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Abstract
The high rate of early recurrence in hepatocellular carcinoma (HCC) post curative 
surgical intervention poses a substantial clinical hurdle, impacting patient 
outcomes and complicating postoperative management. The advent of machine 
learning provides a unique opportunity to harness vast datasets, identifying 
subtle patterns and factors that elude conventional prognostic methods. Machine 
learning models, equipped with the ability to analyse intricate relationships 
within datasets, have shown promise in predicting outcomes in various medical 
disciplines. In the context of HCC, the application of machine learning to predict 
early recurrence holds potential for personalized postoperative care strategies. 
This editorial comments on the study carried out exploring the merits and efficacy 
of random survival forests (RSF) in identifying significant risk factors for 
recurrence, stratifying patients at low and high risk of HCC recurrence and 
comparing this to traditional COX proportional hazard models (CPH). In doing 
so, the study demonstrated that the RSF models are superior to traditional CPH 
models in predicting recurrence of HCC and represent a giant leap towards 
precision medicine.

Key Words: Machine learning; Artificial intelligence; Hepatocellular carcinoma; 
Hepatology; Early recurrence; Liver resection
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Core Tip: This study addresses the crucial issue of early recurrence in hepatocellular carcinoma, emphasizing the significance 
of aggressive tumour characteristics. random survival forests, a machine learning model, surpasses conventional COX 
proportional hazard models, offering improved prediction, clinical usefulness, and overall performance. The model's ability 
to stratify risk facilitates targeted postoperative strategies, showcasing its potential as a guide for personalized patient care.

Citation: Ravikulan A, Rostami K. Leveraging machine learning for early recurrence prediction in hepatocellular carcinoma: A step 
towards precision medicine. World J Gastroenterol 2024; 30(5): 424-428
URL: https://www.wjgnet.com/1007-9327/full/v30/i5/424.htm
DOI: https://dx.doi.org/10.3748/wjg.v30.i5.424

INTRODUCTION
Developing a reliable pre-operative prediction model for postoperative recurrence of hepatocellular carcinoma (HCC) is 
essential in guiding individualized treatment and prognostication process of HCC.

In this issue of World Journal of Gastroenterology, Zeng et al[1] endeavour to identify key variables in pre-operative 
clinical and imaging data using machine learning algorithms to construct multiple risk prediction models for early 
postoperative recurrence of HCC.

HCC remains a significant challenge in the realm of oncology, particularly due to its propensity for early recurrence 
following curative resection[2,3]. It is the sixth most common cancer worldwide[4]. Though surgical resection remains the 
mainstay of curative therapy for HCC, early recurrence of HCC (within 1 year) stands as a substantial barrier to positive 
patient outcomes[3,5]. Survival rates in early recurrence of HCC can be as low as 25% at 3-5 years post resection[5]. There 
are no current approved therapeutic regimens available for the recurrence of HCC[6].

This raises a significant need to improve models for the early detection of patients at risk of recurrence. Many factors 
have been identified in predicting risk of recurrence of HCC[2] and this editorial explores the promising avenue in the 
quest for precision medicine[1] the development of a machine learning model as highlighted by the authors aimed at 
predicting early recurrence after surgical intervention[7]. The advent of machine learning provides a unique opportunity 
to harness vast datasets, identifying subtle patterns and factors that elude conventional prognostic methods[8,9].

Machine learning models, equipped with the ability to analyse intricate relationships within datasets, have shown 
promise in predicting outcomes in various medical disciplines[8]. In the context of HCC, the application of machine 
learning to predict early recurrence holds potential for personalized postoperative care strategies[10].

Traditionally, predictive models, such as COX proportional hazard (CPH) models, have been employed, but their 
limitations have spurred the exploration of innovative methodologies[9-11]. This study undertakes a critical examination, 
comparing the efficacy of random survival forests (RSF) with CPH models in forecasting early recurrence for HCC 
patients following curative resection.

Drawing from a comprehensive cohort of 4758 patients across two medical centres, this study utilized 15 key features 
to construct the RSF model. Features encompassed demographic, clinical, and tumour-specific factors. The RSF model 
was rigorously evaluated for discrimination, calibration, clinical utility, and overall performance, benchmarked against 
traditional models.

Out of 5686 patients with HCC undergoing definitive surgical therapy at Eastern Hepatobiliary Surgery Hospital 
(January 2008 to December 2015), 4376 met inclusion criteria. The study included patients with Child-Pugh A cirrhosis or 
B7 Liver function, without extrahepatic metastases, and complete resection of macroscopic tumour with histological 
evidence of tumour free margins. Exclusions (n = 1310) were due to preoperative anticancer treatment, history of other 
malignancies, palliative surgery, loss to follow up within 2 months of surgery, and perioperative death. The training 
cohort comprised 3370 patients (January 2008 to December 2013), internal validation cohort 1006 patients (January 2014 to 
December 2015), and external validation cohort 382 patients from Mengchao Hepatobiliary Hospital of Fujian Medical 
University.

The RSF model was constructed and used as a regression algorithm with faster training and lower estimation bias. This 
was achieved by using techniques of random forests such as feature and sample bragging. The model was constructed 
using fifteen factors including age, gender, aetiology, platelet count, albumin, total bilirubin, alpha-fetoprotein (AFP), 
tumour size, tumour number, microvascular invasion, macrovascular invasion, Edmondson-Steiner grade, tumour 
capsular, satellite nodules and liver cirrhosis. As 200 survival trees were built, the prediction error was significantly low 
and at 500 trees constructed, the variable importance for all 15 features was also generated. Utilizing cut-off values (50th 
and 85th centiles) from the training cohort's risk index, RSF classified patients into low-risk, intermediate-risk, and high-
risk groups, providing valuable insights for postoperative follow-up and adjuvant therapy. Kaplan-Meier analysis 
validated the stratification in all cohorts (P < 0.0001) (Figure 1).

Model performance was assessed across several methods including model discrimination, model calibration, clinical 
usefulness and overall performance. In training, internal, and external validation cohorts, RSF outperformed existing 
models with C-index values of 0.725, 0.762, and 0.747, respectively. Overall performance time-dependent Brier (2 years) 
were 0.147, 0.129, and 0.156. RSF excelled against five other models that follow CPH. Decision curve analysis affirmed 
RSF’s superior net benefit over other models (Table 1).

https://www.wjgnet.com/1007-9327/full/v30/i5/424.htm
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Table 1 Comparison of random survival forests model performance vs 5 other models following Cox proportional hazard format to 
predict early recurrence

Performance Cohort RSF ERASL Korean AJCC TNM BCLC Chinese

Training 0.725 0.706 0.658 0.674 0.635 0.684

Internal 0.762 0.726 0.672 0.711 0.646 0.709

Model Discrimination: (Harrell’s C-
Index)

External 0.747 0.727 0.722 0.711 0.658 0.696

Training 0.147 0.156 0.174 0.160 0.167 0.161

Internal 0.129 0.143 0.159 0.144 0.154 0.146

Overall Performance: 
Time dependent Brier (2 years)

External 0.156 0.162 0.161 0.169 0.180 0.176

Training 0.166 0.154 0.093 0.139 0.137 0.137

Internal 0.121 0.092 0.041 0.095 0.073 0.073

Clinical Usefulness: Net benefit at 
threshold 50%

External 0.206 0.190 0.222 0.185 0.154 0.154

RSF: Random survival forest; ERASL: Early Recurrence After Surgery for Liver tumours; AJCC TNM: American Joint Committee on Cancer tumour-node-
metastasis; BCLC: Barcelona Clinic Liver Cancer stage.

Figure 1 Construction of random survival forests model. 15 factors used to construct random survival forests model in hepatocellular carcinoma patients 
who underwent R0 resection with variable importance factors emergence and risk stratification applied. HCC: Hepatocellular carcinoma; AFP: Alpha-fetoprotein.

The RSF model, employing 500 survival trees, showcased superior predictive power. Key factors influencing 
recurrence were tumour size (which was the most significant risk factor for early recurrence), followed by macrovascular 
invasion, microvascular invasion, tumour number, and AFP levels.

The limitations to this study include selection bias as the cohort of patients largely had liver disease secondary to 
hepatitis B, which leaves a large space to question the applicability of these outcomes to other aetiologies of liver disease, 
and indeed, the RSF model did not consider aetiology and liver cirrhosis as important predictors of recurrence. Further 
studies will need to be conducted with the RSF model using patients of different aetiologies of liver disease to validate its 
use across different demographics in predicting HCC recurrence and reduce selection bias.

The user-friendly aspect of the web-tool developed, encompasses multiple complex aspects of the predictive model to 
increase its application in clinical practice.
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In conclusion, the RSF model emerges as a beacon in the quest for precision postoperative care in HCC. Its 
demonstrated superiority over traditional models, coupled with its ability to stratify risk, ushers in a new era of individu-
alized treatment strategies. The future role of artificial intelligence (AI) in evaluating hepatic diseases holds tremendous 
promise for revolutionizing diagnostic and treatment approaches. AI technologies, particularly machine learning 
algorithms, can analyse vast amounts of medical data, including imaging studies, laboratory results, and patient histories, 
to identify patterns and subtle anomalies that may escape the human eye. In hepatic diseases, AI can play a crucial role in 
early detection, risk assessment, and personalized treatment planning. Advanced imaging techniques, such as magnetic 
resonance imaging (MRI) and computed tomography (CT) scans, can be enhanced by AI algorithms to provide more 
accurate and timely diagnoses of liver conditions. Machine learning models can also predict disease progression, helping 
healthcare professionals tailor interventions based on individual patient profiles.

As we navigate this machine learning odyssey, the RSF model stands poised to redefine the landscape of HCC 
prognostication and guide clinicians toward more informed and personalized patient care.

CONCLUSION
In conclusion, the RSF model emerges as a beacon in the quest for precision postoperative care in HCC. Its demonstrated 
superiority over traditional models, coupled with its ability to stratify risk, ushers in a new era of individualized 
treatment strategies. The future role of AI in evaluating hepatic diseases holds tremendous promise for revolutionizing 
diagnostic and treatment approaches. AI technologies, particularly machine learning algorithms, can analyse vast 
amounts of medical data, including imaging studies, laboratory results, and patient histories, to identify patterns and 
subtle anomalies that may escape the human eye. In hepatic diseases, AI can play a crucial role in early detection, risk 
assessment, and personalized treatment planning. Advanced imaging techniques, such as MRI and CT scans, can be 
enhanced by AI algorithms to provide more accurate and timely diagnoses of liver conditions. Machine learning models 
can also predict disease progression, helping healthcare professionals tailor interventions based on individual patient 
profiles.

As we navigate this machine learning odyssey, the RSF model stands poised to redefine the landscape of HCC 
prognostication and guide clinicians toward more informed and personalized patient care.
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Abstract
Pancreatitis and pancreatic cancer (PC) stand as the most worrisome ailments 
affecting the pancreas. Researchers have dedicated efforts to unraveling the 
mechanisms underlying these diseases, yet their true nature continues to elude 
their grasp. Within this realm, oxidative stress is often believed to play a causal 
and contributory role in the development of pancreatitis and PC. Excessive 
accumulation of reactive oxygen species (ROS) can cause oxidative stress, and the 
key enzyme responsible for inducing ROS production in cells is nicotinamide 
adenine dinucleotide phosphate hydrogen oxides (NOX). NOX contribute to 
pancreatic fibrosis and inflammation by generating ROS that injure acinar cells, 
activate pancreatic stellate cells, and mediate macrophage polarization. Excessive 
ROS production occurs during malignant transformation and pancreatic carcino-
genesis, creating an oxidative microenvironment that can cause abnormal 
apoptosis, epithelial to mesenchymal transition and genomic instability. There-
fore, understanding the role of NOX in pancreatic diseases contributes to a more 
in-depth exploration of the exact pathogenesis of these diseases. In this review, we 
aim to summarize the potential roles of NOX and its mechanism in pancreatic 
disorders, aiming to provide novel insights into understanding the mechanisms 
underlying these diseases.

Key Words: Nicotinamide adenine dinucleotide phosphate hydrogen oxides; Pancreatitis; 
Pancreatic cancer; Reactive oxygen species; Mechanism
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Core Tip: Nicotinamide adenine dinucleotide phosphate hydrogen oxides (NOX) plays a significant role in the development 
of pancreatitis and pancreatic cancer (PC) by contributing to pancreatic fibrosis and inflammation. It achieves this by 
generating reactive oxygen species, which damage acinar cells, activate pancreatic stellate cells, and induce macrophage 
polarization. Moreover, NOX promotes PC progression by interfering with abnormal cell apoptosis, initiating the epithelial 
to mesenchymal transition processes, and leading to cell genomic instability. A thorough understanding of NOX’s 
involvement in pancreatic diseases is crucial for comprehending the underlying mechanisms of pancreatitis and PC. This 
review provides a summary of NOX’s potential roles and mechanisms in pancreatic disorders, emphasizing areas that require 
further investigation.

Citation: Bi YW, Li LS, Ru N, Zhang B, Lei X. Nicotinamide adenine dinucleotide phosphate oxidase in pancreatic diseases: 
Mechanisms and future perspectives. World J Gastroenterol 2024; 30(5): 429-439
URL: https://www.wjgnet.com/1007-9327/full/v30/i5/429.htm
DOI: https://dx.doi.org/10.3748/wjg.v30.i5.429

INTRODUCTION
Incidence of diseases of the pancreas, including acute and chronic pancreatitis (CP) and pancreatic cancer (PC) are rising 
globally[1-3]. Acute pancreatitis (AP) is the leading cause for gastrointestinal-disease related hospital admissions and is 
associated with significant morbidity, mortality and socioeconomic burden[4]. CP causes persistent pain, as well as 
exocrine and endocrine pancreatic insufficiency. It also poses a risk factor for the development of PC[5]. PC is the 
malignancies with an incidence/mortality ratio of as high as 94% and a 5-year survival rate of about 9%[6]. Although 
researchers have been dedicated to exploring these diseases, the precise pathogenesis remains unclear. Research indicates 
that aberrant redox homeostasis occurs in both pancreatitis and PC. Reactive oxygen species (ROS) exert oxidative stress 
on the pancreatic cells, deregulating the redox homeostasis and promoting inflammation and tumorigenesis by initiating 
an aberrant induction of signaling networks[7,8].

Nicotinamide adenine dinucleotide phosphate hydrogen oxidases (NOX) is indeed a primary source of cellular ROS. 
During the development of PC and pancreatitis, the levels of ROS in pancreatic tissue are significantly increased, the 
source of these ROS is related to dysregulation of NOX in pancreatic cells[9,10]. The dysregulation of NOX plays an 
important role in pancreatitis and PC. Therefore, to clarify the regulatory mechanism of NOX in pancreatic cells will be 
more conducive to understanding the pathological process of pancreatitis and PC. In a word, we will present the existing 
evidence regarding the role and the mechanism of NOX in both pancreatitis and PC.

NOX IN AP
AP occurs as a result of the abnormal activation of pancreatic enzymes, which leads to the digestion of the pancreas itself 
and surrounding organs[11]. It is primarily characterized by localized inflammation of the pancreas and can even cause 
systemic organ dysfunction. Acinar cell injury leading to premature activation of pancreatic enzymes is considered the 
primary factor in the initiation of AP[12]. The subsequent inflammation triggered by the necrosis of acinar cells plays a 
crucial role in the progression of the disease[13]. Among the immune cells responding to the released chemotactic factors 
from injured acinar cells during pancreatitis, macrophages are among the earliest[14]. Therefore, both acinar cells and 
macrophages play significant roles in the development of AP. As the disease worsens, AP can even cause multiple organ 
dysfunction, known as severe AP, which has a high mortality rate and attracts significant clinical attention[15]. Therefore, 
this section focuses on exploring the regulatory role of NOX in acinar cells, macrophages, and other organ failures 
associated with AP.

NOX causes acinar cell damage
Pancreatic acinar cells are secretory cells that primarily synthesize, store and ultimately release digestive enzymes into the 
duodenum[16]. However, when exposed to harmful stimuli, acinar cells exhibit inflammatory characteristics by 
activating signaling transduction pathways associated with the expression of inflammatory mediators[17]. The injury or 
death of acinar cells can initiate inflammatory cascades, which is the main pathogenesis of AP.

Pancreatic acinar cells constitutively express NOX subunits p67phox and p47phox in the cytosol, as well as NOX1 and 
p22phox in the membrane, which could be activated by cerulein[18]. Upon activation, a complex of the cytosolic subunits 
translocates to the membrane and facilitates NOX-dependent formation of superoxide and other secondary ROS. In the 
early stage of AP, the NOX activity of acinar cells is significantly upregulated, leading to the activation of downstream 
nuclear factor kappa-B (NF-κB) pathway and stimulation of interleukin (IL)-6 expression[18]. In addition to inducing AP, 
NOX can also participate in a series of inflammatory cascade reactions to promote the progression of AP.

NOX hyperactivity disrupts mitochondrial membrane potential, leading to ATP depletion and subsequent injury in 
pancreatic acinar cells[19]. The excessive production of ROS by NOX induced zymogen activation, mitochondrial 
dysfunction and cytokine expression, which further injury to pancreatic acinar cells[20,21]. And the use of the NOX1 
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inhibitor could suppress these responses and alleviate inflammation in alcoholic AP model. To further investigate the 
mechanism of NOX action on acinar cells in AP, Ju et al[22] discovered that NOX mediated the activation of Janus kinase 
(JAK)2/signal transducer and activator of transcription and mitogen-activated protein kinases (MAPKs) (ERK, JNK, p38) 
to induce the expression of transforming growth factor (TGF)-β1 in cerulein-stimulated pancreatic acinar cells, thereby 
facilitating the progress of AP. Furthermore, NOX is believed to be involved in acinar cell death. NOX upregulates IL-6 
and mediates ROS-induced apoptosis in pancreatic acinar cells stimulated with the cholecystokinin analogue cerulein
[23]. It is known that cerulein induced the expression of apoptosis-inducing factor (AIF) in pancreatic acinar cell. During 
the process of cell apoptosis, AIF relocates from the mitochondria to the cytoplasm, and subsequently enters the cell 
nucleus, resulting in the aggregation and fragmentation of nuclear DNA, ultimately inducing apoptosis in pancreatic 
acinar cells[24,25]. Previous studies have indicated that NOX activation might be the upstream events of AIF expression, 
leading to cerulein-induced apoptosis in pancreatic acinar cells[26].

NOX is involved in the M1 polarization of macrophage in AP
Accumulating evidences shows that both the number and activation of macrophages play a crucial role in determining 
the severity of AP[27-29]. Damaged pancreatic acinar cells release cell contents including trypsin, zymogen granules, 
cytokines, cell-free DNA and other damage-related molecular patterns, which recruit and activate inflammatory 
macrophages[30]. Macrophages can be categorized into two main subtypes, M1 and M2, based on their stimuli and 
function in vitro[31]. M1 macrophages are responsible for producing cytokines and inflammatory mediators, which 
contribute to the amplification of local and systemic inflammation. As a result, they dominate the pro-inflammatory 
phase of AP. On the other hand, M2-like macrophages are prevalent during the process of pancreas repair/regeneration
[32]. Therefore, M1 macrophages are dominated during the development of AP.

NOX-induced ROS production has a role in maintaining the polarization of M1 macrophage[33,34]. The involvement of 
NOX in mediating macrophage M1 polarization has been studied in various organs. For instance, NOX4 has been shown 
to induce macrophage M1 polarization following spinal cord injury[35]. In breast cancer, M1 macrophages exhibited 
significantly increased levels of ROS and mRNA expression of NOX2, NOX5, and CYBA (p22phox) compared to M2 
macrophages[36]. Moreover, it is reported that NOX2 could mediate macrophage M1 polarization in traumatic brain 
injury through NF-κB pathway[37]. Regarding the pancreas, Han et al[38] discovered that NOX-mediated oxidative stress 
the polarization of M1 macrophages in the pancreas, thereby promoting the progression of AP via the activation of NF-κB 
and inflammasome pathways. Accordingly, NOX is capable of mediating the polarization of M1 polarization and 
contributing to the progression of AP. Further research is warranted to elucidate the underlying mechanisms by which 
NOX maintains M1 macrophages in the context of AP.

NOX is involved in AP-associated organ dysfunction
Despite the mild nature of AP in most patients, about 20%-30% experience a severe form that frequently results in 
dysfunction of one or multiple organs, requiring intensive care[39]. Moreover, recent studies have uncovered a link 
between NOX and organ dysfunction in AP, in addition to its role in inducing local inflammation in the pancreas.

Carrascal et al[40] showed that circulating exosomes involved in the progression of inflammation from the pancreas to 
distant organs leading to organ dysfunction in AP. Interestingly, these exosomes’ impact is dependent on NOX. 
Specifically, NOX is activated by proteins carried by exosomes, resulting in the production of free radicals and the 
promotion of an inflammatory response. Furthermore, NOX inhibitor pretreatment blocked the expression of IL-1β and 
tumour necrosis factor alpha mRNAs induced by exosomes obtained from patients with severe AP.

NOX is widely distributed and is participated in various pathological processes of different organs. Yang et al[41] 
showed that NOX regulate the activity of downstream p-AKT and glycogen synthase kinase (GSK)-3β by regulating ROS 
levels, thereby affecting the release of inflammatory mediators and regulating AP-related kidney injury. Jin et al[42] found 
NOX2 and NOX4 were upregulated in lung tissue of severe AP and NOX-mediated ROS could activate NACHT, LRR, 
and PYD domains-containing protein 3 inflammasome and NF-κB signaling and facilitate AP-associated lung injury. Wen 
et al[43] showed that hyperactivity of NOX underlies myocardial injury in severe AP by promoting ROS generation with 
increased oxidative stress and cardiomyocyte apoptosis via activating the MAPK pathway. Moreover, NOX is involved in 
the process of intestinal barrier damage in sever AP, which was associated with an increase in the systemic concentration 
of cytokines, oxidative stress and activated NF-κB and p38 MAPK expression[44].

In summary, NOX promotes the development of AP by causing acinar cell damage and inducing macrophage 
polarization into M1 type (Figure 1). Moreover, NOX also be involved in distant organ dysfunction in AP. While the 
specific mechanism of NOX act on acinar cell and macrophages needs further study, which help us to further elucidate 
the pathogenesis of AP.

NOX IN CP
CP manifests from a long-term inflammation, which results in a significant replacement of the parenchyma by 
extracellular matrix (ECM)-rich connective tissue (i.e., fibrosis) and permanent organ damage[45]. Notably, fibrosis is the 
hallmark histological feature of CP[46]. Fibrosis is a post-injury repair response in which tissue homeostasis is disrupted 
and fibrotic changes occur under the action of specific cytokines and a pro-oxidative environment, eventually leading to 
organ dysfunction[47]. The current clinical treatment of CP is limited to symptomatic treatment and management of 
complications. Thus, a better understanding of the mechanism underlying the pathogenesis of CP is necessary in order to 
develop more effective therapeutic options to attenuate the progression of the disease. Clarifying the mechanism of 
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Figure 1 The scheme of the potential roles of nicotinamide adenine dinucleotide phosphate hydrogen oxides in pancreatic acinar cells 
and macrophages, which leading the development of acute pancreatitis. NOX: Nicotinamide adenine dinucleotide phosphate hydrogen oxides; AIF: 
Apoptosis inducing factor; ROS: Reactive oxygen species; NF-κB: Nuclear factor kappa-B; IL: Interleukin; TGF: Transforming growth factor; PDGF: Platelet-derived 
growth factor; PSC: Pancreatic stellate cell; DPI: Diphenylene iodium.

pancreatic fibrosis in CP and exploring therapeutic methods to delay or reverse pancreatic fibrosis are the basis to finding 
effective treatment for CP.

NOX induce pancreatic stellate cell activation
The activation of pancreatic stellate cells (PSCs) is the core to CP pathological processes. PSCs exist in two forms, the 
quiescent state and the activated state. Under physiological conditions, PSCs are in a quiescent state and secrete some 
growth-promoting cytokines to maintain the basic structure and function of the pancreas. When pancreas tissue damaged 
or in response to stimulation, PSCs are activated and transformed from their quiescent into myofibroblast-like phenotype, 
characterized by the disappearance of intracellular lipid droplets and the expression of α-smooth muscle actin (α-SMA) 
and ECM components such as type I collagen, type III collagen, and fibronectin[48]. PSCs express key components of 
NOX, p22phox, p47phox, NOX1, gp91phox/NOX2 and NOX4[49]; and NOX is recognized to be involved in PSCs 
activation.

Masamune et al[49] found that upregulating NOX activity in PSCs could induce PSCs activation and proliferation. 
Furthermore, diphenylene iodium (DPI) abolished ROS production in isolated PSCs and inhibited transformation of 
freshly isolated PSCs to a myofibroblast-like phenotype. NOX-mediated ROS in PSCs could accelerate fibrosis 
progression in CP. Xia et al[50] found Nox1-derived ROS in PSCs mediate the fibrotic process of CP by activating the 
downstream redox-sensitive signaling pathways AKT and NF-ĸB, up-regulating metalloproteases (MMP)-9 and Twist, 
and producing α-SMA and collagen I and III. However, limited research has been focused on exploring the mechanism of 
NOX promoting PSCs activation. More studies are needed in this topic.

NOX is involved in the M2 polarization of macrophage in CP
In the pancreatic tissue of CP, M2 macrophages are the dominant type of macrophages[51]. These M2 macrophages secret 
cytokines including TGF-β, platelet-derived growth factor, IL-10 and various matrix metalloproteinases, which play a role 
in the progression of fibrosis and chronic inflammation in CP[52]. Furthermore, M2 macrophages can activate PSCs, and 
the cross-talk between activated PSCs and M2 macrophages initiates and sustains the fibrotic process in CP[53]. NOX-
mediated ROS can act as second messengers playing an extremely important role in the regulation of macrophage 
polarization[54-56]. Previous studies showed NOX was involved in M2 polarization of macrophages. Reduced NOX2 
expression improves the wound healing functions of M2 macrophages in degrading disulphide protein[57]. Furthermore, 
the interaction between M2 macrophages with apoptotic bodies triggers instability of NOX2 mRNAs through binding 
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blockade of RNA-binding protein SYNCRIP to NOX2 3’ untranslated region. And this further defect the ROS production 
and leads to M2 macrophage polarization[58]. Mongue et al[59] found cardiomyocyte NOX4 modulated macrophage 
polarization toward M2 phenotype in myocardial injury mice model. Intervention of antioxidant butylated hydroxy 
anisole by inhibiting NOX-mediated O2− production blocked monocyte differentiation to M2 type[60]. These results 
suggest that NOX may play a role in regulating M2 polarization of macrophages in the pancreas of CP. Further studies 
are needed to investigate this relationship.

