induced HTGP.

Verification of P-407 + CAE-induced ferroptosis in mice
To verify the results of proteome sequencing, we performed IHC staining of mouse pancreatic tissue. 
The SLC7A11 and GPX4 expression levels were significantly lower in the P-407 + CAE group than in the 
CAE group (all P < 0.05, Figure 3A and B). The MDA (Figure 3C) levels in the P-407 + CAE group were 
significantly higher than those in the CAE group (P < 0.05), while the GSH level in the P-407 + CAE 
group was significantly lower than that in CAE group (P < 0.05) (Figure 3D). The Fe2+ (Figure 3E) levels 
in the P-407 + CAE group were significantly higher than those in the CAE group (P < 0.05), too. This 
data indicates that P-407 + CAE induces ferroptosis in the pancreas of the mice.

HTGP can be attenuated through ferroptosis inhibition in mice
Since we had established that P-407 + CAE specifically induced ferroptosis in the pancreas of the mice, 
we further aimed to determine the role of ferroptosis in the regulation of HTGP. First, we used Fer-1 to 
inhibit ferroptosis[7,8]. The expression of GPX4 (Figure 4A) in the P-407 + CAE + Fer-1 group increased 
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Figure 1 P-407 and caerulein-induced hypertriglyceridemic pancreatitis in mice (n = 4). A: Serum total cholesterol and triglyceride levels; B: Serum 
amylase; C: Alanine aminotransferase and Alanine aminotransferase levels; D: Homeostasis model assessment insulin resistance index levels in mice exposed to P-
407 and caerulein (CAE); E: Hematoxylin–eosin (HE) staining and histological scores of the pancreas; F: HE staining and histological scores of the lung; G: HE 
staining and histological scores of the kidney; H: Serum Tumor necrosis factor-α, interleukin (IL)-1β, and IL-6 levels after P-407 and CAE exposure. AST: Aspartate 
transaminase; ALT: Alanine aminotransferase; HOMA-IR: Homeostasis model assessment insulin resistance index; HE: Hematoxylin–eosin; CAE: Caerulein; AMY: 
Amylase; TNF: Tumor necrosis factor; IL: Interleukin; NS: Not significant.
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Figure 2 Effects of P-407 and caerulein on the pancreas revealed by proteome sequencing (n = 3). A: Principal component analysis; B: Heatmap 
showing relationships among different sample groups; C: Exhibition of changed protein numbers among the sample groups; D: Volcano plots showing proteins 
differentially expressed between sample groups; E: Biological process; F: Kyoto Encyclopedia of Genes and Genomes pathways enriched with proteins differentially 
expressed in pair-wise comparisons of ‘CAE group’ vs WT group’’ and ‘P-407 + CAE group’ vs CAE group’. CAE: Caerulein; WT: Wide type; PC: Principal 
component.

Figure 3 P-407 + Caerulein-induced pancreas ferroptosis in mice as established by immunohistochemistry (n = 4). A: Solute carrier family 7 
member 11 in the pancreas tissues of the P-407 + Caerulein (CAE) group; B: Glutathione peroxidase 4 in the pancreas tissues of the P-407 + CAE group. The scale 
bar represents 50 mm; C: Malonaldehyde levels; D: Glutathione levels; E: Fe2+ levels in the pancreases of the mice in the P-407 + CAE group. CAE: Caerulein; 
SLC7A11: Solute carrier family 7 member 11; MDA: Malonaldehyde; GSH: Glutathione; GPX4: Glutathione peroxidase 4.
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compared to P-407 + CAE group, while the MDA (Figure 4B) decreased to their normal range (all P < 
0.05). The GSH level (Figure 4C) in the P-407 + CAE + Fer-1 group increased compared to P-407 + CAE 
group, while the Fe2+ (Figure 4D) decreased to their normal range (all P < 0.05). The histological scores of 
the pancreas, lung, and kidney in the P-407 + CAE + Fer-1 group were lower than those in the P-407 + 
CAE group (Figure 4E-G). The serum TNF-α, IL-1β, and IL-6 Levels in the P-407 + CAE + Fer-1 group 
were also lower than those in the P-407 + CAE group (all P < 0.05, Figure 4H). These results indicate that 
the inhibition of ferroptosis can attenuate the inflammatory response in mice with HTGP.

Inhibition of NADPH oxidase 2 can attenuate the inflammatory response in mice with HTGP through 
ferroptosis suppression
KEGG pathway analyses revealed overexpression of NADPH oxidase (NOX)2 in the enriched 
ferroptosis pathway in the P-407 + CAE group compared to the CAE group (Figure 5A and B). Next, we 
determined the role of NOX2 in regulating ferroptosis using Vas, an inhibitor of NOX2[7]. The 
expression of NOX2 was higher in the P-407 + CAE group than in the Ctrl group, while Vas significantly 
decreased the NOX2 expression level (P < 0.05, Figure 5C). In addition, MDA (Figure 5D) level 
decreased, GSH level increased (Figure 5E), Fe2+ (Figure 5F) level decreased and expression of GPX4 
(Figure 5G) rebounded in the P-407 + CAE + Vas group compared to those in the P-407 + CAE group (P 
< 0.05). The histological scores of the pancreas, lung, and kidney in the P-407 + CAE + Vas group were 
lower than those in the P-407 + CAE group (all P < 0.05, Figure 5H-J). The serum TNF-α, IL-1β, and IL-6 
Levels in the P-407 + CAE + Vas group were also lower than those in the P-407 + CAE group (all P < 
0.05, Figure 5K). These results indicate that inhibition of NOX2 can attenuate the inflammatory response 
in mice with HTGP through attenuation of ferroptosis.

DISCUSSION
The early phase of HTGP is generally believed to be an unregulated inflammatory response or a 
cytokine storm that results in organ damage and death[31,32]. Pro-inflammatory cytokines, such as 
TNF-α, IL-6, and IL-1β, are considered pivotal mediators for initiating, amplifying, and perpetuating 
organ injury[33-35]. Therefore, timely blocking of the inflammatory response is considered critical for 
successful treatment.

As iron-dependent oxidative stress and lipid peroxidation are common features of ferroptosis and 
inflammatory diseases, ferroptosis, as a recognized form of RCD, has been reported to participate in the 
progression of inflammations[36]. Yet, its relationship with HTGP remains unclear. In the process of 
HTGP, abnormal lipid metabolism is also considered to have an important role, and FFA has been 
shown to induce the excessive release of ROS and accumulate in the body[4,5]. Previous studies have 
shown that the excessive production of ROS is a key factor for ferroptosis induction[22]. Therefore, we 
hypothesized that ferroptosis might also participate in the process of HTGP.

In this study, we found for the first time that ferroptosis has an important role in the process of 
HTGP, and its inhibition can attenuate the inflammatory response and improve prognosis in mice. To 
investigate these mechanisms, we induced a mouse model of HTGP by intraperitoneal injection of P-407 
and CAE. Then, proteome sequencing predicted that ferroptosis is involved in the process of HTGP. To 
verify the results of proteome sequencing, we performed IHC staining of mouse pancreatic tissue. GSH, 
SLC7A11, and GPX4 expression levels were much lower in the P-407 + CAE group than in the AP 
group. Additionally, the MDA and Fe2+ level in the P-407 + CAE group was significantly higher than in 
the AP group. To further verify whether ferroptosis has a key role in regulating HTGP, we used Fer-1 to 
inhibit ferroptosis. The histological scores of pancreas and serum TNF-α, IL-1β, and IL-6 Levels in the P-
407 + CAE + Fer-1 group were all significantly lower than those in the P-407 + CAE group.

Ma et al[21] found that the inhibition of ferroptosis attenuated acute kidney injury in rats with severe 
AP (SAP), suggesting that ferroptosis may participate in SAP, but there was no distinction between the 
types of SAP[21]. Furthermore, our KEGG pathway analyses revealed that the upregulated proteins 
were strongly enriched for ferroptosis in the P-407 + CAE group compared to the CAE group, implying 
that ferroptosis occurs specifically in the P-407 + CAE group. Based on this finding, we speculate that in 
the process of HTGP, abnormal lipid metabolism produces excessive ROS, which induces ferroptosis 
and aggravates damage to the pancreas and other organs.

NOX is a ROS-generating transmembrane flavoprotein enzyme that is widely distributed in pancreas 
and kidney tissues[37,38]. Studies have shown that excessive ROS produced by NOX can activate the 
NF-κB pathway, aggravate cell death, and regulate inflammation[39]. Yang et al[40] suggested that NOX 
could have an important role in HTGP-associated kidney injury through the Akt/GSK-3β pathway[40]. 
Moreover, Wang et al[41] found that NOX2 is activated in an AMPK-dependent manner to promote 
oxidative stress in a diabetic rat model, which in turn led to ferroptosis and aggravated myocardial 
ischemia-reperfusion injury[41]. Our KEGG pathway analyses also revealed overexpression of NOX2 in 
the enriched ferroptosis pathway in in the P-407 + CAE group compared to the CAE group. Next, we 
verified whether NOX2 has a key role in the regulation of ferroptosis using Vas, an inhibitor of NOX2. 
We found that the serum MDA level decreased, and the expression of GPX4 in the P-407 + CAE + Vas 
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Figure 4 The inhibition of ferroptosis attenuated P-407 + Caerulein-induced hypertriglyceridemic pancreatitis in mice (n = 4). A: 
Immunohistochemistry for Glutathione peroxidase 4 in the pancreas tissues of the P-407 + Caerulein (CAE) and P-407 + CAE + Ferrostatin-1 (Fer-1) groups; B: The 
malonaldehyde levels; C: The glutathione levels; D: Fe2+ levels in pancreases of P-407 + CAE and P-407 + CAE + Fer-1 groups; E: Hematoxylin–eosin (HE) staining 
and histological scores of the pancreas; F: HE staining and histological scores of the lung; G: HE staining and histological scores of the kidney; H: Serum tumor 
necrosis factor-α, interleukin (IL)-1β, and IL-6 levels of the P-407 + CAE and P-407 + CAE + Fer-1 groups. NOX: NADPH oxidase; ROS: Reactive oxygen species; 
CAE: Caerulein; MDA: Malonaldehyde; Fer-1: Ferrostatin-1; GSH: Glutathione; GPX4: Glutathione peroxidase 4; TNF: Tumor necrosis factor; IL: Interleukin.
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Figure 5 The inhibition of NADPH oxidase 2 attenuated hypertriglyceridemic pancreatitis through a ferroptosis reduction in mice (n = 4). 
A: Kyoto Encyclopedia of Genes and Genomes pathways enriched with protein NADPH oxidase (NOX) 2 in comparison of P-407 + caerulein (CAE) group vs CAE 
group; B: Volcano plot showing the location of NOX2 in comparison of P-407 + CAE group vs CAE group; C: Immunohistochemistry (IHC) for NOX2 in the pancreas 
tissues of the P-407 + CAE and P-407 + CAE + Vas2870 (Vas) groups; D: The malonaldehyde levels; E: The glutathione levels; F: Fe2+ levels in the pancreases of 
the mice in the P-407 + CAE and P-407 + CAE + Vas groups; G: IHC for GPX4 in the pancreas tissues of the P-407 + CAE and P-407 + CAE + Vas groups; H: 
Hematoxylin–eosin (HE) staining and histological scores of the pancreas; I: HE staining and histological scores of the lung; J: HE staining and histological scores of 
the kidney; K: Serum TNF-α, IL-1β, and IL-6 levels of the P-407 + CAE and P-407 + CAE + Vas groups. The scale bar represents 50 mm. NOX: NADPH oxidase; 
ROS: Reactive oxygen species; CAE: Caerulein; Vas: Vas2870; MDA: Malonaldehyde; GSH: Glutathione; GPX4: Glutathione peroxidase 4; TNF: Tumor necrosis 
factor; IL: Interleukin.

group rebounded compared to the P-407 + CAE group. Meanwhile, the histological scores of the 
pancreas and the serum TNF-α, IL-1β, and IL-6 Levels in the P-407 + CAE + Vas group were 
significantly lower than those in the P-407 + CAE group. These results indicate that the inhibition of 
NOX2 attenuated HTGP through suppression of ferroptosis.

CONCLUSION
In summary, these data provide strong evidence that ferroptosis is involved in the process of HTGP and 
that NOX2 is a key point in the regulation of ferroptosis. The inhibition of ferroptosis and NOX2 
attenuates the inflammatory response to improve patient outcomes. This discovery provides new 
insights into a better understanding of the pathogenesis of HTGP, which may be used as a novel 
therapeutic target in the future.

ARTICLE HIGHLIGHTS
Research background
Ferroptosis is involved in the development of inammatory diseases, but its relationship with acute 
hypertriglyceridemic pancreatitis (HTGP) remains unclear.

Research motivation
HTGP has serious morbidity and high mortality. At present, there is no more effective method except 
symptomatic treatment. Therefore, exploring the pathogenesis of HTGP and seeking more accurate 
therapeutic targets are of critical importance.

Research objectives
This study aimed to explore whether ferroptosis is involved in the process of HTGP and elucidate its 
potential mechanisms in a mouse model.
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Research methods
Pancreatic tissues from the model animals were subjected to proteome sequencing analysis. The 
pathological changes and scores of the pancreas, lung, and kidney were determined using 
hematoxylin–eosin staining. The levels of serum amylase, triglyceride, and total cholesterol were 
measured with an automatic blood cell analyzer. Additionally, the serum levels of tumor necrosis 
factor-α, interleukin (IL)-6, and IL-1β were determined by enzyme linked immunosorbent assay. 
Malonaldehyde, glutathione, and Fe2+ were detected in the pancreas. Finally, immunohistochemistry 
was performed to assess the expression of ferroptosis-related proteins.

Research results
Proteome sequencing revealed that ferroptosis was involved in the process of HTGP and that NADPH 
oxidase 2 may participate in ferroptosis regulation.

Research conclusions
Ferroptosis was found to have an important role in HTGP and may be considered a potential target for 
clinical treatment.

Research perspectives
This discovery provides new insights into a better understanding of the pathogenesis of HTGP, which 
may be used as a novel therapeutic target. However, the regulatory mechanism needs to be further 
explored in the future.
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Abstract
BACKGROUND 
The preoperative prediction of peritoneal metastasis (PM) in gastric cancer would 
prevent unnecessary surgery and promptly indicate an appropriate treatment 
plan.

AIM 
To explore the predictive value of visceral fat (VF) parameters obtained from 
preoperative computed tomography (CT) images for occult PM and to develop an 
individualized model for predicting occult PM in patients with gastric carcinoma 
(GC).

METHODS 
A total of 128 confirmed GC cases (84 male and 44 female patients) that 
underwent CT scans were analyzed and categorized into PM-positive (n = 43) and 
PM-negative (n = 85) groups. The clinical characteristics and VF parameters of 
two regions of interest (ROIs) were collected. Univariate and stratified analyses 

https://www.f6publishing.com
https://dx.doi.org/10.3748/wjg.v29.i15.2310
mailto:jianbogaochina@163.com


Li LM et al. Prediction of occult peritoneal metastasis

WJG https://www.wjgnet.com 2311 April 21, 2023 Volume 29 Issue 15

based on VF volume were performed to screen for predictive characteristics for occult PM. 
Prediction models with and without VF parameters were established by multivariable logistic 
regression analysis.

RESULTS 
The mean attenuations of VFROI 1 and VFROI 2 varied significantly between the PM-positive and PM-
negative groups (P = 0.044 and 0.001, respectively). The areas under the receiver operating charac-
teristic curves (AUCs) of VFROI 1 and VFROI 2 were 0.599 and 0.657, respectively. The mean attenuation 
of VFROI 2 was included in the final prediction combined model, but not an independent risk factor 
of PM (P = 0.068). No significant difference was observed between the models with and without 
mean attenuation of VF (AUC: 0.749 vs 0.730, P = 0.339).

CONCLUSION 
The mean attenuation of VF is a potential auxiliary parameter for predicting occult PM in patients 
with GC.

Key Words: Gastric carcinoma; Peritoneal metastasis; Visceral fat; Tomography; X-ray computed; 
Prediction; Individualized model

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The preoperative prediction of peritoneal metastasis (PM) in gastric cancer would prevent 
unnecessary surgery and promptly indicate an appropriate treatment plan. We therefore aimed to explore 
the predictive value of visceral fat (VF) parameters obtained from preoperative computed tomography 
images for occult PM and to develop an individualized model for predicting occult PM in patients with 
gastric carcinoma (GC). Consequently, mean attenuation of VF is a potential auxiliary parameter to predict 
occult PM in patients with GC.

Citation: Li LM, Feng LY, Liu CC, Huang WP, Yu Y, Cheng PY, Gao JB. Can visceral fat parameters based on 
computed tomography be used to predict occult peritoneal metastasis in gastric cancer? World J Gastroenterol 
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INTRODUCTION
Peritoneal metastasis (PM) is the major cause of postoperative distant metastasis and occurs in more 
than 10% of patients with newly diagnosed gastric cancer[1]. Gastric carcinoma (GC) is the third leading 
cause of cancer-related deaths worldwide. In gastric cancer with PM, the survival time is only a few 
months[2]. Many recent studies[3] have shown that the combination of complete cell reduction and 
intraperitoneal thermal perfusion chemotherapy can significantly prolong the median survival time in 
gastric cancer with PM. Thus, the preoperative prediction of PM in gastric cancer would prevent 
unnecessary surgery and promptly indicate an appropriate treatment plan. For example, laparoscopic 
exploration may be the preferred choice. Additionally, intraperitoneal hyperthermic chemotherapy may 
be prepared, and open exploration may be the final choice for a patient with occult PM.

Traditional preoperative imaging methods, such as computed tomography (CT) and magnetic 
resonance imaging, demonstrate high specificity and low sensitivity in the detection of PM[4]. 
Therefore, occult PM has attracted extensive attention; it refers to metastasis not indicated on 
preoperative CT imaging but detected during surgery and pathologic examination[5]. In the last few 
years, many studies have demonstrated the great potential of radiomics in the prediction of occult PM 
in gastric cancer[6]. However, most studies have used manual delineation of regions of interest (ROIs) 
in PM, which reduces repeatability and increases subjective dependence. Therefore, the urgent 
exploration for new parameters for predicting occult PM is warranted.

Tumor infiltration of the peritoneum alters the characteristics of the surrounding visceral fat (VF) on 
CT, and these changes have been investigated in previous radiomics studies[7]. In addition, the feature 
referred to as “smudge-like ground-glass opacity” in the abdominal cavity, which presents an increased 
CT attenuation of VF, is a common but easily overlooked sign of early-stage omental metastasis[8]. In 
addition, the adipose microenvironment has a subtle relationship with tumor progression[9].
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We therefore aimed to explore the predictive value of VF parameters based on preoperative CT 
imaging for occult PM in GC and to develop an individualized model for predicting occult PM preoper-
atively.

MATERIALS AND METHODS
Patients
This retrospective study was approved by the local institutional review board, and the requirement for 
informed consent was waived.

Patients at our hospital who met the inclusion/exclusion criteria were consecutively enrolled between 
July 2012 and July 2021. The inclusion criteria were as follows: (1) Diagnosis of gastric cancer by 
endoscopy and biopsy, with complete biopsy information; (2) Diagnosis of cT3 and cT4 gastric cancer by 
CT without obvious PM characteristics; and (3) PM status confirmed by exploratory surgery and 
pathological biopsy. The exclusion criteria were follows: (1) A history of abdominal tumors, cirrhosis, or 
other inflammatory diseases; (2) A history of abdominal surgery; (3) An interval between CT and 
surgical exploration longer than 2 wk; and (4) The presence of artifacts that affect the evaluation of VF 
parameters.

Clinical patient data (e.g., sex and age), blood test information [e.g., carcinoembryonic antigen (CEA), 
carbohydrate antigen 199 (CA199), and carbohydrate antigen 125 (CA125)], and biopsy information (e.g., 
pathological type and differentiation) were collected for further analysis.

CT examination
CT examinations were performed using SOMATOM Definition Flash CT or SOMATOM Force (Siemens, 
Germany). All patients fasted for 6 h, and drank 800-1000 mL water 5-15 min before CT examination. 
Following an unenhanced scan, dual-phase enhanced CT images were obtained at 30- and 70-s delays. 
Approximately 1.3 mL/kg iodinated contrast agent (Ultravist 370, Bayer Schering Pharma) was injected 
intravenously at a rate of 3.0 mL/s. The parameters of the unenhanced scan were as follows: 120 kV 
tube voltage, 250–350 mAs, and 5 mm slice thickness and slice interval. The parameters of the enhanced 
scan were as follows: 120 kV tube voltage, automatic tube current modulation techniques, and 5- or 1.25-
mm slice thickness and slice interval.

Fat assessment
The volume and mean CT attenuation of VF and subcutaneous fat (SF) were measured using 
unenhanced scan CT images on a workstation (MM Research Frontier SyngoVia, VB2.0, Siemens Health-
ineers, Forchheim, Germany). VF was defined as fat within the abdominal cavity, whereas SF was 
defined as fat below the skin. ROIs were manually drawn by tracing the medial edge of the abdominal 
muscle using a semiautomated technique, starting from the maximal axial section of the tumor and 
extending 15 mm (ROI 1) and 25 mm (ROI 2) downward. The contour of each layer can be adjusted 
manually as necessary. A primary radiologist (with 6 years of experience) was responsible for outlining, 
while another senior radiologist (with 25 years of experience) was responsible for supervising each 
operation (Figure 1). Twenty cases were randomly chosen for outlining by another radiologist (with 3 
years of experience) to verify the consistency.

CT attenuation between −150 and −50 Hounsfield units (HU) was performed to evaluate voxels 
containing adipose tissue[10]. Adipose tissue volume was measured in cubic centimeters (cm3), while 
mean CT attenuation was measured in HU. The mean CT attenuation and volume of VF were obtained 
directly on the workstation simultaneously with a table including the CT attenuation of each voxel. The 
10th, 30th, 50th, 70th, 90th, 25th, and 75th percentiles of CT attenuation were obtained during postprocessing 
and calculation.

Analysis of CT images
Two radiologists blinded to the pathologic data analyzed the CT characteristics. When disagreements 
occurred, a senior radiologist made the final decision. The cT and cN stages were analyzed according to 
the 8th American Joint Committee staging classification[11,12]. Mild ascites refers to ascites that could 
not be clearly determined to be caused by metastasis[5]. The GC thickness was measured at the maximal 
axial section[13].

Statistical analysis
Statistical analyses were conducted using SPSS software (version 22.0) and MedCalc software (version 
15.2). Interobserver reliability was assessed using the intraclass correlation coefficient (ICC), where ICC 
≥ 0.80 is excellent, 0.61-0.80 is good, and < 0.60 is the difference. The discrimination capability of various 
VF characteristics was evaluated using the receiver operating characteristic (ROC) curve and compared 
using Delong’s test. The relationship between volume and mean attenuation was evaluated using 
Pearson correlation analysis. Stratified analysis based on VF volume was performed. The differences in 
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Figure 1 Determination of visceral fat parameters. A-D: Detection of visceral fat (VF) parameters in a 54-year-old male patient with gastric cancer with peritoneal metastasis (PM); A and B: Axial unenhanced and venous computed tomography 
(CT) images showing wall thickening in the cardia and the lesser and greater curvatures of the stomach; C: Regions of interest (ROI) were drawn using a semiautomated technique. The red area represents VF, while the blue area represents 
subcutaneous fat (SF); D: Sagittal image showing a three-dimensional (3D) ROI, delineated starting from the maximal axial section of the tumor and extending 25 mm; E-H: Determination of VF parameters in a 66-year-old female patient with gastric 
cancer without PM; E and F: Axial unenhanced and venous CT images showing irregular wall thickening and a mass in the cardia of the stomach; G and H: A 3D ROI drawn with a 25-mm height using a semiautomated technique. The red area 
represents VF, while the blue area represents SF.

continuous variables were compared using the two-tailed t test, Mann–Whitney U test, Kruskal-Wallis 
H test, and one-way ANOVA. The differences in categorical variables were compared using the χ2 test. 
Significant variables were analyzed using multifactorial logistic regression analysis (backward: 
Conditional). P < 0.05 was considered to suggest a statistically significant difference.

RESULTS
Patient characteristics
A total of 43 PM-positive patients were included in the study, and 85 PM-negative patients treated 
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Figure 2 Predictive performance of computed tomography attenuations for visceral fat in two regions of interest and two models for 
predicting peritoneal metastasis in gastric cancer. A: Receiving operator characteristic (ROC) curves of the visceral fat (VF) computed tomography (CT) 
attenuations on ROIs 1 and 2. The VF CT attenuations on ROI 2 [area under the curve (AUC): 0.657, sensitivity 93.0%, specificity 30.6%] showed a better predictive 
performance than those on ROI 1 (AUC: 0.599, sensitivity 60.0%, specificity 60.0%); B: ROC curves of the clinical and combined models. The two models showed 
comparable predictive performance for peritoneal metastasis in gastric cancer (AUC: 0.730 vs 0.749, P = 0.399)

between January 2021 and July 2021 were included as control subjects. Significant differences in age, 
CA125, tumor location, thickness, mild ascites, and cT (P < 0.05 for all) were found between the PM-
positive and PM-negative groups (Table 1). No significant differences were found for sex, pathological 
type, differentiation, CEA, CA199, or cN stage (P > 0.05 for all).

VF characteristics
Significant differences in the mean attenuations of VFROI 1 and VFROI 2 (P = 0.044 and 0.001, respectively) 
were found between the PM-positive and PM-negative groups (Table 2). No significant differences were 
found for the mean attenuations of SFROI 1 and SFROI 2, the volumes of VFROI 1, VFROI 2, SFROI 1, and SFROI 2, or 
the volume ratio VF/SF (P > 0.05 for all).

The areas under the receiver operating characteristic curves (AUCs) of VFROI 1 and VFROI 2 for predicting 
PM in GC were 0.599 [95% confidence interval (CI): 0.509-0.685] and 0.657 (95%CI: 0.568-0.738), 
respectively (Figure 2A). The comparison of the ROC curves of the VF characteristics suggested that 
VFROI 2 significantly outperformed VFROI 1 (P = 0.002). Most of the interobserver agreements between the 
two operators were excellent (Table 2).

Significant differences in the 30th, 50th, 70th, 25th, and 75th percentiles of CT attenuation of VFROI 2 were 
found between the PM-positive and PM-negative groups (Supplementary Table 1). The AUCs of the 
10th, 30th, 50th, 70th, 90th, 25th, and 75th percentiles of CT attenuation for predicting PM in GC were 0.612, 
0.642, 0.641, 0.619, 0.608, 0.629, and 0.619, respectively. The comparison of ROC curves suggested no 
significant difference between the 30th percentile and the mean CT attenuation of VFROI 2 (P = 0.664) 
(Supplementary Figure 1).

Relationship between VF and clinical characteristics 
Significant differences in the mean attenuation of VFROI 2 were observed between the different cN and cT 
stage classifications (P = 0.030 and 0.003, respectively). The mean attenuation of VFROI 2 in patients with 
elevated CA125, elevated CA199, and mild ascites was significantly higher than that in normal 
conditions (P = 0.002, 0.039, and 0.001, respectively) (Table 3).

Stratified analysis
The mean attenuation was negatively correlated with the volume of VFROI 2 (Pearson correlation 
coefficient = -0.688; P = 0.001) (Supplementary Figure 2). Patients were divided into two groups 
according to the median volume of VF ROI 2 (median = 141.58 cm3). Stratified analysis suggested that the 
mean attenuation of VF ROI 2 was more effective in predicting occult PM in the high-volume group than 
in the low-volume group (Table 4, Figure 3).

https://f6publishing.blob.core.windows.net/47e69803-f005-40df-b1e5-484641900570/WJG-29-2310-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/47e69803-f005-40df-b1e5-484641900570/WJG-29-2310-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/47e69803-f005-40df-b1e5-484641900570/WJG-29-2310-supplementary-material.pdf
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Table 1 Comparison of clinical and computed tomography characteristics between two groups, n (%)

Variable PM (-) (n = 85) PM (+) (n = 43) P value

Sex Male 60 (70.6) 24 (55.8) 0.096

Female 25 (29.4) 19 (44.2)

Age (yr) (mean ± SD) 56.44±12.63 61.25±11.11 0.0291

Adenocarcinoma 83 (97.6) 38 (88.4) 0.077Pathological type

Non-adenocarcinoma 2 (2.4) 5 (11.6)

Differentiation Poorly differentiated 50 (58.8) 30 (69.8) 0.227

Moderately and well differentiated 35 (41.2) 13 (30.2)

CEA Normal 74 (87.1) 37 (86.0) 0.873

Elevated 11 (12.9) 6 (14.0)

CA199 Normal 74 (87.1) 32 (74.4) 0.073

Elevated 11 (12.9) 11 (25.6)

CA125 Normal 83 (97.6) 37 (86.0) 0.0301

Elevated 2 (2.4) 6 (14.0)

Location Cardia 44 (51.8) 7 (16.3) 0.0011

Body 12 (14.1) 14 (32.6)

Antrum 20 (23.5) 13 (30.2)

≥ 2 parts 9 (10.6) 9 (20.9)

Mild ascites (-) 75 (88.2) 24 (55.8) 0.0011

(+) 10 (11.8) 29 (44.2)

cN stage N0 26 (30.6) 11 (25.6) 0.150

N1-2 41 (48.2) 16 (37.2)

N3-4 18 (21.2) 16 (37.2)

cT stage ≤ T3 57 (67.1) 14 (32.6) 0.0011

≥ T4 28 (32.9) 29 (67.4)

Thickness (mm), median (IQR) 15.11 (13.02, 18.85) 13.43 (11.28, 17.83) 0.0231

1P < 0.05.
PM: Peritoneal metastasis; CEA: Carcinoembryonic antigen; CA199: Carbohydrate antigen 199; CA125: Carbohydrate antigen 199; IQR: Interquartile range.

Risk factors for occult PM
Multiple logistic regression analysis based on clinical characteristics showed that mild ascites and cT 
stage (≥ T4) were independent risk factors for occult PM (P = 0.003 and 0.010, respectively) (Table 5). 
The Hosmer-Lemeshow test revealed that the model had a good fit (P = 0.977). Furthermore, the clinical 
model showed a moderate prediction performance (AUC = 0.730, 95%CI: 0.644-0.804).

Multiple logistic regression analyses of both clinical characteristics and VF parameters showed that 
the mean attenuation of VFROI 2, mild ascites, and cT stage (≥ T4) were included in the final prediction 
combined model, but the mean attenuation of VFROI 2 was not an independent risk factor for PM (P = 
0.068) (Table 5). The Hosmer-Lemeshow test indicated that the model had a good fit (P = 0.523). The 
combined model showed a moderate prediction performance (AUC = 0.749, 95%CI: 0.665-0.821). No 
significant difference was found between the prediction performance of the two models (P = 0.339) 
(Figure 2B).

DISCUSSION
We explored the value of VF parameters in predicting occult PM in GC and subsequently developed a 
preoperative prediction model based on clinical features and VF parameters. A significant difference in 
the mean attenuation of VF was found between the PM-positive and PM-negative groups. The mean 
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Table 2 Comparison of visceral fat characteristics between the two lesions

Variable PM (+) (n = 43) PM (-) (n = 85) P value ICC

VFROI 1

Volume (cc) 84.45 (36.70, 161.04) 87.92 (49.89, 160.75) 0.412 0.913

Mean attenuation (HU) -82.07 ± 6.06 -85.33 ± 5.89 0.0441 0.810

SD attenuation (HU) 18.82 (17.78, 21.25) 19.51 (18.63, 21.11) 0.133 0.926

SFROI 1

Volume (cc) 108.79 (55.10, 170.90) 115.96 (62.70, 178.72) 0.760 0.979

Mean attenuation (HU) -85.33 ± 5.89 -86.05 ± 8.23 0.934 0.955

SD attenuation (HU) 17.94 (16.60, 19.37) 18.58 (17.27, 20.16) 0.180 0.981

VFROI 2

Volume (cc) 132.63 (58.85, 273.65) 145.48 (82.58, 277.42) 0.302 0.932

Mean attenuation (HU) -82.19 ± 5.35 -85.70 ± 5.65 0.0011 0.974

SD attenuation (HU) 19.86 (17.58, 20.46) 19.13 (18.47, 20.66) 0.317 0.950

SFROI 2

Volume (cc) 163.24 (82.57, 261.17) 175.86 (97.86, 267.52) 0.76 0.991

Mean attenuation (HU) -86.28 ± 8.61 -86.41 ± 8.08 0.938 0.980

SD attenuation (HU) 17.80 (16.42, 19.33) 18.45 (17.29, 19.91) 0.124 0.993

Volume ratio

VF/SFROI 1 0.92 (0.44, 1.50) 1.00 (0.61, 1.65) 0.317 0.804

VF/SFROI 2 0.98 (0.47, 1.41) 1.00 (0.63, 1.68) 0.279 0.884

1P < 0.05.
PM: Peritoneal metastasis; ICC: Intraclass correlation coefficient; VF: Visceral fat; SF: Subcutaneous fat; SD: Standard deviation; ROI: Region of interest; 
HU: Hounsfield units; ROIs 1 and 2: Regions of interest starting at the largest axial level of the tumor and extending down 15 mm and 25 mm, respectively.

attenuation of VF was included in the final prediction combined model but was not an independent 
predictor of occult PM in GC.

Previous studies on VF have mostly focused on the effect of volume or area on postoperative 
prognosis, and few studies have investigated the CT attenuation of VF[14,15]. CT attenuation of 
pericoronary adipose tissue has been shown to be strongly correlated with cardiovascular disease[16]. 
Xiang et al[9] investigated the relationship between adipocytes and gastric cancer cells and found that 
adipocytes may promote cancer cell invasion through a specific signaling pathway. CT attenuation is an 
index reflecting changes in the VF microenvironment, and its increase may be closely related to tumor 
progression[17]. Given all of that, we believe that certain changes occur in VF with PM. The indicators 
used to quantify such changes in our study included the mean attenuation, volume, and volume ratio. 
Previous studies[5,18] have suggested that the radiomics features of the adjacent peritoneum are helpful 
in predicting PM in GC. Therefore, two nearby ROIs that delineated from the maximal axial section of 
the tumor were adopted in our study, and these ROIs were considered to be the most likely sites of 
metastasis.

The regression analysis indicated that the mean attenuation of VFROI 2 was not an independent risk 
factor for PM, and it had a lower predictive ability than ascites and cT stage. The changes in the adipose 
microenvironment and the increase in the mean attenuation of VF may be mainly concentrated around 
the tumor, and the ROI of VF on the whole axial level may dilute this change and reduce the predictive 
sensitivity. However, the results confirmed that the mean attenuation of VF was significantly different 
between the PM-positive and PM-negative groups in both ROI 1 and ROI 2. The 30th, 50th, 70th, 25th, and 
75th percentiles of attenuation of VFROI 2 were also significantly different between the two groups. 
Moreover, the mean attenuation of VF was related to clinical features representing tumor invasiveness. 
Therefore, we have reasons to believe that the mean attenuation of VF is a potential auxiliary parameter 
for predicting occult PM in patients with GC, especially for those with only nonenhanced CT images or 
upper abdominal CT images.