In summary, NOX is involved in the progression of CP (Figure 2). NOX promotes the activation of PSC in the fibrotic 
process of CP. Moreover, the application of NOX inhibitors in vitro effectively inhibits the activation of PSC. Additionally, 
several studies have shown that NOX induces M2 polarization of macrophages in other organs. It has been established 
that M2 macrophages promote the occurrence and development of CP. Therefore, further research is needed to 
investigate whether NOX also plays a regulatory role in the M2 polarization of macrophages in CP.

NOX IN PC
The global burden of PC has increased dramatically over the past few decades and is expected to continue to represent a 
leading cause of cancer-related mortality[61]. Although efforts are being made to explore the pathological process of PC, 
its specific etiology remains unclear. Furthermore, PC shows resistance to chemotherapy, and there is currently no 
effective clinical treatment available[62]. Therefore, elucidating the underlying mechanisms of PC and identifying 
potential therapeutic targets have been topics of great interest.

KRAS promotes NOX activity
The oncogenic KRAS mutation is the major event in PC; it confers permanent activation of the KRAS protein, which acts 
as a molecular drive common phenotypes that expose specific vulnerabilities[63]. KRAS transformed PC cells have 
increased NOX activity and superoxide levels, as compared to parental cells[64,65]. Moreover, several reports have 
indicated that in human PC, expression of NOX family members is increased when compared to non-transformed 
pancreatic tissue[66-68]. KRAS gene mutations can lead cells to depart from common phenotypes and expose specific 
vulnerabilities. One example of such a phenotype is abnormal redox homeostasis, with excessive accumulation of ROS 
playing a crucial role in causing this aberrant redox homeostasis[69]. The ROS generated by KRAS, primarily relies on 
NOX production. ROS exerts oxidative stress on cells, which disrupts redox homeostasis and promotes tumor formation. 
This occurs due to an abnormal activation of signaling networks that initiate tumorigenesis[70]. NOX is a multi-subunit 
enzyme which is activated through the small GTPase Rac1[71,72]. Consequently, in PC cell lines, presence of oncogenic 
KRAS links to increased Rac1 activity and superoxide production; and KRAS-induced ROS production can be inhibited 
by downregulation of p47phox, the cytosolic regulatory subunit of NOX[73,74]. Therefore, there is a close correlation 
between NOX and the development of PC caused by the oncogenic KRAS gene mutation.

NOX regulates PC cells from apoptosis
One reason why PC is highly aggressive and unresponsive to treatments is its resistance to apoptosis. ROS induce 
apoptosis indirectly through damage to DNA, proteins and lipids, or more directly through the activation of pro-
apoptotic signaling cascades such as SAPK/JNK, ERK1/2, and p38 upon the induction of the MAPK pathways[75]. 
However, at high concentrations, ROS, especially as H2O2, can inhibit caspases, resulting in irreversible damage to cell 
components and leading to necrosis[76]. Conversely, in certain cases, NOX-produced ROS can trigger an anti-apoptotic 
effect by activating NF-κB or Akt/ASK1 transduction pathways[77].

Study have found that growth factors can induce the production of ROS by mediating NOX in PC cells, thus protecting 
the cells from apoptosis[72]. The oncosuppressor p53 gene plays a crucial role in the process of apoptosis in cancer cells. 
Research has found that NOX1 inhibits tumor cell apoptosis by regulating p53 deacetylation, suppressing its transcrip-
tional activity, and activating the SIRT1 pathway[78]. Mochizuki et al[77] noted that ROS, generated by NOX4, transmits 
signals for cell survival through the AKT-ASK1 pathway. Furthermore, Lee et al[66] demonstrated that NOX4-generated 
ROS promote PC cell survival by inhibiting JAK2 dephosphorylation. Study has discovered that the application of a NOX 
inhibitor, Tyrosine, effectively inhibits cell proliferation of human and hamster PC cells by inhibiting the G1 phase of the 
cell cycle with cyclin D1 downregulation and inactivation of AKT-GSK3β and ERK1/2 signaling pathways[79]. Therefore, 
NOX could regulate PC cells from death.

NOX facilitates epithelial to mesenchymal transition in PC
The epithelial to mesenchymal transition (EMT) is a crucial mechanism by which tumor cells acquire motility and 
invasiveness[80]. More and more evidence indicates that EMT plays a vital role in the pathogenesis, invasion, metastasis, 
and drug resistance of PC[81,82]. It is worth noting that recently, it has been discovered that many important EMT 
regulators are sensitive to redox reactions, thereby being able to elucidate the molecular basis of EMT from a redox 
perspective[83].

NOX4, a subunit of NOX, has been implicated in the EMT process in PC[84]. NOX4 mRNA correlation with EMT gene 
expression such as collagen (COL1A2, COL3A1, COL5A2), MMP2, MMP9 and fibronectin (FN1)[85]. Additionally, 
studies have discovered that NOX4-derived ROS transmit TGF-β-triggered EMT signals through PTP1B in PC[86]. 
Furthermore, Witte et al[87] proposed that TGF-β1-induced EMT in PC cells is mediated through RAC1/NOX4/ROS/p38 
MAPK cascade. More recent research has demonstrated that NOX4 caused inactivation of lysine demethylase 5A, leading 
to increased methylation modification of histone H3 and regulation of transcription of EMT-associated gene SNAIL1. 
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Figure 2 The scheme of the potential roles of nicotinamide adenine dinucleotide phosphate hydrogen oxides in pancreatic stellate cells 
and macrophages, which facilitating pancreatic fibrosis of chronic pancreatitis. NOX: Nicotinamide adenine dinucleotide phosphate hydrogen 
oxides; AIF: Apoptosis inducing factor; ROS: Reactive oxygen species; TGF: Transforming growth; IL: Interleukin; JAK: Janus kinase; STAT: Signal transducer and 
activator of transcription; MAPK: Mitogen-activated protein kinase.

Moreover, the deficiency of NOX4 has been shown to suppress hypoxia-induced EMT in PC cells[88].

NOX and genomic instability
Extensive reviews have investigated the impact of ROS on DNA damage. Cell exposure to chronic oxidative stress has 
been reported to elicit genomic instability. Moreover, there is evidence indicating elevated ROS levels in genomically 
unstable clones[89,90]. Although the precise function of NOX in cellular transformation remains unclear, several studies 
provide suggestive evidence for its role. NOX4 induces the production of ROS, which damages mitochondrial DNA and 
leads to mitochondrial dysfunction[91]. In addition to its known involvement in chromosomal instability, NOX1, NOX2, 
NOX4, and DUOX have been associated with the regulation of p53 transcription factor activity[92-94]. Moreover, p53 
mutation can “transform” NOX4 from a protective and good prognostic indicator into a harmful one by promoting 
programs favorable to cancer progression, including EMT, cell migration, cell adhesion, and angiogenesis[85].

There are studies suggest a relationship between NOX and oncogene in PC. Ogrunc et al[95] demonstrated that NOX4 
promotes the transformation of PC cells expressing oncogenes by generating mitogenic ROS. This transformation leads to 
a compromised DNA damage response and oncogene-induced cellular senescence bypass. Ju et al[96] identified that 
NOX4 as a critical factor that facilitates the interaction between KRAS activation and p16 inactivation, promoting the 
occurrence of PC.

In summary, NOX plays a crucial role in the progression of PC. NOX could regulate PC cells from death, promote the 
EMT process, and induce genomic instability (Figure 3). Furthermore, NOX is also involved in the key oncogenic process 
of abnormal redox homeostasis induced by the oncogene KRAS in PC. It is worth noting that that among the subunits of 
NOX, NOX4 has been extensively studied in relation to PC and has been found to promote PC through various 
mechanisms. Therefore, NOX4 may represent a potential therapeutic target for PC, but further research is needed to 
confirm this.

PERSPECTIVE
As we known, NOX is a membrane-bound multi-component enzyme complex. Different isoforms of NOX are distributed 
in different tissues, cells, and subcellular structures, exerting specific functions under physiological and pathological 
conditions. Although studies have demonstrated the significant role of NOX in pancreatitis and PC, the exact subunit of 
NOX responsible for these conditions remains unclear. NOX subunits express differently in acinar cells, PSCs and 
macrophages. Identifying the specific subunits participate in promoting pancreatic disorders progression help us better 
understand the pathogenesis of pancreatitis and PC. Further studies are needed to explore this topic.
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Figure 3 The scheme of the potential roles of nicotinamide adenine dinucleotide phosphate hydrogen oxides in pancreatic cancer. ASK: 
Apoptosis signal regulating kinase; TGF: Transforming growth; SIRT: Silent information regulator; NF-κB: Nuclear factor kappa-B; ERK: Extracellular regulated 
protein kinases; SMAD: Drosophila mothers against decapentaplegic protein; NOX: Nicotinamide adenine dinucleotide phosphate hydrogen oxides; AIF: Apoptosis 
inducing factor; ROS: Reactive oxygen species; EMT: Epithelial to mesenchymal transition.

Although numerous studies were conducted on the investigation of pancreatitis and PC, no effective methods of 
prevention and treatment have been developed. Since NOX play an important role in both pancreatitis and PC, it may be 
considered as a therapeutic target. Study showed inhibition of NOX by DPI suppresses apoptosis of pancreatic acinar 
cells by reducing the expression of apoptosis-associated genes and caspase-3 activity[97]. NOX2 inhibitor, GSK2795039, 
caused about 50% reduction in the level of serum amylase activity in AP mice[98]. Apocynin is a specific inhibitor of 
NOX. Recent studies proved that apocynin could prevent AP and AP-associated organs injury[41-44]. NOX1 knockout 
alleviate pancreatic fibrosis in CP mice[50]. In terms of PC, drug resistance is the main reason why chemotherapy drugs 
cannot achieve ideal treatment effects. It is worth noting that NOX is associated with chemotherapy resistance[99-101]. 
Recent breakthroughs in cancer treatment consisting of new combinations of existing medications. It reminds us that 
chemotherapy with NOX inhibitor may achieve better therapeutic effects in PC. More studies are needed to verify the 
therapeutic effect of NOX in pancreatic diseases.

Though they are distinct diseases of pancreas that pancreatitis is benign and PC is malignant, numerous studies 
indicate that pancreatitis is linked to PC[102,103]. The exact nature of this association is not fully elaborated. Aberrant 
redox homeostasis is the common features in the pathogenesis of pancreatitis and PC, which could be mediated by NOX. 
Therefore, further study may focus on the role of NOX in the transformation of pancreatitis and PC which help us clarify 
the complex relationship between them.

CONCLUSION
In conclusion, NOX plays a role in the occurrence and development of pancreatitis by regulating various types of 
pancreatic cells, such as acinar cells, PSCs, and macrophages. Additionally, it promotes PC progression by participating 
in abnormal cell apoptosis, triggering the EMT processes, and causing cell genomic instability. Understanding the role of 
NOX in pancreatic diseases is crucial for a gaining a deeper understanding of the underlying mechanisms of pancreatitis 
and PC. Further research is needed to uncover the specific functions of different subtypes within the NOX family in these 
diseases. Moreover, the development of NOX-specific inhibitors is necessary to validate the feasibility of targeting NOX 
as a treatment approach for pancreatic diseases.
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Abstract
BACKGROUND 
According to practice guidelines, endoscopic band ligation (EBL) and endoscopic 
tissue adhesive injection (TAI) are recommended for treating bleeding from 
esophagogastric varices. However, EBL and TAI are known to cause serious 
complications, such as hemorrhage from dislodged ligature rings caused by EBL 
and hemorrhage from operation-related ulcers resulting from TAI. However, the 
optimal therapy for mild to moderate type 1 gastric variceal hemorrhage (GOV1) 
has not been determined. Therefore, the aim of this study was to discover an 
individualized treatment for mild to moderate GOV1.

AIM 
To compare the efficacy, safety and costs of EBL and TAI for the treatment of mild 
and moderate GOV1.

METHODS 
A clinical analysis of the data retrieved from patients with mild or moderate 
GOV1 gastric varices who were treated under endoscopy was also conducted. 
Patients were allocated to an EBL group or an endoscopic TAI group. The 
differences in the incidence of varicose relief, operative time, operation success 
rate, mortality rate within 6 wk, rebleeding rate, 6-wk operation-related ulcer 
healing rate, complication rate and average operation cost were compared 

https://www.f6publishing.com
https://dx.doi.org/10.3748/wjg.v30.i5.440
mailto:sgqing973@sina.com


Deng Y et al. Individualized treatment of GOV1

WJG https://www.wjgnet.com 441 February 7, 2024 Volume 30 Issue 5

between the two groups of patients.

RESULTS 
The total effective rate of the two treatments was similar, but the efficacy of EBL (66.7%) was markedly better than 
that of TAI (39.2%) (P < 0.05). The operation success rate in both groups was 100%, and the 6-wk mortality rate in 
both groups was 0%. The average operative time (26 min) in the EBL group was significantly shorter than that in 
the TAI group (46 min) (P < 0.01). The rate of delayed postoperative rebleeding in the EBL group was significantly 
lower than that in the TAI group (11.8% vs 45.1%) (P < 0.01). At 6 wk after the operation, the healing rate of 
operation-related ulcers in the EBL group was 80.4%, which was significantly greater than that in the TAI group 
(35.3%) (P < 0.01). The incidence of postoperative complications in the two groups was similar. The average cost 
and other related economic factors were greater for the EBL than for the TAI (P < 0.01).

CONCLUSION 
For mild to moderate GOV1, patients with EBL had a greater one-time varix eradication rate, a greater 6-wk 
operation-related ulcer healing rate, a lower delayed rebleeding rate and a lower cost than patients with TAI.

Key Words: Gastric varices; Type 1 gastric variceal hemorrhage; Endoscopic band ligation; Tissue adhesive injection

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Endoscopic band ligation (EBL) and endoscopic tissue adhesive injection for the treatment of type 1 gastric 
variceal hemorrhage (GOV1) are often associated with various complications, which we believe are due to the lack of 
individualized treatment. Different treatment methods should be used for different degrees of varicose veins. Therefore, this 
study was based on mild to moderate GOV1 and explored individualized treatment. Ultimately, the use of EBL for mild to 
moderate GOV1 can achieve better outcomes and reduce both rebleeding rates and treatment costs.

Citation: Deng Y, Jiang Y, Jiang T, Chen L, Mou HJ, Tuo BG, Shi GQ. Evaluation of the efficacy and safety of endoscopic band 
ligation in the treatment of bleeding from mild to moderate gastric varices type 1. World J Gastroenterol 2024; 30(5): 440-449
URL: https://www.wjgnet.com/1007-9327/full/v30/i5/440.htm
DOI: https://dx.doi.org/10.3748/wjg.v30.i5.440

INTRODUCTION
Esophageal and gastric variceal bleeding (EGVB) is a common cause of death worldwide in patients with cirrhosis, a 
liver-related disease, with an incidence of approximately 5%-15%. The 6-wk mortality rate can reach 20%, and rebleeding 
rates can reach 60%, placing an enormous burden on the global economy[1,2]. The main endoscopic treatments for EGVB 
include endoscopic band ligation (EBL), endoscopic tissue adhesive injection (TAI) and endoscopic injection sclero-
therapy (EIS)[3]. However, during the treatment of type 1 gastric variceal hemorrhage (GOV1), EBL, EIS and TAI can 
cause serious complications, such as hemorrhage from dislodged ligature rings caused by EBL and hemorrhage from 
operation-related ulcers resulting from TAI, which are major problems for patients and endoscopists. It is important to 
choose the appropriate treatment modality according to the type, morphology and severity of varicose veins to further 
improve the treatment efficacy and minimize the incidence of associated complications. However, there are no detailed 
recommendations in the guidelines or published literature, especially for GOV1. Currently, there is no consensus on the 
recommended endoscopic treatment for GOV1. Currently, most endoscopists use a “modified sandwich method” 
(lauromacrogol-tissue adhesive-lauromacrogol)[4], which is highly effective but has a high incidence of rebleeding in 
patients with mild-to-moderate GOV1[5,6]. Therefore, we stratified the risk factors for mild-to-moderate GOV1 and 
observed the efficacy, safety, and costs of EBL and TAI to provide more precise and individualized treatment.

MATERIALS AND METHODS
Materials
Patients with mild-to-moderate GOV1 disease who visited Zunyi Medical University and Yinjiang Autonomous County 
People’s Hospital between January 2017 and December 2022 were selected. The inclusion criteria were as follows: (1) 
Patients diagnosed with cirrhotic decompensation with GOV1 based on their past medical history, clinical presentation 
and ancillary investigations[7]; (2) Patients who underwent primary or secondary prevention measures; (3) Patients who 
completed the 6-wk follow-up after endoscopic gastroscopy treatment; (4) Patients with mild-to-moderate GOV1 with 
gastric varices in the shape of a stripe and a diameter ≤ 10 mm; (5) Patients with no contraindications to endoscopy; (6) 
Those who had not undergone surgery or transjugular intrahepatic portosystemic shunt for portal hypertension; and (7) 
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Patients and their families who were willing to cooperate with the treatment and signed a treatment consent form. The 
exclusion criteria were as follows: (1) Previous endoscopic treatment for gastric varices; (2) Lost to follow-up; (3) Severe 
comorbidities involving other organ systems; (4) Combined malignant tumors; and (5) Combined hepatic encephalo-
pathies, disorders of consciousness, or other psychiatric-psychological disorders. The study protocol conformed to the 
ethical guidelines of the 1975 Helsinki Declaration and was approved by the Institutional Review Board.

Data collection
Patient data, including age, sex, and disease etiology (chronic hepatitis B, chronic hepatitis C, alcoholic liver disease, 
autoimmune hepatitis, hepatitis B combined with alcohol consumption and others), were collected during hospitalization. 
The results of the radiographic examinations [diameter of gastric varices (mm) and diameter of portal vein (mm)] and 
Child-Pugh classification were collected at enrollment.

Definitions
The classification of the gastric variceal size was similar to that of esophageal varices. Esophageal varices[8] were 
classified as mild gastric varices (G1): Rectilinear or slightly tortuous varices < 3 mm in diameter; moderate gastric varices 
(G2): Serpentine tortuous bulging varices 3-10 mm in diameter; and severe gastric varices (G3): Beaded, nodular or 
verrucous varices > 10 mm in diameter.

Instruments
The following instruments were used: An electronic gastroscope (Olympus GIF-260), a disposable endoscopic injection 
needle (Poco, 25G), a multiband variceal ligator (Poco 7-ring ligature), N-butyl-2-cyanoacrylate (0.5 mL/pc; Beijing Fuaile 
Technology Development Co., Ltd., China), and lauromacrogol (10 mL/pc; Shaanxi Tianyu Pharmaceutical Co., Ltd., 
China).

Methods of operation
Tests, including routine blood, coagulation, and biochemistry tests, as well as electrocardiogram and portal vein imaging, 
were completed on admission. The patient’s general condition was assessed, drugs were administered to suppress gastric 
acid and lower the portal pressure, and painless endoscopic treatment was administered once the patient’s vital signs had 
stabilized. All the procedures were performed by our team of doctors experienced in EGVB treatment.

In the EBL group, the lateral vein of the lesser curvature was ligated from the cardia toward the fundus of the stomach 
via a ligature via reverse endoscopy. TAI group: TAI treatment was performed using a “modified sandwich method” 
(lauromacrogol-tissue adhesive-lauromacrogol).

Both groups were treated for esophageal varices after the completion of GV treatment. The patients in both groups 
received proton pump inhibitors and vasoconstrictors. The TAI group received prophylactic antibiotics. The patients in 
both groups were followed up for at 6 wk after gastroscopy to judge the effectiveness of the varices eradication and to 
assess whether continuation of treatment was necessary. Patients in both groups were followed up at 3 months, 6 months 
and 1 year postoperatively at regular intervals. Depending on the effect of varices, the choice was made whether to repeat 
endoscopic treatment.

Efficacy evaluation
GOV1 efficacy is divided into three levels[9,10]: (1) Ineffective: No improvement in the varicose veins; (2) Effective: The 
condition of the varicose veins improved, indicated by less than 50% shrinkage; and (3) Markedly effective: The massed 
or nodular veins had changed to cords, had shrunk by more than 50% or had disappeared completely. Total effective rate 
= (number of effective cases + number of effective cases)/total number of cases × 100%.

Safety evaluation
Operation success was defined as the completion of EBL or TAI without uncontrollable bleeding intraoperatively or 
resulting in patient death. Operative time: The time from the start of the operation to the end of the operation, including 
the common time for treatment of gastric varices and esophageal varices. Six-week mortality[11]: Death within 6 wk after 
surgery.

Rebleeding: The reappearance of signs of upper gastrointestinal bleeding, such as vomiting blood, black stools, 
decreasing hemoglobin levels and shock, that recurs after the first bleeding has been controlled, with early rebleeding 
characterized as active bleeding within 6 wk after the bleeding had been controlled and late rebleeding characterized as 
active bleeding 6 wk after the bleeding had been controlled.

Six-week operation-related ulcer healing rate: Follow-up gastroscopy was performed 6 wk after surgery to observe the 
healing of the ulcer after EBL or TAI. The ulcer was considered healed if a fibrous scar was formed; otherwise, it was not 
healed. Adverse events included abdominal pain, infection, ectopic embolism, and perforation.

Economic evaluation
The following were summarized: The average number of hospitalizations, average length of hospitalizations, average 
total cost of hospitalization, average number of operations and average operation cost.

Statistics
Microsoft Excel 2016 and SPSS 26.0 were used for statistical analysis in this study. Normally distributed data are 
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expressed as the mean ± SD, quantitative data with a skewed distribution are described by the median, and count data 
are expressed as the rate. A t-test was used to compare differences between the groups; nonnormally distributed 
measures and rank data were compared using the Mann-Whitney U test or Wilcoxon rank sum test, and count data were 
compared using the χ2 test and Fisher’s test. The test level was P < 0.05.

RESULTS
Propensity score matching
According to the inclusion and exclusion criteria, a total of 151 patients were included, including 57 patients in the EBL 
group and 94 patients in the TAI group. The control variables used were sex, age, etiology, Child-Pugh classification, 
gastric variceal diameter, and portal vein diameter, and propensity score matching was performed using SPSS software. 
Then, 51 pairs of 102 patients were matched to the EBL group and the TAI group. The sex, age, etiology, Child-Pugh 
classification, gastric variceal diameter, and portal vein diameter of the two groups of patients were compared after 
matching. The differences between the two groups were not statistically significant (P > 0.05) (Table 1).

Efficacy
Gastroscopy was performed again 6 wk after the operation to observe if there was relief of the gastric varices after 
endoscopic treatment in the two groups. The difference in the total effective rate between the EBL group (96.1%) and the 
TAI group (94.1%) was not statistically significant (P > 0.05). However, the percentage of patients in the EBL group 
(66.7%) was significantly greater than that in the TAI group (39.2%) (χ2 = 7.713, P < 0.05) (Table 2).

Safety
Comparison of the operative time, operation success rate and 6-wk mortality: Both groups of patients successfully 
completed endoscopic treatment, and there was no intraoperative bleeding that was difficult to control or that led to 
patient death. The operation success rate of the two groups was 100%. Additionally, there were no deaths for any reason 
in the two groups of patients 6 wk after the operation. The average operative time in the EBL group (26 min) was 
significantly shorter than that in the TAI group (46 min) (P < 0.01) (Table 3).

Comparison of the 6-wk operation-related ulcer healing rate: After surgery, gastroscopy revealed that the healing rate 
of the ulcers that developed after dislodgement of the ligature ring in the EBL group reached 80.4%, which was 
significantly greater than the healing rate of the glue-draining ulcers in the TAI group (35.3%). The difference between the 
two groups was statistically significant (P < 0.01) (Table 4). Many TAI patients presented with glue-draining ulcers and 
bleeding (Figure 1); however, most EBL patients had healed ulcers (Figure 2).

Comparison of the postoperative rebleeding rates: Patients in both groups were followed up for 1 year after successful 
endoscopic treatment to focus on rebleeding. The rate of early postoperative rebleeding (within 6 wk after surgery) was 
slightly lower in the EBL group (7.8%) than in the TAI group (13.7%), but the difference was not statistically significant (P 
> 0.05). The rate of late postoperative rebleeding (from 6 wk postoperatively to 1 year) was significantly lower in the EBL 
group (11.8%) than in the TAI group (45.1%) (P < 0.01) (Table 5).

Comparison of adverse events: The rates of postoperative abdominal pain and infection were similar between the two 
groups, but the difference was not statistically significant (P > 0.05). No heterotopic embolism or perforation occurred in 
either group (Table 6).

Economic analysis
Follow-up economic indices such as the number of hospitalizations, the total number of days of hospitalization, the total 
cost of hospitalization, the number of surgeries, the cost of surgical materials and other economic indicators were 
significantly lower in the two groups one year after the operation in the EBL group than in the TAI group (P < 0.01) 
(Table 7).

DISCUSSION
In liver cirrhosis, increased intrahepatic vascular resistance to portal flow increases the portal pressure and leads to portal 
hypertension. Once portal hypertension develops, it influences extrahepatic vascular beds in the splanchnic and systemic 
circulations, causing collateral vessel formation and arterial vasodilation. This process helps to increase blood flow into 
the portal vein, which exacerbates portal hypertension and eventually aids in the development of hyperdynamic 
circulatory syndrome. As a result, esophageal varices or ascites develop. Gastric varices are present in 5%-33% of patients 
with portal hypertension. Gastric varices usually bleed more severely than ruptured esophageal varices, and the 
mortality rate can reach 45%[1].