The mean attenuation was negatively correlated with the volume of VF; however, noticeably, no 
significant difference in the VF volume was found between the PM-positive and PM-negative groups. 
Considering the relationship between the mean attenuation and volume of VF, volume-stratified 
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Table 3 Comparison of attenuations of visceral fat between different clinical characteristic classifications

Variable Mean attenuation of VF ROI 2 P value

Sex Male -84.90 ± 6.19 0.306

Female -83.83 ± 4.88

Age (yr) ≤ 61 -84.48 ± 5.11 0.937

> 61 -84.46 ± 5.14

Pathological type Adenocarcinoma -84.64 ± 5.81 0.339

Non-adenocarcinoma -82.49 ± 4.99

Differentiation Poorly differentiated -84.18 ± 5.91 0.377

Moderately and well differentiated -85.11 ± 5.56

CEA Normal -84.64 ± 5.92 0.583

Elevated -83.81 ± 4.86

CA199 Normal -85.04 ± 6.04 0.0021

Elevated -82.07 ± 3.40

CA125 Normal -84.80 ± 5.81 0.0391

Elevated -80.46 ± 3.41

Location Cardia/Body/Antrum -84.93 ± 5.86 0.0491

≥ 2 parts -82.05 ± 4.67

Mild ascites (-) -85.41 ± 5.79 0.0011

(+) -81.52 ± 4.69

cN stage N0 -85.48 (-89.85, -82.95) 0.0301

N1-2 -83.08 (-86.68, -79.43)

N3-4 -84.54 (-87.51, -80.60)

cT stage ≤ T3 -85.88 ± 5.83 0.0031

≥ T4 -82.84 ± 5.29

Thickness (mm) ≤ 14.5 -84.82 ± 6.36 0.517

> 14.5 -84.15 ± 4.98

1P < 0.05.
CEA: Carcinoembryonic antigen; CA199: Carbohydrate antigen 199; CA125: Carbohydrate antigen 199; VF: Visceral fat; ROI 2: Regions of interest starting 
at the largest axial level of the tumor and extending down 25 mm.

Table 4 Stratified analysis of volume

PM (-) PM (+) P value AUC (95%CI)

Volume > median

No 45 19

Mean attenuation (HU) -89.08 ± 5.31 -85.44 ± 3.93 0.0091 0.726 (0.59-0.854)

Volume ≤ median

No 40 24

Mean attenuation (HU) -81.92 ± 3.01 -79.61 ± 4.94 0.0461 0.639 (0.490-0.787)

1P < 0.05.
PM: Peritoneal metastasis; No: Number; AUC: Area under the curve; HU: Hounsfield units.
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Table 5 Variables and coefficients of multiple regression logistic analysis

Variable OR 95%CI P value

Based on all characteristics

Mild ascites (+ vs -) 3.552 (1.375-9.175) 0.0091

Mean attenuations of VFROI 2 3.437 (0.914-12.914) 0.068

cT stage (≥ T4 vs ≤ T3) 2.631 (1.126-6.144) 0.0251

Intercept 0.009 0.0011

Based on clinical characteristics

Mild ascites (+ vs -) 4.188 (1.636-10.722) 0.0031

cT stage (≥ T4 vs ≤ T3) 2.992 (1.301-6.881) 0.0101

Intercept 0.068 0.0011

1P < 0.05.
VF: Visceral fat; ROI: Region of interest; OR: Odds ratio; CI: Confidence interval.

Figure 3 Performance of computed tomography attenuations for visceral fat in predicting peritoneal metastasis in gastric cancer. A: High-
volume group; B: Low-volume group.

analysis was applied to minimize the deviations in volume variation. The mean attenuation of VFROI 2 

showed a higher predictive potential in the high-volume group than in the low-volume group. This 
result suggests that patients with high-volume VF may have more hypoxic or disordered adipocytes 
that secrete proinflammatory cytokines and angiogenic factors and promote tumor metastasis than 
patients with low-volume VF[19]. The attenuation of VF was significantly correlated with cT stage, cN 
stage, CA125, and CA199, indicating that increased VF attenuation is highly correlated with tumor 
progression.

Mild ascites and cT stage are independent predictive factors for occult PM. Liu et al[7] reported that 
cT stage was significantly correlated with occult PM, which reflects tumor aggressiveness. Mild ascites 
was also incorporated into a clinical model for predicting occult PM in a multicenter study[5]. 
Significant differences were observed in the mean attenuations of VF between the different ascites 
statuses and cT stages.

Compared with previous radiomics studies, the extraction of VF parameters in our study was based 
on unenhanced CT images through semiautomated sketching technology, which would reduce the 
selection differences between operators. The consistency between the operators of VF parameters was 
excellent. The ROIs in the peritoneum used in most previous studies on occult PM were manually 
sketched[5,18]. Thus, evaluating the consistency among different operators in defining the location and 
area of ROIs selected was difficult. In addition, three-dimensional ROIs were defined in our study, 
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which remain applicable in patients with lesser VF.
This study has certain limitations. First, the VF parameters were measured using data obtained from 

a single center with a small sample size, and multicenter studies with a large sample size are thus 
needed to validate the results. Second, the parameters used to quantify VF changes were obtained only 
from unenhanced CT images, which warrants the need to consider more parameters from multiphase 
enhanced images.

CONCLUSION
In conclusion, our study demonstrates the great potential of VF parameters in predicting occult PM in 
GC and presents a noninvasive preoperative model that combines the mean attenuation of VF and 
clinical factors for predicting occult PM in GC.

ARTICLE HIGHLIGHTS
Research background
The preoperative prediction of peritoneal metastasis (PM) in gastric cancer (GC) would prevent 
unnecessary surgery and promptly indicate an appropriate treatment plan.

Research motivation
Tumor infiltration of the peritoneum alters the characteristics of the surrounding VF on computed 
tomography (CT), and these changes have been investigated in previous studies.

Research objectives
We therefore aimed to explore the predictive value of VF parameters obtained from preoperative CT 
images for occult PM and to develop an individualized model for predicting occult PM in patients with 
GC.

Research methods
A total of 128 confirmed GC cases that underwent CT scans were analyzed and categorized into PM-
positive and PM-negative groups. The clinical characteristics and VF parameters of two regions of 
interest (ROIs) were collected. Univariate and stratified analyses based on VF volume were performed 
to screen for predictive characteristics for occult PM. Prediction models with and without VF 
parameters were established by multivariable logistic regression analysis.

Research results
The mean attenuations of VFROI 1 and VFROI 2 varied significantly between the PM-positive and PM-
negative groups (P = 0.044 and 0.001, respectively). The mean attenuation of VFROI 2 was included in the 
final prediction combined model, but not an independent risk factor of PM (P = 0.068). No significant 
difference was observed between the models with and without mean attenuation of VF (area under the 
curve: 0.749 vs 0.730, P = 0.339).

Research conclusions
The mean attenuation of VF is a potential auxiliary parameter for predicting occult PM in patients with 
GC.

Research perspectives
Our study demonstrates the great potential of VF parameters in predicting occult PM in GC and 
presents a noninvasive preoperative model that combines the mean attenuation of VF and clinical 
factors for predicting occult PM in GC.
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Abstract
BACKGROUND 
Clinical diagnosis of cirrhotic cardiomyopathy (CCM) often encounters challenges 
of lack of timeliness and disease severity, with the commonly positive indicator 
usually associated with advanced heart failure.

AIM 
To explore suitable biomarkers for early CCM prediction.

METHODS 
A total of 505 eligible patients were enrolled in this study and divided into four 
groups according to Child-Pugh classification: Group I, Class A without CCM 
(105 cases); Group II, Class A with CCM (175 cases); Group III, Class B with CCM 
(139 cases); and Group IV, Class C with CCM (86 cases). Logistic regression and 
receiver operating characteristic (ROC) curve analyses were performed to 
determine whether red blood cell distribution width (RDW) was an independent 
risk factor for CCM risk. The relationships between RDW and Child-Pugh scores, 
Model for End-Stage Liver Disease (MELD) scores, and N-terminal pro-brain 
natriuretic peptide (NT-proBNP) were analyzed by Pearson correlation analysis.

RESULTS 
A constant RDW increase was evident from Group I to Group IV (12.54 ± 0.85, 
13.29 ± 1.19, 14.30 ± 1.96, and 16.25 ± 2.13, respectively). Pearson correlation 
analysis showed that RDW was positively correlated with Child-Pugh scores (r = 
0.642, P < 0.001), MELD scores (r = 0.592, P < 0.001), and NT-proBNP (r = 0.715, P 
< 0.001). Furthermore, between Group I and Group II, RDW was the only 
significant index (odds ratio: 2.175, 95% confidence interval [CI]: 1.549-3.054, P < 
0.001), and it reached statistical significance when examined by ROC curve 
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analysis (area under the curve: 0.686, 95%CI: 0.624-0.748, P < 0.001).

CONCLUSION 
RDW can serve as an effective and accessible clinical indicator for the prediction of diastolic 
dysfunction in CCM, in which a numerical value of more than 13.05% may indicate an increasing 
CCM risk.

Key Words: Cirrhotic cardiomyopathy; Child-Pugh; Diagnosis; N-terminal pro-brain natriuretic peptide; Red 
blood cell distribution width

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Diastolic dysfunction is usually an early stage of cirrhotic cardiomyopathy (CCM). This study 
found that red blood cell distribution width would have an advantage over N-Terminal pro-brain 
natriuretic peptide in indicating diastolic dysfunction in such patients, which is of great significance for the 
early diagnosis and treatment of CCM.

Citation: Chen YL, Zhao ZW, Li SM, Guo YZ. Value of red blood cell distribution width in prediction of diastolic 
dysfunction in cirrhotic cardiomyopathy. World J Gastroenterol 2023; 29(15): 2322-2335
URL: https://www.wjgnet.com/1007-9327/full/v29/i15/2322.htm
DOI: https://dx.doi.org/10.3748/wjg.v29.i15.2322

INTRODUCTION
As a manifestation of unnoticeable cardiac dysfunction, cirrhotic cardiomyopathy (CCM) features 
diastolic dysfunction, chronotropic dysfunction, electrophysiological abnormalities, and compromised 
myocardial contractility in the absence of other cardiac diseases. In such a setting, liver cirrhosis-
induced hyperdynamic circulation may even result in structural cardiac abnormalities[1,2]. Available 
literature evidences that CCM-associated diastolic dysfunction can pose very adverse clinical implic-
ations[3], including severe liver diseases, hepatorenal syndrome, ascites[4,5], and death[6]. The current 
clinical diagnosis of CCM-related diastolic dysfunction mainly relies on transthoracic echocardiography 
(TTE)[7], with N-terminal pro-brain natriuretic peptide (NT-proBNP) and other indicators playing a 
supportive role[8,9]. However, studies contend that NT-proBNP level is not an optimal biomarker for 
CCM screening and cannot serve as an independent diagnostic tool for such a condition, though 
increased NT-proBNP level in liver cirrhosis has been found to be positively associated with echocardio-
graphic measures of left ventricular diastolic dysfunction (LVDD) and may be indicative of CCM[10]. 
Therefore, an urgent need remains regarding a more objective indicator for CCM screening in patients 
with LVDD, especially in the early stages of the disease.

Of all the other potential candidate indicators, red blood cell distribution width (RDW), a common 
blood laboratory parameter, has been closely associated with cardiac function and/or the disease 
severity of heart failure (HF), including the natriuretic peptides[11], left ventricular end diastolic 
pressure[12], and left ventricular deformation[13,14]. Meanwhile, RDW levels are more or less 
correlated with various liver diseases[15-18]. Studies have demonstrated that the assessment of RDW 
may improve risk stratification of patients with acute decompensation of cirrhosis[19]. Other studies 
have documented RDW as a novel inflammatory marker in various conditions, including cardiovascular 
diseases[20], functional bowel conditions[21], autoimmune diseases[22,23], degenerative vertebral 
conditions[24], malignancy[25], and even COVID-19[26]. Taken together, these findings evidence that 
RDW may be altered in cirrhosis patients comorbid with cardiac diastolic dysfunction and may serve as 
a promising objective indicator for CCM screening. Therefore, this study attempted to probe into the 
value of RDW in the prediction of LVDD in CCM patients.

MATERIALS AND METHODS
Patient recruitment
A single-center, retrospective study was designed to evaluate the correlation between RDW levels and 
liver cirrhosis with diastolic dysfunction. The clinical data of 5205 patients diagnosed with cirrhosis of 
various etiologies were collected between June 2017 and May 2022, and a total of 505 cases were selected 
and included in this study. All these patients were referred to Fujian Medical University Union Hospital 
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(Fuzhou, Fujian Province, China). For patients hospitalized more than once, data from the first 
admission were used. The following items were set to support a diagnosis of liver cirrhosis[27,28]: (1) 
Imaging by ultrasonography, computed tomography, or magnetic resonance imaging indicating 
irregular liver surface and heterogeneous liver parenchyma; (2) impaired liver synthetic function: 
Albumin level less than 35.0 g/L without other identifiable causes of hypoalbuminemia such as renal 
loss or gastrointestinal loss; and (3) evidence of portal hypertension (variceal hemorrhage, refractory 
ascites, or splenomegaly) or life-threatening complications such as spontaneous bacterial peritonitis or 
hepatic encephalopathy. Liver cirrhosis was defined as conditions meeting criteria (1) and (2) or (1) and 
(3).

The inclusion criteria were: (1) Age over 18 years; (2) diagnosis of cirrhosis confirmed as above 
mentioned; (3) severity of liver cirrhosis evaluated by Child-Pugh classification and Model for End-
Stage Liver Disease (MELD) score; and (4) LVDD confirmed by TTE (controls without LVDD). The 
exclusion criteria were: (1) Known cardiac diseases (such as valvular heart disease, rhythm or 
conduction disorders, congenital heart disease, coronary artery disease, non-ischemic cardiopathy, and 
pulmonary arterial hypertension); (2) TTE-confirmed systolic dysfunction only; (3) other causes of liver 
insufficiency (such as septicaemia and toxic liver disease); (4) RDW increase-related pre-existing 
conditions such as thalassemia, hemolytic anemia, hereditary spherocytosis, sickle cell disease, 
myelodysplastic syndrome, or aplastic anemia; and (5) other underlying conditions including gastric or 
duodenal ulcer, pregnancy, active malignancy other than liver cancer, and recent transfusion or use of 
iron or erythropoietin (within past 3 mo).

In particular, this study not only explored the changes of RDW in patients with CCM, but more 
importantly, revealed the value of RDW in predicting early CCM by comparing the differences of RDW 
in cirrhotic patients with or without cardiomyopathy. As a result, we set a group consisting of Child-
Pugh A cirrhotic patients without CCM as the control group.

Measurements of baseline variables
Upon admission, blood samples were collected at 6 a.m. and processed immediately at the clinical 
laboratory of Fujian Medical University Union Hospital. The reference range of RDW was 11.5%-15.0%. 
Cardiac function was measured by TTE (Philips iE33, Philips Medical Systems, Andover, MA, United 
States). According to the latest CCM guidelines [2019 Cirrhotic Cardiomyopathy Consortium (CCC)][7], 
LVDD in CCM was diagnosed when three of the following conditions were present: E/e′ ≥ 15 [early 
diastolic transmitral and myocardial velocity on Doppler tissue imaging ratio], peak tricuspid 
regurgitation velocity > 2.8 m/s, septal e′ velocity < 7 cm/s (early diastolic myocardial velocity on TDI), 
and left atrial volume index > 34 mL/m2.

Spontaneous bacterial peritonitis (SBP) was defined as a bacterial infection of the ascitic fluid in the 
absence of a secondary intra-abdominal focus and determined by ascitic fluid polymorphonuclear 
(PMN) count, in which PMN count ≥ 250 cells/mm3 was diagnosed as SBP[29]. Refractory ascites was 
defined as ascites that cannot be mobilized or the early recurrence of which (after a large volume 
paracentesis) cannot be prevented by medical therapy[30]. At last, hepatic encephalopathy (HE) was 
defined as brain dysfunction in patients with liver failure and/or portosystemic shunts presenting 
cognitive alterations and personality and mental disorders[31].

Statistical analysis
The data were analyzed with SPSS version 26.0 (IBM, Somers, NY, United States). The normality of the 
data was evaluated by Kolmogorov-Smirnov test. For normally-distributed continuous variables, the 
data are presented as the mean ± SD; inter-group comparison was performed by one-way analysis of 
variance (ANOVA) and pairwise comparison by least significant difference T test (LSD-T). For 
abnormally-distributed continuous variables, data are presented as the median (interquartile range); 
inter-group and pairwise comparisons were analyzed by Kruskal-Wallis test and Bonferroni correction, 
respectively. The count data are presented as percentages (%). The proportions were measured by Chi-
square test and Fisher’s exact test was applied if the expected frequency was < 5. The potential 
association between RDW and CCM was examined by multivariate logistic regression analysis. The 
discriminatory power was evaluated by the area under the receiver operating characteristic (ROC) curve 
(AUC) with its 95% confidence interval (CI). The statistical significance was set at a two-sided 
probability value of P < 0.05. Simultaneously, Pearson correlation analysis was used to compare the 
relationships between RDW and Child-Pugh scores, MELD scores, and NT-proBNP.