Based on Sarin’s classification, gastric varices can be classified as GOV1, GOV2, isolated gastric varices type 1 (IGV1) or 
IGV2. GOV1 is the most common type of gastric varices, accounting for 75%[12] of all gastric varices. GOV2 and IGV1 
tend to have varices that have thicker diameters and are continuously exposed to gastric acid and pepsin; thus, TAI is 
recognized as the treatment of choice, as it has high success rates in hemostasis and one-time varicose vein eradication
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Table 1 Comparison of the baseline data between the two groups of patients

EBL group (n = 50) TAI group (n = 50) χ2/t/U P value

Sex, n (%)

Male 45 (88.2) 43 (84.3) / 0.4871

Female 6 (11.8) 8 (15.7)

Age (yr, mean ± SD) 52.78 ± 8.50 52.92 ± 9.65 0.076 0.9392

Causes of disease, n (%) 0.6301

Hepatitis B liver cirrhosis 28 (54.9) 26 (51.0)

alcoholic cirrhosis 11 (21.6) 13 (25.5)

Hepatitis C cirrhosis 6 (11.7) 2 (3.9)

Autoimmune liver cirrhosis 1 (2.0) 3 (5.9)

Hepatitis B liver cirrhosis with alcoholic cirrhosis 4 (7.8) 6 (11.7)

Other cause 1 (2.0) 1 (2.0)

3.744

Child-Pugh classification, n (%) 0.7063

A 11 (21.6) 10 (19.6)

B 37 (72.6) 37 (72.6)

C 3 (5.8) 4 (7.8)

-0.377

Diameter of gastric varices (mm) 15.0 14.0 -1.459 0.1353

Diameter of the portal vein (mm) 8.0 9.0 -1.280 0.2003

1Fisher’s test.
2t test.
3Mann-Whitney U test.
The values are expressed as the mean ± SD or median. EBL: Endoscopic band ligation; TAI: Tissue adhesive injection.

Table 2 Comparison of treatment efficacy between the two groups of patients, n (%)

Markedly effective Effective Ineffective Total effective rate

EBL group 34 (66.7) 15 (29.4) 2 (3.9) 49 (96.1)

TAI group 20 (39.2) 28 (54.9) 3 (5.9) 48 (94.1)

χ2 -2.669

P value 0.0081 > 0.9992

1Wilcoxon rank sum test.
2Fisher’s test.
EBL: Endoscopic band ligation; TAI: Tissue adhesive injection.

[13]. GOV1 is characterized by the presence of gastric varices that appear with esophageal varices and extend 2-5 cm 
below the gastroesophageal junction. The shape of these lesions is similar to that of esophageal varices, and they may 
appear tortuous, nodular or tumorous in shape. There is no uniform standard for the endoscopic treatment of GOV1. 
Currently, most endoscopists choose endoscopic TAI, while a few endoscopists use EBL. Recently, a few studies had 
analyzed and compared the clinical application of EBL and TAI for removing GOV1, but the conclusions have not been 
consistent. Several studies have shown that there is no statistically significant difference between EBL and TAI in the 
treatment of GOV1 in terms of acute hemostasis, variceal elimination or risk of rebleeding, but the complication rate of 
EBL is lower[14]. Several studies have shown that EBL is superior to TAI in terms of reducing the incidence of late 
rebleeding in patients with acute GOV1[15]. It has also been suggested that TAI is more favorable than EBL because of its 
significantly reduced rebleeding rate, significantly increased survival time, high hemostasis and survival rate[16-19]. We 
believe that the inconsistency of the results of the current study compared to other studies may be related to the fact that 
none of the other studies stratified the risks of the procedures for the study population, and none of them analyzed 
indicators such as diameter, morphology, or severity of gastric varices. Moreover, all of their studies involved emergency 
bleeding rather than primary or secondary bleeding prevention. Therefore, these studies failed to individualize the choice 
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Table 3 Comparison of operative time, operative success rate and 6-wk mortality

Operative time (min) Operative success rate, n (%) Week mortality, n (%)

EBL group 26 51 (100) 0 (0)

TAI group 46 51 (100) 0 (0)

Z -8.721 / /

P value < 0.0011 / /

1Mann-Whitney U test.
The operative times are expressed as medians. EBL: Endoscopic band ligation; TAI: Tissue adhesive injection.

Table 4 Comparison of the 6-wk operation-related ulcer healing rate, n (%)

Healed Non-healed

EBL group 41 (80.4) 10 (19.6)

TAI group 18 (35.3) 33 (64.7)

χ2 21.268

P value < 0.001

EBL: Endoscopic band ligation; TAI: Tissue adhesive injection.

Table 5 Comparison of rebleeding rates, n (%)

Early rebleeding rate Delayed rebleeding rate

EBL group 4 (7.8) 6 (11.8)

TAI group 7 (13.7) 23 (45.1)

χ2 0.917 13.924

P value 0.338 < 0.001

EBL: Endoscopic band ligation; TAI: Tissue adhesive injection.

Table 6 Comparison of adverse events, n (%)

Abdominal pain Infection Ectopic embolism Perforation

EBL group 11 (21.6) 2 (3.9) 0 (0) 0 (0)

TAI group 10 (19.6) 3 (5.9) 0 (0) 0 (0)

χ2 0.060 / / /

P value 0.8071 > 0.9992 / /

1χ2 test.
2Fisher’s test.
EBL: Endoscopic band ligation; TAI: Tissue adhesive injection.

of regimen, which led to different results.
Therefore, we stratified the risk of GOV1 and developed different treatment programs. For high-tension, nodular or 

tumorous varicose veins with a diameter greater than 1 cm (severe), precise puncture and precise endoscopic injection are 
feasible; therefore, TAI can achieve very good outcomes. For this kind of varicose vein, if EBL is chosen, incomplete 
ligation and insufficient vessel occlusion are likely to occur. In contrast, the risk of rebleeding is high[20]. Therefore, it is 
appropriate to choose the TAI for GOV1. However, for striated varicose veins (mild to moderate) with a diameter less 
than 1 cm, precise puncture and precise endoscopic injection are difficult because of the low vascular tone. Therefore, 
rebleeding is characterized by bleeding from a draining ulcer that can develop as a result of TAI[21,22]. On the basis of 
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Table 7 Comparison of the economic evaluation (median) results

Average number of 
hospitalizations (No.)

Average length of 
hospitalizations (d)

Average total cost of 
hospitalization (Yuan)

Average number of 
operations (No.)

Average operation 
cost (Yuan)

EBL 
group

2.00 13.00 32128.60 2.00 1680.00

TAI 
group

3.00 19.00 69380.75 3.00 6548.80

Z 3.596 3.894 6.134 3.631 8.855

P value < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

EBL: Endoscopic band ligation; TAI: Tissue adhesive injection.

Figure 1 Endoscopic images of endoscopic tissue adhesive injection for mild to moderate gastric varices type 1. A: Pre-treatment. It showed 
type 1 gastric variceal hemorrhage; B: In treatment. It was performed using a “modified sandwich method” (lauromacrogol - tissue adhesive - lauromacrogol); C: After 
6 wk of treatment. It showed giant glue-draining ulcer after endoscopy.

Figure 2 Endoscopic images of endoscopic band ligation for mild to moderate gastric varices type 1. A: Pre-treatment. It showed type 1 gastric 
variceal hemorrhage; B: In treatment. The lateral vein of the lesser curvature was ligated from the cardia toward the fundus of the stomach with a ligature through a 
reverse endoscope; C: After 6 wk of treatment. The ulcer was healed and a fibrous scar was formed.

our clinical findings, EBLs prevent bleeding from glue-draining ulcers. Therefore, our retrospective study compared 
endoscopic reverse body ligation and TAI for the treatment of mild to moderate GOV1. Our study included patients who 
were subjected to secondary or primary prophylaxis and did not include only emergency patients.

EBL is a procedure in which the gastroscope enters the fundus of the stomach and then reverses the body to fully 
expose the fundus, and a ligature ring is used to ligate the varicose vein inside the clear cap at the front of the inhalation 
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endoscope so that tissue necrosis occurs at the site of the ligature and a thrombus forms to block the varicose vein within 
24 to 48 h. The ligature ring eventually detaches and leaves an ulcer, which heals and leaves a fibrous scar, creating a 
lasting interruption of the blood flow in the vein[23].

Therefore, this study compared the efficacy, safety and cost of endoscopic reverse body ligation and TAI for the 
treatment of mild and moderate GOV1 gastric varices: (1) Efficacy: The total effective rates of EBL and TAI were similar, 
but the effective rate of EBL was better than that of TAI. These findings suggest that both EBL and TAI have similar 
overall efficacy rates, but EBL has a greater rate of effective one-time varicose vein eradication than does TAI. Because of 
the small diameter of the gastric varices selected for this study and the choice of intensive multiple ring ligation during 
treatment, the varices could be fully occluded at one time, and the risk of recurrence of residual varices could be reduced; 
(2) Safety: The data of this study showed that the patients in both the EBL group and the TAI group successfully 
completed the endoscopic surgery, and none of them had uncontrollable intraoperative bleeding or died. Both EBL and 
TAI are feasible, safe and effective for the treatment of mild to moderate GOV1. However, the average operative time of 
EBL was significantly shorter than that of TAI. This finding indicates that performing EBL is easier for endoscopists. EBL 
can fully expose the gastric fundus to expand the surgical window more openly and clearly locate the varicose vein, 
which is favorable for surgical operation. Complete ligation under direct vision can be achieved due to the clear visibility 
of the surgical field, ensuring a safe operation. The early postoperative rebleeding rate in the EBL group was slightly 
lower than that in the TAI group. The rate of late rebleeding in the postoperative period after surgery for EBL was 
significantly lower than that in the postoperative period after TAI. A 6-wk postoperative review of patients treated with 
gastroscopy showed that the healing rate of ulcers after dislodged ligature rings in the EBL group was significantly 
greater than the glue-draining ulcers in the TAI group. This is because shallow ulcers tend to form after detachment of the 
ligature ring, and most of the ulcers heal into a fibrous scar within 6 wk. However, after injection of the tissue adhesive, 
due to poor precision, the tissue glue tends to leak into the submucosa, which results in the formation of a long-lasting 
and deep glue-discharging ulcer that tends to remain unhealed and bleeds repeatedly even after 6 wk. This is the reason 
why the rate of delayed rebleeding after surgery was significantly lower in the EBL group than in the TAI group. The rate 
of postoperative complications was similar between the two groups, which shows that there is no increased risk of 
treatment with EBL; and (3) Cost: The number of hospitalizations, total number of days of hospitalization, total cost of 
hospitalization, number of surgeries, and cost of surgical materials in the EBL group were lower than those in the TAI 
group. The cost of consumables used in the EBL group was lower than that used in the TAI group because the EBL group 
had higher rates of effective one-time varicose vein eradication and procedure-related ulcer healing at 6 wk postoper-
atively but a lower rebleeding rate. Therefore, this approach has a significantly lower health care cost and a considerably 
lighter financial burden on the patient’s family and the country.

CONCLUSION
In conclusion, for mild to moderate GOV1, endoscopic reverse body ligation is safer, more effective, more economical and 
easier to perform than TAI, thus confirming that this approach is beneficial for patients and is worthy of clinical 
application. EBL is a better treatment for gastric varices in patients with mild or moderate GOV1.

ARTICLE HIGHLIGHTS
Research background
During the treatment of type 1 gastric variceal hemorrhage (GOV1), endoscopic band ligation (EBL), endoscopic tissue 
adhesive injection (TAI) and endoscopic injection sclerotherapy can cause serious complications. Therefore, individu-
alized treatment is urgently needed.

Research motivation
The optimal individualized therapy for patients with mild or moderate GOV1 has yet to be identified. It is important to 
choose the appropriate treatment modality according to the type, morphology and severity of varicose veins to further 
improve the treatment efficacy and minimize the incidence of associated complications. Thus, this new treatment will 
greatly reduce patient suffering.

Research objectives
We focused on comparing the differences between the EBL and TAI treatments. This study provides new ideas for the 
treatment of mild and moderate GOV1.

Research methods
This retrospective study compared the efficacy, safety and costs of EBL and TAI. A detailed comparison of the varicose-
relief rate, operative time, operation success rate, mortality rate within 6 wk, rebleeding rate, 6-wk operation-related ulcer 
healing rate, complication rate and average operation cost was performed.
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Research results
EBL has a higher one-time varix eradication rate, a higher 6-wk operation-related ulcer healing rate, a lower delayed 
rebleeding rate and a lower cost than TAI for mild to moderate GOV1.

Research conclusions
This study provides a new method for the treatment of mild to moderate GOV1:EBL.

Research perspectives
EBL has a higher one-time varix eradication rate, higher 6-wk operation-related ulcer healing rate, lower delayed 
rebleeding rate and lower cost than TAI for mild to moderate GOV1.
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Abstract
BACKGROUND 
Colorectal cancer (CRC) is a serious threat worldwide. Although early screening is 
suggested to be the most effective method to prevent and control CRC, the current 
situation of early screening for CRC is still not optimistic. In China, the incidence 
of CRC in the Yangtze River Delta region is increasing dramatically, but few 
studies have been conducted. Therefore, it is necessary to develop a simple and 
efficient early screening model for CRC.

AIM 
To develop and validate an early-screening nomogram model to identify 
individuals at high risk of CRC.

METHODS 
Data of 64448 participants obtained from Ningbo Hospital, China between 2014 
and 2017 were retrospectively analyzed. The cohort comprised 64448 individuals, 
of which, 530 were excluded due to missing or incorrect data. Of 63918, 7607 
(11.9%) individuals were considered to be high risk for CRC, and 56311 (88.1%) 
were not. The participants were randomly allocated to a training set (44743) or 
validation set (19175). The discriminatory ability, predictive accuracy, and clinical 
utility of the model were evaluated by constructing and analyzing receiver 
operating characteristic (ROC) curves and calibration curves and by decision 
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curve analysis. Finally, the model was validated internally using a bootstrap resampling technique.

RESULTS 
Seven variables, including demographic, lifestyle, and family history information, were examined. Multifactorial 
logistic regression analysis revealed that age [odds ratio (OR): 1.03, 95% confidence interval (CI): 1.02-1.03, P < 
0.001], body mass index (BMI) (OR: 1.07, 95%CI: 1.06-1.08, P < 0.001), waist circumference (WC) (OR: 1.03, 95%CI: 
1.02-1.03 P < 0.001), lifestyle (OR: 0.45, 95%CI: 0.42-0.48, P < 0.001), and family history (OR: 4.28, 95%CI: 4.04-4.54, P 
< 0.001) were the most significant predictors of high-risk CRC. Healthy lifestyle was a protective factor, whereas 
family history was the most significant risk factor. The area under the curve was 0.734 (95%CI: 0.723-0.745) for the 
final validation set ROC curve and 0.735 (95%CI: 0.728-0.742) for the training set ROC curve. The calibration curve 
demonstrated a high correlation between the CRC high-risk population predicted by the nomogram model and the 
actual CRC high-risk population.

CONCLUSION 
The early-screening nomogram model for CRC prediction in high-risk populations developed in this study based 
on age, BMI, WC, lifestyle, and family history exhibited high accuracy.

Key Words: Colorectal cancer; Early screening model; High-risk population; Nomogram model; Questionnaire survey; Dietary 
habit; Living habit

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This was the first large-scale study to investigate early screening for detection of colorectal cancer (CRC) in 
Ningbo, China, which was part of the national early screening CRC program. The study focused on collecting information 
on the general population who attended annual health checks. Our findings showed that the area under the curve was 0.734 
for the final validation set receiver operating characteristic (ROC) curve and 0.735 for the training set ROC curve. Therefore, 
we developed an early screening model with high accuracy for CRC.

Citation: Xu LL, Lin Y, Han LY, Wang Y, Li JJ, Dai XY. Development and validation of a prediction model for early screening of 
people at high risk for colorectal cancer. World J Gastroenterol 2024; 30(5): 450-461
URL: https://www.wjgnet.com/1007-9327/full/v30/i5/450.htm
DOI: https://dx.doi.org/10.3748/wjg.v30.i5.450

INTRODUCTION
Colorectal cancer (CRC) has become the third most common cancer worldwide[1]. The incidence of CRC in China 
increased from 42.74/100000 in 1990 to 8.95/100000 in 2019 and has been increasing annually in the Yangtze River Delta 
region[2]. A cross-sectional study on CRC knowledge and awareness in the Caribbean in 2020 revealed that only 54.7% of 
people were aware of the risk factors for CRC[3]. In addition, a questionnaire survey of diagnostic delays and their 
predictive factors in 303 CRC patients in southern China in 2020 found that the incidence of prolonged diagnostic delays 
was 57.8%[4]. The study found that the diagnostic delays were attributed to a variety of factors, such as a lack of 
knowledge of the risk factors for CRC and a reluctance to undergo CRC screening. This suggests that awareness of high-
risk factors for CRC in China is insufficient, and colonoscopic screening has yet to become popular. Therefore, it is critical 
to identify individuals with high-risk CRC at an early stage.

In 2022, a study conducted at Memorial Sloan-Kettering Cancer Center found that altered bowel habits accounted for 
24.7% of the common symptoms of CRC[5]. Some people recognize such symptoms and visit a hospital for treatment; 
however, a unified approach has yet to be developed in China for early screening of people at high risk of CRC. 
Previously, CRC screening was based on colonoscopy, fecal occult blood test, and abdominal computed tomography[6], 
which have some limitations, such as high cost and poor compliance. Therefore, it is important to utilize risk factors that 
are easily obtained in screening settings to develop simple and convenient early screening models capable of identifying 
those at high risk of CRC.

Some CRC risk-prediction models have been constructed. For instance, a risk-prediction model for advanced CRC in 
asymptomatic adults in the United States established by Imperiale et al[7], a risk-prediction model for CRC in Caucasian 
patients in Poland established by Kaminski et al[8], and a risk-prediction model for advanced CRC in Germany 
established by Tao et al[9]. Most of these models based their predictions on demographic information. In contrast, most of 
the CRC risk-prediction models developed in China were based on genomics, lifestyle habits, and dietary habits, such as 
those developed by Wong et al[10] and Sung et al[11]. Cai et al[12] constructed a CRC risk-prediction model in a retro-
spective cohort study of a population with poor dietary habits. This model was based on logistic regression and afforded 
an area under the curve (AUC) of 0.74 [95% confidence interval (CI): 0.70-078], indicating that it has moderate predictive 
ability. In summary, most of the CRC risk-prediction models are beneficial for screening high-risk CRC individuals in the 
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general population but are of little use for early screening of populations with high-risk CRC. Moreover, while some 
models are based on a single method or not well validated, others are complex and thus not feasible or practical for 
clinical application. Most importantly, compared with the factors affecting CRC incidence in western countries, those 
affecting CRC incidence in China are more complex. Thus, there is a need for CRC risk-prediction models based on data 
from the Chinese population, as these will allow the risk of CRC development to be effectively assessed in Chinese people 
and improve the accuracy of early-screening programs.

CRC has many causes; therefore, assessing and screening high-risk groups for CRC can be complicated. It requires 
examination of dietary habits[13], lifestyle habits[14], genetic factors[15], environmental factors[16], and emotional and 
psychological factors[17]. High-calorie, high-fat, and high-protein diets; consumption of pickled foods; and unhealthy 
lifestyle habits, such as staying up late, smoking, and drinking alcohol, can cause CRC[18]. China is a huge country with 
56 ethnic groups, and the large variations in lifestyles, dietary habits, and environmental factors in the country mean that 
constructing a prediction model for early screening of CRC in high-risk groups may be complex.

Here, we collected the demographic information, living habits, dietary habits, and family history of a large CRC early 
screening cohort in the China Urban Cancer Early Diagnosis and Treatment Program, Ningbo, from 2014 to 2017. These 
data were examined via a backward Wald logistic regression analysis to identify the risk factors for CRC. These risk 
factors were used to establish a prediction model for screening groups at high risk for CRC at an early stage. We believe 
that this model will provide a basis for the accurate identification of high-risk groups in future CRC screening efforts.

MATERIALS AND METHODS
Study design and participants
This retrospective study was conducted in Ningbo Hospital, China, from 2014 to 2017. Of the 64448 participants, 530 were 
excluded due to missing or incorrect data. Of the remaining participants, 7607 (11.9%) were considered high risk for CRC, 
and 56311 (88.1%) were not. The inclusion criteria were as follows: (1) Permanent household registration in the city (living 
in the local area for > 3 years); (2) age 40-74 years; and (3) ability to sign the informed consent form unaided. The 
exclusion criteria were as follows: (1) An abnormal identifier number; and (2) a previous CRC diagnosis. All the 
participants provided written informed consent. The study protocol complied with the Declaration of Helsinki and was 
approved by the Ethical Review Board of Ningbo No. 2 Hospital (approval number: YJ-NBEY-KY-2023-060-01).

Selection of variables
Demographic information, dietary habits, living habits, and family history of the participants in the validation and 
training sets were obtained via questionnaires. The questionnaires collected details of dietary habits, including usual food 
intake, food preference, and dietary behavior, using the food frequency questionnaire. The questionnaires were 
administered by uniformly trained and qualified investigators through face-to-face questioning. We selected variables 
based on prior knowledge of the underlying biology and epidemiology of CRC and relevant predictors. This yielded 
seven variables that covered basic information, lifestyle, and family history.

Basic information comprised age, sex, ethnicity, body mass index (BMI), and waist circumference (WC). Age was 
categorized according to the United Nations New Standard for the Classification of Human Ages: young adults ≤ 65 years 
and middle-aged and older adults > 65 years[19]. Minors < 18 years of age were not included in the study. Sex was 
categorized as male or female. Ethnicity was divided into Han nationality and other ethnic groups, according to the 
results of the questionnaire. BMI was based on the BMI classification standard for Chinese adults[20]: Underweight < 
18.50 kg/m2, normal weight 18.50-23.99 kg/m2, overweight 24.0-27.99 kg/m2, and obese ≥ 28.0 kg/m2. The median WC 
was 80 cm (SD: 50-184 cm).

Lifestyle included dietary habits and living habits. With reference to the standards of Dietary Guidelines for Chinese 
Residents (2007 edition) and the Dietary Reference Intake of Nutrients for Chinese Residents (2013 edition) and based on 
the discussion involving a group of relevant experts and scholars, we used the following definitions to determine the 
intake of substances and their frequencies (dietary habits) and the specific behaviors (living habits) in the questionnaire 
survey.

Dietary habits included taste, oil consumption, frequency of pickled and sun-cured food intake, and weekly 
consumption of fresh vegetables, fresh fruits, meat, and coarse grains. Taste was classified into three levels based on salt 
consumption: double-salt taste (> 5 g/d), moderate-salt taste (5 g/d), and low-salt taste (< 5 g/d). Oil consumption was 
classified into three levels based on the amount of cooking oil ingested per day: High oil consumption (> 30 g/d), 
moderate oil consumption (25-30 g/d), and low oil consumption (< 25 g/d). The frequency of pickled and sun-cured food 
intake was classified into the following three levels: never, < 3 times/wk (i.e., sometimes), and ≥ 3 times/wk (i.e., often). 
Weekly consumption of fresh vegetables, fresh fruits, meat, and coarse grains was classified as follows: fresh vegetables (0 
kg/wk, < 2.5 kg/wk, or ≥ 2.5 kg/wk); fresh fruits (0 kg/wk, < 1.25 kg/wk, or ≥ 1.25 kg/wk); meat (0 kg/wk, < 0.35 kg/
wk, or ≥ 0.35 kg/wk), and coarse grains (0 kg/wk, < 0.5 kg/wk, or ≥ 0.5 kg/wk).

Living habits included smoking, alcohol consumption, and physical activity. Smoking was defined as having smoked > 
1 cigarette/d for > 6 consecutive or cumulative months, and smoking cessation was defined as not having smoked for ≥ 2 
years. Thus, smoking was classified into three levels: never smoker (no), current smoker (yes), and ever smoker but 
currently not a smoker (quit smoking). Drinking alcohol was defined as having consumed an average of at least 1 drink/
wk for > 6 mo, and abstinence was defined as not having had a drink for ≥ 1 year. Thus, alcohol consumption was 
classified into three levels: never drinker (no), current drinker (yes), and ever drinker but currently abstaining (quit 
drinking). Physical activity was defined as effective physical activity of > 30 min/session, with an average of ≥ 3 
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sessions/wk, and was categorized into two levels: ≤ 3 times/wk (no) and > 3 times/wk (yes). Family history was 
categorized as no family history of CRC (no) and a family history of CRC (yes).

Diagnosis of participants with a high risk of CRC
The diagnosis of participants with a high risk of CRC was made by at least two experienced anorectal surgeons who were 
experts in the field, based on the following conditions: (1) A positive test for fecal occult blood[21]; (2) a first-degree 
relative with a history of CRC[22]; (3) a history of intestinal polyps or adenomas[23]; (4) a history of cancer or other 
malignancies[24]; (5) a change in bowel habits[25]; and (6) any two of the following conditions: chronic diarrhea, chronic 
constipation, mucus bloody stools, a history of chronic appendicitis or appendectomy, a history of chronic cholecystitis or 
cholecystectomy, and chronic mental depression[24]. Participants were diagnosed as having a high risk of CRC if they 
had any one of the conditions from 1 to 5 and any two of the conditions listed in 6. After a series of evaluations, those 
without any of the above conditions were not considered high risk for CRC.

Statistical analysis
We used χ2 tests to assess the characteristic differences in baseline data, 2014-2017 separately, between the high-risk and 
non-high-risk groups. Cluster analysis was used to categorize the participants based on their dietary and living habits as 
either having a healthy or an unhealthy lifestyle. A healthy lifestyle was considered an intake of fresh vegetables, fresh 
fruits, and coarse grains and participation in physical activity. An unhealthy lifestyle was considered an intake of meat, 
pickled and sun-cured food, oily food, and double-salted food; smoking; and alcohol consumption. A random sampling 
method was used to allocate the participants to a training set or a validation set in the ratio of 7:3. Each participant was 
considered as a randomized unit with the same probability of being selected. We performed a multifactorial logistic 
regression analysis by introducing variables with P < 0.05 as independent predictor variables into the training set. The 
strength of the association between predictors and participants with a high risk of CRC was assessed by calculating the 
ORs and 95%CIs. Meaningful variables were selected based on a backward Wald logistic regression analysis and were 
used to construct a nomogram model. The discriminative ability, predictive accuracy, and clinical value of the model 
were evaluated by constructing and analyzing the ROC and calibration curves and by performing decision curve analysis 
(DCA). Five hundred bootstrap resamples were used to reduce overfitting bias. All of the statistical analyses were 
conducted using R (version 4.3.0) and SPSS (version 25.0), and P < 0.05 was considered to indicate statistical significance.

RESULTS
Basic characteristics and risk factors of participants at high risk for CRC
Table 1 shows the basic information, dietary habits, living habits, and family histories of both groups in 2014-2017. 
Compared with the CRC non-high-risk group, the basic information revealed that the CRC high-risk group had more 
men and the participants were older, and had higher BMI and WC. The dietary habits data revealed that the CRC high-
risk group had a lower weekly intake of fresh vegetables, fresh fruits, and coarse grains; had a higher weekly intake of 
meat; had more participants with double-salt taste and high oil consumption; and consumed pickled and sun-cured foods 
more frequently. Furthermore, participants in the CRC high-risk group were more likely to smoke, drink alcohol, and not 
perform physical activity. The family history data showed that the CRC high-risk group typically had a family history of 
the disease.

A cluster analysis of the dietary and living habits of all the participants was performed to categorize them as having a 
healthy or unhealthy lifestyle. A healthy lifestyle was considered an intake of fresh vegetables, fresh fruits, and coarse 
grains and participation in physical activities. An unhealthy lifestyle was considered an intake of meat and pickled and 
sun-cured foods, high oil consumption, a double-salt taste, smoking, and alcohol consumption. The analysis revealed that 
39134 (61.2%) participants had a healthy lifestyle and 24783 (38.8%) had an unhealthy lifestyle. All of the participants 
were then randomly divided into a training set (n = 44743) and a validation set (n = 19175) in a 7:3 ratio.

Table 2 shows the results of univariate and multivariate analyses of the training set. The univariate analysis indicated 
that BMI and WC were significantly associated with a high risk of CRC, as was lifestyle and family history. The backward 
Wald logistic regression model, after excluding variables with P > 0.05, demonstrated that there were five predictors 
associated with a high risk of CRC: age, BMI, WC, lifestyle, and family history (Figure 1).

Development and validation of a nomogram model for early screening of individuals with a high risk of CRC
A nomogram for the early screening of individuals at high risk of CRC was constructed based on a logistic regression 
model (Figure 1). To estimate the probability of high-risk CRC individuals being detected during early screening, each 
predictor observation was assigned a certain number of points by drawing a vertical line toward the vertex table. The 
sum of the points for each variable corresponded to the probability of an individual being identified during early 
screening as having a high risk of CRC. Finally, we analyzed the 500 resamples using the bootstrap method and deter-
mined the AUC of the nomogram model as 0.734 for the validation set (Figure 2A) and 0.735 for the training set 
(Figure 2B). The calibration curves demonstrated good agreement between the actual observations in the model 
validation set (Figure 3A) and training set (Figure 3B). The DCA of the validation set (Figure 4A) and training set 
(Figure 4B) indicated that the model has potential clinical value.
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Table 1 Basic information, dietary habits, living habits, and family history of colorectal cancer high-risk and non-high-risk groups in 2014-2017

Variable 2014 2015 2016 2017

Basic information Non-high risk 
group, n (%)

High risk 
group, n (%)

P 
value Non-high risk 

group, n (%)
High risk 
group, n (%)

P 
value Non-high risk 

group, n (%)
High risk 
group, n (%)

P 
value Non-high risk 

group, n (%)
High risk 
group, n (%)

P 
value

Sex Male 8514 (43.24) 888 (43.94) 0.545 14277 (53.80) 1486 (57.46) 0.0002 2359 (54.82) 711 (54.61) 0.892 3276 (56.68) 899 (50.70) 0.004

Female 11177 (56.76) 1133 (56.06) 12260 (46.20) 1092 (42.36) 1944 (45.18) 591 (45.39) 2504 (43.32) 807 (47.30)

Age (yr) ≤ 65 16311 (82.83) 1573 (77.83) < 0.001 22960 (86.52) 2139 (82.97) < 0.001 3186 (74.04) 979 (75.19) 0.405 4499 (77.84) 1287 (75.44) 0.038

> 65 3380 (17.17) 448 (22.17) 3577 (13.48) 439 (17.03) 1117 (25.96) 323 (24.81) 1281 (22.16) 419 (24.56)

Ethnicity The Han 
nationality

19641 (99.75) 2015 (99.70) 0.717 26474 (99.76) 2572 (99.77) 0.963 4298 (99.88) 1302 (100) 0.219 5766 (99.76) 1701 (99.71) 0.714

Other 50 (0.25) 6 (0.30) 63 (0.24) 6 (0.23) 5 (0.12) 0 (0.00) 14 (0.24) 5 (0.29)

BMI (kg/m2) < 18.50 541 (2.75) 46 (2.28) < 0.001 644 (2.43) 59 (2.29) < 0.001 104 (2.42) 26 (2.00) < 0.001 132 (2.28) 33 (1.93) < 0.001

18.50-23.99 10988 (55.80) 869 (43.00) 16050 (60.48) 1211 (46.97) 2497 (28.03) 694 (53.30) 3376 (58.41) 852 (49.94)

24-27.99 6899 (35.04) 773 (38.25) 8586 (32.35) 1011 (39.22) 1502 (34.91) 444 (34.10) 1971 (34.10) 650 (38.10)

≥ 28.00 1263 (6.41) 333 (16.48) 1257 (4.74) 297 (11.52) 200 (4.65) 138 (10.60) 301 (5.21) 171 (10.02)

WC (cm) ≤ 80 10038 (50.98) 762 (37.70) < 0.001 14239 (53.66) 1139 (44.18) < 0.001 2225 (51.71) 650 (49.92) 0.259 2951 (51.06) 830 (48.65) 0.081

> 80 9653 (49.02) 1259 (62.30) 12298 (46.34) 1439 (55.82) 2078 (48.29) 652 (50.08) 2829 (48.94) 876 (51.35)

Dietary habit

Fresh vegetables 
(kg/wk)

0 79 (0.40) 20 (0.99) < 0.001 151 (0.57) 18 (0.70) < 0.001 22 (0.51) 10 (0.77) < 0.001 16 (0.28) 14 (0.82) < 0.001

< 2.5 8839 (44.89) 1265 (62.59) 14860 (56.00) 1727 (66.99) 2386 (55.45) 952 (73.12) 3329 (57.60) 1188 (69.64)

≥ 2.5 10773 (54.71) 736 (36.42) 11526 (43.43) 833 (32.31) 1895 (44.04) 340 (26.11) 2435 (42.13) 504 (29.54)

Fresh fruits 
(kg/wk)

0 472 (2.40) 71 (3.51) < 0.001 457 (1.72) 228 (8.84) < 0.001 61 (1.42) 39 (3.00) < 0.001 62 (1.07) 51 (2.99) < 0.001

< 1.25 12209 (62.00) 1496 (74.02) 17073 (64.34) 1793 (69.55) 2722 (63.26) 998 (76.65) 4080 (70.59) 1312 (76.91)

≥ 1.25 7010 (35.60) 454 (22.46) 9007 (33.94) 557 (21.61) 1520 (35.32) 265 (20.35) 1638 (28.34) 343 (20.11)

Meat (kg/wk) 0 641 (3.26) 103 (5.10) < 0.001 427 (1.61) 49 (1.90) < 0.001 54 (1.25) 17 (1.31) 0.843 64 (1.11) 22 (1.29) < 0.001

< 0.35 12542 (63.69) 1047 (51.81) 17393 (65.54) 1179 (45.73) 2781 (64.63) 830 (63.75) 4123 (71.33) 1075 (63.01)

≥ 0.35 6508 (33.05) 871 (43.10) 8717 (32.85) 1350 (52.37) 1468 (34.12) 455 (34.95) 1593 (27.56) 609 (35.70)
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Coarse grains 
(kg/wk)

0 1090 (5.54) 203 (10.04) < 0.001 1309 (4.93) 437 (16.95) < 0.001 296 (6.88) 227 (17.43) < 0.001 164 (2.84) 133 (7.80) < 0.001

< 0.5 13140 (66.73) 1535 (75.95) 18394 (69.31) 1714 (66.49) 2937 (68.25) 947 (72.73) 4277 (74.00) 1314 (77.02)

≥ 0.5 5461 (27.73) 283 (14.00) 6834 (25.75) 427 (16.56) 1070 (24.87) 128 (9.83) 1339 (23.17) 259 (15.18)

Taste Double salt 2492 (12.66) 522 (25.83) < 0.001 3073 (11.58) 985 (38.21) < 0.001 965 (22.43) 754 (57.91) < 0.001 803 (13.89) 620 (36.34) < 0.001

Moderate 13520 (68.66) 1183 (58.54) 19823 (74.70) 1239 (48.06) 2905 (67.51) 482 (37.02) 4351 (75.28) 882 (51.70)

Light 3679 (18.68) 316 (15.64) 3641 (13.72) 354 (13.73) 433 (10.06) 66 (5.07) 626 (10.83) 204 (11.96)

Oil consumption High oil 
consumption

1597 (8.11) 536 (26.52) < 0.001 2311 (8.71) 981 (38.05) < 0.001 604 (14.04) 585 (44.93) < 0.001 620 (10.73) 639 (37.46) < 0.001

Moderate oil 
consumption

15323 (77.82) 1271 (62.89) 21196 (79.87) 1364 (52.91) 3318 (77.11) 657 (50.46) 4699(81.30) 921 (53.99)

Low oil 
consumption

2771 (14.07) 214 (10.59) 3030 (11.42) 233 (9.04) 381 (8.85) 60 (4.61) 461 (7.98) 146 (8.56)

Pickled and sun-
cured food

Never 1805 (9.17) 161 (7.97) < 0.001 1964 (7.40) 138 (5.35) < 0.001 290 (6.74) 48 (3.69) < 0.001 550 (9.52) 63 (3.69) < 0.001

Sometimes 15686 (79.66) 1385 (68.53) 20894 (78.74) 1430 (55.47) 3114 (72.37) 561 (43.09) 4480 (77.51) 1098 (64.36)

Often 2200 (11.17) 475 (23.50) 3679 (13.86) 1010 (39.18) 899 (20.89) 693 (53.23) 750 (12.98) 545 (31.95)

Living habit

Smoking No 14265 (72.44) 1358 (67.19) < 0.001 21116 (79.57) 1682 (65.24) < 0.001 3180 (73.90) 810 (62.21) < 0.001 4338 (75.05) 1047 (61.37) <0.001

Yes 4401 (22.35) 521 (25.78) 4445 (16.75) 724 (28.08) 839 (19.50) 364 (27.96) 1127 (19.50) 482 (28.25)

Quit smoking 1025 (5.21) 142 (7.03) 976 (3.68) 172 (6.67) 284 (6.60) 128 (9.83) 315 (5.45) 177 (10.38)

Alcohol drinking No 14190 (72.06) 1287 (63.68) < 0.001 20691 (77.97) 1523 (59.08) < 0.001 3148 (73.16) 789 (60.60) < 0.001 4352 (75.29) 986 (57.80) < 0.001

Yes 4885 (24.81) 647 (32.01) 5177 (19.51) 903 (35.03) 997 (23.17) 445 (34.18) 1247 (21.57) 619 (36.28)

Quit drinking 616 (3.13) 87 (4.30) 668 (2.52) 152 (5.90) 158 (3.67) 68 (5.22) 181 (3.13) 101 (5.92)

Physical activities No 9188 (46.66) 1094 (54.13) < 0.001 11132 (41.95) 1477 (57.29) < 0.001 1917 (44.55) 845 (64.90) < 0.001 2865 (49.57) 917 (53.75) 0.002

Yes 10503 (53.34) 927 (45.87) 15405 (58.05) 1101 (42.71) 2386 (55.45) 457 (35.10) 2915 (50.43) 789 (46.25)

Family history No 14438 (73.32) 1032 (51.06) < 0.001 21524 (81.11) 1174 (45.54) < 0.001 2960 (68.79) 527 (40.48) < 0.001 3660 (63.32) 486 (28.49) < 0.001

Yes 5253 (26.68) 9989 (48.94) 5013 (18.89) 1404 (54.46) 1343 (31.21) 775 (59.52) 2120 (36.68) 1220 (71.51)

BMI: Body mass index; WC: Waist circumference.
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Table 2 Univariate and multivariate analyses of the training set

Univariate analysis Multivariate analysis
Variables

OR 95%CI P value OR 95%CI P value

Age (≤ 65 yr vs >65 yr) 1.03 1.02-1.03 < 0.001 1.03 1.02-1.03 < 0.001

Sex (male vs female) 0.98 0.93-1.04 0.540

Ethnicity (Han nationality vs other) 0.90 0.48-1.67 0.731

BMI (< 18.50 kg/m2, 18.50-23.99 kg/m2, 24-27.99 kg/m2 vs ≥ 28.00 kg/m2) 1.07 1.06-1.08 < 0.001 1.05 1.04-1.06 < 0.001

WC (≤ 80 cm vs > 80 cm) 1.03 1.02-1.03 < 0.001 1.02 1.01-1.02 < 0.001

Family history (no vs yes) 4.28 4.04-4.54 < 0.001 4.30 4.04-4.56 < 0.001

Lifestyle (unhealthy lifestyle vs healthy lifestyle) 0.45 0.42-0.48 < 0.001 0.44 0.41-0.47 < 0.001

BMI: Body mass index; WC: Waist circumference.

Figure 1 Nomogram for predicting early screening of individuals at high risk of colorectal cancer. The value of each variable was scored on a 
point scale from 0 to 100, after which the scores for each variable were added together. The total sum was located on the total points axis, which enabled us to 
predict the probability of early screening of individuals at high risk of colorectal cancer. Age, body mass index, and waist circumference were used as continuous 
variables. The family history group 0 = no and 1 = yes, and lifestyle group 1 = unhealthy lifestyle and 2 = healthy lifestyle. BMI: Body mass index; WC: Waist 
circumference.

DISCUSSION
Our findings indicated that age, BMI, WC, family history, and lifestyle significantly contributed to the prediction of 
individuals at high risk for CRC. Therefore, these variables were used to validate an early screening model for 
individuals at high risk for CRC, and the model demonstrated potential clinical utility.

Compared with the current study, a multicenter study combining genetic and environmental risk scores for risk strati-
fication of early-onset CRC[16] placed more emphasis on scores for polygene variants, environmental factors, and 
lifestyle. The results showed that an increase in the lifestyle score was associated with an increase in the relative risk of 
early-onset CRC, in line with our findings, which demonstrated a significant association between lifestyle and high risk 
for CRC. However, unlike this multicenter study, our study incorporated dietary habits in addition to living habits and 
family history to assess lifestyle. We found five factors to be significantly associated with high risk for CRC, two of which 
were non-modifiable variables (age and family history), in line with previous findings[22,26]. A healthy lifestyle had an 
OR of 0.44 (95%CI: 0.41-0.47) in individuals at high risk of CRC, indicating that a healthy lifestyle is a protective factor.

A similar study found that in addition to a high intake of red and processed meat, sex, ethnicity, sedentary lifestyle, 
and inflammatory bowel disease were associated with a low, intermediate, and high risk of early-onset CRC[27]. The 
study was a meta-analysis of the literature retrieved from PubMed and Web of Science. Eighteen articles were screened 
for inclusion, and 10 were ultimately reviewed to afford baseline data on the case group (n = 32843) and control group (n 
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Figure 2 Receiver operating characteristic curves curve for predicting early screening of individuals at high risk of colorectal cancer. A: 
Validation set: Receiver operating characteristic curves (ROC) curve for the nomogram generated using bootstrap resampling (500 times); B: Training set: ROC curve 
for the nomogram generated using bootstrap resampling (500 times). AUC: Area under the curve.

Figure 3 Calibration pot for predicting early screening of individuals at high risk of colorectal cancer. A: Validation set nomogram calibration 
plot; B: Training set nomogram calibration plot. When the solid line (performance nomogram) is closer to the dotted line (ideal model), the prediction accuracy of the 
nomogram is better.

= 25806408), which were used to construct a risk assessment model. Risk factors associated with early-onset CRC in the 
baseline data were screened by meta-analysis, and those with P < 0.05 were included in the final model. The model 
differed from ours in that it categorized the population into low-, intermediate-, and high-risk groups based on risk trend 
scores. Moreover, their participants were < 50 years of age, thus predominantly comprising young adults. In contrast, the 
current study consisted of a wider range of age groups, although primarily focusing on those aged 40-74 years. It aimed 
to develop a prediction model that would enable accurate primary screening of groups at high risk for CRC.

One of the major strengths of our study was that it integrated multiple factors including age, sex, ethnicity, BMI, WC, 
healthy and unhealthy lifestyle, and family history. Second, our sample size, which was obtained from the population in 
Ningbo, Zhejiang, China, was large. Third, compared with other models, our model enabled better and earlier screening 
of CRC in high-risk populations in Ningbo. In addition, previous studies have demonstrated that CRC development can 
be prevented by altering the modifiable risk factors[28]. In our model, all of the risk factors, except age and family history, 
could be modified by improving lifestyle habits, changing dietary habits, and increasing physical activities. Age and 
family history are non-modifiable variables and must be carefully examined in early screening of CRC, especially because 
they are inextricably linked to CRC development[22,26]. Therefore, the combination of modifiable and non-modifiable 
risk factors in our model can help facilitate early screening of individuals at high risk for CRC. Furthermore, our model 
makes it easier to screen patients for CRC risk than colonoscopy, which can be painful and complex. The Colorectal 
Cancer Early Screening Model can also be convenient for clinicians and may help them improve the rate of clinical 
diagnosis and reduce the rate of underdiagnosis of CRC in high-risk populations.

However, this study had some limitations. First, given that the study population was from a single region in China 
(Ningbo, Zhejiang), the model lacked generalizability. China is a large country with differences in living environments, 
lifestyles and habits, diets, and cultures. Second, although we examined four risk factors, there are many other factors 
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Figure 4 Decision curve analysis for predicting early screening of individuals at high risk of colorectal cancer. A: Decision curve analysis 
(DCA) of the validation set prediction model; B: DCA of the training set prediction model. Red solid lines indicate the prediction models, gray solid lines indicate all 
populations at high risk for colorectal cancer (CRC), and solid horizontal lines indicate non-high-risk populations for CRC. The graph depicts the expected net gain for 
each individual relative to the high-risk CRC Nuo plot forecast. Net gain increases with the model curve.

associated with dietary habits, living habits, and family history, and our study design could not incorporate them all. 
Therefore, future studies should include more variables to further validate our model. Third, our model did not include 
emotional and psychological factors. It is worth noting that a relationship between mental trauma and CRC has been 
reported in previous studies[29]. Although the exact mechanism underlying this relationship remains unclear, it may be 
because great mental trauma leads to neurological dysfunction, resulting in bowel disorders and stress ulcers, ultimately 
leading to the development of malignant intestinal lesions. Alternatively, excessive mental stress weakens the immune 
system, thereby increasing the susceptibility to disorders of the intestinal flora and the risk of developing CRC[30]. 
Therefore, future studies must examine the effect of emotional and psychological factors on CRC risk.

CONCLUSION
This study showed that older age, a high BMI, a large WC, an unhealthy lifestyle, and a family history of CRC are 
significantly associated with a high risk of CRC. A CRC risk-prediction model was also developed for accurate primary 
screening of groups with a high risk of CRC. This model could enable clinicians to develop early CRC screening strategies 
and may support public health campaigns for reducing CRC deaths and disease burden.

ARTICLE HIGHLIGHTS
Research background
The establishment of early screening model for high risk of colorectal cancer (CRC) may become a potential new method 
for early screening. It is different from traditional invasive screening and is a noninvasive, simple and rapid screening 
methods. Although there are many studies on early screening model for high risk of CRC, there is still a lack of large 
sample size studies and clinical validation. Our study focused on collecting information in the general population who 
attended annual health checks. At the same time, this is also the first study with a large sample size for early screening for 
CRC in Ningbo, China, which was part of national early screening for CRC.

Research motivation
Constructing an early screening model for CRC high-risk groups by means of basic information such as lifestyle has 
gradually become a major topic in CRC early screening research, which is mainly aimed at solving the problem of the 
more complicated means of early screening for colorectal cancer high-risk groups.

Research objectives
This study aimed to establish an efficient early screening model to identify individuals at high risk of CRC, and reduce 
CRC prevalence and mortality.

Research methods
This retrospective study included data from the health screening population in Ningbo Hospital, China from 2014 to 2017 
to analyze the basic information, living habits and dietary habits, so that the early screening model of CRC was 
constructed and conducted for internal verification.
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Research results
Retrospective analysis of 63918 individuals eligible for health screening, comprising studies with seven variables. The 
area under the curve was 0.734 [95% confidence interval (CI): 0.723-0.745] for the final validation set receiver operating 
characteristic curve (ROC) and 0.735 (95%CI: 0.728-0.742) for the training set ROC curve. The calibration curve 
demonstrated a high correlation between the CRC high-risk population predicted by the nomogram model and the actual 
CRC high-risk population.

Research conclusions
This study has an early screening model for high risk of CRC based on basic population information, lifestyle and family 
history.

Research perspectives
This study has the potential to revolutionize primary detection by accurately identifying groups at high risk of 
developing CRC.
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Abstract
BACKGROUND 
Some hydatid cysts of cystic echinococcosis type 1 (CE1) lack well-defined cyst 
walls or distinctive endocysts, making them difficult to differentiate from simple 
hepatic cysts.

AIM 
To investigate the diagnostic methods for atypical hepatic CE1 and the clinical 
efficacy of laparoscopic surgeries.

METHODS 
The clinical data of 93 patients who had a history of visiting endemic areas of CE 
and were diagnosed with cystic liver lesions for the first time at the People's 
Hospital of Xinjiang Uygur Autonomous Region (China) from January 2018 to 
September 2023 were retrospectively analyzed. Clinical diagnoses were made 
based on findings from serum immunoglobulin tests for echinococcosis, routine 
abdominal ultrasound, high-frequency ultrasound, abdominal computed tomo-
graphy (CT) scan, and laparoscopy. Subsequent to the treatments, these patients 
underwent reexaminations at the outpatient clinic until October 2023. The 
evaluations included the diagnostic precision of diverse examinations, the efficacy 
of surgical approaches, and the incidence of CE recurrence.

RESULTS 
All 93 patients were diagnosed with simple hepatic cysts by conventional 
abdominal ultrasound and abdominal CT scan. Among them, 16 patients were 
preoperatively diagnosed with atypical CE1, and 77 were diagnosed with simple 
hepatic cysts by high-frequency ultrasound. All the 16 patients preoperatively 
diagnosed with atypical CE1 underwent laparoscopy, of whom 14 patients were 
intraoperatively confirmed to have CE1, which was consistent with the postope-
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rative pathological diagnosis, one patient was diagnosed with a mesothelial cyst of the liver, and the other was 
diagnosed with a hepatic cyst combined with local infection. Among the 77 patients who were preoperatively 
diagnosed with simple hepatic cysts, 4 received aspiration sclerotherapy of hepatic cysts, and 19 received laparo-
scopic fenestration. These patients were intraoperatively diagnosed with simple hepatic cysts. During the follow-
up period, none of the 14 patients with CE1 experienced recurrence or implantation of hydatid scolices. One of the 
77 patients was finally confirmed to have CE complicated with implantation to the right intercostal space.

CONCLUSION 
Abdominal high-frequency ultrasound can detect CE1 hydatid cysts. The laparoscopic technique serves as a more 
effective diagnostic and therapeutic tool for CE.

Key Words: Hepatic echinococcosis; Hepatic cystic echinococcosis type 1; Hepatic cyst; Color Doppler ultrasound; 
Laparoscopy

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This retrospective study investigated the diagnostic methods for atypical hepatic cystic echinococcosis type 1 
(CE1) and evaluated the clinical efficacy of laparoscopic surgeries. In total, 93 patients were diagnosed with simple hepatic 
cysts by conventional abdominal ultrasound and abdominal computed tomography scan. Among them, 16 patients were 
preoperatively diagnosed with atypical CE1, of whom 14 were diagnosed with CE1 intraoperatively after laparoscopy. The 
remaining 77 patients were diagnosed with simple hepatic cysts by high-frequency ultrasound, of whom 4 patients received 
aspiration sclerotherapy of hepatic cysts, and 19 patients were intraoperatively diagnosed with simple hepatic cysts. 
Abdominal high-frequency ultrasound can detect CE1 hydatid cysts.

Citation: Li YP, Zhang J, Li ZD, Ma C, Tian GL, Meng Y, Chen X, Ma ZG. Diagnosis and treatment experience of atypical hepatic 
cystic echinococcosis type 1 at a tertiary center in China. World J Gastroenterol 2024; 30(5): 462-470
URL: https://www.wjgnet.com/1007-9327/full/v30/i5/462.htm
DOI: https://dx.doi.org/10.3748/wjg.v30.i5.462

INTRODUCTION
Humans can be affected by hepatic hydatid disease, also known as hepatic echinococcosis, by ingesting eggs from Echino-
coccus granulosus through eating contaminated food products[1]. Along with developments in animal husbandry and 
tourism, hepatic echinococcosis has become a worldwide epidemic disease that threatens public health and hinders social 
progress. Surveys organized by the World Health Organization (WHO) and Food and Agriculture Organization of the 
United Nations indicated that alveolar echinococcosis and cystic echinococcosis are the second and third most common 
foodborne parasitic diseases, respectively[2,3]. The average prevalence of echinococcosis is 1.08% among the population 
in western China. Globally, the disease affects approximately 66 million people, resulting in an annual economic loss of 
around 400 million US dollars[4]. Echinococcosis may further aggravate the economic burden in low-income regions. 
Early-stage hepatic echinococcosis lacks specific clinical symptoms. Some patients may have already missed the 
opportunity of treatment at the time of diagnosis, leading to a marked deterioration in their quality of life and premature 
death[5-7]. In endemic areas of hepatic echinococcosis, surgery is the most effective treatment[8]. Given the distinct 
biological features of this disease, only a few patients with hepatic echinococcosis can receive standardized diagnosis and 
treatment. This explains the high incidence of complications and high recurrence rate of hepatic echinococcosis, further 
increasing the likelihood of repeated surgeries. The WHO-Informal Working Group on Echinococcosis (WHO/IWGE) 
divided cystic echinococcosis (CE) into six types (WHO classification)[9]. CE type 1 (CE1) is defined as a unilocular 
anechoic cystic lesion, presenting with a hydatid cyst wall and an endocyst that are distinctly demarcated from the 
surrounding liver tissues. However, some patients with CE1 exhibit atypical clinical manifestations, and findings from 
laboratory tests and radiographic examinations may not align with typical patterns. In specific cases of CE1, hydatid cysts 
may lack clearly defined cyst walls or characteristic endocysts. It is challenging to differentiate these lesions from simple 
hepatic cysts. Erroneous diagnosis and treatment of atypical CE1 may lead to grim consequences[10]. For instance, some 
atypical CE1 lesions are misdiagnosed and surgically treated as simple hepatic cysts, resulting in the spillage of hydatid 
fluid, or even anaphylactic shock and death. Developing appropriate diagnostic and therapeutic approaches for atypical 
CE1 hydatid cysts is of great importance.