RESULTS
Demographic features 
In addition to the 400 cases diagnosed with CCM, we matched 105 patients with early cirrhosis without 
cardiomyopathy. According to Child-Pugh classification[9], all 505 eligible patients were divided into 
four groups: Group I, Class A without CCM (control group); Group II, Class A with CCM; Group III, 
Class B with CCM; Group IV, Class C with CCM. The baseline demographic and clinical characteristics 



Chen YL et al. Value of RDW in CCM

WJG https://www.wjgnet.com 2325 April 21, 2023 Volume 29 Issue 15

of the patient cohort are shown in Table 1. Patients with more serious Child-Pugh rating featured a 
significantly high incidence rate of hyperlipidemia and atrial fibrillation, though no statistical 
significance was found for age, gender, body mass index, smokers, and other demographic information 
among the groups.

Clinical information
The clinical symptoms, laboratory parameters, and medications of the enrolled patients are summarized 
in Table 2. Generally, with the worsening disease severity, more obvious complications were evident 
from Group I to Group IV, such as haematemesis (5.7%, 6.9%, 11.5%, and 18.6%, respectively, P = 0.009), 
edema (1.9%, 6.9%, 14.4%, and 38.4%, respectively, P < 0.001), SBP (1%, 2.3%, 7.9%, and 15.1%, 
respectively, P < 0.001), hyponatremia (2.9%, 12%, 22.3%, and 36%, respectively, P < 0.001), HE (4.8%, 
5.7%, 10.1%, and 22.1%, respectively, P < 0.001), refractory ascites (1.9%, 2.3%, 10.8%, and 24.4%, 
respectively, P < 0.001), and jaundice (11.4%, 7.4%, 23.3%, and 24.4%, respectively, P = 0.003). Along 
with the presence of these indicators, MELD score also increased in the four groups (8.74 ± 1.54, 8.64 ± 
1.57, 17.04 ± 1.96, and 25.19 ± 2.15, respectively, P < 0.001). Except for alkaline phosphatase (ALP), 
regardless of the increase or decrease along with the rise of Child-Pugh level, a statistical difference was 
found in other laboratory indicators, such as total bilirubin (TBIL), alanine transaminase (ALT), aspartic 
transaminase (AST), γ-glutamyl transferase (γ-GT), albumin, white blood cell (WBC) count, hemoglobin, 
platelet count, international normalized ratio (INR), and estimated glomerular filtration rate (eGFR) (P < 
0.050 for all). The frequency of administration of diuretics, anti-ventricular remodeling agents, and β-
blocker increased apparently with the progression of cirrhosis (P ≤ 0.001 for all). The clinical manifest-
ations, laboratory indicators, and CCM medications listed in Table 2 were basically consistent with the 
clinical practice.

RDW as an independent diagnostic indicator for CCM
The pairwise comparison of the four groups revealed a significant difference for the RDW value that 
rose constantly with the increasing severity of cirrhosis (12.54 ± 0.85, 13.29 ± 1.19, 14.30 ± 1.96, and 16.25 
± 2.13, P < 0.001) (Table 2). All indexes with P < 0.05 in Tables 1 and 2 are summarized in Table 3. 
Multivariate logistics regression analysis was divided into three parts, with the first, second, and third 
parts corresponding to risk factor analysis of Group II, Group III, and Group IV (Group I as the control 
group), respectively. Part I reported statistical significance in RDW (odds ratio [OR]: 2.175, 95%CI: 
1.549-3.054, P < 0.001) between Group II and the control group, with no significant differences in other 
indicators, which suggests RDW as an independent risk factor in Part I. Part II revealed a marked 
difference in RDW (OR: 2.447, 95%CI: 1.375-4.354, P = 0.002), ALB, ALT, AST, γ-GT, WBC count, 
hemoglobin, platelet count, INR, NT-proBNP, and eGFR (P < 0.05, respectively). Further multivariate 
logistic regression reported significant differences in RDW (OR: 4.863, 95%CI: 2.493-9.483, P < 0.001), 
ALB, ALT, AST, WBC count, hemoglobin, platelet count, INR, NT-proBNP, and edema (P < 0.05, 
respectively), which were considered as independent risk factors in Part Ⅲ. Besides, as shown in 
Table 4, the linear regression analysis showed a positive correlation between RDW and Child-Pugh 
scores (r = 0.642, P < 0.001) (Figure 1A) and between RDW and MELD scores (r = 0.592, P < 0.001) 
(Figure 1B).

A strong correlation between RDW and different Child-Pugh levels
In Table 2, due to the distribution abnormality in the data of NT-proBNP, the independent sample 
Kruskal-Wallis test was employed for analysis. The results showed no significant increase in NT-
proBNP when the cardiomyopathy cases (Group II) were compared with the non-cardiomyopathy cases 
(Group I) [76 (61, 98) vs 72 (61, 84), P > 0.05] but huge differences for both Group III and Group IV (P < 
0.001 for both). Similarly, the multivariate logistic regression reported no significant difference in NT-
proBNP between Group I and Group II (OR: 1.001, 95%CI: 0.997-1.005, P = 0.518). The linear regression 
analysis (Figure 1C) further revealed a positive correlation between RDW and NT-proBNP (r = 0.715, P 
< 0.001) (Table 4). Finally, the ROC curve analysis was performed to determine the critical value of 
continuous variables (RDW and NT-proBNP) for identifying diastolic dysfunction of cardiomyopathy in 
cirrhosis. The criterion for the selection of optimal cut-off points was comprehensive optimization 
results of sensitivity and specificity. An obvious difference of P values was found for RDW and NT-
proBNP (Figure 2), with a respective AUC of 0.686 (95%CI: 0.624-0.748, P < 0.001) and 0.556 (95%CI: 
0.490-0.623, P > 0.050). The threshold value in ROC curves indicated that LVDD in CCM was more likely 
to occur if RDW was above 13.05%, with a sensitivity and specificity of 56.0% and 71.4%, respectively 
(Table 5).

DISCUSSION
As a chronic cardiac dysfunction, CCM is prevalent in 30%-70% of patients with cirrhosis in recent years
[32,33] and features a blunted contractile response to stress and altered diastolic relaxation[34]. CCM 
manifests a complex progression, which depends on the systemic changes resulting from cirrhosis[35]. 
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Table 1 Comparison of demographic and medical records in the study groups, n (%)

Variable Group I (n = 105) Group II (n = 175) Group III (n = 139) Group IV (n = 86) F/χ2 P

Demographics

Age (yr) 66.20 ± 7.93 67.94 ± 7.41 67.74 ± 7.84 68.00 ± 7.86 1.344 0.259

Male 65 (61.9) 95 (54.3) 82 (59.0) 56 (65.1) 3.304 0.347

Smokers 29 (27.6) 49 (28.0) 51 (36.7) 32 (37.2) 4.697 0.195

Body-mass index (kg/m2) 23.11 ± 2.37 23.23 ± 3.95 23.75 ± 3.24 24.27 ± 3.52 2.520 0.057

Medical history

Hypertension 20 (19.0) 32 (18.3) 35 (25.2) 26 (30.2) 6.041 0.110

Hyperlipidemia 20 (19.0) 50 (28.6) 68 (48.9) 40 (46.5) 31.658 < 0.001

Diabetes mellitus 23 (21.9) 35 (20.0) 37 (26.6) 26 (30.2) 4.146 0.246 

Atrial fibrillation 8 (7.6) 36 (20.6) 52 (37.4) 34 (39.5) 38.947 < 0.001

Stroke 3 (2.9) 5 (2.9) 4 (2.9) 4 (4.7) 0.9081 0.864 

Cirrhosis etiology

Fatty liver 17 (16.2) 22 (12.6) 17 (12.2) 17 (19.8) 3.277 0.351 

Alcoholic liver 18 (17.1) 38 (21.7) 32 (23) 26 (30.2) 4.748 0.191 

Viral hepatitis 53 (50.5) 100 (57.1) 75 (54) 36 (41.9) 5.695 0.127 

Autoimmune liver disease 16 (15.2) 15 (8.6) 14 (10.1) 9 (10.5) 3.157 0.368 

Liver cancer 5 (4.8) 8 (4.6) 7 (5) 4 (4.7) 0.1511 1.000 

1Fisher’s exact test.

Meanwhile, different criteria may indicate a distinct prevalence. A comparison between the 2005 
Montreal criteria and 2019 CCC criteria[3,7] reports a higher prevalence of diastolic dysfunction by the 
Montreal criteria (64.8% vs 7.4%) and a higher proportion of cases with systolic dysfunction by the CCC 
criteria (16.4% vs 53.3%). These cases with systolic dysfunction can only be detected by echocardio-
graphy in the presence of stress[36-38]. Unlike systolic dysfunction, diastolic dysfunction appears early 
and can be detected at the baseline and most patients with cirrhosis display a certain degree of diastolic 
dysfunction[1,3,37]. Therefore, it is imminent to pinpoint some objective biomarkers before the 
condition deteriorates into HF.

As a traditional biomarker for the diagnosis and prognostic evaluation of HF, the clinical application 
of NT-proBNP is quite limited due to multiple factors[39], such as an advanced age and renal 
dysfunction[40]. Its effectiveness is further compromised in cases of HF with preserved ejection fraction 
(HFpEF), due to the impact from the clinical characteristics of HFpEF, including obesity, atrial fibril-
lation, and renal impairment[41]. Moreover, NT-proBNP levels may appear normal in the HFpEF 
patients, thereby impacting the accuracy of risk assessment[42]. Therefore, it is of great significance to 
find new biomarkers for the early detection of CCM.

As a hematological parameter, RDW indicates the level of anisocytosis in vivo. It can be assessed 
rapidly and economically. In acute HF patients in the emergency department (ED)[43], advanced HF 
patients immediately before orthotopic heart transplantation[44], and LVDD in patients with advanced 
stage of chronic kidney disease (CKD)[45], RDW has always been regarded as an independent predictor. 
Furthermore, growing evidence has confirmed an inextricable link between RDW and various types of 
liver-related disorders. Studies have reported the predictive value of RDW for the histological severity 
of primary biliary cholangitis[15] and its positive correlations with chronic hepatitis B virus infection[16,
46-48], non-alcoholic fatty liver disease[49,50], and autoimmune hepatitis[17]. Altogether, these findings 
lend strong support to our speculation that RDW has unique value in the diagnosis of cirrhosis.

In the current study, the regression analysis showed that RDW was the only significant indicator 
when Group I was compared with Group II (Table 3, Part I), which highlights that RDW is the only 
abnormal index in the early stage of CCM. Further linear regression analysis revealed a strong positive 
correlation between RDW and Child-Pugh (Figure 1A) and MELD scores (Figure 1B), indicating that 
RDW can serve as an evaluation index for the progression of cirrhosis. As a routine parameter of blood 
laboratory results, RDW is closely related to HF[11,44,51]. Although the exact underlying mechanism 
remains controversial, several pathophysiological mechanisms of RDW increase in HF have been 
proposed, such as inflammation, oxidative stress, adrenergic stimulation, undernutrition, ineffective 
erythropoiesis, and reduced iron mobilization[51]. Studies have speculated about the link between 
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Table 2 Comparison of clinical data among groups, n (%)

Variable Group I (n = 105) Group II (n = 
175)

Group III (n = 
139) Group IV (n = 86) F/χ2 P

Clinical feature

Haematemesis 6 (5.7) 12 (6.9) 16 (11.5) 16 (18.6) 11.588 0.009

Edema 2 (1.9) 12 (6.9) 20 (14.4) 33 (38.4) 65.284 < 0.001

SBP 1 (1.0) 4 (2.3) 11 (7.9) 13 (15.1) 23.486 < 0.001

Hyponatremia 3 (2.9) 21 (12.0) 31 (22.3) 31 (36.0) 42.806 < 0.001

Hepatic encephalopathy 5 (4.8) 10 (5.7) 14 (10.1) 19 (22.1) 21.565 < 0.001

Refractory ascites 2 (1.9) 4 (2.3) 15 (10.8) 21 (24.4) 44.367 < 0.001

Jaundice 12 (11.4) 13 (7.4) 15 (10.8) 20 (23.3) 14.120 0.003 

MELD score 8.74 ± 1.54 8.64 ± 1.57 17.04 ± 1.96a,b 25.19 ± 2.15a,b,c 2081.425 < 0.001

Laboratory index

RDW (%) 12.54 ± 0.85 13.29 ± 1.19a 14.3 ± 1.96a,b 16.25 ± 2.13a,b,c 101.958 < 0.001

TBIL (μmol/L) 12.3 (10.9, 13.45) 11.5 (9.8, 14.5) 12.8 (10.7, 17.5)b 16.3 (13.18,24.95)a,b,c 57.344 < 0.001

ALB (g/L) 45.91 ± 3.83 44.92 ± 5.19a 37.85 ± 4.71a,b 33.50 ± 5.65a,b,c 159.072 < 0.001

ALT (IU/L) 24 (18, 32) 27 (21, 34)a 32 (23, 37)a,b 35 (26, 75)a,b,c 40.591 < 0.001

AST (IU/L) 26 (19.5, 33) 28 (21, 35) 30 (22, 36)a 34 (25, 62)a,b 25.257 < 0.001

γ-GT (IU/L) 32 (20, 44) 30 (22, 41) 35 (26, 43) 37 (26, 47)a,b 14.96 0.002

ALP (IU/L) 65 (52, 84) 74 (53, 88) 69 (54, 87) 69 (58, 84) 3.535 0.316

WBC count (× 109/L) 5.64 ± 1.51 5.36 ± 1.40 5.76 ± 1.16b 6.10 ± 1.55a,b 5.695 0.001

Hemoglobin (g/L) 122.86 ± 15.53 121.10 ± 15.30 107.92 ± 16.33a,b 99.28 ± 18.15a,b,c 52.186 < 0.001

Platelet count (× 109/L) 190.15 ± 62.47 174.98 ± 41.71a 101.09 ± 27.46a,b 90.38 ± 32.33a,b 165.715 < 0.001

INR 0.91 (0.59, 1.27) 1.21 (0.61, 1.80)a 1.58 (0.86, 2.41)a,b 1.37 (1.17, 2.22)a,b 57.797 < 0.001

NT-proBNP (pg/mL) 72 (61, 84) 76 (61, 98) 354 (127, 653)a,b 647 (364, 1430)a,b,c 242.974 < 0.001

eGFR (ml/min/1.73 m2) 62.35 ± 11.09 60.87 ± 13.52 59.07 ± 15.94 43.31 ± 11.39a,b,c 40.691 < 0.001

Drug information

Diuretic 3 (2.9) 7 (4) 20 (14.4) 32 (37.2) 69.996 < 0.001

Spirolactone 3 (2.9) 7 (4) 17 (12.2) 26 (30.2) 50.491 < 0.001

ACEI/ARB 7 (6.7) 23 (13.1) 22 (15.8) 23 (26.7) 15.690 0.001 

β-blocker 6 (5.7) 13 (7.4) 23 (16.5) 22 (25.6) 23.776 < 0.001

aP < 0.05 when compared with Group I.
bP < 0.05 when compared with Group II.
cP < 0.05 when compared with Group III.
ACEI: Angiotensin converting enzyme inhibitor; ALB: Albumin; ALP: Alkaline phosphatase; ALT: Alanine transaminase; ARB: Angiotensin receptor 
blocker; AST: Aspartic transaminase; eGFR: Estimated glomerular filtration rate; INR: International normalized ratio; NT-proBNP: N-terminal pro-brain 
natriuretic peptide; RDW: Red blood cell distribution width; SBP: Spontaneous bacterial peritonitis; TBIL: Total bilirubin; WBC: White blood cell; γ-GT: γ-
glutamyl transferase.

impaired hematopoiesis and cardiac dysfunction, given the concurrent presence of increased hetero-
geneity of erythrocyte volume in HF patients and the contributing role of anisocytosis in the HF deteri-
oration[52]. Meanwhile, studies have also suggested NT-proBNP as an important index for the 
diagnosis and evaluation of HF[39]. In the current study, the comparison of NT-proBNP between 
groups II, III, and IV in Table 2 showed that HFpEF deteriorated with the worsening severity of 
cirrhosis, which was similar to the increasing tendency of RDW in the aggravating Child-Pugh levels. 
Nevertheless, unlike RDW, NT-proBNP was not a percipient of cardiomyopathy in patients with Child-
Pugh Class A cirrhosis, which was verified by the multiple logistic regression analysis in the first part of 
Table 3. In order to further expound the relationship between the two indicators, the linear regression 
analysis was performed between RDW and NT-proBNP (Figure 1C, Table 4), which showed that they 
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Table 3 Multiple logistics regression analysis for each group and the control group

Part Variable B SE Wald P OR (95%Cl)

RDW (%) 0.777 0.173 20.141 < 0.001 2.175 (1.549, 3.054)

TBIL (μmol/L) -0.086 0.051 2.810 0.094 0.918 (0.83, 1.015)

ALB (g/L) -0.060 0.035 2.973 0.085 0.942 (0.879, 1.008)

ALT (IU/L) 0.122 0.067 3.350 0.067 1.129 (0.991, 1.287)

AST (IU/L) -0.108 0.060 3.178 0.075 0.898 (0.798, 1.011)

γ-GT (IU/L) 0.004 0.011 0.117 0.733 1.004 (0.982, 1.026)

WBC count (× 109/L) 0.026 0.107 0.059 0.808 1.026 (0.832, 1.265)

Hemoglobin (g/L) 0.012 0.010 1.294 0.255 1.012 (0.992, 1.032)

Platelet count (× 109/L) -0.006 0.003 3.638 0.056 0.994 (0.988, 1.000)

INR 0.418 0.290 2.074 0.150 1.519 (0.86, 2.683)

NT-proBNP (pg/mL) 0.001 0.002 0.417 0.518 1.001 (0.997, 1.005)

eGFR (mL/min/1.73 m2) -0.009 0.012 0.598 0.439 0.991 (0.967, 1.015)