In the present study, a high-frequency linear array transducer (5.0-12 MHz) was utilized to scan patients with a history 
of visiting CE endemic areas. The patients were diagnosed with hepatic cysts by conventional abdominal ultrasound 
(convex array probe, 3.5-5.0 MHz) and abdominal computed tomography (CT). The purpose was to improve the 
diagnostic rate of atypical CE1. Laparoscopic procedures were performed to verify the diagnosis of atypical CE1 and to 
deliver a less invasive treatment, in order to reduce the misdiagnosis rate and the risks associated with potential delays in 
treatment.

https://www.wjgnet.com/1007-9327/full/v30/i5/462.htm
https://dx.doi.org/10.3748/wjg.v30.i5.462
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MATERIALS AND METHODS
Subjects
From January 2018 to September 2023, 93 patients received treatments for simple hepatic cysts at the People's Hospital of 
Xinjiang Uygur Autonomous Region (Urumqi, China). All patients had a history of visiting CE endemic areas. Fur-
thermore, they were diagnosed with simple hepatic cysts for the first time and had no prior history of treatment for these 
lesions or a record of undergoing abdominal surgery.

Examination methods
Medical history inquiry, physical examinations, and laboratory tests: The main complaints and findings from physical 
and abdominal examinations were collected. The results of routine blood tests, liver function tests, tumor marker tests, 
and serum immunoglobulin tests for echinococcosis (colloidal gold-based immunochromatographic strip assay, Colloidal 
Gold Diagnostic Kit for Echinococcosis by Xinjiang Hydatid Clinical Research Institute, China) were obtained.

Radiographic examinations: Ultrasound scan was performed using the GE LOGIQ E9 ultrasound scanner (GE 
HealthCare Technologies, Inc., Chicago, IL, United States) and the Philips iu22 ultrasound machine (Philips Healthcare, 
Best, Netherlands), with a convex array probe for conventional abdominal ultrasound (3.5-5.0 MHz). Upon discovery of 
hepatic cystic lesions, we changed the convex array probe to the high-frequency linear array transducer (5.0-12 MHz), 
which allowed for a multi-directional observation of whether the cystic lesion had localized cyst wall thickening or a 
bilayered wall. If the high-frequency linear array transducer only delivered a limited penetrating power, there would be a 
change back to the convex array transducer for local magnification to observe whether there was a bilayered wall or local 
cyst wall thickening.

Abdominal CT scanning was carried out using the Philips 128-slice spiral CT scanner, with a slice thickness of 3 mm 
and a spacing of 5 mm. Before CT scanning, the patient drank 1000-1500 mL clear water and lay on their back. The CT 
was performed in the supine position to observe whether the upper and lower layers of the cyst fluid in the simple 
hepatic lesions had uneven density.

Treatment methods
Patients identified with distinctive signs of hepatic cystic lesions using color Doppler ultrasound, and subsequently 
diagnosed with atypical CE1, underwent laparoscopic exploration to determine the optimal surgical approach.

Patients received laparotomic/laparoscopic endocystectomy plus partial ectocystectomy or laparotomic/laparoscopic 
cystectomy if they met the following conditions: (1) The average hydatid cyst diameter was > 5 cm; (2) The average 
hydatid cyst diameter was ≤ 5 cm , and the lesion was located in the first and second hepatic hila; and (3) The average 
hydatid cyst diameter was ≤ 5 cm , and patients could not tolerate medication or had poor medication compliance or were 
unable to tolerate percutaneous-aspiration-injection-reaspiration (PAIR).

Laparoscopic endocystectomy plus partial or intact ectocystectomy was performed as follows: After general anesthesia, 
a prophylactic intravenous injection of 100 mg of hydrocortisone was given to prevent allergy. The pneumoperitoneum 
pressure was 10-12 mmHg. Five trocars were placed in the abdominal wall, with the observing trocar situated above the 
umbilicus and the operating trocars arranged in a fan-shaped pattern, concentrating on the lesion at the center. Gauze 
soaked with hypertonic saline (20%) was placed around the hydatid cysts to isolate them from abdominal organs. For 
lesions with thin-walled ectocysts and high tension, aspiration was carried out at the highest point in the cyst wall 
relative to the body position to aspirate the cyst fluid and to decompress the lesions (the diameter of the aspiration device 
was small, and the device was connected to a strong negative pressure). An echinococcosis rotary cutter was placed 
through the aspiration orifice to fully aspirate the cyst content. The cyst was flushed with 20% hypertonic saline, and 
caution was taken to prevent spillage of cyst content. The ectocyst wall was excised with an ultrasound knife, with preser-
vation of the segment near vital blood vessels that proved challenging for removal. During laparoscopic examination, any 
identified points of bile leakage in the hydatid cyst wall were closed with 4-0 vascular sutures, if necessary. If leakage still 
existed after suturing, choledochotomy was performed for T-tube drainage. The gauze saturated with hypertonic saline 
was carefully placed inside a specimen pouch alongside the ectocyst wall, ensuring no contamination of the pouch 
exterior. A drainage tube was indwelled in the residual cavity. None of the patients required oral albendazole after intact 
ectocystectomy. For those receiving laparoscopic endocystectomy plus partial ectocystectomy, these patients received oral 
albendazole tablets at the daily dose of 10-15 mg/kg (in two equally divided doses) after normal liver function was 
restored. Each cycle of albendazole treatment lasted 1 month, and 3-6 cycles of treatment were delivered. Two cycles were 
administered, 7-10 d apart.

Patients diagnosed with asymptomatic simple hepatic cysts received no specific treatments except for follow-up 
observation.

Patients diagnosed with symptomatic simple hepatic cysts exceeding 5 cm and located in the liver parenchyma 
underwent aspiration sclerotherapy. Percutaneous liver aspiration was conducted to aspirate the fluid from the cyst, 
followed by injection of sclerosing agent (absolute alcohol, lauromacrogol). Laparoscopic fenestration of the hepatic cysts 
was performed for shallow-lying cysts with a larger volume and located no more than 1 cm from the liver capsule. The 
cyst fluid was aspirated using an aspiration needle under the laparoscope. After checking for the bile leakage point, 
sclerotherapy was administered by injecting absolute alcohol or lauromacrogol. The lesion was soaked in the sclerosing 
agent for several minutes before the sclerosing agent was aspirated. The cyst wall protruding outside the liver 
parenchyma was resected using an ultrasound knife.
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Follow-up
Patients with CE received outpatient follow-up once every 3-6 months, and those with simple hepatic cysts received 
follow-up once every 6-12 months. Patients underwent abdominal ultrasound and liver function tests during the follow-
up period until October 2023.

Statistical analysis
Statistical analysis was conducted using SPSS 25.0 software (IBM, Armonk, NY, United States). Quantitative data obeying 
a normal distribution were expressed as mean ± SD; otherwise, they were presented as median with interquartile range 
(IQR) (25th and 75th). Pairwise comparisons were conducted using analysis of variance or the Chi-square test. A P value 
less than 0.05 was considered statistically significant.

RESULTS
Patients’ general data
A total of 93 patients were recruited, including 30 men and 63 women aged 56.6 ± 12.3 years. All of these patients had a 
history of visiting CE endemic areas. In addition, 30 patients presented with distension and discomfort in the upper 
abdomen; 63 patients were found to have nonspecific signs and symptoms, including hepatic cysts during physical check-
up.

Serum immunology test for echinococcosis
Among the 93 patients, 21 and 72 patients were CE-positive and CE-negative, respectively.

Radiographic examination
All 93 patients were diagnosed with simple hepatic cysts by abdominal CT scanning (Figure 1A), with a CT value of 6.1 ± 
3.4 Hounsfield Units. Notably, 79 patients had single lesions and 14 patients had multiple lesions, and the largest lesion 
had a diameter of 8.3 ± 3.4 cm. All 93 patients were diagnosed with simple hepatic cysts by color Doppler ultrasound 
(convex array transducer, 3.5-5.0 MHz) (Figure 1B). Color Doppler ultrasound using a linear array transducer (5.0-12 
MHz) identified the double-line sign in the top of the cystic lesion or locally thickened cyst wall in 16 patients (Figure 2). 
For these patients, the final diagnosis was atypical CE1. Among them, 12 patients had single lesions, and 4 patients had 
multiple lesions. In addition, 77 patients were diagnosed with simple hepatic cysts.

Treatments and surgical situation
In this study, 16 patients, who were diagnosed with atypical CE1 by color Doppler ultrasound (linear array transducer, 
5.0-12 MHz), underwent laparoscopy. Furthermore, 14 patients were intraoperatively diagnosed with CE1, which was 
consistent with the postoperative pathological diagnosis. One patient was diagnosed with a mesothelial cyst of the liver, 
and another patient was diagnosed with a hepatic cyst combined with local infection. Among the 14 patients who were 
intraoperatively diagnosed with CE1, 8 patients underwent laparoscopic endocystectomy plus partial ectocystectomy, 4 
patients underwent intact laparoscopic ectocystectomy, and 2 patients underwent open endocystectomy plus intact 
ectocystectomy. In these 14 patients, the operation time was 3.8 ± 1.0 h, the intraoperative blood loss was 200 (IQR: 125, 
350) mL, and the intraoperative blood transfusion volume was 200 (IQR: 125, 350) mL. Furthermore, 2 patients received 
intraoperative blood transfusion. Of these 14 patients who were intraoperatively diagnosed with CE, 3 were found to 
have a bile leakage point in the residual cyst wall near the first hepatic hilum after the cyst fluid was completely aspirated 
intraoperatively. The closure of leaks in these patients involved suturing, followed by the placement of a T-tube for 
drainage of the common bile duct. In the 14 patients with CE, duration of the abdominal drainage tube was 5.5 (IQR: 4.75, 
8.25) d, and the hospital stay was 7.0 (IQR: 5.5, 12.0) d. Additionally, 2 patients experienced post-surgical peritoneal 
effusion, which was successfully treated by aspiration and drainage.

Among the 77 patients who were diagnosed with simple hepatic cysts, 23 patients had abdominal distension and 
discomfort, as well as a hepatic cyst greater than 5 cm. Notably, 4 of these 77 patients received aspiration sclerotherapy of 
hepatic cysts, and 19 patients underwent laparoscopic fenestration. These patients were operatively diagnosed with 
simple hepatic cysts.

Follow-up
Notably, 14 patients with atypical CE1 received postoperative follow-up for 36.5 (IQR: 15, 50.5) months. No patients were 
lost to follow-up, and there were no instances of hydatid cyst recurrence or abdominal implantation.

The cohort of 77 patients, initially diagnosed with simple hepatic cysts preoperatively, included one case initially 
classified as atypical CE1. However, intraoperative confirmation revealed it to be a simple hepatic cyst accompanied by a 
local infection. The entire cohort underwent a comprehensive follow-up for 26 (IQR: 6, 44.5) months. Among the 77 
patients who were preoperatively diagnosed with simple hepatic cysts, one patient later received aspiration sclerotherapy 
of an intrahepatic lesion (Figure 3). However, this case was diagnosed with CE2 one year after surgery during the follow-
up period. There was one lesion implanted in the right intercostal space (Figure 3) and treated by open endocystectomy 
(Figure 4) plus partial ectocystectomy and removal of the hydatid cyst in the right intercostal space (hydatid cyst 
combined with bile leakage). No recurrence was found during the 55 months of postoperative follow-up. No misdia-
gnoses occurred in the remaining 76 patients with simple hepatic cysts during follow-up.
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Figure 1 Hepatic cyst diagnosis. A: Cystic echinococcosis type 1 (CE1) lesion, which was diagnosed as hepatic cyst by computed tomography; B: CE1 lesion, 
which was diagnosed as hepatic cyst by ultrasound.

Figure 2 Hydatid cyst with a localized bilayered wall (arrowhead) detected by a linear array transducer.

One patient, who was preoperatively diagnosed with atypical CE1, was subsequently found to have a mesothelial cyst 
of the liver by surgery and pathological diagnosis. No recurrence was identified during the 56 months of follow-up.

DISCUSSION
In CE endemic areas, correct diagnostic and therapeutic measures are closely associated with CE-affected patients’ health 
and economic benefits. Color Doppler ultrasound is the preferred option for diagnosing CE[11], and it outperforms CT 
and magnetic resonance imaging for CE1[12]. However, according to our clinical experience, endocysts may be invisible 
on abdominal color Doppler ultrasound (convex array transducer, 3.5-5.0 MHz) and abdominal spiral CT scan in some 
CE1 lesions. CE1 is likely to be misdiagnosed as a simple hepatic cyst, and it is therefore called "atypical CE1". Atypical 
lesions may be explained by the unique pathological mechanisms involved in the occurrence and development of CE. A 
fibrous capsule around the hydatid cyst is formed by fibroblasts, and persistent fibrous hyperplasia progresses to create a 
fibrous wall, identified as the ectocyst. During the early stages of ectocyst formation, fibrous hyperplasia may not be 
prominently expressed and may manifest as a quasi-circular hypodense lesion on multi-row spiral CT scanning. These 
lesions typically exhibit smooth edges and it is challenging to differentiate them from the surrounding liver parenchyma. 
The characteristics observed on the CT scan align with those commonly associated with simple hepatic cysts. There is 
mainly a lack of a well-defined cyst wall or a bilayered wall that indicates the presence of an endocyst and an ectocyst.

The present study enrolled 93 patients diagnosed with CE for the first time, each with a history of visiting endemic CE 
areas. All were diagnosed with simple hepatic cysts by spiral CT scanning and abdominal color Doppler ultrasound. 
Using a linear array transducer, CE1 was diagnosed in 16 cases, and 14 of them were confirmed either by surgery or 
follow-up observation. The diagnostic accuracy was 87.5%. One patient with a mesothelial cyst of the liver and one case 
of simple hepatic cyst with local infection were found to have the specific sign of the "bilayered wall" using the linear 
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Figure 3 Hepatic cyst diagnosis and treatment. A: Cystic echinococcosis type 1 (CE1) misdiagnosed as a hepatic cyst and treated by percutaneous 
aspiration, the arrowhead indicating the aspiration needle; B: Post-treatment follow-up revealing recurrence of a hepatic hydatid cyst (arrowhead) with hydatid 
implanted in the intercostal space (arrowhead); C: Conventional ultrasound diagnosing two simple hepatic cysts; D: Follow-up examination confirming the diagnosis of 
CE compressing the right hepatic pedicle.

Figure 4 Endocyst of cystic echinococcosis type 1 under the laparoscope.

array transducer. Fortunately, the misdiagnosis in this case did not lead to adverse outcomes. Among the 77 patients who 
were diagnosed with simple hepatic cysts using the linear array transducer, one patient receiving aspiration and drainage 
of the hepatic cyst was found to have CE during the follow-up period. The above results may be explained by limitations 
of the linear array transducer itself, although the possibility of cystic lesion (CL) could not be completely ruled out at the 
first diagnosis. The CL-type hydatid cyst is rare and the diagnosis is generally difficult[13]. During sonography, the 
diagnosis of a simple hepatic cyst is often made if there are multiple lesions (two or more). However, in the present study, 
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among 15 patients with CE, 11 patients had single lesions and 4 had multiple lesions. Among the 77 patients diagnosed 
with simple hepatic cysts, 67 patients had single lesions and 10 had multiple lesions (two or more). The distribution of 
multiple lesions did not significantly differ between the two diseases (P = 0.177, F = 1.821). In addition, one patient was 
found to have two hepatic cystic lesions at first diagnosis, and both abdominal CT scanning and routine abdominal 
ultrasound (convex array transducer) diagnosed the lesions as simple hepatic cysts. This patient was not further 
examined using a linear array transducer. Two years later, the patient was admitted to hospital due to abdominal 
distension and pain. The diagnosis of CE Type 2 (CE2) was made, and the lesion size was enlarged, which was closely 
related to the right hepatic pedicle in the first hepatic hilum. This patient subsequently underwent open endocystectomy 
plus partial ectocystectomy, and suffered from residual cavity of hydatid cyst with bile leakage. A drainage tube was 
placed in the residual cavity for 40 d and a T-tube in the common bile duct for 2 months. The likelihood of misdiagnosis 
of CE can be reduced by the supplementary utilization of a linear array transducer during the ultrasound examination of 
hepatic cystic lesions, and by rectifying the empirical idea that multiple cystic lesions are generally simple hepatic cysts.

Colloidal gold-based immunochromatographic strip assay is an important method for the differential diagnosis of CE, 
with a sensitivity above 85% and a specificity above 85%[4]. In the present study, among 15 patients with CE, 10 (66.7%) 
were positive for antibodies against Echinococcus and 5 (33.3%) were negative. Among the 77 patients with simple hepatic 
cysts, 11 (14.3%) were positive for antibodies against Echinococcus and 66 (85.7%) were negative. The sensitivity of the 
colloidal gold-based immunochromatographic strip assay for detecting antibodies against Echinococcus was lower than 
that reported previously, while the specificity was comparable. For simple hepatic cysts causing compression, they can be 
treated by fenestration. Specifically, aspiration and drainage are performed at the superficial site of the liver and in the 
thin wall of the cyst and lower pole of the lesion, with resection of parts of the cyst wall. However, the aforementioned 
procedure contradicts surgical principles for CE. If a patient is misdiagnosed and receives surgery for simple hepatic 
cysts rather than surgery for atypical CE1, this may lead to extensive implantation of hydatid scolices in the abdomen, or 
even anaphylactic shock and death. In the present study, one patient was diagnosed with simple hepatic cyst upon 
admission and received aspiration and drainage. However, during the follow-up period, CE was confirmed in this patient 
and complicated with implantation of hydatid scolices in the intercostal space. It is noteworthy that this patient was 
negative for antibodies against Echinococcus at first diagnosis. For patients with hepatic cysts and a history of visiting 
endemic CE areas, CE may still be suspected even if patients are negative for antibodies against Echinococcus.

With development in laparoscopy in the field of liver surgery, this technology has demonstrated notable success in 
treating CE. Cugat et al[14] reviewed the data of hepatic echinococcosis treatment in 74 patients. Yagci G et al[15] 
retrospectively analyzed the data of 355 patients undergoing surgery for hepatic echinococcosis over a 10-year period, 
and they confirmed the safety and effectiveness of laparoscopy. Casulli et al[16] presented a case of cerebral CE in a child, 
along with a comparative molecular analysis of the isolated cyst specimens from the patient and sheep from local farms. 
Bakinowska et al[17] reported the surgical treatment of three different cases of pulmonary echinococcosis. They 
demonstrated that simple small pulmonary echinococcal lesions could be excised using endostaplers. Mfingwana et al[18] 
described a pediatric cohort diagnosed with pulmonary CE and treated with a combination of medical and surgical 
therapy. In endemic areas of hepatic echinococcosis, laparoscopy should be performed for hepatic cysts that are highly 
suspected to be CE, as a diagnostic and therapeutic tool. In the present study, of 2 patients who were preoperatively 
diagnosed with CE1, laparoscopy confirmed the diagnosis of hepatic cyst in one patient and the diagnosis of a meso-
thelial cyst of the liver in the other. Thus, the risk of long-term utilization of oral albendazole was avoided, and these 
patients markedly benefited from laparoscopy. According to the Synopsis of Echinococcosis Diagnosis and Treatment 
developed by the WHO-IWGE, PAIR is a less invasive and easy-to-use method to diagnose and treat CE. This treatment 
is recommended for countries and regions that are not fully equipped for surgery, especially for the treatment of CE1[9]. 
According to our clinical experience, PAIR is recommended for small, deep-lying CE lesions. However, for superficial 
lesions, PAIR is likely to cause implantation of hydatid scolices in the abdomen or along the puncture path. Besides, PAIR 
cannot eliminate endocysts, and residual endocysts may lead to infections, typically requiring further aspiration or 
surgery. In the present study, 4 of 15 patients with CE were found to have bile leakage points in the hydatid cyst wall, 
which could not be closed by PAIR. These patients may require further surgery due to bile leakage from the cyst cavity.

The mortality of untreated CE is 2%-4%[11]. Early diagnosis and appropriate treatment of CE are highly important for 
patients’ prognosis. Differential diagnosis of atypical CE1 and simple hepatic cysts is necessary for patients with hepatic 
cysts who have a history of visiting endemic CE areas. A linear array transducer can facilitate the early detection of a 
bilayered wall or local wall thickening in cysts during color Doppler ultrasound, even before the differential sign becomes 
fully visible. The combined utilization of a linear array transducer, a convex array transducer, and serum immuno-
globulin test for CE can enhance the diagnostic accuracy and reduce the likelihood of missed diagnoses. In cases where 
differentiation remains challenging using the aforementioned methods, it is recommended that patients undergo laparo-
scopic procedures to mitigate the potential risk of severe adverse outcomes.

CONCLUSION
Abdominal high-frequency ultrasound can detect CE1 hydatid cysts. Laparoscopy serves as an effective diagnostic and 
therapeutic tool for CE.
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ARTICLE HIGHLIGHTS
Research background
Given the distinct biological features of this disease, only a few patients with hepatic echinococcosis can receive 
standardized diagnosis and treatment. Some patients with cystic echinococcosis type 1 (CE1) exhibit atypical clinical 
manifestations, and findings from laboratory tests and radiographic examinations may not align with typical patterns. In 
specific cases of CE1, hydatid cysts may lack clearly defined cyst walls or characteristic endocysts. It is challenging to 
differentiate these lesions from simple hepatic cysts. Erroneous diagnosis and treatment of atypical CE1 may lead to grim 
consequences.

Research motivation
Developing appropriate diagnostic and therapeutic approaches for atypical CE1 hydatid cysts is of great importance.

Research objectives
The purpose of this study was to improve the diagnostic rate of atypical CE1. Laparoscopic procedures were performed 
to verify the diagnosis of atypical CE1 and to deliver a less invasive treatment, in order to reduce the misdiagnosis rate 
and the risks associated with potential delays in treatment.

Research methods
Ninety-three patients who received treatments for simple hepatic cysts at the People's Hospital of Xinjiang Uygur 
Autonomous Region (Urumqi, China) from January 2018 to September 2023 were enrolled in the study. The clinical 
diagnoses were made based on findings from serum immunoglobulin tests for echinococcosis, routine abdominal 
ultrasound, high-frequency ultrasound, abdominal computed tomography (CT) scanning, and laparoscopy. Subsequent 
to treatments, patients with CE were followed up once every 3-6 months, and those with simple hepatic cysts once every 
6-12 months. Patients underwent abdominal ultrasound and liver function tests during the follow-up period until 
October 2023.

Research results
Among the 93 patients, 21 and 72 patients were CE-positive and CE-negative, respectively. All 93 patients were 
diagnosed with simple hepatic cysts by conventional abdominal ultrasound and abdominal CT scanning. Among them, 
16 patients were preoperatively diagnosed with atypical CE1, and 77 were diagnosed with simple hepatic cysts by high-
frequency ultrasound. All the 16 patients preoperatively diagnosed with atypical CE1 underwent laparoscopy, of whom 
14 patients were intraoperatively confirmed to have CE1, which was consistent with the postoperative pathological 
diagnosis, one patient was diagnosed with a mesothelial cyst of the liver, and the other was diagnosed with a hepatic cyst 
combined with local infection. Among the 77 patients who were preoperatively diagnosed with simple hepatic cysts, 4 
received aspiration sclerotherapy of hepatic cysts, and 19 received laparoscopic fenestration. These patients were intraop-
eratively diagnosed with simple hepatic cysts. During the follow-up period, none of the 14 patients with CE1 experienced 
recurrence or implantation of hydatid scolices. One of the 77 patients was finally confirmed to have CE complicated with 
implantation to the right intercostal space.

Research conclusions
Abdominal high-frequency ultrasound can detect CE1 hydatid cysts. Laparoscopy serves as an effective diagnostic and 
therapeutic tool for CE.

Research perspectives
Our findings remain to be further verified by randomized clinical trials.
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Abstract
BACKGROUND 
Primary sclerosing cholangitis (PSC) is characterized by chronic inflammation and 
it predisposes to cholangiocarcinoma due to lack of effective treatment options. 
Recombinant adeno-associated virus (rAAV) provides a promising platform for 
gene therapy on such kinds of diseases. A microRNA (miRNA) let-7a has been 
reported to be associated with the progress of PSC but the potential therapeutic 
implication of inhibition of let-7a on PSC has not been evaluated.

AIM 
To investigate the therapeutic effects of inhibition of a miRNA let-7a transferred 
by recombinant adeno-associated virus 8 (rAAV8) on a xenobiotic-induced mouse 
model of sclerosing cholangitis.

METHODS 
A xenobiotic-induced mouse model of sclerosing cholangitis was induced by 0.1% 
3,5-Diethoxycarbonyl-1,4-Dihydrocollidine (DDC) feeding for 2 wk or 6 wk. A 
single dose of rAAV8-mediated anti-let-7a-5p sponges or scramble control was 
injected in vivo into mice onset of DDC feeding. Upon sacrifice, the liver and the 
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serum were collected from each mouse. The hepatobiliary injuries, hepatic inflammation and fibrosis were 
evaluated. The targets of let-7a-5p and downstream molecule NF-κB were detected using Western blot.

RESULTS 
rAAV8-mediated anti-let-7a-5p sponges can depress the expression of let-7a-5p in mice after DDC feeding for 2 wk 
or 6 wk. The reduced expression of let-7a-5p can alleviate hepato-biliary injuries indicated by serum markers, and 
prevent the proliferation of cholangiocytes and biliary fibrosis. Furthermore, inhibition of let-7a mediated by 
rAAV8 can increase the expression of potential target molecules such as suppressor of cytokine signaling 1 and 
Dectin1, which consequently inhibit of NF-κB-mediated hepatic inflammation.

CONCLUSION 
Our study demonstrates that a rAAV8 vector designed for liver-specific inhibition of let-7a-5p can potently 
ameliorate symptoms in a xenobiotic-induced mouse model of sclerosing cholangitis, which provides a possible 
clinical translation of PSC of human.