Hyperlipidemia -0.074 0.346 0.046 0.831 0.929 (0.471, 1.830)

Atrial fibrillation -0.402 0.602 0.448 0.503 0.669 (0.206, 2.174)

Haematemesis -0.730 0.711 1.054 0.305 0.482 (0.12, 1.942)

Edema 0.105 1.196 0.008 0.930 1.111 (0.107, 11.580)

SBP 1.623 2.242 0.524 0.469 5.07 (0.063, 410.934)

Hyponatremia -1.682 0.934 3.243 0.072 0.186 (0.030, 1.16)

Hepatic encephalopathy -0.161 0.804 0.040 0.842 0.852 (0.176, 4.119)

Jaundice -1.044 1.264 0.683 0.409 0.352 (0.030, 4.188)

Part I

Refractory ascites 0.256 1.498 0.029 0.864 1.292 (0.069, 24.324)

RDW (%) 0.895 0.294 9.265 0.002 2.447 (1.375, 4.354)

TBIL (μmol/L) -0.028 0.083 0.116 0.733 0.972 (0.825, 1.145)

ALB (g/L) -0.723 0.140 26.552 < 0.001 0.485 (0.369, 0.639)

ALT (IU/L) 0.337 0.087 15.167 < 0.001 1.401 (1.182, 1.660)

AST (IU/L) -0.390 0.087 19.883 < 0.001 0.677 (0.571, 0.804)

γ-GT (IU/L) 0.037 0.018 4.313 0.038 1.037 (1.002, 1.074)

WBC count (× 109/L) 0.592 0.253 5.464 0.019 1.807 (1.100, 2.969)

Hemoglobin (g/L) -0.057 0.026 4.929 0.026 0.944 (0.898, 0.993)

Platelet count (× 109/L) -0.055 0.010 32.104 < 0.001 0.947 (0.929, 0.965)

INR 1.894 0.563 11.321 0.001 6.643 (2.205, 20.018)

NT-proBNP (pg/mL) 0.008 0.003 8.203 0.004 1.008 (1.003, 1.014)

eGFR (mL/min/1.73 m2) 0.062 0.027 5.365 0.021 1.064 (1.010, 1.121)

Hyperlipidemia -1.173 0.658 3.174 0.075 0.309 (0.085, 1.125)

Atrial fibrillation 0.365 1.006 0.132 0.717 1.441 (0.201, 10.345)

Haematemesis 2.282 1.499 2.318 0.128 9.792 (0.519, 184.678)

Edema 3.004 1.778 2.855 0.091 20.159 (0.618, 657.095)

SBP 4.715 4.750 0.985 0.321 111.572 (0.010, 
1231574.165)

Hyponatremia -0.424 1.259 0.113 0.736 0.655 (0.055, 7.724)

Hepatic encephalopathy -1.850 1.290 2.057 0.151 0.157 (0.013, 1.970)

Part II
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Jaundice 1.862 2.392 0.606 0.436 6.437 (0.059, 699.588)

Refractory ascites -1.431 3.819 0.140 0.708 0.239 (0, 425.671)

RDW (%) 1.582 0.341 21.541 < 0.001 4.863 (2.493, 9.483)

TBIL (μmol/L) -0.080 0.090 0.787 0.375 0.923 (0.774, 1.101)

ALB (g/L) -0.910 0.150 37.020 < 0.001 0.402 (0.300, 0.539)

ALT (IU/L) 0.350 0.087 16.273 < 0.001 1.419 (1.197, 1.682)

AST (IU/L) -0.410 0.088 21.725 < 0.001 0.664 (0.559, 0.789)

γ-GT (IU/L) 0.032 0.018 3.226 0.072 1.033 (0.997, 1.070)

WBC count (× 109/L) 0.763 0.292 6.798 0.009 2.144 (1.208, 3.803)

Hemoglobin (g/L) -0.070 0.029 5.697 0.017 0.932 (0.880, 0.988)

Platelet count (× 109/L) -0.077 0.013 35.070 < 0.001 0.926 (0.902, 0.950)

INR 1.828 0.621 8.661 0.003 6.224 (1.842, 21.031)

NT-proBNP (pg/mL) 0.008 0.003 7.937 0.005 1.008 (1.002, 1.014)

eGFR (mL/min/1.73 m2) -0.005 0.033 0.018 0.892 0.995 (0.932, 1.063)

Hyperlipidemia -0.404 0.764 0.280 0.597 0.667 (0.149, 2.986)

Atrial fibrillation 0.417 1.132 0.135 0.713 1.517 (0.165, 13.954)

Haematemesis 3.164 1.693 3.493 0.062 23.67 (0.857, 653.530)

Edema 3.826 1.882 4.132 0.042 45.891 (1.147, 1836.043)

SBP 5.570 4.815 1.339 0.247 262.503 (0.021, 
3291299.144)

Hyponatremia -0.376 1.364 0.076 0.783 0.687 (0.047, 9.940)

Hepatic encephalopathy -1.949 1.468 1.763 0.184 0.142 (0.008, 2.530)

Jaundice 0.527 2.529 0.043 0.835 1.694 (0.012, 240.821)

Part III

Refractory ascites -0.538 3.896 0.019 0.890 0.584 (0, 1210.714)

The multiple logistics regression reference group was Group I. Child-Pugh group assignment: Group I = 0, Group II = 1, Group III = 2, Group IV = 3. Every 
count indicator was set to 0 if unavailable and 1 if available. ALB: Albumin; ALT: Alanine transaminase; AST: Aspartic transaminase; eGFR: Estimated 
glomerular filtration rate; INR: International normalized ratio; NT-proBNP: N-Terminal pro-brain natriuretic peptide; RDW: Red blood cell distribution 
width; SBP: Spontaneous bacterial peritonitis; TBIL: Total bilirubin; WBC: White blood cell; γ-GT: γ-glutamyl transferase.

Table 4 Pearson correlation analysis between red blood cell distribution width and each index

Child-Pugh score MELD score NT-proBNP

r value 0.642 0.592 0.715RDW

P value < 0.001 < 0.001 < 0.001

MELD score: Model for End-Stage Liver Disease score; NT-proBNP: N-terminal pro-brain natriuretic peptide; RDW: Red blood cell distribution width.

Table 5 Receiver operating characteristic curve analysis of key indexes among groups

Variable AUC (95%Cl) SE P Critical value Sensitivity Specificity Youden index

RDW 0.686 (0.624, 0.748) 0.032 < 0.001 13.05 56.0% 71.4% 0.274

NTproBNP 0.556 (0.490, 0.623) 0.034 0.114 95.50 28.0% 89.5% 0.175

AUC: Area under the curve; CI: Confidence interval; NT-proBNP: N-terminal pro-brain natriuretic peptide; RDW: Red blood cell distribution width.
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Figure 1 Correlation. A: Correlation between red blood cell distribution width (RDW) and Child-Pugh scores; B: Correlation between RDW and Model for End-
Stage Liver Disease scores; C: Correlation between RDW and N-terminal pro-brain natriuretic peptide. RDW: Red blood cell distribution width; NT-proBNP: N-
terminal pro-brain natriuretic peptide.

were positively correlated with different slopes. The ROC curve analysis on this basis (Figure 2, Table 5) 
revealed that for mild cases of cirrhosis, the possibility of cardiomyopathy increased (sensitivity 56.0%, 
specificity 71.4%) when RDW was greater than 13.05%, while the change of NT-proBNP was not 
significant (P = 0.114). Taken together, these findings suggest that compared with NT-proBNP, RDW 
can serve as a more sensitive indicator for the early stage of CCM.

The above finding may be accounted for with the following explanations. First, cirrhosis is a chronic 
inflammatory disease characterized by gradual necrosis of hepatocytes, which causes a systemic inflam-
matory response, a slow but irreversible decline in liver function, and the development of portal 
hypertension[53]. On the one hand, the pathological function of the liver can increase anisocytosis and 
reduce erythrocyte deformability and oxygen-carrying capacity, which may further result in reduced 
peripheral and myocardial tissue oxygenation, contributing to HF. On the other hand, inflammatory 
cytokines that are closely related to cirrhosis also play an important role in the pathogenesis of HF[54], 
which may affect the maturation and speed of erythrocytes. Moreover, the entry of younger and larger 
reticulocytes into the peripheral circulation may be potential reasons for increasing RDW[50]. Still, 
inflammation may impair the bone marrow function, resulting in the release of premature senescent 
erythrocytes into the circulation and RDW increase[28,51]. Malnutrition, a common complication of 
liver disease, has been shown to be involved in RDW increase in HF[51]. Finally, portal hypertension 
due to cirrhosis can cause hemodynamic abnormalities and hypersplenism, thus accelerating the 
changes in erythrocyte morphology, which is inextricably linked to LVDD[4]. However, the exact 
mechanism awaits further exploration.



Chen YL et al. Value of RDW in CCM

WJG https://www.wjgnet.com 2331 April 21, 2023 Volume 29 Issue 15

Figure 2 Sensitivity and specificity of red blood cell distribution width and N-terminal pro-brain natriuretic peptide assesserd by receiver 
operating characteristic curve analysis. RDW: Red blood cell distribution width; NT-proBNP: N-terminal pro-brain natriuretic peptide.

CONCLUSION
Compared with NT-proBNP, RDW displays a higher sensitivity in the prediction of LVDD in CCM, 
especially in forepart hepetocirrhosis. A significant risk of CCM may be indicated if the quantitative 
RDW value of more than 13.05% is reported.

ARTICLE HIGHLIGHTS
Research background
Cirrhotic cardiomyopathy (CCM) was originally derived from studies of perioperative heart failure 
(HF) in liver transplant patients. In recent years, more and more researchers have found that not only 
patients undergoing liver transplantation, but also many patients diagnosed with cirrhosis will have 
cardiac insufficiency without other organic heart disease. CCM was often found in advanced cirrhosis.

Research motivation
At present, exact diagnostic criteria of echocardiography have been established for CCM. However, in 
most Chinese hospitals, due to high cost, echocardiography is not a good screening method for cases 
without clinical manifestations of HF. We are trying to find a proper method to predict CCM in order to 
achieve early detection and treatment.

Research objectives
To explore suitable biomarkers for early CCM prediction.

Research methods
We adopted the methods of data analysis. Under the premise of clear diagnostic criteria for CCM, risk 
factors were screened by multivariate regression analysis, and red blood cell distribution width (RDW), 
Child-Pugh classification, and N-terminal pro-brain natriuretic peptide (NT-proBNP) were analyzed by 
linear regression, and finally ROC curve analysis was performed to determine the critical value.
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Research results
The possibility of cardiomyopathy increased (sensitivity 56.0%, specificity 71.4%) when RDW was 
greater than 13.05%, while the change of NT-proBNP was not significant (P = 0.114). Taken together, 
these findings suggest that compared with NT-proBNP, RDW can serve as a more sensitive indicator for 
the early stage of CCM.

Research conclusions
RDW can serve as an effective and accessible clinical indicator for the prediction of diastolic dysfunction 
in CCM, in which a numerical value of more than 13.05% may indicate an increasing CCM risk.

Research perspectives
First, large-scale and multi-center studies are needed to reduce the deviation error. Second, continuous 
hemodynamic monitoring is necessary to further analyze the hemodynamic changes in early cirrhosis.
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Abstract
BACKGROUND 
Transjugular intrahepatic portosystemic shunt (TIPS) is placed important role in 
the therapy of complications of portal hypertension, there is still no suitable 
criterion for a reduction in portosystemic gradient (PSG), which can both reduce 
PSG and maximize clinical results and minimize hepatic encephalopathy (HE).

AIM 
To compare the clinical outcomes and incidence of HE after one-third PSG 
reduction during TIPS in patients with variceal bleeding and refractory ascites.

METHODS 
A total of 1280 patients with portal-hypertension-related complications of 
refractory ascites or variceal bleeding who underwent TIPS from January 2016 to 
January 2019 were analyzed retrospectively. Patients were divided into group A 
(variceal hemorrhage and PSG reduced by one third, n = 479); group B (variceal 
hemorrhage and PSG reduced to < 12 mmHg, n = 412); group C (refractory ascites 
and PSG reduced by one third, n = 217); and group D (refractory ascites and PSG 
reduced to < 12 mmHg of PSG, plus medication, n = 172). The clinical outcomes 
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were analyzed.

RESULTS 
By the endpoint of follow-up, recurrent bleeding was no different between groups A and B (χ2 = 
7.062, P = 0.374), but recurrent ascites did differ significantly between groups C and D (χ2 = 14.493, 
P = 0.006). The probability of total hepatic impairment within 3 years was significantly different 
between groups A and B (χ2 = 11.352, P = 0.005) and groups C and D (χ2 = 13.758, P = 0.002). The 
total incidence of HE differed significantly between groups A and B (χ2 = 7.932, P = 0.016), groups 
C and D (χ2 = 13.637, P = 0.007). There were no differences of survival rate between groups A and 
B (χ2 = 3.376, P = 0.369, log-rank test), but did differ significantly between groups C and D (χ2 = 
13.582, P = 0.014, log-rank test).

CONCLUSION 
The PSG reduction by one third may reduce the risk of HE, hepatic function damage and achieve 
good clinical results.

Key Words: Portal hypertension; Transjugular intrahepatic portosystemic shunt; Portosystemic gradient; 
Liver cirrhosis; Variceal bleeding; Refractory ascites
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Core Tip: Patients with cirrhosis who underwent transjugular intrahepatic portosystemic shunt for recurrent 
variceal bleeding and refractory ascites were evaluated. Reduction in portosystemic gradient (PSG) should 
be based on the original basal pressure and reduction by one third may reduce the risk of hepatic enceph-
alopathy, hepatic function damage and achieve similar clinical results as for the refractory ascites patients. 
Appropriate reduction of PSG directly influences the patient prognosis.
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INTRODUCTION
Transjugular intrahepatic portosystemic shunt (TIPS) is placed important role in the therapy of complic-
ations of portal hypertension[1], It has been progressively recognized as an effective therapeutic option 
in a growing number of clinical situations[2,3]. Measurement of portosystemic pressure gradient (PSG) 
is important during the TIPS procedure. Reduction of PSG can achieve good clinical results, but when 
PSG is too low, TIPS can have many complications, of which, hepatic encephalopathy (HE) and liver 
function damage are the most frequent[4]. Post-TIPS HE could depend mainly on portocaval pressure 
gradient and volume of blood shunted through the liver[5].

Several guidelines[6,7] recommend that the PSG should be reduced to 12 mmHg after TIPS creation 
to achieve a better clinical outcome. In that situation, however, the incidence of HE is higher than in 
clinical practice. This has prompted many centers to anecdotally adopt the technique of dilation of stent 
grafts using balloons with a nominal diameter of ≤ 8 mm at TIPS positioning. Recently, a new controlled 
expansion stent has been introduced in clinical practice (Viatorr Controlled Expansion Endoprosthesis; 
Gore and Associates, Flagstaff, AZ, United States), which allows lasting diameter control within a range 
of 8–10 mm during implantation to reach a targeted portal pressure gradient[8].

However, there is still no suitable criterion for a reduction in PSG, which can both reduce PSG and 
maximize clinical results and minimize HE, and few data are available to calculate an appropriate PSG 
value[9]. Here, we report our multicenter retrospective study to compare the occurrence of HE and 
clinical results of one-third reduction of PSG with PSG reduced to < 12 mmHg in patients who required 
TIPS placement.

https://www.wjgnet.com/1007-9327/full/v29/i15/2336.htm
https://dx.doi.org/10.3748/wjg.v29.i15.2336
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MATERIALS AND METHODS
Patient information
This was a multicenter retrospective study. The Ethics Committee approved the study protocol and all 
procedures were conducted according to the guidelines approved by the Committee. Between January 
2016 and January 2019, 1280 patients were referred on an intention-to-treat basis and underwent a TIPS 
procedure. Indications for stent graft shunt were variceal hemorrhage or refractory ascites. The 
outcomes of HE, recurrent variceal bleeding and ascites, and mortality were compared between the 
groups. The patients’ medical records and images were reviewed to gather information regarding 
underlying etiology, clinical presentation, age, sex, and severity of cirrhosis (Table 1).

Study design
This was a multicenter retrospective study that compared the rate of HE and clinical outcomes after 
TIPS with PSG reduced by one third with PSG reduced to < 12 mmHg in patients who required TIPS 
placement for portal-hypertension-related complications of ascites or variceal bleeding. The patients 
were divided into four groups[10]: Group A (variceal hemorrhage and PSG reduced by one third, n = 
479); group B (variceal hemorrhage and PSG reduced to < 12 mmHg, n = 412); group C (refractory 
ascites and PSG reduced by one third, n = 217); and group D (refractory ascites and PSG reduced to < 12 
mmHg, plus medication, n = 172). The clinical outcomes were analyzed.

The inclusion criteria were: Recurrent variceal bleeding after a session of variceal sclerotherapy, and 
refractory ascites that required TIPS placement with portal-hypertension-related complications. Only de 
novo TIPS procedures using Viatorr stent grafts (Gore & Associates) were included. We excluded: TIPS 
procedures performed with bare stents, TIPS with bare stents followed by revision with Viatorr stent 
grafts, and TIPS performed with other types of stent grafts; variceal bleeding as an emergency 
indication; portal vein thrombosis; history of HE; severe right-sided heart failure; severe liver failure 
(bilirubin > 4 mg/dL), polycystic liver disease, and dilated biliary ducts; age > 75 years; Child–Pugh 
score > 11; Model of End-Stage Liver Disease (MELD) score > 18; hepatic carcinoma; sepsis spontaneous 
bacterial peritonitis; and liver transplantation.