Key Words: Primary sclerosing cholangitis; Recombinant adeno-associated virus 8; Let-7a-5p; Therapeutic effects; 
Inflammation

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Primary sclerosing cholangitis (PSC) have a high risk of cholangiocarcinoma with a lack of effective treatment 
options. Then the present study aimed to investigate the therapeutic effects of inhibition of a microRNA let-7a transferred by 
recombinant adeno-associated virus 8 (rAAV8) on a 3,5-Diethoxycarbonyl-1,4-Dihydrocollidine-induced mouse model of 
sclerosing cholangitis. And the results of our study demonstrates that a rAAV8 vector designed for liver-specific inhibition 
of let-7a-5p can potently ameliorate symptoms in a xenobiotic-induced mouse model of sclerosing cholangitis, which 
provides a possible clinical human clinical translation of PSC.

Citation: Hua H, Zhao QQ, Kalagbor MN, Yu GZ, Liu M, Bian ZR, Zhang BB, Yu Q, Xu YH, Tang RX, Zheng KY, Yan C. 
Recombinant adeno-associated virus 8-mediated inhibition of microRNA let-7a ameliorates sclerosing cholangitis in a clinically 
relevant mouse model. World J Gastroenterol 2024; 30(5): 471-484
URL: https://www.wjgnet.com/1007-9327/full/v30/i5/471.htm
DOI: https://dx.doi.org/10.3748/wjg.v30.i5.471

INTRODUCTION
Primary sclerosing cholangitis (PSC) is an idiopathic cholestatic disease and it affects intrahepatic and/or extrahepatic 
bile ducts characterized by chronic inflammation, ductal stricture, cholestasis, and fibrosis[1,2]. PSC patients can progress 
to liver cirrhosis and have a great risk of cholangiocarcinoma with liver failure at the end stage. PSC has been considered 
an orphan disease since the prevalence of PSC is up to 16.2 per 100000 population with variable distribution due to 
different regions[3-5]. Although the occurrence of PSC is rare, it showed significant morbidity and mortality in PSC 
patients as there is a very limited medical option to interfere with the course of PSC, and liver transplant is the 
exclusively therapeutic option at the end-stage of the disease[1,6]. MicroRNA (miRNA) represents a kind of small non-
coding RNA with 18-23 nucleotide length. The miRNAs widely participate in various processes in physiological and 
disease conditions by regulating of expression mRNAs at the post-transcriptional level. Although the etiology and 
pathogenesis of PSC are complex and largely unknown, increasing data demonstrate that the dysregulation of miRNA 
can also contribute to the pathogenesis of PSC[7-9]. These aberrant miRNAs have been reported to be involved in almost 
all aspects of diseases including inflammation, hyperplasia, fibrosis, and malignancy of cholangiocytes in patients or 
mouse models of PSC[10,11]. Of these miRNAs, the let-7a family is one of the latest identified miRNAs that are dysreg-
ulated in cholestasis[12-16], suggesting possible medical targets of let-7a on cholestatic diseases. However, the therapeutic 
effect of targeting let-7a in cholestasis is yet to be determined.

Recombinant adeno-associated virus (rAAVs) provide a promising vehicle for gene therapy as they can efficiently 
transfer genes to the target tissue with low immunogenicity, low toxicity, and long persistence[17-23]. rAAV8 is one 
serotype that can transduce hepatocytes and cholangiocytes with high efficiency and specificity due to its liver tropism 
and has been implicated in many liver diseases including cholangiopathies[19,24-28]. Increasing data showed that rAAVs 
also can deliver miRNAs (mimics, precursor, or its antisense) to play the significant therapeutic effects of miRNAs on 
many other liver diseases[29-32], but there are rare therapeutic data about miRNAs delivered by rAAVs on cholan-
giopathies. Given the aberrance and importance of let-7a in cholangiopathies especially in PSC, we hypothesize that 
inhibition of let-7a delivered by rAAV8 has potential therapeutic effects on PSC. To support our hypothesis, we used a 
well-established mouse model of PSC- a mouse model of sclerosing cholangitis via 0.1% 3,5-Diethoxycarbonyl-1,4-
Dihydrocollidine (DDC) feeding, following treatment with a single dose injection of rAAV8-delivered inhibitors (anti-
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Table 1 The primers used in the present study

Oligonucleotide sequence (5’-3’)
Target

Forward primer Reverse primer
let-7a-5p GGAGGTAGTTCGTTGTGTGGT

U6 ATGGGTCGAAGTCGTAGCC TTCTCGGCGTCTTCTTTCTCG

Gfp TGCTTCAGCCGCTACCC AGTTCACCTTGATGCCGTTC

β-actin AACTCCATCATGAAGTGTGA CTGCGGCTTCTATTGGGGAC

Tnfa CTTGTTGCCTCCTCTTTTGCTTA GACTTCAGCACTCAAGACATCC

Il6 TCACAGAAGGAGTGGCTAAGGACC ACGCACTAGGTTTGCCGAGTAGAT

Acta2 TTCATCGGGATGGAGTCTGCTGG TCGGTCGGCAATGCCAGGGT

Tgfb CCACCTGCAAGACCATCGAC CTGGCGAGCCTTAGTTTGGAC

Ccl2 TTAAAAACCTGGATCGGAACCAA GCATTAGCTTCAGATTTACGGGT 

senses of let-7a sponges) of let-7a for 2 wk or 6 wk. Our data showed that we have successfully developed a possible 
therapeutic strategy for PSC based on the administration of an AAV8 vector designed for liver-specific inhibition of let-
7a. This strategy could markedly ameliorate biliary injuries by the decreased proliferation of cholangiocytes, biliary 
inflammation, and fibrosis in the mice induced by 0.1% DDC feeding for 2 wk or 6 wk. Furthermore, the therapeutic 
effects may be associated with the inhibition of NF-κB-mediated hepatic inflammation. The present study demonstrates 
that the rAAV-mediated miRNAs strategy provides a promising therapeutic opportunity for this debilitating and life-
threatening disease.

MATERIALS AND METHODS
Experimental animals and ethics
Female C57BL/6J mice without specific pathogen, 6-wk old, 18-25 g in weight, were raised in a clean-grade animal house, 
free to eat and drink, and the animal lab environment as the following specifications: temperature range from 20 °C to 26 
°C, humidity range from 40% to 70%, and 12 h/12 h light/dark. Tail vein injection and other operations were conducted 
in the animal barrier experimental operation room of the Experimental Animal Center of Xuzhou Medical University 
[SYXK (Su) 2016-0028]. Animal care and all experiments in this study were carried out following the guidelines of the 
National Laboratory Animal Center and were given humanitarian care according to the 3R principle of laboratory 
animals. The main procedures and protocols were approved by the Animal Care and Use Committee of Xuzhou Medical 
University (license IACUC: 201801w003).

Mouse model of DDC-feeding induced sclerosing cholangitis and the adeno- associated virus infection
A sclerosing cholangitis mouse model was induced by 0.1% DDC feeding for 2 wk or 6 wk. Specifically, 24 mice were fed 
DDC food while the other 12 mice were fed chow food as a control. The adeno-associated virus (AAV) labeled with EGFP 
for targeting knocking down the expression of let-7a-5p in the liver was purchased from Genechem (Shanghai, China). 
The mice in the two DDC-feeding groups were intravenously injected with 100 μL 4 × 1012 vector genomes (VG)/mL 
AAV that overexpressed mmu-let-7a-5P-sponges or empty vehicles (4 × 1011 vg per mice). And the 12 normal control mice 
were injected with the same volume of PBS (LPS-free) in which the AAV original liquid was diluted. Following, half of 
the mice from each group were sacrificed by euthanasia in 2 wk, while the half of rest were sacrificed in 6 wk. The livers 
and sera from each mouse were harvested for further experiments. The inhibitor sponges of mmu-let-7a-5P are 
ACCACACAAgacCTACCTCCcttcACCACACAAgacCTACCTCCcttcACCACACAAgacCTACCTCCatccgtaAC 
CACACAAgacCTACCTCCcttcACCACACAAgacCTACCTCC, and the specific molding method is shown as Figure 1.

RNA extraction and qPCR analysis
Total RNAs from liver tissues were extracted using the TRIZOL reagent (Invitrogen, Carlsbad, CA, United States), 
following the manufacturer’s instructions, and then reverse transcribed into cDNA using the miRcute Plus miRNA First-
Strand cDNA Kit (TIANGEN Biotech, Beijing, China) or FastKing RT Kit (With gDNase) (TIANGEN Biotech, Beijing, 
China). Then, qPCR was performed using the SYBR Green Master Mix (TransGen Biotech, Beijing, China) and run on a 
StepOne Plus Real-Time PCR System (Roche Applied Science, Mannheim, Germany). The relative expression levels of 
miRNAs or mRNAs were normalized to U6 small nuclear RNA (snRNA) or β-actin following the 2-ΔΔCt comparative 
method. The sequences of the primers used in this study were optimized as Table 1.

Activities of serum enzyme detection
The mouse serum was collected and transported to the Laboratory Department of the Affiliated Hospital of Xuzhou 
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Figure 1 Schematic representation of recombinant adeno-associated virus 8 delivered let-7a-5p inhibitor and the design of experiment. A: 
Diagrams of anti-let-7a-5p sponges’ vector and anti-scramble control (SCR) control vector; B: The design of the experiment. The mice were divided 3 groups (n = 6 
for each group): (1) Normal control mice with feeding chow; (2) 3,5-Diethoxycarbonyl-1,4-Dihydrocollidine (DDC) feeding mice who were iv injected with adeno-
associated virus 8-anti-SCR at the dose of 4 × 1011 vg per mouse; and (3) DDC feeding mice were iv injected with anti-let-7a-5p sponges (anti-let-7a-5p) at the dose 
of 4 × 1011 vg per mice. The mice in each group were sacrificed at 2 wk and 6 wk after DDC feeding to evaluate the expression of let-7a-5p and the therapeutic 
effects of let-7a-5p inhibitor. ITR: Invert terminal repeat; TBG: Thyroxine-binding globulin; DDC: 3,5-Diethoxycarbonyl-1,4-Dihydrocollidine; AAV: Adeno-associated 
virus.

Medical University at low temperature to detect the activities of bile duct injury-related enzymes [alanine aminotrans-
ferase (ALT), total bilirubin (BILT), and total bile acid (TBA)].

Hematoxylin and eosin and Sirius red staining
For histological analysis, liver tissues were excised and fixed with 4% paraformaldehyde for 24 h at least. Thereafter, the 
fixed tissues were embedded in paraffin, sliced to a thickness of 4 μm, and routinely stained with hematoxylin and eosin 
(H&E) and Sirius red staining according to the recommendation of the manufacturer (Shanghai Xinfan Biotechnology, 
Shanghai, China), after sealing the slides with neutral adhesive, the pathological changes of stained histological sections 
were observed by a microscope (Olympus, Japan). The staining pictures were quantitatively analyzed with Image J, 6 
pictures zoomed in 100 × were selected for each mouse for quantitative analysis, and the average value was taken as the 
quantitative value of that mouse, n = 6.

Immunohistochemistry staining
The liver tissue was deparaffinized, hydrated, and heated in citric acid buffer at 95 °C for 15 min and blocked with 5% 
BSA for 30 min, and then incubated overnight with primary anti-CK19 (1:500, ab52625, Abcam, Cambridge, United 
States) and then incubated with secondary antibodies for 30 min at room temperature. After washing with PBS, DAB 
(1:20, ZSGB-BIO, Beijing, China) as an enzyme substrate was added. Six high-power fields (× 100 magnifications, 
Olympus, Japan) were randomly selected from each mouse staining section and the percentage of CK19 positive area was 
calculated by ImageJ software (NIH, United States).

Immunofluorescence staining
The slides with liver tissues were fixed in 4% paraformaldehyde, permeabilized with 0.1% Triton X-100, and then blocked 
with 5% BSA. Slides were incubated with the indicated primary antibodies anti-GFP (1:100; Abcam, Cambridge, MA, 
United Kingdom) overnight at 4 °C and then incubated with fluorescence-labeled secondary antibodies for 1 h at room 
temperature. Nuclei were stained using DAPI for 10 min. Six images zoomed in 100 × per mouse were captured under a 
fluorescence microscope (AX70, Olympus, Japan), and the average signal value from the 6 images was used to represent 
the value from one mouse liver. Ten fields from each slide were randomly selected, and the positive color area was 
measured quantitatively using Image-Pro Plus 6.0 software.

Detection of hepatic hydroxyproline contents
Hepatic hydroxyproline (Hyp) content was determined using a commercially available kit according to the manufa-
cturer's recommendations (Jiancheng Institute of Biotechnology, Nanjing, Jiangsu Province, China).
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Western blot analysis
Liver homogenates were harvested and washed in cold PBS twice and then were treated with the lysis buffer (Beyotime, 
Shanghai, China) on ice for 30 min. The lysate was collected into microtubes and centrifuged for 15 min at 12000 rpm at 4 
°C. Protein samples (20 mg) were denatured with the 5 × SDS loading buffer at 100 °C for 5 min then were segregated on 
a 10% SDS polyacrylamide gel electrophoresis and transferred onto 0.2 um nitrocellulose membranes. After 60 min of 
blocking with 5% fat-free milk, membranes were incubated with suppressor of cytokine signaling 1 (SOCS1) (1:1000; Cell 
Signaling Technology, United States), Dectin-1 (1:1000; Abclonal, Wuhan, Hubei Province, China), P-p65 (1:1000; Cell 
Signaling Technology, United States) and GAPDH antibody (1:2000; Abmart, Shanghai, China) overnight at 4 °C. After 
washing with TBST 3 times, blots were incubated with the anti-rabbit secondary antibody (1:5000; Abclonal, Wuhan, 
China) for 1 h. After washing, immunoreactive protein bands were detected by using enhanced chemiluminescence 
reagents (Bio-Rad, California, United States). Band intensities were normalized to GAPDH and analyzed using ImageLab 
software.

Statistical analysis
All data are presented as means ± SEM. The statistical analysis was performed with the use of the software package SPSS 
version 19.0 (SPSS Inc, Chicago, United States). One-way ANOVA analysis was used for the comparison of differences 
among more than two groups, which was followed by the Least Significant Difference test unless otherwise stated. In the 
case of the comparison of two groups, the differences were evaluated using a two-tailed Student’s t-test, a value of P < 
0.05 was considered significant.

RESULTS
Anti-let-7a-5p sponges delivered by rAAV8 depressed the expression of let-7a-5p in the liver of mice with DDC feeding
Since the expression of let-7a-5p is increased in both experimental obstructive cholestasis and patients[12], we invest-
igated the potential therapeutic effects of an inhibitor of let-7a-5p delivered by highly hepatotropic rAAV8 on a mouse 
model of PSC at 2 wk and 6 wk. To address this, we generated rAAV8 expression plasmids containing either the scramble 
control (anti-SCR) or anti-let-7a-5p sponges under the control of a liver-specific thyroxine-binding globulin (TBG) 
promoter (Figure 1A) and injected rAAV8-anti-let-7a-5p (anti-let-7a-5p, 4 × 1011 vg/mouse) or rAAV8-scramble (anti-SCR, 
4 × 1011 vg/mouse) with a single dose at the beginning of DDC feeding for 2 wk and 6 wk, respectively (n = 6 per group, 
Figure 1B).

After 2 or 6 wk for DDC feeding, we found that the GFP-flagged rAAVs were extensively observed in the livers of mice 
injected with rAAVs anti-SCR control or anti-let-7a-5p sponges (Figure 2A-C), and the relative expression of GFP 
indicating the amounts of virus in the liver were significantly increased both in anti-SCR and inhibitor mice at 2 wk or 6 
wk, although it seems that the titer of recombinant adenovirus has dropped from 2 wk to 6 wk. We further evaluated the 
inhibition efficiency of let-7a-5p using anti-let-7a-5p sponges, it was found that anti-let-7a-5p sponges can significantly 
depress approximately 50% (at 2 wk) and approximately 60% (at 6 wk) of let-7a-5p in the liver of rAAV8-anti-let-7a-5p-
injected mice, compared with anti-SCR mice (Figure 2D and E).

Inhibition of let-7a-5p delivered by rAAV8 alleviates hepato-biliary injuries caused by DDC
Next, we evaluated the amelioratory effects of let-7a-5p on hepato-biliary injuries caused by DDC (Figure 3). We found 
that DDC feeding for 2 wk or 6 wk both can significantly increase the ratio of liver weight to body weight which may 
indicate hepatomegaly, but let-7a-5p inhibitor depressed the ratio, compared with anti-SCR control at 2 wk or 6 wk (P < 
0.05; Figure 3A). In addition, let-7a-5p inhibitor delivered by rAAVs can also reduce the levels of aspartate aminotrans-
ferase and BILT that were increased due to hepatic-biliary damages induced by DDC feeding both at 2 wk and 6 wk (P < 
0.05, Figure 3B and C). At 2 wk, although there was no statistical significance of ALT and alkaline phosphatase (ALP) 
between anti-let-7a-5p mice and anti-SCR control mice, there are decreasing trends of ALT and ALP activities in anti-let-
7a-5p mice than those anti-SCR control mice [P > 0.05, Figure 3D and E (upper panel)]. However, after 6 wk, there are 
significant decreases of ALT and ALP in the sera of anti-let-7a-5p mice, compared with anti-SCR control [P < 0.05, 
Figure 3D and E (nether panner)]. Taken together, let-7a-5p inhibitor delivered by rAAV8 ameliorates the hepato-biliary 
injuries caused by DDC feeding.

To assess the potential side effects of rAAV delivering anti-let-7a-5p sponges or anti-SCR on kidney function, we also 
detected serum urea, creatinine, and uric acid in those administrated mice both at 2 wk and 6 wk. Compared with normal 
control mice, we didn’t find any increases in these indexes after injection of rAAV8, suggesting that rAAV8 injection can’t 
induce kidney injuries (Supplementary Figure 1).

let-7a-5p inhibition mediated by rAAV8 ameliorates histologic changes and proliferation of cholangiocytes
H&E staining showed DDC feeding causes a moderated ductular reaction at 2 wk, and DRs became severe with the 
extended time of DDC feeding at 6 wk (Figure 4A), but rAAV8-let-7a-5p inhibitor injected mice showed a significant 
amelioration of the ductular reaction both at 2 wk and 6 wk, compared with anti-SCR control mice (Figure 4A). We also 
stained the CK19-specific marker for cholangiocytes in the liver, we found that the percentage of positive CK19 cells was 
dramatically increased after DDC feeding, compared with normal control mice, but anti-let-7a-5p mediated by rAAV8 
significantly decreased the percent of positive CK19 cholangiocytes both at 2 wk and 6 wk, compared with anti-SCR 
control mice (P < 0.05, Figure 4B and C).

https://f6publishing.blob.core.windows.net/d02a2619-298d-4f25-9050-9c1c84cbfac8/WJG-30-471-supplementary-material.pdf
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Figure 2 The expression of let-7a-5p is depressed using anti-let-7a-5p sponges delivered by recombinant adeno-associated virus 8. A: The 
recombinant adeno-associated virus 8 was extensively distributed in the liver of mice after 2 or 6 wk of 3,5-Diethoxycarbonyl-1,4-Dihydrocollidine (DDC) feeding; B 
and C: The relative expression of GFP indicates the relative amounts of virus; D and E: The relative expression of let-7a-5p in the liver of mice injected by adeno-
associated virus 8-mediated scramble control or anti-let-7a-5p sponges after 2 wk or 6 wk of DDC feeding. DDC: 3,5-Diethoxycarbonyl-1,4-Dihydrocollidine; SCR: 
Scramble control. bP < 0.01, cP < 0.001.

rAAV8-delivered let-7a-5p inhibition attenuates liver fibrosis
Sirus-red staining showed there are massive “strip shape” collagen fibers deposition around bile ducts after DDC feeding 
for 2 wk and 6 wk, however, after treatment with rAAV8 mediated anti-let-7a-5p for 2 or 6 wk, the deposition of these 
collagen fibers was significantly decreased (Figure 5A). Furthermore, we detected other fibrotic biomarkers such as Acta2 
(encoding α-SMA) and Tgfb using qPCR, after 2 or 6 wk of the feeding of DDC, we found that the relative expression of 
Acta2 and Tgfb was significantly higher in the DDC feeding mice than those in normal control mice without DDC feeding, 
but the mice injected with let-7a-5p inhibitor delivered by rAAV8 showed a noteworthy drop (almost five times drop) in 
Acta2 and Tgfb expression, compared with anti-SCR control mice when they were fed with DDC for 2 or 6 wk (P < 0.001, 
Figure 5B and C). We also detected Hyp-another liver fibrosis marker, it was shown that there was no significant 
difference in anti-SCR control mice and anti-let-7a-5p mice at 2 wk for DDC feeding, but after 6 wk of treatment, the 
content of Hyp was significantly decreased in anti-let-7a-5p mice, compared with anti-SCR control mice (P < 0.05, 
Figure 5D). Taken together, rAAV8 delivered let-7a-5p inhibition abates liver fibrosis in experimental sclerosing 
cholangitis.

Let-7a-5p inhibition mediated by rAAV8 increased the expression of SOCS1 and Dectin-1, thus depression of NF-κB-
mediated proinflammatory cytokines
Our previous and other studies demonstrated that let-7a-5p can potently regulate immune responses to depression NF-
κB-mediated pro-inflammation by targeting several molecules such as SOCS1 and Dectin-1[33]. Therefore, we detected 
hepatic expression of SOCS1, Dectin-1, and P-p65 in the DDC feeding mice that were injected with rAAV8 mediated anti-
SCR control or anti-let-7a-5p. Regarding to 2 wk’ DDC feeding, there was no significant differences in the expression of 
SOCS1 between anti-SCR and anti-let-7a-5p group (P > 0.05, Figure 6A and B), but compared with rAAV8 mediated anti-
SCR control group, the expression of Dectin-1 in rAAV8 mediated anti-let-7a-5p mice were significantly increased (P < 
0.05, Figure 6A and C), and the level of downstream inflammatory transfactor P-p65 of NF-κB were remarkably decreased 
(P < 0.05, Figure 6A and D); For 6 wk DDC feeding, anti-let-7a-5p can both depressed the expression of SOCS1 (P < 0.05, 
Figure 6E and F) and Dectin-1 (P < 0.05, Figure 6E and G), which induced the lower level of P-p65 of NF-κB (P < 0.05, 
Figure 6E and H).

Sequentially, we further detected the pro-inflammatory cytokines such as IL-6, TNF-α, and CCl2. At 2 wk, DDC 
feeding induced high levels of Il6, Tnfa, and Ccl2 mRNA production, but rAAV8-mediated let-7a-5p inhibitor depressed 
the production of these cytokines, compared with an anti-SCR group (P < 0.01, Figure 7A-C, upper panel). The 
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Figure 3 Recombinant adeno-associated virus 8 mediated anti-let-7a-5p protects from 3,5-Diethoxycarbonyl-1,4-Dihydrocollidine-induced 
hepato-biliary damages. A: The ratio of Liver weight to body weight; B-E: Serum levels of aspartate aminotransferase, total bilirubin, alanine aminotransferase, 
and alkaline phosphatase in the normal control, scramble control, and anti-let-7a sponge (anti-let-7a-5p) mice for 3,5-Diethoxycarbonyl-1,4-Dihydrocollidine feeding at 
the indicated time (2 wk and 6 wk). DDC: 3,5-Diethoxycarbonyl-1,4-Dihydrocollidine; SCR: Scramble control; AST: Aspartate aminotransferase; BILT: Total bilirubin; 
ALT: Alanine aminotransferase; ALP: Alkaline phosphatase; TBA: Total bile acid. aP < 0.05, bP < 0.01, cP < 0.001.
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Figure 4 Let-7a-5p inhibition delivered by recombinant adeno-associated virus 8 prevents liver pathology and the proliferation of 
cholangiocytes. A: Histological changes at 2 and 6 wk was evaluated using hematoxylin and eosin staining. The upper panel was shown in 100 times 
amplification; the nether panel was shown in 200 times amplification; B: CK19 was stained for indicating the proliferation of cholangiocytes using 
Immunohistochemistry staining; C: and the percent of CK19 positive cells in the liver was calculated at 2 and 6 wk. DDC: 3,5-Diethoxycarbonyl-1,4-Dihydrocollidine; 
SCR: Scramble control. cP < 0.001.

Figure 5 Let-7a-5p inhibition mediated by recombinant adeno-associated virus 8 ameliorates biliary fibrosis in the 3,5-Diethoxycarbonyl-
1,4-Dihydrocollidine-induced cholestasis model. A: Sirius Red staining in the liver of mice at 2 wk and 6 wk after 3,5-Diethoxycarbonyl-1,4-Dihydrocollidine 
feeding; B and C: The fibrosis markers such as Acta 2 and Tgfb were evaluated using qRT-PCR; D: The contents of Hyp in the liver of mice in each group were 
determined. DDC: 3,5-Diethoxycarbonyl-1,4-Dihydrocollidine; SCR: Scramble control; Hyp: Hydroxyproline. aP < 0.05, bP < 0.01, cP < 0.001.
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Figure 6 Recombinant adeno-associated virus 8 mediated let-7a-5p inhibitor interfers suppressor of cytokine signaling 1/Dectin1 
mediated NF-κB signaling pathway. The expression of suppressor of cytokine signaling 1 (SOCS1)/Dectin1/P-p65 in each mouse of normal control group, anti-
scramble control and anti-let-7a-5p group were assayed by western-blot. A: The blot of SOCS1/Dectin1/ P-p65 in each group after 2 wk 3,5-Diethoxycarbonyl-1,4-
Dihydrocollidine (DDC) feeding; B-D: the relative levels of SOCS1, Dectin1, and P-p65 in each group after 2 wk DDC feeding; E: The blot of SOCS1/Dectin1/P-p65 in 
each group after 6 wk DDC feeding; F-H: relative levels of SOCS1, Dectin1, and P-p65 in each group after 6 wk DDC feeding. DDC: 3,5-Diethoxycarbonyl-1,4-
Dihydrocollidine; SCR: Scramble control. aP < 0.05, bP < 0.01.

production of these cytokines in the mice at 6 wk after DDC feeding seems to be declined compared with those in the 
mice with DDC feeding for 2 wk, but they were still higher than those in the normal control mice (at least more than 3 
times; P < 0.001, Figure 7A-C, nether panel); furthermore, the production of these cytokines were also significantly 
decreased in rAAV8 mediated anti-let-7a-5p mice, compared with anti-SCR group mice when they were feeding DDC for 
6 wk (P < 0.01, Figure 7D-F, D for II6, E for Tnfa, and F for Ccl2 nether panel). Taken together, our data demonstrated that 
anti-let-7a-5p delivered by rAAV8 ameliorate experimental sclerosing cholangitis by targeting at Dectin-1 or SOCS1 -
negatively regulated NF-κB.

DISCUSSION
PSC is a rare but life-threatening chronic disease and there is no effective medical option to cure it except liver 
transplantation. DDC-fed (0.1%) mice are a xenobiotic- induced mouse model of cholangiopathy. It can induce reactive 
cholangiocytes, biliary inflammation, pericholangitis, periductal fibrosis, and ultimately portal-portal bridging affecting 
large bile ducts, which more closely resembles human sclerosing cholangitis and biliary fibrosis[34,35]. In the present 
study, using this experimental model of mice, we found that we demonstrate that a single dose of rAAV8-mediated 
inhibition of let-7a can protect mice from hepatic (biliary) injuries, biliary inflammation, proliferation, and fibrosis in 
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Figure 7 Let-7a-5p inhibition mediated by adeno-associated virus 8 ameliorates local pro-inflammatary cytokines produced. The levels of Il6
, Tnfa, and Ccl2 in the liver of mice from each group after 3,5-Diethoxycarbonyl-1,4-Dihydrocollidine (DDC) feeding for 2 or 6 wk were evaluted by qPCR. A-C: The 
relative levels of Il6, Tnfa, and Ccl2 after 2 wk DDC feeding; D-F: The relative levels of Il6, Tnfa, and Ccl2 after 6 wk DDC feeding. DDC: 3,5-Diethoxycarbonyl-1,4-
Dihydrocollidine; SCR: Scramble control. aP < 0.05, bP < 0.01, cP < 0.001.

experimental sclerosing cholangitis for 2 wk and 6 wk, suggesting that inhibition let-7a delivered by rAAV8 provides a 
potential therapeutic strategy for sclerosing cholangitis (Figure 8).

rAAV-based therapeutic has proved as the most effective strategy for gene therapy because rAAV8 can provide an 
effective, safe, and long-lasting vehicle to deliver genes (including miRNAs) to the targeted organs[36,37]. Currently, 
rAAV has been implicated in clinical trials in some human diseases such as cystic fibrosis, and Parkinson’s disease, and 
Glybera-the commercial drug based on rAAV has been applied in the treatment of lipoprotein lipase deficiency[38-43]. 
rAAV8 with TBG promoters is a liver-tropism serotype that has been widely used to deliver genes targeting hepatocytes 
with high transduction efficiency, low immunogenicity, and toxicity to the cell. In our present study, we also found that 
systematic injection of rAAV8 has no side effects on other organs such as the kidney (Supplementary Figure 1), sug-
gesting that rAAV8 is relatively low side effects on other organs[44,45]. In our present study, we attempted to use rAAV8 
as a tool to deliver inhibitors of let-7a (anti-sense of let-7a-5p sponge). After injection, rAAV8 can not only invades 
hepatocytes but also can transfect cholangiocytes, a study showed that 6.8% and 30.9% of cholangiocytes were rAAV8 
positive at 10 d and 56 d of transfection, respectively[24]. These data demonstrated that rAAV8 may act as a useful tool 
for the intervention of cholangiopathies.

Increasing evidence demonstrates that miRNAs play critical roles in cholangiopathies[6]. Let-7 family is the first 
identified miRNA and increasing data suggested that let-7a plays pro-inflammatory or anti-inflammatory roles by 
inhibition of several targets[46-50]. Of these signaling pathways that let-7 is involved in, the TLR/NF-κB signaling 
pathway that is critical to the induction of pro-inflammatory cytokines can be also well-regulated by let-7. For example, 
let-7a targeted the SOCS1-the feedback inhibitor of NF-κB to facilitate the transcriptional activity of NF-κB and 
subsequent production of pro-inflammatory cytokines[51]. Similarly, let-7a has been reported to target A20-another 
inhibitor of the NF-κB pathway, leading to the increased TNF, IL-1β, and nitrite during Mycobacterium tuberculosis 
infection[52]. In agreement with these observations, we found that the pro-inflammatory cytokines such as TNF, IL-6, and 
CCl2 were decreased after the treatment with anti-let-7a delivered by rAAV8, which may be associated with the increased 
SOCS1 expression and the increased activities of NF-κB due to the loss of inhibitor effects of let-7a.

Many miRNAs have been demonstrated to participate in cholestasis[53-55]. Of these miRNAs, let-7a-5p is a recently 
identified miRNA that is dysregulated in animal models of cholangiopathies (such as BDL and Mdr2 KO mice) and 
patients with BA or PSC. Intriguing, it seems that let-7a-5p showed multiple contradictory functions in the different 
contexts of cholangiopathies due to targeting different genes. For example, let-7a decreased cholangiocytes in BDL mice 
and inhibits the secretin produced by cholangiocytes and S cells by targeting NGF, leading to a repression of the prolif-
eration of cholangiocytes[13]. Similarly, in another study, the expression of let-7a was decreased in the liver of Mdr2 KO 
mice or human PSC, which probably increase downstream targets of let-7a (such as the NF-κB, IL-13, and NR1H4) and 

https://f6publishing.blob.core.windows.net/d02a2619-298d-4f25-9050-9c1c84cbfac8/WJG-30-471-supplementary-material.pdf
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Figure 8 Schematic summary of an amelioration of sclerosing cholangitis in a clinically relevant mouse model by recombinant adeno-
associated virus 8-mediated microRNA let-7a inhibition. DDC: 3,5-Diethoxycarbonyl-1,4-Dihydrocollidine; SOCS: Suppressor of cytokine signaling.

accelerate the severity of disease[14]. However, in another study, an increased let-7a-5p inhibited BCC2/Abcc2 (also 
known as MRP2) expression in obstructive cholestasis; the latter is critical for biliary excretion of conjugated bilirubin and 
the deficiency of BCC2 lead to obstructive cholestasis[12]. In our present study, we found that the inhibition of let-7a 
delivered by rAAV8 showed therapeutic effects on sclerosing cholangitis induced by DDC feeding at early (2 wk) or 
chronic stage (6 wk). The expression pattern of let-7a is discrepant in different cell types and the role of let-7a seems cell 
type-dependent in the different contexts of cholangiopathies. Glaser et al[13] found that the more than 15-fold increased 
expression of let-7a in hepatocytes, but deceased in cholangiocytes in the context of BDL mice. This may partly account 
for the diverse roles of let-7a in different cholangiopathies.

CONCLUSION
In summary, rAAV8 mediated let-7a-5p inhibitor provides powerful therapeutical effects on the DDC-induced sclerosing 
cholangitis, which can prevent hepato-biliary injuries, ductal reaction, and fibrosis by interfering with pro-inflammatory 
cytokines production. Our present study provides a possible clinical human clinical translation of PSC using rAAV8 
systems to manipulate the expression of let-7a-5p. Other mechanisms by which therapeutic implication of inhibition of 
let-7a in DDC-induced sclerosing cholangitis are not excluded and further investigations are warranted.
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Primary sclerosing cholangitis (PSC) which may progress to cholangiocarcinoma is an idiopathic cholestatic disease and 
there is a very limited medical option to interfere with the course of PSC. Recombinant adeno-associated virus (rAAV) 
provides a prospective platform for gene therapy on such kinds of diseases. A microRNA (miRNA) let-7a has been 
reported to be associated with the progress of PSC but the potential therapeutic implication of inhibition of let-7a on PSC 
has not been evaluated.

Research motivation
To investigate the potential function and mechanisms of miRNA let-7a-5p transferred by rAAV8 in animal model of PSC.
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Research objectives
To study the therapeutic effects of inhibition of let-7a-5p transferred by rAAV8 on a 3,5-Diethoxycarbonyl-1,4-Dihydro-
collidine (DDC)-induced mouse model of sclerosing cholangitis.

Research methods
A mouse model of sclerosing cholangitis was induced by 0.1% DDC feeding for 2 wk or 6 wk, and rAAV8-mediated anti-
let-7a-5p sponges or scramble control was injected in vivo onset of DDC feeding. After sacrifice of the mice, the liver and 
the serum were collected from each mouse. The hepatobiliary injuries, hepatic inflammation was evaluated. The targets of 
let-7a-5p and downstream molecule NF-κB were detected using Western blot.

Research results
The reduced expression of let-7a-5p can alleviate hepato-biliary injuries indicated by serum markers, and prevent the 
proliferation of cholangiocytes and biliary fibrosis. Furthermore, inhibition of let-7a mediated by rAAV8 can increase the 
expression of potential target molecules such as SOCS1 and Dectin1, which consequently inhibition of NF-κB-mediated 
hepatic inflammation.

Research conclusions
Our findings suggested that a rAAV8 vector designed for liver-specific inhibition of let-7a-5p can potently ameliorate 
symptoms in a xenobiotic-induced mouse model of sclerosing cholangitis, which provides a possible therapeutic strategy 
for PSC.

Research perspectives
The present study demonstrates that the rAAV-mediated miRNAs strategy may provide a promising therapeutic 
opportunity for this debilitating and life-threatening disease.
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Abstract
BACKGROUND 
Gastric cancer (GC) is associated with high mortality rates. Bile acids (BAs) reflux 
is a well-known risk factor for GC, but the specific mechanism remains unclear. 
During GC development in both humans and animals, BAs serve as signaling 
molecules that induce metabolic reprogramming. This confers additional cancer 
phenotypes, including ferroptosis sensitivity. Ferroptosis is a novel mode of cell 
death characterized by lipid peroxidation that contributes universally to malig-
nant progression. However, it is not fully defined if BAs can influence GC 
progression by modulating ferroptosis.

AIM 
To reveal the mechanism of BAs regulation in ferroptosis of GC cells.

METHODS 
In this study, we treated GC cells with various stimuli and evaluated the effect of 
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BAs on the sensitivity to ferroptosis. We used gain and loss of function assays to examine the impacts of farnesoid 
X receptor (FXR) and BTB and CNC homology 1 (BACH1) overexpression and knockdown to obtain further 
insights into the molecular mechanism involved.

RESULTS 
Our data suggested that BAs could reverse erastin-induced ferroptosis in GC cells. This effect correlated with 
increased glutathione (GSH) concentrations, a reduced GSH to oxidized GSH ratio, and higher GSH peroxidase 4 
(GPX4) expression levels. Subsequently, we confirmed that BAs exerted these effects by activating FXR, which 
markedly increased the expression of GSH synthetase and GPX4. Notably, BACH1 was detected as an essential 
intermediate molecule in the promotion of GSH synthesis by BAs and FXR. Finally, our results suggested that FXR 
could significantly promote GC cell proliferation, which may be closely related to its anti-ferroptosis effect.

CONCLUSION 
This study revealed for the first time that BAs could inhibit ferroptosis sensitivity through the FXR-BACH1-GSH-
GPX4 axis in GC cells. This work provided new insights into the mechanism associated with BA-mediated 
promotion of GC and may help identify potential therapeutic targets for GC patients with BAs reflux.

Key Words: Gastric cancer; Ferroptosis; Bile acids; Chenodeoxycholic acid; Farnesoid X receptor; Glutathione

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Gastric cancer (GC) is the fifth most common cancer worldwide and the third leading cause of cancer-related 
deaths. Bile acids (BAs) reflux is an essential carcinogenic factor in GC, but its role has not been absolutely elaborated. BAs 
could serve as signaling molecules to regulate the metabolic state in cells, which is closely related to ferroptosis. In the 
present experiment, we explored the role of BAs in the regulation of ferroptosis in GC cells. Our data suggested that BAs 
could significantly inhibit the ferroptosis sensitivity of GC cells and that this effect was exerted through the activation of the 
farnesoid X receptor-BTB and CNC homology 1-glutathione (GSH)-GSH peroxidase 4 axis.

Citation: Liu CX, Gao Y, Xu XF, Jin X, Zhang Y, Xu Q, Ding HX, Li BJ, Du FK, Li LC, Zhong MW, Zhu JK, Zhang GY. Bile acids 
inhibit ferroptosis sensitivity through activating farnesoid X receptor in gastric cancer cells. World J Gastroenterol 2024; 30(5): 485-
498
URL: https://www.wjgnet.com/1007-9327/full/v30/i5/485.htm
DOI: https://dx.doi.org/10.3748/wjg.v30.i5.485

INTRODUCTION
Gastric cancer (GC) is the fifth most common cancer worldwide and the third leading cause of cancer-related deaths 
because of the difficulties associated with early diagnosis [1]. Along with the improvement of life conditions, there is a 
noticeable decrease in the prevalence of Helicobacter pylori infection, which is the major causative factor of GC[2]. Bile 
acids (BAs) reflux, another etiologic factor for developing GC, is receiving more attentions[3]. BAs are cholesterol-derived 
sterols. These small-molecule metabolites play essential roles in the human body. They are amphiphilic and can thus 
participate in cholesterol absorption and secretion in the intestines[4]. Previous work has shown that BAs reflux is an 
independent risk factor for precancerous gastric lesions and gastric carcinogenesis[5,6]. For example, gastric mucosal 
damage can be induced by BAs through activation of the IL-6/JAK1/STAT3 pathway[5]. However, the mechanism by 
which BAs can promote GC progression remains unknown.

By activating BAs receptors, BAs can modulate immune responses, gastrointestinal mucosal barrier function, gestation, 
metabolic diseases, and carcinogenesis[7-10]. The farnesoid X receptor (FXR, NR1H4) is a typical BA receptor that has 
been well investigated. Cholic acid (CA) and chenodeoxycholic acid (CDCA) are the two predominant BAs in the human 
body[11], the latter of which is the most potent physiologic agonist of FXR[12]. FXR activation can remodel the metabolic 
state of cells, including glucose metabolism and lipid metabolism, which in turn is involved in the development of a 
variety of metabolic diseases and cancers, such as hepatocellular carcinoma[13]. However, further research on the role of 
FXR in GC patients with BAs reflux is required.

An altered metabolic state, also known as metabolic reprogramming, is a vital factor in cancer progression[14]. 
Ferroptosis, which is closely related to metabolism, may be involved in the effects of BAs and FXR in GC[15]. Ferroptosis 
is a novel type of cell death characterized by intracellular phospholipid peroxidation, distinct from apoptosis, pyroptosis, 
necroptosis, and autophagy[16,17]. This unique mode of cell death is regulated by a variety of factors, particularly 
oxidative stress. Glutathione (GSH) peroxidase 4 (GPX4) specifically recognizes peroxidized lipids and scavenges them 
by converting reduced GSH to oxidized GSH (GSSG) for anti-ferroptosis[18,19]. Therefore, GSH, as the substrate of GPX4, 
also has a key role in the resistance to ferroptosis. Changes in GSH metabolism will eventually lead to alterations in 
cellular sensitivity to ferroptosis[20]. Although ferroptosis has been reported in GC development and treatment[21,22], 

https://www.wjgnet.com/1007-9327/full/v30/i5/485.htm
https://dx.doi.org/10.3748/wjg.v30.i5.485


Liu CX et al. Bile acids inhibit ferroptosis in GC

WJG https://www.wjgnet.com 487 February 7, 2024 Volume 30 Issue 5

few studies have described ferroptosis in GC with BAs reflux.
In the present study, we investigated the role of BAs, especially CDCA, in the regulation of ferroptosis sensitivity in 

GC. We subsequently identified the specific receptors for these BAs and further investigated the molecular mechanism.

MATERIALS AND METHODS
Reagents and antibodies
CA (S3742), dehydrocholic acid (DCA, S4562), CDCA (S1843), erastin (S7242), Ferrostatin-1 (Fer-1, S7243), and GW4064 
(S2782) were purchased from Selleck Chemicals (Houston, TX, United States). RSL3 (HY-100218A) was purchased from 
MedChemExpress (Monmouth Junction, NJ, United States). Anti-GPX4 (67763-1-Ig, 1:2500), anti-β-actin (HRP-66009, 
1:5000), anti-FXR (25055-1-Ig, 1:1000), anti-GCLC (12601-1-AP, 1:4000), anti-GCLM (14241-1-AP, 1:4000), anti-GSS (67598-
1-Ig, 1:4000), and anti-BTB and CNC homology 1 (BACH1, 14018-1-AP, 1:5000) antibodies were purchased from 
Proteintech (Wuhan, China).

Cell culture
HGC-27 and MKN-45 cells were purchased from Procell (Wuhan, China) and cultured in MEM (for HGC-27) and RPMI-
1640 (for MKN-45) medium (Gibco, Carlsbad, CA, United States) containing 10% fetal bovine serum (FBS; Gibco) and 1% 
Penicillin/Streptomycin (Gibco) at 37°C and 5% CO2. The cell lines were correctly identified by short tandem repeat (STR) 
analysis and periodically tested for mycoplasma.

Cell transfection
Cells were seeded in 6-well plates (5 × 105 cells/well) and incubated for 18 h. Then, overexpression or short hairpin RNA 
plasmids for the indicated genes were transfected using Lipofectamine 2000 (Invitrogen, Carlsbad, CA, United States) for 
48 h according to the manufacturer’s instructions.

Cell viability assay
Cells were seeded in 96-well plates (5000 cells/well) in complete medium. After incubation for 18 h, the indicated 
treatments were added to the cells and incubated for certain times. Then, 100 mL complete medium containing 10 mL cell 
count kit-8 reagent (CK04, Dojindo Laboratories, Kumamoto, Japan) was added to each well. After incubating the cells for 
2 h, the absorbance value for each well was colorimetrically measured at a wavelength of 450 nm.

GSH and Malondialdehyde assay quantification
The cells were collected after indicated stimuli. The GSH concentrations and GSH/GSSG ratio were quantified using the 
GSSG/GSH Quantification Kit (G263, Dojindo Laboratories, Kumamoto, Japan) according to the manufacturer’s 
instructions. The results were quantified colorimetrically at a wavelength of 405 nm.

After the indicated treatments, the cells were collected and assayed using the Malondialdehyde (MDA) Assay Kit 
(S0131S, Beyotime, Shanghai, China) following the manufacturer’s instructions to measure the levels of MDA. The results 
were quantified colorimetrically at a wavelength of 532 nm.

Lipid reactive oxygen species assay
After the indicated treatments, BODIPY-589/591 C11 (D3861, Thermo Fisher Scientific, Waltham, MA, USA) was added 
to each well (10 mM). After incubated at 37°C for 30 min, the cells were washed with PBS for three times. Subsequently, 
the nuclei were stained with DAPI (C1002, Beyotime) for 30 min at room temperature. Finally, the lipid reactive oxygen 
species was observed under a fluorescence microscope with 488 nm excitation.

5-ethynyl-2′-deoxyuridin staining
Cell proliferation rates under different treatment conditions were assessed using 5-ethynyl-2’-deoxyuridine (EdU) assays 
(Beyotime) according to the manufacturer’s instructions.

Colony formation assay
Cells were seeded in 6-well plates (500 cells/well), treated with various stimuli, and incubated for 10 to 14 d. The cells 
were then rinsed three times with PBS and fixed with 4% paraformaldehyde at room temperature for 30 min. 
Subsequently, the fixed cells were treated with crystal violet at 4°C overnight.

Western blot
Cells were lysed using RIPA buffer containing 1% Phenylmethanesulfonyl fluoride (PMSF, ST505, Beyotime, Shanghai, 
China) and 2% phosphatase inhibitor. The total protein concentration was quantified using the Bicinchoninic Acid Protein 
Assay Kit (ST505, Thermo Fisher Scientific, Waltham, MA, United States). Next, protein samples (30 mg) were separated 
using 10% SDS-PAGE (PG212, EpiZyme, Shanghai, China). Then, the proteins were transferred to PVDF membranes, 
followed by blocking with 5% BSA (A8020, Solarbio, Beijing, China) at room temperature for 1 h. Afterwards, the 
membranes were incubated with primary antibodies at 4°C overnight. Subsequently, the membranes were washed with 
PBST and incubated with a goat anti-mouse or goat anti-rabbit secondary antibody for 1 h at room temperature. Finally, 
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Figure 1 Bile acids enhanced proliferation and inhibited erastin-induced ferroptosis sensitivity in gastric cancer cells. A and B: Cell viability 
assay for HGC-27 and MKN-45 cells treated with three Bas; C and D: Cell viability assay for HGC-27 and MKN-45 cells treated with different concentration of BAs 
together with erastin (5 μM); E-H: Cell viability assay for two gastric cancer cell lines stimulated with erastin followed by chenodeoxycholic acid (50 μM) or control for 
24 and 48 h; I and J: Malondialdehyde production in HGC-27 and MKN-45 cells; K: BODIPY-589/591 C11 staining to identify lipid reactive oxygen species in the cell 
lines under different treatments. Scale bar: 100 μm. aP < 0.05, bP < 0.01, cP < 0.001. These experiments were repeated three times. BAs: Bile acids; CA: Cholic acid; 
DCA: Dehydrocholic acid; CDCA: Chenodeoxycholic acid; MDA: Malondialdehyde; NS: Not significant.

the protein bands were visualized with ECL (Millipore) and quantified with ImageJ software (National Institutes of 
Health) the manufacturer’s instructions.

Statistical analyses
SPSS 22.0 software (Chicago, IL, United States) was used for data analysis. GraphPad Prism 8.0 (San Diego, CA, United 
States) software was used to create the images. Data are presented as mean ± SD. One-way ANOVA was used to compare 
the differences between groups. A P value of less than 0.05 indicated statistical significance.

RESULTS
BAs can promote GC cell proliferation and inhibit erastin-induced ferroptosis sensitivity in GC cells
It has been shown that BAs tend to induce gastric intestinal metaplasia prior to causing GC[23]. Thus, two GC cell lines, 
HGC-27 and MKN-45, were chosen because they were both classified as intestinal type GC cells[24]. Three common BAs 
including CA, DCA, and CDCA, were chosen to stimulate GC cells in vitro. The cell viability assay results suggested that 
these BAs could significantly promote GC cell proliferation rates, especilly CDCA (Figure 1A and B). Subsequently, to 
investigate if they could modulate ferroptosis in GC cells, we examined the effects of the three BAs on HGC-27 and MKN-
45 cell sensitivity to erastin, a classical inducer of ferroptosis. Interestingly, the GC cells treated with BAs exhibited higher 
viabilities compared with the controls, suggesting that the BAs possibly could support resistance to the ferroptosis 
induced by erastin (Figure 1C and D). Because it was the most effective BAs proved by above results and in previous 
study[23], CDCA was chosen in subsequent experiments. We then examined the effect of CDCA on the sensitivity to 
erastin-induced ferroptosis in GC cells at 24 and 48 h, respectively. The anti-ferroptosis effect was confirmed (Figure 1E-
H). To exclude interference from other types of cell death, we performed the MDA assays (Figure 1I and J) and BODIPY-
589/591 C11 staining (Figure 1K), which directly reflected ferroptosis and reconfirmed the anti-ferroptosis function of the 
BAs.

BAs significantly upregulated GSH and GPX4 Levels in GC cells
The cystine-glumate antiporter (xCT) is an essential anti-ferroptosis protein located on the cytomembrane that exchanges 
intracellular glutamate for extracellular cystine in a 1:1 ratio[25,26]. Mechanistically, erastin induces ferroptosis by acting 
on xCT and inhibiting its function. This thereby downregulates the levels of downstream GSH and GPX4, which inhibit 
the onset of ferroptosis[27]. Additionally, another classical ferroptosis inducer is RSL3, which targets and inactivates 
GPX4[28]. Therefore, to explore the anti-ferroptosis mechanism of CDCA, we examined its effect on RSL3-induced cell 
death using cell viability assays. Interestingly, CDCA did not ameliorate RSL3-induced GC cell death (Figure 2A and B), 
nor could it ameliorate the ferroptosis caused by RSL3 (Figure 2C-E). We therefore speculated that CDCA possibly 
exerted its anti-ferroptosis effect by upregulating GSH and GPX4 levels. To verify this hypothesis, we examined the GSH 
concentrations and GSH/GSSG ratio in CDCA-treated cells, finding that CDCA treatment significantly increased them 
compared with the control group (Figure 2F-I). Besides, CDCA also significantly attenuated the GPX4 protein expression 
downregulation induced by erastin, as seen with Western blot (WB) analysis (Figure 2J and K).
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Figure 2 Bile acids significantly upregulated glutathione and glutathione peroxidase 4 in gastric cancer cells. A and B: Cell viability assay of 
two gastric cancer cell lines treated with RSL3 together with chenodeoxycholic acid (CDCA) or control; C and D: Malondialdehyde production in HGC-27 and MKN-45 
cells treated with RSL3 (0.2 μM for HGC-27, 10 μM for MKN-45) followed by CDCA or control; E: BODIPY-589/591 C11 staining to identify lipid reactive oxygen 
species in the cell lines treated with RSL3 (0.2 μM for HGC-27, 10 μM for MKN-45) followed by CDCA or control; F and G: The glutathione (GSH) concentrations 
were measured in cells treated with CDCA; H and I: The GSH/oxidized GSH ratio was measured in cells treated with CDCA; J and K: Western blot analysis of GSH 
peroxidase 4 protein expression in HGC-27 and MKN-45 cells under different stimuli. Scale bar: 100 μm. aP < 0.05, bP < 0.01, cP < 0.001. These experiments were 
repeated three times. CDCA: Chenodeoxycholic acid; MDA: Malondialdehyde; GPX4: Glutathione peroxidase 4; NS: Not significant.