TIPS procedure
TIPS was performed under standard local anesthesia as described previously[11]. The entire length of 
the intrahepatic tract was covered by the stent graft. Hepatic venous pressure gradient and portal 
venous pressure were measured during the procedure, and the shunts were dilated to an appropriate 
diameter to reach a target PSG of < 12 mmHg or reduced by one third. To reduce PSG by one third of 
basal value, the stent was not fully expanded, the diameter was retained, and the pressure was 
measured several times until it was reduced by one third. Obvious gastroesophageal collateral vessels 
observed during the TIPS procedure were embolized with coils (Cook Inc., Bloomington, IL, United 
States; or Interlock Coil, Boston Scientific Corporation, Natikeshi, MA, United States). Subsequent direct 
portography was performed to evaluate whether the portal venous system was completely patent.

After the TIPS procedure, intravenous Dalteparin Sodium Injection (5000 U/d; VetterPharma-
Fertigung, Germany) was administered for 3 d. No patients had portal vein thrombosis, and oral 
warfarin was not given.

Follow-up
After TIPS deployment, baseline duplex sonography was performed. Shunt velocities were compared 
with this baseline result during follow-up. Patients were placed into a routine follow-up protocol 
identical for each group. They were seen as outpatients 1 mo after the procedure and then at 3 and 6 mo 
and 1 and 3 years, or whenever needed. Each consultation included a clinical examination, blood 
chemistry, upper abdominal ultrasonography, and assessment of HE.

TIPS angiography was performed in patients with recurrent symptoms or suspected shunt 
dysfunction. TIPS revision was performed when hemodynamically significant shunt stenosis (> 50%) 
was present with recurrent variceal bleeding, or recurrent or gradually worsening ascites. HE was 
defined according to the practice guidelines of the European Association for the Study of the Liver 
(EASL) and American Association for the Study of Liver Diseases (AASLD)[12,13]. Patients lost to 
follow-up were censored at the time of the last known imaging of the shunt (duplex ultrasonography or 
shunt venography).

Statistical analysis
Data measurements results of the four groups were normally distributed, and expressed as mean ±SD, 
and their differences were determined using t test. Categorical variables were expressed as frequencies 
and compared using χ2 test, and their differences among the four groups were determined by one-way 
ANOVA. A P value of less than 0.05 was considered significant. The statistical analyses were performed 
with SPSS version 22.0 (SPSS, Armonk, NY, United States).
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Table 1 Baseline characteristics

Characteristics Group A Group B P value Group C Group D P value

Gender, M/F 256/223 237/175 0.369 126/91 93/79 0.319

Age (mean ± SD) (yr) 54.616 ± 17.27 56.39 ± 12.19 0.319 56.24 ± 13.67 58.27 ± 13.25 0.246

Child–Pugh A/B/C 39/342/98 32/318/62 0.187 0/60/157 0/41/131 0.215

MELD score (mean ± SD) 8.42 ± 1.37 9.29 ± 2.16 0.576 13.26 ± 4.56 14.39 ± 5.38 0.472

Viral hepatitis 324 276 0.528 136 107 0.632

Chronic ethanol consumption 102 87 0.317 55 38 0.258

Cryptogenic hepatitis 53 49 0.492 26 27 0.146

Variceal hemorrhage 479 412 0.721 0 0 0

Refractory ascites 0 0 0 217 172 0.562

Laboratory tests

Alanine transaminase (U/L) 48.36 ± 4.21 53.19 ± 3.27 0.462 62.13 ± 6.48 57.49 ± 7.29 0.368

Aspartate Transaminase (U/L) 54.17 ± 9.25 58.27 ± 12.37 0.361 67.43 ± 15.7 64.28 ± 17.24 0.357

Alkaline phosphatase (U/L) 145.36 ± 23.45 167.18 ± 27.36 0.382 89.67 ± 13.24 92.36 ± 16.58 0.413

γ-Glutamyl transpeptidase (U/L) 278.54 ± 37.47 259.74 ± 46.37 0.463 364.27 ± 58.74 382.17 ± 47.26 0.482

Total bilirubin (mmol/L) 29.45 ± 3.17 32.46 ± 4.28 0.147 37.18 ± 7.69 35.24 ± 8.54 0.367

Albumin (g/L) 31.28 ± 1.47 32.07 ± 1.25 0.106 28.07 ± 1.29 29.36 ± 1.48 0.294

Prothrombin time (s) 14.02 ± 1.35 15.04 ± 1.19 0.236 18.12 ± 2.39 19.23 ± 2.41 0.241

Clinical presentations

Abdominal distention 89 93 0.261 217 172 0.562

Abdominal pain 48 52 0.273 134 97 0.183

Weakness 364 314 0.148 189 154 0.136

Poor appetite 373 362 0.302 196 153 0.324

Jaundice 28 24 0.532 21 16 0.214

Splenomegaly 264 249 0.357 205 168 0.436

Lower limbs edema 47 62 0.159 189 157 0.327

Ascites paracentesis 0 0 0 217 172 0.562

Endoscopic therapy 453 407 0.372 0 0 0

No difference (P > 0.05) could be seen in terms of age, sex, Child–Pugh score, MELD score, laboratory tests, and clinical presentations. MELD: Model of 
End-Stage Liver Disease; SD: Standard deviation; M: Male; F: Female.

RESULTS
All TIPS procedures showed similar efficacy in all four groups by reducing the PSG before and after 
TIPS. PSG was reduced after TIPS placement from 24.58 ± 2.41 to 15.72 ± 1.04 mmHg in group A (P = 
0.012), 25.37 ± 2.54 to 11.27 ± 2.04 mmHg in group B (P = 0.004), 25.12 ± 3.16 to 16.15 ± 1.37 mmHg in 
group C (P = 0.016), and 24.48 ± 3.24 to 10.28 ± 1.18 mmHg in group D (P = 0.003) (Table 2). It showed 
that there were significant differences between groups A and B (P = 0.017) and groups C and D (P = 
0.026).

No patient died within 30 d after TIPS, with an early survival of 100%. None of the patients in groups 
A and B had recurrent bleeding within the first week. The symptoms of ascites in 198 (91.24%) patients 
in group C and 161 (93.60%) in group D disappeared or were relieved without paracentesis, with no 
significant differences (P = 0.327).

During 3-years’ follow-up, the total primary unassisted patency rates in groups A and B were 86.41% 
vs 87.24% (χ2 = 4.486, P = 0.257), and in groups C and D were 85.31% vs 84.29% (χ2 = 4.529, P = 0.248), 
with no significant differences (Figure 1).
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Table 2 Portosystemic gradient changes in the two groups

PSG (mmHg)
Groups

Before After
t value P value

Group A 24.58 ± 2.41 15.72 ± 1.04 11.48 0.012

Group B 25.37 ± 2.54 11.27 ± 2.04 14.25 0.004

(t value) 0.649 6.382

(P value) 0.483 0.026

Group C 25.12 ± 3.16 16.15 ± 1.37 12.43 0.016

Group D 24.48 ± 3.24 10.28 ± 1.18 15.47 0.003

(t value) 0.367 5.734

(P value) 0.534 0.017

There are differences before and after transjugular intrahepatic portosystemic shunt in the four groups: group A compared with B, and group C compared 
with D. PSG: Portosystemic gradient.

Figure 1 Total primary unassisted patency rates of four groups. The total primary unassisted patency rates were not significantly different.

Forty-three (8.97%) patients in group A, 96 (23.30%) in group B, 27 (12.44%) in group C and 63 
(36.62%) in group D developed hepatic function compromise after TIPS placement. The probability of 
total hepatic impairment within 3 years differed significantly between groups A and B (χ2 = 11.352, P = 
0.005) and groups C and D (χ2 = 13.758, P = 0.002) (Figure 2). Mean aspartate transaminase, alanine 
transaminase, and total bilirubin concentrations were elevated, albumin levels decreased, and 
prothrombin time was prolonged compared with pre-TIPS.

At the end of follow-up, 56 (11.69%) patients in group A and 47 (11.40%) in group B had recurrent 
variceal bleeding, which was not a significant difference (χ2 = 7.062, P = 0.374) (Figure 3).

Eighty-Nine (41.01%) patients in group C, 126 (73.25%) in group D with recurrent ascites, which was 
a significant difference (χ2 = 14.493, P = 0.006) (Figure 4).

Of these, 27 (5.63%) patients in group A, 21 (5.09%) in group B, 13 (5.99%) in group C and nine 
(5.23%) in group D were caused by stent dysfunction, and after stent revision, the symptoms 
disappeared, and there was no significant difference between the groups (χ2 = 834, P = 0.358; χ2 = 4.574, 
P = 0.375).

The bleeding in patients in groups A and B that was not caused by stent dysfunction was relieved 
after medical treatment. However, 76 (35.02%) patients in group C and 117 (68.02%) in group D was not 
caused by stent graft dysfunction but rather hepatic dysfunction and hypoalbuminemia, which differed 
significantly between the two groups (χ2 = 13.356, P = 0.006). After medication and albumin supple-
mentation, the symptoms recurred many times (Table 3).

Symptoms of variceal bleeding in groups A and B disappeared within 1 wk, and symptoms of ascites 
in groups C and D disappeared or were relieved within 1 wk without paracentesis, and total primary 
unassisted patency rates were not significantly different. The probability of total hepatic impairment 
and recurrent symptoms was significantly different between the groups.
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Table 3 Outcomes of symptoms in the four groups

Symptoms Group A Group B χ2 P 
value Group C Group D χ2 P 

value

Ascites within 1 wk / / / 198 (198/217, 
91.24%)

161 (161/172, 
93.60%)

0.327

Hemorrhage within 1 wk 0 0 0 / / /

Primary unassisted patency 
rate

0.8641 0.8724 4.486 0.257 0.8531 0.8429 4.529 0.248

Hepatic function compromise 43 (43/479, 8.97%) 96 (96/412, 
23.30%)

11.352 0.005 27 (27/217, 12.44%) 63 (63/172, 36.62%) 13.758 0.002

Recurrence of hemorrhage 56 (56/479, 
11.69%)

47 (47/412, 
11.40%)

7.062 0.374 / / / /

Stent dysfunction 27 (27/479, 5.63%) 21 (21/412, 5.09%) 6.834 0.358 / / / /

Non-stent dysfunction 29 (29/479, 6.05%) 26 (26/412, 6.31%) 6.486 0.362 / / / /

Recurrence of ascites / / / / 89 (89/217, 41.01%) 126 (126/172,73.25%) 14.493 0.006

Stent dysfunction / / / / 13 (13/217, 5.99%) 9 (9/172, 5.23%) 4.574 0.375

Non-stent dysfunction / / / / 76 (76/217, 35.02%) 117 (117/172, 
68.02%)

13.356 0.006

Figure 2 Hepatic function compromise after transjugular intrahepatic portosystemic shunt. The probability of total hepatic impairment differed 
significantly between groups A and B, and C and D.

During the 3-year follow-up period, 46 (9.60%) patients in group A, 67 (16.26%) in group B, 47 
(21.65%) in group C and 69 (40.11%) in group D developed HE, and the incidence of HE in group A 
compared with group B, and group C compared with group D differed significantly (χ2 = 7.932, P = 
0.016; χ2 = 13.637, P = 0.007, respectively). There were significant differences in the occurrence of HE 
between groups A and B at 1 mo (χ2 = 6.463, P = 0.027), 3 mo (χ2 = 5.0368, P = 0.023), 6 mo (χ2 = 6.473, P = 
0.017), 1 year (χ2 = 4.538, P = 0.027), 2 years (χ2 = 5.452, P = 0.026) and 3 years (χ2 = 5.467, P = 0.028). 
There were also significant differences in HE occurrence between groups C and D at 1 mo (χ2 = 14.673, P 
= 0.014), 3 mo (χ2 = 17.478, P = 0.009), 6 mo (χ2 = 13.957, P = 0.011), 1 year (χ2 = 14.576, P = 0.014), 2 years 
(χ2 = 11.476, P = 0.013) and 3 years (χ2 = 8.473, P = 0.017) (Figure 5).

The incidence of HE in the four groups showed a downward trend. After drug treatment, the 
symptoms disappeared in patients with covert and grade II HE. In patients with grade III or IV HE, the 
symptoms disappeared after shunt reduction, but five patients who underwent shunt reduction still had 
hepatic myelopathy (Table 4).

During 3 years’ follow-up, 262 patients in group A, 234 in group B, 189 in group C and 160 in group 
D were lost to follow-up. Total survival rates were no different compared groups A with B (χ2 = 3.376, P 
= 0.369, log-rank test), but there were significant differences between groups C and D (χ2 =13.582, P = 
0.014, log-rank test) (Figure 6).

The 3-mo, 6-mo, and 1-, 2-, and 3-year survival rates were different between groups A and B (χ2 = 
5.368, P = 0.425; χ2 = 4.557, P = 0.436; χ2 = 4.562, P = 0.427, χ2 = 5.487, P = 0.382, and χ2 = 4.582, P = 0.375, 
respectively); and significantly different between groups C and D (χ2 = 13.364, P = 0.012; χ2 = 12.463, P = 
0.013; χ2 = 12.568, P = 0.016; χ2 = 11.467, P = 0.017, and χ2 = 10.367, P = 0.027, respectively). Four hundred 
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Table 4 Hepatic encephalopathy occurrence in the four groups

HE occurrence
Time Group

Yes No
Occurrence rate (%) χ2 P value

1 mo A 43 436 8.97 6.463 0.027

B 67 345 16.26

C 27 190 12.44 14.673 0.014

D 41 131 23.83

3 mo A 45 434 9.39 5.368 0.023

B 79 333 19.17

C 39 178 17.97 17.478 0.009

D 83 89 48.25

6 mo A 39 440 8.14 6.473 0.017

B 72 340 17.47

C 31 186 14.28 13.957 0.011

D 74 98 43.02

1 year A 36 443 7.51 4.538 0.027

B 61 351 14.8

C 29 188 13.36 14.576 0.014

D 69 103 40.11

2 year A 34 445 7.09 5.452 0.026

B 49 363 11.89

C 23 194 10.59 11.476 0.013

D 54 118 31.39

3 year A 29 443 6.14 5.467 0.028

B 43 369 10.43

C 17 155 9.88 8.473 0.017

D 42 130 24.41

Total HE rate A 46 433 9.6 7.932 0.016

B 67 158 16.26

C 47 170 21.65 13.637 0.007

D 69 103 40.11

There were significant differences in incidence of hepatic encephalopathy in group A compared with groups B–D at 1, 3, 6 and 9 mo, and 1, 2 and 3 years (P 
< 0.05). HE: Hepatic encephalopathy.

and forty-nine patients died of multiorgan failure, 127 of hepatic tumor, and 298 of other causes 
(Table 5).

DISCUSSION
During the TIPS procedure, measuring PSG is an important step because reducing PSG can achieve 
good clinical results, in which a conduit is constructed within the liver between the systemic venous and 
portal systems, with the aim of decreasing portal systemic pressure[14]. However, too low portal 
pressure can lead to some complications, and to avoid the recurrence of bleeding and uncontrolled 
ascites induced by excess reduction of portal vein pressure, appropriate PSG levels are required[15].

Most guidelines recommend[16] that the upper threshold of the post-TIPS PSG for a patient with 
variceal bleeding is < 12 mmHg or 50% of baseline, and the AASLD practice guidelines suggest a 
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Table 5 Survival at 3 and 6 mo, and 1, 2 and 3 years

Survival
Time Group

Yes No
Survival rate (%) χ2 P value

3 mo A 470 9 98.12 5.368 0.425

B 401 11 97.33

C 184 33 84.79 13.364 0.012

D 127 45 73.83

6 mo A 442 37 92.27 4.557 0.436

B 381 31 92.47

C 162 55 74.65 12.463 0.013

D 107 65 62.2

1 year A 397 82 82.88 4.562 0.427

B 335 77 81.31

C 117 100 53.91 12.568 0.016

D 65 107 37.79

2 year A 293 186 61.16 5.487 0.382

B 245 167 59.46

C 59 158 27.18 11.467 0.017

D 26 146 15.11

3 year A 229 250 47.8 4.582 0.375

B 193 219 46.84

C 32 185 14.74 10.367 0.027

D 16 156 9.3

Total survival rate A 217 262 45.3 3.376 0.369

B 178 234 43.2

C 28 189 12.9 13.582 0.014

D 12 160 6.97

Survival rates showed no significant differences between groups A and B (P > 0.05), but there were significant differences between groups C and D.

gradient of ≤ 8 mmHg[17]. Most centers presently use the thresholds for TIPS procedures.
The complications of TIPS are classified as related to the TIPS procedure itself, the stent, 

portosystemic shunting, etc.[18]. Among them, HE and deterioration of liver function, as complications 
related to portosystemic shunting, are associated with reduced PSG. Some of the patients with low PSG 
after TIPS have complications such as worsening of HE, which causes multiple admissions to hospital 
and increased liver enzymes and bilirubin, even though they are ultimately medically controlled[19].

This creates a paradoxical dilemma in which low PSG results in complications such as severe HE or 
liver function failure, and inappropriate reduction of PSG also leads to recurrence of symptoms of portal 
hypertension, such as variceal bleeding and ascites. The current concept of small balloon expansion is 
intended to reduce PSG appropriately to reduce portal hypertension without associated serious 
complications[20].

Self-expandable stents may continue to dilate until achieving their nominal diameter[21]. This means 
that if PSG is 11 mmHg after dilating a 10-mm stent to only 8 mm, the stent may continue to self-dilate 
until reaching approximately 10 mm in diameter, leading to a further decrease in PSG and an increased 
risk of HE. How frequently this spontaneous expansion is clinically relevant is a matter of debate, but 
certainly represents a limitation. This led to a further technical improvement, the controlled-expansion 
stents, that cannot spontaneously dilate over preset limits. More crucially, the exact reduction of PSG is 
unknown.

However, we do not have an answer for simple questions such as how large the shunt should be, or 
what PSG reduction should be targeted to prevent recurrent bleeding or ascites during TIPS. PSG 
should be decreased to ≤ 12 mmHg, or by > 50% of baseline (which in most cases means < 12 mmHg) to 
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Figure 3 Recurrent variceal bleeding after transjugular intrahepatic portosytemic shunt. Patients in groups A and B had recurrent variceal bleeding, 
and there was no significant difference between the groups.

Figure 4 Recurrent ascites after transjugular intrahepatic portosytemic shunt of groups C and D. Patients in groups C and D had recurrent 
ascites, with a significant difference between the groups.

Figure 5 Incidence of hepatic encephalopathy after transjugular intrahepatic portosytemic shunt. The incidence of HE differed significantly in 
group A compared with group B, and in group C compared with group D at different times. HE: Hepatic encephalopathy.

prevent the complications of portal hypertension[22]. This comes from observations that recurrent 
bleeding and ascites occurred almost exclusively when patients had a PSG of at least 12 mmHg after 
TIPS[23].

A study has suggested that despite a traditional PSG reduction to below 12 mmHg or > 50% of 
baseline, a PSG decrease to 14 mmHg or > 30% of baseline would be appropriate when uncovered stents 
are used[24]. This goal is achieved in a large proportion of patients with small diameter TIPS such as 7 
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Figure 6 The survival rates of four groups. The total survival rates were not different between groups A and B, but differed significantly between groups C 
and D.

or 6 mm dilated shunts that are likely to result in less worsening of portosystemic shunting and hence a 
lower likelihood of severe HE and post-TIPS liver failure[25]. Of note, in high-risk situations, such as 
refractory ascites, the recent EASL guidelines recommended small diameter TIPS, although not as small 
as 6 mm[15].

It has been shown that complementing a small diameter TIPS with drugs can be converted into a 
satisfactory one by adding propranolol, even at low doses[26]. The synergistic effect of combining two 
different mechanisms decreases PSG by bypassing liver resistance to portal flow, and propranolol 
decreases PSG by reducing splanchnic blood flow. This approach achieves good clinical results and 
lower incidence of HE. Post-TIPS HE is a complex condition that is determined by TIPS diameter and 
many nonhemodynamic factors. Age, degree of liver and kidney failure, chronic inflammation, urease-
producing intestinal bacteria, bacterial translocation and malnutrition/sarcopenia, are other important 
factors that can modulate the therapeutic effect[27]. Several of them are associated with post-TIPS HE 
and survival[28]. Therefore, appropriate reduction of PSG can reduce the occurrence of TIPS-related 
complications, such as HE. Combined with drugs, if good clinical results are achieved, it is not 
necessary to reduce PSG too low to produce higher TIPS-related complications.

Based on the above, we hypothesize that for patients with gastrointestinal bleeding and refractory 
ascites requiring TIPS, one-third reduction of PSG of the baseline is appropriate, which was supple-
mented by drug-lowering portal pressure therapy. We should reduce portal hypertension as much as 
possible, achieve good therapeutic results, and minimize complications, especially the incidence of HE 
and compromise of liver function.

In this study, we divided the patients with gastrointestinal bleeding and refractory ascites who 
required TIPS into four groups, to make a detailed evaluation of the clinical effects. The results showed 
that, as for patients with variceal bleeding who required TIPS placement, PSG reduced by one third 
compared with < 12 mmHg baseline, the two groups had a similar effect on variceal bleeding, but the 
incidence of HE and compromise of liver function differed. During the TIPS procedure, to achieve the 
goal of reducing PSG by one third, a small balloon was required for gradual dilatation, slowly from 6 
mm to 8 mm, which would also be useful for the controlled expansion stent that has been introduced in 
clinical practice. During the dilatation process, the operating procedure will be slower, PSG 
measurement will take approximately 30 min longer, and two more balloons will be used, resulting in 
increased cost. However, the cost should be worthwhile in comparison to the cost of complications.

For patients with refractory ascites who required TIPS, the incidence of HE and compromise of liver 
function were obviously different. In the short term, the symptoms of ascites disappear or subside, but 
in the medium and long term, PSG drops less, ascites still recurs in some cases, and drug therapy is 
necessary. Post-TIPS HE is a complex condition that is determined by TIPS and many nonhemodynamic 
factors. The liver function reserve of patients with refractory ascites and survival rate are poor, and the 
patients are prone to hypoproteinemia and electrolyte disturbances, which are likely to cause recurrence 
of ascites and require drug treatment[29]. In this circumstance, to reduce TIPS-related complications and 
liver function damage, it is not necessary to reduce PSG drastically, one-third PSG reduction plus drug 
therapy would be appropriate.

As a retrospective analysis, our study may manifestaed some limitations. For the one, it maybe need 
randomized controlled trials to validate the results. Next, to achieve main goal of reducing the PSG by 
one third, it requires gradual balloon dilatation from 6 mm to 8 mm, the operating procedure will be 
slower, PSG measurement will take approximately 30 min longer, and two more balloons will be used, 
resulting in increased cost. Finally, our hypothesis needs to be validated by a comparative study on the 
results of small balloon dilatation.
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CONCLUSION
This multicenter retrospective study showed that patients who underwent TIPS creation with PSG 
reduced to one third of baseline or to < 12 mmHg or 50% of baseline had similar successful clinical 
outcomes. However, PSG reduced to < 12 mmHg had a lower rate of HE and liver compromise. Given 
that the PSG will become more controllable in the future with the advent of controllable stents, we 
believe that our concept is worthy of clinical application.

ARTICLE HIGHLIGHTS
Research background
Transjugular intrahepatic portosystemic shunt (TIPS) is placed important role in the therapy of complic-
ations of liver cirrhosis. Measuring portosystemic pressure gradient (PSG) is important during the TIPS 
procedure. Reducing PSG can achieve good clinical results, but when PSG is too low, TIPS leads to 
many complications. Factors associated with post-TIPS complications depend mainly on portocaval 
pressure gradient and the volume of blood shunted through the liver. Several guidelines recommend 
that PSG reduced to 12 mmHg after TIPS creation achieves better clinical outcomes. However, in that 
situation, the incidence of hepatic encephalopathy (HE) was higher in clinical practice. There is still no 
suitable criterion for a reduction in PSG, which can both reduce PSG and maximize clinical results and 
minimize HE, and few data are available to calculate an appropriate PSG value.

Research motivation
We report our multicenter retrospective study to compare the rate of HE and clinical results of reducing 
PSG by one third of baseline with PSG reduction to < 12 mmHg in patients with portal hypertension 
who required TIPS placement wtih of variceal bleeding and ascites.

Research objectives
The main objective was to establish that patients who underwent TIPS PSG reduced by one third of 
baseline compared with PSG reduced to < 12 mmHg of baseline were associated with similar successful 
clinical outcomes.

Research methods
We hypothesized that reducing PSG by one third of baseline compared with < 12 mmHg of baseline 
would result in a lower rate of HE and liver compromise. The patients were divided into four groups: 
Group A (variceal hemorrhage and PSG reduced by one third, n = 479); group B (variceal hemorrhage 
and PSG reduced to < 12 mmHg, n = 412); group C (refractory ascites and PSG reduced by one third, n = 
217); and group D (refractory ascites and PSG reduced to < 12 mmHg, plus medication, n = 172). The 
clinical outcomes were compared and evaluated. Data measurements results of the four groups were 
normally distributed, and expressed as mean ± standard deviation, and their differences were 
determined using t-test. The statistical analyses were performed with SPSS version 22.0.

Research results
This study showed that during TIPS placement, when PSG was reduced by one third compared with < 
12 mmHg of baseline, recurrent bleeding showed no significant difference, but recurrent ascites did 
differ significantly. The probability of total hepatic impairment within 3 years was significantly 
different. During follow-up, the total incidence of HE differed significantly. The total survival rates were 
no different for the variceal bleeding patients but were significantly different for the patients with 
refractory ascites.

Research conclusions
We found that patients who underwent TIPS PSG reduced by one third of baseline compared with 
reduced to < 12 mmHg of baseline were associated with similar successful clinical outcomes, but PSG 
reduced by one third resulted in a lower rate of HE and liver compromise.

Research perspectives
Measuring PSG is important during the TIPS procedure. Reducing PSG can achieve good clinical 
results, but when PSG is too low, TIPS leads to many complications. Reduction of PSG by one third of 
baseline is recommended to decrease the probability of liver function impairment after TIPS, decrease 
the incidence of HE, and increase survival in patients with refractory ascites.
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Abstract
BACKGROUND 
For recurrent achalasia after initial peroral endoscopic myotomy (POEM) failure, 
repeat POEM (Re-POEM) has been reported as a treatment option. However, 
severe esophageal interlayer adhesions caused by previous procedures impede 
the successful establishment of a submucosal tunnel and lead to aborted Re-
POEM procedures. Our team previously described POEM with simultaneous 
submucosal and muscle dissection (POEM-SSMD) as a feasible solution for 
achalasia with severe interlayer adhesions.

AIM 
To investigate the effectiveness and safety of Re-POEM with simultaneous 
submucosal and muscle dissection (Re-POEM-SSMD).

METHODS 
A total of 1049 patients with achalasia who underwent successful endoscopic 
myotomy at the Digestive Endoscopic Center of Chinese PLA General Hospital 
from December 2014 to May 2022 were reviewed. Patients with recurrent 
achalasia who experienced initial POEM clinical failure were retrospectively 
included in this study. The primary endpoint was retreatment clinical success, 
defined as an Eckardt score ≤ 3 during the postretreatment follow-up and no need 
for additional treatment. Procedure-related adverse events, changes in mano-
metric lower esophageal sphincter (LES) pressure and reflux complications, as 
well as procedure-related parameters, were recorded.

RESULTS 
Sixteen patients underwent Re-POEM (9 patients) or Re-POEM-SSMD (7 patients) 
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successfully at a median of 45.5 mo (range, 4-95 mo) after initial POEM. During a median follow-
up period of 31 mo (range, 7-96 mo), clinical success (Eckardt score ≤ 3) was achieved in 8 (88.9%) 
and 6 (85.7%) patients after Re-POEM and Re-POEM-SSMD, respectively (P = 0.849). The median 
Eckardt score dropped from 4 (range, 3-8) at preretreatment to 1 (range, 0-5) at postretreatment in 
the Re-POEM group (P = 0.025) and from 5 (range, 2-8) to 2 (range, 0-4) in the Re-POEM-SSMD 
group (P < 0.001). The mean manometric LES pressure decreased from 23.78 ± 9.04 mmHg to 11.45 
± 5.37 mmHg after Re-POEM (P < 0.001) and from 26.80 ± 7.48 mmHg to 11.05 ± 4.38 mmHg after 
Re-POEM-SSMD (P < 0.001). No serious adverse events were recorded in both groups.

CONCLUSION 
In conclusion, Re-POEM-SSMD appears to be a safe and effective salvage therapy for recurrent 
achalasia with severe interlayer adhesions.

Key Words: Esophageal achalasia; Recurrence; Peroral endoscopic myotomy; Simultaneous submucosal and 
muscle dissection; Interlayer adhesion; Salvage therapy

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: For recurrent achalasia after initial peroral endoscopic myotomy (POEM) failure, repeat POEM 
(Re-POEM) has been reported as a potential treatment option. However, severe interlayer adhesions 
caused by previous procedures impede the successful establishment of a submucosal tunnel. In this study, 
we retrospectively analyzed the data of patients who had persistent or recurrent symptoms after initial 
POEM and underwent Re-POEM or Re-POEM with simultaneous submucosal and muscle dissection (Re-
POEM-SSMD). The results show that Re-POEM-SSMD could serve as an effective and safe salvage 
option for patients with recurrent achalasia when conventional POEM procedures are impeded by severe 
interlayer adhesions.

Citation: Lin YJ, Liu SZ, Li LS, Han K, Shao BZ, Linghu EQ, Chai NL. Repeat peroral endoscopic myotomy with 
simultaneous submucosal and muscle dissection as a salvage option for recurrent achalasia. World J Gastroenterol 
2023; 29(15): 2349-2358
URL: https://www.wjgnet.com/1007-9327/full/v29/i15/2349.htm
DOI: https://dx.doi.org/10.3748/wjg.v29.i15.2349

INTRODUCTION
Achalasia is an uncommon esophageal motor disorder estimated to affect 2 to 3 people per 100000 
people in the general population and is caused by failure of adequate relaxation of the lower esophageal 
sphincter (LES) and impaired esophageal peristalsis[1]. Treatment options mainly include endoscopic 
botulinum toxin injection, laparoscopic Heller’s myotomy (LHM), pneumatic dilation (PD) and peroral 
endoscopic myotomy (POEM) and aim to relax or cause a mechanical disruption of the LES in order to 
achieve symptom relief and restore quality of life[2].

POEM is a super minimally invasive surgery (SMIS) with transesophageal tunnelling endoscopic 
myotomy and has been used to treat achalasia since 2010[3]. Because of digestive endoscopic tunnel 
techniques (DETTs), diseases such as achalasia that were previously treated surgically can now be 
treated endoscopically by creating a submucosal tunnel as a surgical space[4]. Based on results from a 
multitude of retrospective studies, the clinical success rate of POEM for achalasia treatment exceeds 
90%, with only approximately 5%-10% of patients remaining symptomatic postoperatively[5-7].

Recently, repeat POEM (Re-POEM) has been reported as an endoscopic therapeutic option for 
patients with persistent or recurrent symptoms of achalasia after POEM[8,9]. However, severe interlayer 
adhesions in the submucosa caused by previous POEM could hinder the establishment of a submucosal 
tunnel and therefore increase the procedural difficulty of RE-POEM. Coincidentally, we previously 
reported POEM with simultaneous submucosal and muscle dissection (POEM-SSMD) as a treatment 
option for patients with achalasia and severe interlayer adhesions[10]. Herein, we retrospectively 
compared Re-POEM and Re-POEM with simultaneous submucosal and muscle dissection (Re-POEM-
SSMD) as a salvage therapy for patients with prior failed POEM procedures in terms of clinical efficacy 
and safety.

https://www.wjgnet.com/1007-9327/full/v29/i15/2349.htm
https://dx.doi.org/10.3748/wjg.v29.i15.2349
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MATERIALS AND METHODS
Patients
We reviewed 1049 patients with achalasia who underwent successful endoscopic myotomy (POEM, Re-
POEM and Re-POEM-SSMD) at the Digestive Endoscopic Center of Chinese PLA General Hospital from 
December 2014 to May 2022. Patients with recurrent acha-lasia who experienced initial POEM clinical 
failure were retrospectively included in this study. Post-POEM clinical failure was defined as having 
persistent or recurrent symptoms for at least 3 mo. The diagnosis of recurrent achalasia was based on 
medical history, clinical symptoms, esophagogastroduodenoscopy (EGD), barium swallow and 
manometry. Patients who had undergone surgical therapy for achalasia or had previous surgery of the 
esophagus were excluded. Patient demographics, baseline clinical status and preprocedural evaluation 
were recorded. The esophageal symptoms and clinical status were quantified using the Eckardt score
[11]. The study was reviewed and approved by the Ethics Committee of Chinese PLA General Hospital 
(Approval No. S2021-207-01). All study participants signed a written informed consent form.

Interventions
The standard endoscopic procedures were performed by two senior endoscopists with sufficient 
experience in therapeutic endoscopy as previously described[12]. Patients were kept in the supine 
position with the right shoulder elevated. Re-POEM or Re-POEM-SSMD was performed using a single-
channel high-definition gastroscope and carbon dioxide (CO2) gas for insufflation during the procedure.

During the Re-POEM procedure, the scarred area was avoided in the opposite orientation of the 
initial POEM site to allow the establishment of a new submucosal tunnel. When severe interlayer 
adhesions impeded the establishment of new submucosal tunnel, Re-POEM-SSMD was performed to 
dissect the submucosa and muscle synchronously as we described previously[13].

The sequential steps were generally performed as follows: (1) The submucosal space was created by 
injecting methylene blue saline solution to create a liquid mat, and then an inverse T incision was made 
for tunnel entry; (2) the extended submucosal tunnel was terminated at the lesser curvature of the cardia 
(Re-POEM) or as far as possible due to the interlayer adhesions (RE-POEM-SSMD); (3) a circumferential 
layer myotomy was performed at the proximal esophagus and a full-thickness myotomy was performed 
extended to 2-3 cm below the cardia (Re-POEM), or the submucosa and muscle were incised simultan-
eously and a full-thickness myotomy was performed 2-3 cm below the cardia without impairing the 
mucosa (RE-POEM-SSMD); and (4) then the mucosal incision site was sealed using endoscopic metal 
clips after hemostasis was achieved.

All patients were observed for gas-related adverse events such as subcutaneous emphysema, 
pneumothorax or pneumoperitoneum to confirm the absence of gas leakage. After the procedure, 
dietary restrictions were enforced, and proton pump inhibitors (PPIs) and antibiotics were routinely 
administered intravenously. Upon discharge, patients were instructed to continue taking oral PPIs and 
adhere to a soft diet for at least four weeks.

Outcome measures
The primary endpoint was retreatment clinical success, which was defined as an Eckardt score of ≤ 3 
during the postprocedure follow-up and no need for additional treatment. Secondary outcome 
measures were procedure-related adverse events, changes in manometric LES pressure and Eckardt 
score, reflux complications after retreatment, and procedure-related parameters such as operative time, 
tunnel length, myotomy length and length of hospital stay.

High-resolution manometry and Ling classification
LES pressures before and after retreatment were recorded by using a high-resolution manometry 
(HRM) system at 1-cm intervals with high-fidelity circumferential sensors (ManoScan; Sierra Scientific 
Instruments Inc, Los Angeles, CA, United States) as we previously described[12]. HRM was performed 
with patients in a supine position after a minimum of 6 hours of fasting. Pressure data of 10 wet 
swallows were recorded and analyzed with Mano-View software. Ling classification of achalasia, which 
is used to describe the endoscopic morphology of the esophageal lumen, was recorded as we previously 
described[14].

Follow-up
Upper gastrointestinal endoscopic evaluation including monitoring of wound healing and examination 
of objective signs of reflux esophagitis and HRM were scheduled at 3, 6 and 12 mo post retreatment. 
Patient-reported outcomes such as Eckardt scores and symptomatic reflux were recorded in the 
outpatient clinic or by telephone at 3, 6 and 12 mo and then annually thereafter.

Statistical analysis
The results were expressed as the mean with a standard deviation (SD) or median with a range for 
quantitative data and numbers with percentages for categorical data. Student’s t test and the 
Mann–Whitney U test were used to compare baseline characteristics (other than sex), operation 
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Table 1 Demography and clinical profile of patients with recurrent achalasia after initial peroral endoscopic myotomy

Total (n = 16) Re-POEM (n = 9) Re-POEM-SSMD (n = 7) P value

Age, mean ± SD, yr 43.4 ± 16.3 43.0 ± 15.4 43.86 ± 18.7 0.916

Male, n (%) 9 (56.3) 4 (44.4) 5 (71.4) 0.008

Duration of dysphagia, median (range), mo 86.5 (16-420) 92 (16-147) 24 (16-420) 0.751

Time symptoms recurred after initial POEM, 
median (range), mo

15.5 (0-92) 12 (0-92) 7.5 (0-50) 0.414

Interval between initial POEM and Re-POEM, 
median (range), mo

45.5 (4-95) 64 (14-95) 9 (4-60) 0.013

Achalasia endoscopy type, n (%)

  Ling I 2 (12.5) 2 (22.2) 0 (0)

  Ling IIa 5 (31.3) 3 (33.3) 2 (28.6)

  Ling IIb 1 (6.3) 0 (0) 1 (14.3)

  Ling IIc 5 (31.3) 3 (33.3) 2 (28.6)

  Ling IIIr 3 (18.8) 1 (11.1) 2 (28.6)

The values are expressed as mean ± SD or medians (range) for quantitative data, and n (%) for categorical data. SD: Standard deviation; POEM: Peroral 
endoscopic myotomy; Re-POEM: Repeat peroral endoscopic myotomy; Re-POEM-SSMD: Repeat peroral endoscopic myotomy with simultaneous 
submucosal and muscle dissection.

parameters, Eckardt score and LES pressure between the Re-POEM and Re-POEM-SSMD groups. 
Fisher’s exact test was used to compare sex, clinical success and reflux complications between the Re-
POEM and Re-POEM-SSMD groups. The Friedman Test was used to compare the baseline, 
preretreatment and postretreatment Eckardt score and Paired Student’s t test was used to compare 
preretreatment and postretreatment LES pressure. All reported P values were two-tailed, with statistical 
significance set at P < 0.05. Statistical analyses were performed using SPSS software (version 26.0; SPSS, 
Chicago, IL, United States).

RESULTS
Clinical characteristics of patients
Sixteen patients (9 male, 7 female; mean age 43.4 ± 16.3 years) who experienced initial POEM clinical 
failure were diagnosed with recurrent achalasia. The median duration of dysphagia was 86.5 mo (range, 
16-420 mo). Symptoms of achalasia recurred a median time of 15.5 mo (range, 0-92 mo) after initial 
POEM. Retreatment procedures were conducted after a mean of 45.5 mo (range, 4-95 mo) following the 
initial POEM. According to the Ling classification, 2 patients (12.5%), 5 patients (31.3%), 1 patient (6.3%), 
5 patients (31.3%) and 3 patients (18.8%) had Ling I, Ling IIa, Ling IIb, Ling IIc and Ling IIIr types, 
respectively (Table 1).

Procedure-related parameters and adverse events
Re-POEM (9 patients) and Re-POEM-SSMD (7 patients) procedures were conducted successfully in all 
patients. A representative case of Re-POEM-SSMD is described in Figure 1. The mean operative time 
was 39.22 ± 15.19 min in the Re-POEM group and 47.86 ± 9.71 min in the Re-POEM-SSMD group (P = 
0.414). The median lengths of the submucosal tunnel and myotomy were 9 cm (range, 7-13 cm) and 6 cm 
(range, 4.5-11 cm) in the Re-POEM group and 5 cm (range, 4-12 cm) (P = 0.012) and 6 cm (range, 4-11 
cm) (P = 1.000) in the Re-POEM-SSMD group, respectively. Prophylactic antibiotics were administered 
for 3 to 6 d after the procedures. The average length of hospital stay was 6.0 ± 1.7 d and 7.1 ± 1.3 d after 
Re-POEM and Re-POEM-SSMD, respectively (P = 0.454). Regarding procedure-related adverse events, 
computed tomography showed pneumoperitoneum in two patients in the Re-POEM group but no 
apparent clinical consequence occurred during later follow-up. One patient in the Re-POEM-SSMD 
group sustained mucosal perforation during submucosal tunnel construction and was treated by 
endoscopic metal clips, no additional clinical complications were observed (Table 2).

Treatment outcomes and reflux complications
During a median follow-up period of 31 mo (range, 7-96 mo), clinical success (Eckardt score ≤ 3) was 
achieved in 8 (88.9%) and 6 (85.7%) patients after Re-POEM and Re-POEM-SSMD, respectively (P = 
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Table 2 Operation information and treatment outcomes of patients with recurrent achalasia after initial peroral endoscopic myotomy

Re-POEM (n = 9) Re-POEM-SSMD (n = 7) P value
Operation parameters

  Operative time, mean ± SD, min 39.22 ± 15.19 47.86 ± 9.71 0.414

  Submucosal tunnel length, median (range), cm 9 (7-13) 5 (4-12) 0.012

  Myotomy length, median (range), cm 6 (4.5-11) 6 (4-11) 1.000

  Postoperative hospital stay, mean ± SD, d 6.0 ± 1.7 7.1 ± 1.3 0.454

Adverse events, n

  Mucosal injury 0 1

  Subcutaneous emphysema 0 0

  Pneumothorax 0 0

  Pneumoperitoneum 2 0

  Tunnel infection 0 0

Clinical success during follow-up, n (%) 8 (88.9) 6 (85.7) 0.849

Eckardt score, median (range)

  Pre-POEM 6 (2-8) 5 (2-8) 0.892

  Preretreatment 4 (3–8) 5 (2-8) 0.425

  Postretreatment 1 (0-5) 2 (0-4) 0.416

Lower esophageal sphincter pressure, mean ± SD, mmHg

  Preretreatment 23.78 ± 9.04 26.80 ± 7.48 0.489

  Postretreatment 11.45 ± 5.37 11.05 ± 4.38 0.872

Reflux complications

  Symptomatic reflux, n (%) 6 (66.7) 0 (0) 0.001

  R, n (%) 6 (66.7) 3 (42.9) 0.100

SD: Standard deviation; POEM: Peroral endoscopic myotomy; Re-POEM: Repeat peroral endoscopic myotomy; Re-POEM-SSMD: Repeat peroral 
endoscopic myotomy with simultaneous submucosal and muscle dissection.

0.849). None of the patients underwent balloon dilation, temporary esophageal stent placement, or 
botulinum toxin injections after POEM or retreatment. One patient in the Re-POEM group had recurrent 
symptoms of achalasia and chose a follow-up strategy. Reintervention was performed in 1 patient in the 
Re-POEM-SSMD group for recurrent symptoms (Table 2).

The median Eckardt score dropped from 4 (range, 3-8) at preretreatment to 1 (range, 0-5) at 
postretreatment in the Re-POEM group (P = 0.025) and from 5 (range, 2-8) to 2 (range, 0-4) in the Re-
POEM-SSMD group (P < 0.001) (Figure 2). The mean manometric LES pressure decreased from 23.78 ± 
9.04 mmHg to 11.45 ± 5.37 mmHg after Re-POEM (P < 0.001) and from 26.80 ± 7.48 mmHg to 11.05 ± 
4.38 mmHg after Re-POEM-SSMD (P < 0.001) (Figure 3).

At the follow-up EGD, no severe complications, such as delayed bleeding or mucosal barrier failure, 
were detected. The overall rate of clinical reflux complications following retreatment was 56.3% (9/16). 
Six patients developed symptomatic gastroesophageal reflux such as heartburn and reflux after Re-
POEM and were treated by intermittent administration of standard-dose PPI. Reflux esophagitis was 
detected in six patients (Los Angeles classification A, 2; B, 1; C, 3) in the Re-POEM and three (Los 
Angeles classification B, 1; C, 2) in the Re-POEM-SSMD group (P = 0.100).

DISCUSSION
Although POEM is highly effective as a first-line treatment for achalasia, a small percentage of patients 
remain symptomatic or experience relapse after POEM[15,16]. Inadequate myotomy below the EGJ, 
premature fusion healing and early myotomy site scarring may be the main causes of recurrent 
dysphagia in POEM patients. Prior botulinum toxin injections and balloon dilations may also lead to 
substantial fibrosis, making myotomy more difficult. Consensus on the optimal management strategy 
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Figure 1 Repeat peroral endoscopic myotomy with simultaneous submucosal and muscle dissection in a 28-year-old woman with 
recurrence of symptoms after previous peroral endoscopic myotomy. A: Radiographic image showing the difficulty of barium to pass through the pipe 
into the stomach; B: The mucosal scar of previous peroral endoscopic myotomy; C: Reverse T incision of submucosal entry near the scarred area; D: Construction of 
the submucosal tunnel; E: Obvious submucosal fibrosis disconnected by electrocoagulation forceps; F: Simultaneous submucosal and muscle dissection started from 
the muscular scar; G: Full-thickness myotomy of the esophagus; H: Exact hemostasis using hemostatic forceps; I: Closure of the mucosal entry point with metal clips.

for patients with recurrent achalasia after initial POEM failure has not yet been reached.
Re-POEM after failed surgical Heller myotomy has been reported to have good short-term results[17,

18]. Recently, Re-POEM has also been described as an effective endoscopic therapy for the treatment of 
achalasia after failed initial POEM procedures with clinical success rates ranging from 63%-100%[8,19]. 
Moreover, Ichkhanian et al[9] reported that when compared with pneumatic dilation and LHM, Re-
POEM had a higher clinical success rate in the management of patients with failed initial POEM. As a 
SMIS, Re-POEM is less invasive compared to Heller myotomy and requires fewer attempts compared to 
balloon dilation. In this retrospective study, we found that Re-POEM had a clinical success rate of 88.9% 
for recurrent achalasia after initial POEM failure, which is similar to that reported in previous studies.

In POEM procedures, submucosal tunnel dissection and endoscopic myotomy must extend deep 
beyond the gastroesophageal junction (at least 2 cm) to guarantee the success of POEM[16]. Re-POEM is 
technically challenging due to the presence of post-POEM interlayer adhesions and fibrosis and is 
usually performed using a new submucosal tunnel in a relatively unobstructed area to avoid contact 
with the previous procedure site. The presence of severe esophageal interlayer adhesions impede the 
establishment of a new submucosal tunnel. In 2014, our team introduced a novel, modified procedure, 
entitled POEM-SSMD, to address severe interlayer adhesions[10]. As a result of the procedure, the long-
term symptom relief rate was 83% with controllable adverse events for patients with achalasia and 
severe interlayer adhesions[13]. Interlayer adhesions are more common in patients with recurrent 
achalasia who underwent initial POEM than in patients with untreated achalasia. Re-POEM-SSMD can 
be performed in the scar area of an earlier myotomy site without considering the adhesions or fibrosis 
from the previous operation, which makes it easier for the endoscopist to select the preferred direction 
of the myotomy. Based on our data, Re-POEM-SSMD had a comparable clinical success rate of 85.7% 
and could serve as an effective salvage option when conventional endoscopic procedures are impeded 
by severe interlayer adhesions caused by previous POEM procedures.

The orientation selection of Re-POEM and whether to use SSMD operation depends on the preference 
of the endoscopists and their own technical levels. Before retreatment, mucosal inflammation and 
submucosal fibrosis of the esophagus are classified to determine the degree of adhesion[20]. If the initial 
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Figure 2 Eckardt score changes in patients with recurrent achalasia. POEM: Peroral endoscopic myotomy; Re-POEM: Repeat peroral endoscopic 
myotomy; Re-POEM-SSMD: Repeat peroral endoscopic myotomy with simultaneous submucosal and muscle dissection.

Figure 3 Lower esophageal sphincter pressure changes in patients with recurrent achalasia. Re-POEM: Repeat peroral endoscopic myotomy; Re-
POEM-SSMD: Repeat peroral endoscopic myotomy with simultaneous submucosal and muscle dissection.

operative region has obvious adhesions and the rest of esophagus has no or mild adhesions, another 
tunnel can be created at the contralateral esophagus to improve the success rate of Re-POEM. If the 
esophagus has severe and extensive adhesions and performing SSMD is necessary, the endoscopist can 
choose to create a tunnel at the original procedure site, which usually means a relatively comfortable 
operative orientation and may help to improve the technical success rate.

In the Re-POEM-SSMD group, due to the presence of post-POEM adhesions and fibrosis, the 
submucosa and muscle layer are cut simultaneously from the adhesion site with aborted intended 
termination point of the submucosal tunnel, leading to a shorter submucosal tunnel than that created in 
conventional RE-POEM procedures.

The incidence of major adverse events such as vital-sign instability and intensive care unit stay 
ranged between 2% and 4% in the published literature[21-23]. No major adverse events were recorded 
in both groups of our study. A rupture in the mucosa may compromise its integrity and lead to 
esophageal leakage and secondary infection, which should be managed appropriately once identified. 
One mucosal injury in the Re-POEM-SSMD group was successfully managed with secure closure and 
sufficient drainage without the need for surgical repair. The incision made at the tunnel entry site in the 
mucosa should be tightly clipped after myotomy. CO2 should be used as the insufflation gas and a lower 
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flow should be used sparingly once the creation of the submucosal tunnel or SSMD is started. In our 
study, two cases of pneumoperitoneum in the Re-POEM group were recorded but no apparent clinical 
consequence occurred during later follow-up. It should be noted that Re-POEM-SSMD should be 
performed by endoscopists with sufficient experience in therapeutic endoscopy and after preparation 
for all contingencies.

Gastroesophageal reflux and Barrett’s esophagus are usually considered long-term major concerns 
after POEM with no antireflux procedure[15]. Our study showed that fewer cases of symptomatic reflux 
occurred in the Re-POEM-SSMD group than in the Re-POEM group. Re-POEM-SSMD was more likely 
to be performed in the earlier myotomy site, while Re-POEM was usually performed in the opposite 
direction with a new myotomy site. Therefore, in Re-POEM-SSMD, less damage to the muscular layer 
may be responsible for less symptomatic reflux. Nevertheless, follow-up EGD showed no difference in 
postretreatment LES pressure or incidence of esophagitis between the two groups. Therefore, the results 
should be interpreted with caution and effectiveness of Re-POEM-SSMD in reducing reflux must be 
verified in prospective studies with large samples.

There are several limitations to the current study. For instance, a small sample of patients were 
classified into two groups, so a subgroup analysis of the Ling classification could not be performed. 
Moreover, the retrospective nature of the study and variable duration of follow-up were also 
limitations. There was also a potential for patient selection bias.

CONCLUSION
In conclusion, Re-POEM-SSMD appears to be a safe and effective salvage option for recurrent achalasia 
with adhesions or fibrosis caused by previous POEM procedures, thereby broadening the applicability 
of Re-POEM to patients after failed POEM. We are awaiting the results of the RCT and long-term 
follow-up.

ARTICLE HIGHLIGHTS
Research background
For recurrent achalasia after initial peroral endoscopic myotomy (POEM) failure, repeat POEM (Re-
POEM) has been reported as a treatment option.

Research motivation
Interlayer adhesions caused by previous POEM procedures are common, which could impede the 
establishment of a submucosal tunnel and even lead to aborted Re-POEM procedures.

Research objectives
This study aimed to evaluate the efficacy and safety of Re-POEM with simultaneous submucosal and 
muscle dissection (Re-POEM-SSMD) as a salvage therapy for recurrent achalasia with severe esophageal 
interlayer adhesions after prior failed POEM procedures.

Research methods
Patients diagnosed with recurrent achalasia who underwent Re-POEM or Re-POEM-SSMD in our center 
were retrospectively analyzed in terms of clinical efficacy, incidence of procedure-related adverse events 
and reflux complications.

Research results
Clinical success (Eckardt score ≤ 3) was achieved in 8 (88.9%) patients after Re-POEM and 6 (85.7%) 
patients after Re-POEM-SSMD (P = 0.849). No severe adverse events were recorded in both groups.

Research conclusions
Re-POEM-SSMD could serve as a safe and effective salvage therapy for recurrent achalasia with severe 
interlayer adhesions.

Research perspectives
Further studies in large-scale patient population and prospective studies are required to verify the 
efficacy and safety of Re-POEM-SSMD in the management of patients after failed POEM. Further 
evaluation of the validity of Re-POEM-SSMD in reducing reflux is also awaited.
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