BAs exerted its anti-ferroptosis sensitivity function in GC cells by activating FXR
CDCA is the strongest FXR agonist in the human body[12]. Therefore, we hypothesized that CDCA acted through 
activating FXR to inhibit the sensitization of GC cells to ferroptosis. We firstly used GW4064, an in vitro agonist of FXR, 
and found that the ferroptosis sensitivity of GC cells treated with GW4064 was significantly reduced (Figure 3A and B). 
Subsequently, we transfected shFXR and its control plasmid in HGC-27 and MKN-45 cells, constructing a cellular 
knockdown model of FXR to be successfully constructed by WB analysis (Figure 3C and D). Our data showed that after 
knocking down FXR, CDCA-induced erastin resistance was not observed (Figure 3E and F) and it could no longer reverse 
the onset of erastin-induced ferroptosis (Figure 3G-I). We further constructed an overexpression model of FXR in HGC-27 
and MKN-45 cells (Figure 3J and K). FXR overexpression resulted in a significant enhancement of resistance to erastin-
induced cell death in HGC-27 and MKN-45 (Figure 3L and M), as well as a significant reversal of ferroptosis (Figure 3N-
P).
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Figure 3 Bile acids inhibited ferroptosis sensitivity of gastric cancer cells by activating farnesoid X receptor. A and B: Cell viability of erastin-
treated HGC-27 and MKN-45 cells with or without GW4064 treatment; C and D: HGC-27 and MKN-45 cells were transfected with shFXR or shNC plasmid. 
Successful construction was confirmed by western blot analysis; E and F: Cell viability assay of GC cells treated with different concentrations of erastin and CDCA 
(50 μM) transfected with shFXR or shNC for 24 h; G-I: Malondialdehyde (MDA) production and BODIPY-589/591 C11 staining of GC cells transfected with shFXR or 
shNC plasmid and treated with erastin together with or without CDCA for 24 h; J and K: GC cells were transfected with control or FXR-coding plasmid and confirmed 
through western blot analysis; L and M: Cell viability assay of GC cells treated with different concentrations of erastin and CDCA (50 μM) transfected with control or 
FXR-coding plasmid for 24 h.; N-P: MDA production and BODIPY-589/591 C11 staining of GC cells transfected with control or FXR-coding plasmid and treated with 
erastin together with or without CDCA for 24 h. Scale bar: 100 μm. aP < 0.05, bP < 0.01, cP < 0.001. These experiments were repeated three times. FXR: Farnesoid X 
receptor; NC: Negative control; CDCA: Chenodeoxycholic acid; MDA: Malondialdehyde; NS: Not significant.

FXR significantly promoted GSH synthesis in GC cells
To investigate whether FXR could likewise increase intracellular GSH concentrations, we examined the effect of FXR on 
GSH levels. The results showed that GSH concentrations were significantly reduced after FXR knockdown in HGC-27 
and MKN-45 cells (Figure 4A and B). The GSH/GSSG ratio, an indicator of cellular antioxidant capacity, was also 
significantly decreased after FXR knockdown (Figure 4C and D). We next examined the effect of FXR on the protein 
expression levels of GSH synthesis-related enzymes in GC cells using WB analysis, finding that FXR knockdown 
significantly reduced the expression of GSH synthases, including GCLC, GCLM and GSS. It also affected GPX4 
expression levels, which used GSH as a substrate (Figure 4E and F). To further validate these observations, we repeated 
the above experiments using the FXR overexpression HGC-27 and MKN-45 cells. The results showed that overexpressing 
FXR in these GC cells led to increased GSH concentrations (Figure 4G and H), GSH/GSSG ratio (Figure 4I and J), and 
GSH synthase and GPX4 expression levels (Figure 4K and L).

FXR exerted its anti-ferroptosis and pro-GSH synthesis effects correlating with inhibiting BACH1 in GC cells
Recently, FXR was shown to inhibit heme catabolism and increase heme levels by repressing HO-1 transcription[29]. 
Heme in high concentrations can inhibit BACH1, which can lead to decreased expression of GSH synthases[30,31]. 
Therefore, BACH1 is potentially a crucial bridge through which FXR exerted its effects. We firstly detected BACH1 
protein expression using WB analysis in HCG-27 and MKN-45 cells with overexpression or knockdown of FXR 
expression. The results showed that knocking down FXR indeed significantly elevated BACH1 protein levels (Figure 5A 
and B), while overexpressing FXR significantly downregulated BACH1 expression (Figure 5C and D). To further validate 
the role of BACH1 in this system, we constructed overexpression models of BACH1 in HGC-27 and MKN-45 cells and 
verified (Figure 5E and F). We then transfected cells with the FXR overexpression plasmid together with the BACH1 
overexpression plasmid and erastin treatment. This rescue experiment suggested that overexpression of BACH1 Led to a 
significant reduction in ferroptosis resistance mediated by FXR, as seen with the MDA assay and BODIPY-589/591 C11 
staining results (Figure 5G-I). Simultaneously, FXR-mediated enhancements of GSH concentrations (Figure 5J and K), 
GSH/GSSG ratio (Figure 5L and M), GSH synthase expression including GCLC, GCLM, GSS, and GPX4 (Figure 5N and 
O) were significantly reversed by overexpressed BACH1.

FXR significantly promoted GC cells proliferation
To further determine the role of FXR in GC progression, we analyzed its biological functions in GC cells. As described 
above, knockdown models of FXR in HGC-27 and MKN-45 cells were constructed (Figure 3C and D). Subsequently, cell 
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Figure 4 Farnesoid X receptor significantly promoted the synthesis of glutathione and the level of glutathione peroxidase 4 in gastric 
cancer cells. A-D: Alterations of glutathione (GSH) concentrations and the GSH/oxidized GSH (GSSG) ratio in HGC-27 and MKN-45 cells transfected with the 
shNC or shFXR plasmid; E and F: Protein expression of GCLC, GSS, GCLM, and GSH peroxidase 4 (GPX4) in HGC-27 and MKN-45 cells transfected with the shNC 
or shFXR plasmid; G-J: Alterations of GSH concentrations and the GSH/GSSG ratio in HGC-27 and MKN-45 cells transfected with the control or farnesoid X receptor 
(FXR)-coding plasmid; K and L: Protein expression of GCLC, GSS, GCLM, and GPX4 in HGC-27 and MKN-45 cells transfected with the control or FXR-coding 
plasmid. aP < 0.05, bP < 0.01. These experiments were repeated three times. FXR: Farnesoid X receptor; GPX4: Glutathione peroxidase 4.

viability assays showed that GC cell proliferation rates were significantly reduced after FXR knockdown (Figure 6A and 
B). This was also confirmed by EdU staining, which showed that the proportion of actively proliferating GC cells was 
significantly reduced with lower FXR expression levels (Figure 6C and D). Additional assays likewise revealed that the 
colony formation ability of GC cells was significantly decreased after knocking down FXR (Figure 6E and F). Experiments 
with the overexpression model showed that FXR promoted GC cell proliferation (Figure 6G and H), facilitated the 
capacity of DNA replication (Figure 6I and J), and enhanced the colony formation ability (Figure 6K and L).

DISCUSSION
GC is a major cause of cancer-related mortality in East Asia[32], but the molecular mechanisms and regulatory systems 
involved still need to be further elucidated. In the present study, we provided evidence that BAs can promote GC 
progression by inhibiting the ferroptosis sensitivity of GC, then explored the related mechanism in more detail.

BAs are essential small-molecule metabolites that can act as signaling molecules in the onset and progression of many 
diseases in humans, including various cancers[33]. For example, BAs can promote gastric carcinogenesis via the IL-6/
JAK1/STAT3 axis[5]. Since the discovery of ferroptosis, numerous studies have focused on its potential use as a 
therapeutic target in cancer, including in GC[34]. For instance, activation of the Wnt/beta-catenin signaling pathway 
significantly enhanced ferroptosis resistance in GC[35]. ACTL6A inhibits the onset of ferroptosis in GC by upregulating 
GCLC[36]. However, only a few studies have explored whether BAs can affect GC through regulation of ferroptosis. Our 
data indicated that several BAs, especially CDCA, significantly inhibit erastin-induced GC cell death. Additionally, we 
confirmed that erastin induced cell death through ferroptosis. Subsequently, we found that the BAs did not reverse cell 
death induced by RSL3, a ferroptosis inducer that targeted GPX4. This suggested that BAs may exert their anti-ferroptosis 
activity through GSH, which is downstream of the erastin target xCT and upstream of GPX4. Indeed, both the GSH 
concentration and the GSH/GSSG ratio were significantly elevated following treatment of GC cells with BAs. This 
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Figure 5 Farnesoid X receptor exerted anti-ferroptosis effects by inhibiting BTB and CNC homology 1. A and B: Protein expression of BTB and 
CNC homology 1 (BACH1) in gastric cancer (GC) cells transfected with the shNC or shFXR plasmid for 24 h; C and D: Western blot (WB) analysis of BACH1 protein 
expression in GC cells transfected with the shNC or shFXR plasmid for 24 h; E and F: HGC-27 and MKN-45 cells were transfected with the control or BACH1-coding 
plasmid and confirmed through WB analysis; G-I: Malondialdehyde production and BODIPY-589/591 C11 staining of GC cells after transfection with the farnesoid X 
receptor (FXR)-coding plasmid together with or without the BACH1-coding plasmid and erastin treatment (5 μM) for 24 h; J-M: Alterations of glutathione (GSH) 
concentrations and the GSH/oxidized GSH ratio in HGC-27 and MKN-45 cells after transfection with the FXR-coding plasmid together with or without the BACH1-
coding plasmid; N and O: WB analysis of GCLC, GSS, GCLM, and GSH peroxidase 4 protein expression after transfection with the FXR-coding plasmid together with 
or without the BACH1-coding plasmid. Scale bar: 100 μm. aP < 0.05, bP < 0.01, cP < 0.001. These experiments were repeated three times. FXR: Farnesoid X 
receptor; BACH1: BTB and CNC homology 1; GSH: Glutathione; GSSG: Oxidized glutathione; GPX4: Glutathione peroxidase 4.
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Figure 6 Farnesoid X receptor promoted proliferation of gastric cancer cells. A-F: Malignant proliferation assays, including cell viability (A and B), 5-
ethynyl-2′-deoxyuridine (Edu) staining (C and D), andcolony formation assays (E and F), were performed in gastric cancer (GC) cells after transfection with the shNC 
or shFXR plasmid; G-L: Cell viability (G and H); Edu staining (I and J), andcolony formation assays (K and L) were performed in GC cells after transfection with the 
control or farnesoid X receptor-coding plasmid. Scale bar: 100 μm. aP < 0.05, bP < 0.01, cP < 0.001. These experiments were repeated three times. FXR: Farnesoid X 
receptor; Edu: 5-ethynyl-2′-deoxyuridine; NC: Negative control; NS: Not significant.
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suggested that the BAs increased both GSH and GPX4 levels in GC cells, resulting in resistance to ferroptosis.
We hypothesized that CDCA regulates ferroptosis in GC cells by acting through FXR. FXR is a member of the nuclear 

hormone receptor superfamily, for which BAs are physiological ligands. Of these, CDCA has the strongest in vivo affinity 
for FXR[11,37]. Previous work demonstrated that FXR promotes gastric intestinal metaplasia, a precancerous lesion that 
can lead to GC development, via the FXR/SNAI2/miR-1 axis[38]. However, the role played by FXR in GC progression, 
and especially in ferroptosis, remained unknown. We found that GW4064, a classical in vitro FXR agonist, had similar 
effects on GC cell death as BAs. Subsequently, we performed FXR gain and loss of function assays and found that the 
anti-ferroptosis effect of the BAs was almost completely abolished by FXR knockdown, while FXR overexpression in the 
absence of BAs decreased GC cell ferroptosis. In addition, our data suggested that FXR can increase the expression of 
GSH synthases, including GSS, GCLC, and GCLM, as well as significantly increase the GSH concentration, GSH/GSSG 
ratio, and GPX4 expression in GC cells. These results suggest that BAs may inhibit ferroptosis by promoting GSH 
synthesis via FXR activation.

To clarify the mechanism by which FXR exerts its effects in the context of GC, we reviewed relevant studies and found 
that FXR suppresses the expression of HO-1, which can degrade heme, leading to inhibition of BACH1[29]. BACH1 
belongs to the CNC b-Zip family of proteins and can inhibit intracellular synthesis of GSH[30,31,39]. Therefore, we 
considered whether BACH1 acts as a bridge between GSH synthesis and FXR. Our data indicated that FXR and BACH1 
expression levels were inversely related, suggesting that FXR inhibits BACH1 expression. Subsequent functional rescue 
experiments revealed that BACH1 overexpression partially counteracted the pro-GSH synthesis and anti-ferroptosis 
effects of FXR. Finally, we investigated the effect of FXR on GC cell growth and found that FXR has marked oncogenic 
capacity, as it significantly increased GC cell proliferation rates, which may be closely related to the inhibition of GC cell 
ferroptosis by FXR.

This study had some limitations. Because of experimental restrictions, we were unable to perform in vivo experiments 
to validate our in vitro results. Additionally, we did not investigate the molecular mechanism by which FXR regulates 
BACH1; this requires further research.

CONCLUSION
Overall, our study illustrates a novel strategy by which BAs regulate ferroptosis in GC cells, and provides new insights 
into the molecular mechanisms underlying BA-mediated promotion of GC progression. We found that ferroptosis plays 
an influential role in GC progression, raising the possibility that treatments targeting FXR and BACH1 could improve the 
outcomes of GC patients with BAs reflux.

ARTICLE HIGHLIGHTS
Research background
Gastric cancer (GC) is the fifth most common cancer worldwide and the third leading cause of cancer-related deaths 
because of the difficulties associated with early diagnosis. Bile acids (BAs) reflux, as an etiologic factor for GC, is receiving 
more attentions. BAs are engaged in the regulation of metabolism, and the latter is closely related to the ferroptosis. Thus 
BAs may be potentially relevant to the regulation of ferroptosis.

Research motivation
To elaborate the relationship between BAs and ferroptosis in GC and to providing new insights into the precise treatment 
of GC patients with BAs reflux.

Research objectives
In this study, we aimed to explore the role of BAs in regulating ferroptosis in GC and to investigate the underlying 
molecular mechanisms. The present study helps to further elucidate the pathophysiologic mechanisms in GC patients 
with BAs reflux.

Research methods
The research methods are as follows: cell transfection, cell viability assay, glutathione (GSH) and Malondialdehyde assay 
quantification, lipid reactive oxygen species assay, 5-ethynyl-2′-deoxyuridine staining, colony formation assay, Western 
blot.

Research results
Firstly, we found that BAs can promote GC cell proliferation and inhibit erastin-induced ferroptosis sensitivity through 
upregulate GSH and GSH peroxidase 4 (GPX4). Secondly, BAs exerted its anti-ferroptosis sensitivity function in GC cells 
by activating farnesoid X receptor (FXR) which significantly promoted GSH synthesis. Subsequently, BTB and CNC 
homology 1 (BACH1) provided an essential bridging role in BAs and FXR facilitating GSH synthesis. Finally, the notable 
oncogenic effects of FXR were discovered.
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Research conclusions
BAs could inhibit ferroptosis sensitivity through the FXR-BACH1-GSH-GPX4 axis in GC cells.

Research perspectives
The findings of this basic study will be validated in in vivo experiments and clinical specimens to clarify whether FXR and 
BACH1 can serve as therapeutic targets for GC patients with BAs reflux.
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Abstract
BACKGROUND 
Superior mesenteric artery (SMA) syndrome is a rare cause of duodenal 
obstruction by extrinsic compression between the SMA and the aorta (SMA-Ao). 
Although the left lateral recumbent position is considered effective in the 
treatment of SMA syndrome, individual variations in the optimal patient position 
have been noted. In this report, we present two elderly cases of SMA syndrome 
that exhibited rapid recovery due to ultrasonographic dynamic evaluation of the 
optimal position for each patient.

CASE SUMMARY 
Case 1: A 90-year-old man with nausea and vomiting. Following diagnosis of 
SMA syndrome by computed tomography (CT), ultrasonography (US) revealed 
the SMA-Ao distance in the supine position (4 mm), which slightly improved in 
the lateral position (5.7–7.0 mm) without the passage of duodenal contents. 
However, in the sitting position, the SMA-Ao distance was increased to 15 mm 
accompanied by improved content passage. Additionally, US indicated enhanced 
passage upon abdominal massage on the right side. By day 2, the patient could eat 
comfortably with the optimal position and massage. Case 2: An 87-year-old 
woman with vomiting. After the diagnosis of SMA syndrome and aspiration 
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pneumonia by CT, dynamic US confirmed the optimal position (SMA-Ao distance was improved to 7 mm in 
forward-bent position, whereas it remained at 5 mm in the supine position). By day 7 when her pneumonia 
recovered, she could eat with the optimal position.

CONCLUSION 
The optimal position for SMA syndrome varies among individuals. Dynamic US appears to be a valuable tool in 
improving patient outcomes.

Key Words: Superior mesenteric artery syndrome; Wilkie’s syndrome; Cast syndrome; Aorto-mesenteric compass syndrome; 
Ultrasonography; Case report

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Superior mesenteric artery (SMA) syndrome is a rare cause of duodenal obstruction by extrinsic compression 
between the SMA and aorta. While the left lateral recumbent position has traditionally been recommended as conservative 
therapy for facilitating duodenal passage, recent studies have highlighted variations in the optimal position among patients. 
Here, we present two cases of SMA syndrome where rapid recovery was achieved through ultrasonographic dynamic 
evaluation of the individualized optimal positions. This pioneering report includes valuable images and a video of dynamic 
ultrasonography, contributing to improved prognosis by averting potentially life-threatening complications such as shock, 
pancreatitis, perforation, and hypokalemia.

Citation: Hasegawa N, Oka A, Awoniyi M, Yoshida Y, Tobita H, Ishimura N, Ishihara S. Dynamic ultrasonography for optimizing 
treatment position in superior mesenteric artery syndrome: Two case reports and review of literature. World J Gastroenterol 2024; 
30(5): 499-508
URL: https://www.wjgnet.com/1007-9327/full/v30/i5/499.htm
DOI: https://dx.doi.org/10.3748/wjg.v30.i5.499

INTRODUCTION
Superior mesenteric artery (SMA) syndrome is a rare cause of duodenal obstruction by extrinsic compression between the 
SMA and the aorta (SMA-Ao)[1-4]. Left untreated, it can lead to potentially lethal complications, including sudden death, 
shock, pancreatitis, gastric perforation, malnutrition and hypokalemia[5-9]. Hence, early diagnosis and treatments are 
imperative[10,11]. However, its nonspecific symptoms, such as nausea, appetite loss, and abdominal discomfort often 
lead to underdiagnosis in clinical practice[10-12]. Additionally, due to its rarity, therapeutic guidelines have not been 
established. While the left lateral recumbent position is generally considered to be effective in the treatment of SMA 
syndrome, literature on the optimal patient position is scarce[4,13-18]. Some reports suggest that the optimal position 
may not be limited to the lateral position but could include right recumbent and sitting positions, depending on the 
course of the SMA in relation to the aorta[14,15,17,18]. Therefore, the optimal position might differ for each patient, and 
we hypothesize that dynamic observation of the SMA-Ao distance by ultrasonography (US) is ideal to determine the 
optimal therapeutic position. Dynamic US has recently emerged as a valuable technique offering real-time and dynamic 
evaluation, as well as safe and quick access[19,20]. In this report, we present two cases of SMA syndrome that exhibited 
prompt recovery through ultrasonographic dynamic evaluation of the optimal position.

CASE PRESENTATION
Chief complaints
Case 1: A 90-year-old man arrived in the emergency department in our hospital with complaints of nausea, vomiting, and 
abdominal distention for several hours.

Case 2: An 87-year-old woman arrived in the emergency department in our hospital with complaints of nausea and 
recurrent vomiting.

History of present illness
Case 1: The patient had been treated with continuous positive airway pressure (CPAP) for sleep apnea syndrome since 
2019. After CPAP therapy had started, he sometimes woke up with nausea and vomiting. During sleep, he remained 
mainly in the supine position because of CPAP. Several hours before his visit to our hospital in 2022, he received dental 
treatment in the supine position for 2 h, after which nausea and abdominal distension occurred.

https://www.wjgnet.com/1007-9327/full/v30/i5/499.htm
https://dx.doi.org/10.3748/wjg.v30.i5.499
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Case 2: The patient had infectious diarrhea several months before coming to our hospital and lost 5 kg of body weight. 
The diarrhea recovered with conservative therapy. On the day coming to our hospital, she vomited frequently after 
dinner for several hours, then visited the emergency department in our hospital.

History of past illness
Case 1: The patient had undergone a right hemicolectomy for ascending colon cancer in 2009, with no recurrence. In the 
same year, he also underwent right ureteral reconstruction for right ureteral injury. Since 2019, he had been receiving 
CPAP therapy for mild sleep apnea syndrome. He had been on medications for hypertension, Alzheimer's disease, and 
paroxysmal atrial fibrillation since 2016.

Case 2: The patient had taken medication for hypertension.

Personal and family history
Case 1: There was no significant personal and family history.

Case 2: There was no significant personal and family history.

Physical examination
Case 1: The patient was 166 cm in height and 52.0 kg in weight [body mass index (BMI), 18.9, there had been no body 
weight loss for several recent years]. The vital signs were normal: consciousness, clear; blood pressure, 146/66 mmHg; 
heart rate, 53 beats/min; body temperature, 36.4 °C; respiratory rate, 16 breaths/min. The saturation of percutaneous 
oxygen (SpO2) was 96% at room air. His abdomen was slightly distended with mild epigastric tenderness. There was no 
rebound tenderness. The abdominal sound was almost normal peristalsis. Surgical scars from right hemicolectomy were 
visible in the midline abdominal incision site for ascending colon cancer, located at the center and right of the abdomen.

Case 2: The patient was 161 cm in height and 42.4 kg in weight (BMI, 16.4). The vital signs were as follows: Cons-
ciousness, clear; blood pressure, 130/80 mmHg; heart rate, 100 beats/min; body temperature, 36.8 °C; respiratory rate, 24 
breaths/min. SpO2 was 94% at room air. Her abdomen was moderately distended with mild epigastric tenderness. There 
was no rebound tenderness. The abdominal sound was almost normal peristalsis.

Laboratory examinations
Case 1: Routine blood analyses showed no significant abnormalities: white blood cell (WBC) count, 5170 cells/µL; total 
bilirubin (TBil), 0.6 mg/dL; aspartate aminotransferase (AST), 20 IU/L; alanine aminotransferase (ALT), 13 IU/L; alkaline 
phosphatase (ALP), 66 IU/L; γ-glutamyl transpeptidase, 12 IU/L; serum amylase, 141 IU/L; blood urea nitrogen (BUN), 
22.0 mg/dL; creatinine (Cr), 0.88 mg/dL; Na+/K+/Cl+ levels, 138/3.8/101 mmol/L; and C-reactive protein (CRP), 0.04 
mg/dL. Blood pH was within the normal range (7.394).

Case 2: Elevated WBC count (8680 cells/µL) and CRP (3.59 mg/dL) indicated systemic inflammation. Elevated BUN (29.0 
mg/dL) and Cr (1.29 mg/dL) indicated dehydration. Except for the elevated serum amylase (255 IU/L), other routine 
blood analyses were in normal range: TBil, 1.3 mg/dL; AST, 24 IU/L; ALT, 11 IU/L; ALP, 262 IU/L; Na+/K+/Cl+, 138/
4.4/105 mmol/L. The blood pH was normal (7.366).

Imaging examinations
Case 1: Computed tomography (CT) demonstrated compression of the third portion of the duodenum between the SMA-
Ao, as well as markedly dilated duodenum and stomach (Figure 1). Arteriosclerosis of the abdominal aorta and SMA was 
also observed. Abdominal US revealed that, in the supine position, the distance between SMA-Ao was shortened to 4 mm 
and the angle of SMA-Ao decreased to 15° (Figure 2). Additionally, real-time US observation showed no passage of 
contents through the SMA-Ao site, along with the to-and-fro sign at the oral side of this location (Video).

Case 2: CT showed a frosted shadow in the lower lobe of the right lung and compression of the third portion of the 
duodenum between SMA-Ao, as well as a markedly dilated duodenum and stomach (Figure 3). Arteriosclerosis of the 
abdominal aorta and SMA was also observed. US demonstrated the SMA-Ao distance was narrowed to 5 mm in the 
supine position without the passage of duodenal contents (Figure 4A). The angle of SMA-Ao decreased to 18° (Figure 4B).

Further diagnostic work-up
Case 1: We performed a position change with dynamic observation using US (Figure 5). In the left lateral position, which 
is traditionally recommended for the patients with SMA syndrome, the SMA-Ao distance was 4 mm (no change 
compared to that in the supine position). In the right lateral position, US showed that the SMA-Ao distance increased to 7 
mm and intestinal gas passed through the compression site of the duodenum. In the sitting position, SMA-Ao distance 
increased to 15 mm and gas and fluid content passed through the site. Real-time US revealed that pushing by hand on his 
right upper abdomen enhanced the passage of duodenal contents through the site (Video).

Case 2: Dynamic US with a change in body position revealed dynamic changes in the SMA-Ao distance, measuring 5.3 
mm in the supine position, 5.3 mm in the left lateral position, 6.6 mm in the right lateral position, and 7.0 mm in the 
sitting position (Figure 6).

https://f6publishing.blob.core.windows.net/91e37d77-ebf9-4198-8400-d52598c67129/WJG-30-499-video.mp4
https://f6publishing.blob.core.windows.net/91e37d77-ebf9-4198-8400-d52598c67129/WJG-30-499-video.mp4


Hasegawa N et al. Dynamic US for SMA syndrome

WJG https://www.wjgnet.com 502 February 7, 2024 Volume 30 Issue 5

Figure 1 Computed tomography images of case 1. The axial view of computed tomography showed the compression of the third portion of the duodenum 
between the superior mesenteric artery and the aorta (arrowhead) as well as markedly dilated duodenum (cross) and stomach.

Figure 2 Abdominal ultrasonography images of case 1. A: The supine position of ultrasonography epigastric transverse scan confirmed expansion of the 
third part of the duodenal lumen and extrinsic compression of the duodenum by the superior mesenteric artery (SMA). The distance between the SMA and the aorta 
(Ao) was narrowed to 4 mm; B: Epigastric longitudinal scan showed that the angle of SMA-Ao decreased to 15°. Calcifications (arteriosclerosis) of the aorta and the 
root of SMA was also observed. SMA: Superior mesenteric artery; Ao: Aorta.

FINAL DIAGNOSIS
Case 1
The final diagnosis was SMA syndrome based on the CT and US findings.

Case 2
The final diagnosis was SMA syndrome with aspiration pneumonia as an SMA syndrome-related complication based on 
her medical history and CT and US findings.
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Figure 3 Computed tomography images of case 2. A: The axial view of thoracic computed tomography (CT) indicated aspiration pneumonia; B: The axial 
view of abdominal CT demonstrates extensive dilatation of stomach and proximal duodenum (cross), between the superior mesenteric artery (arrow head) and the 
aorta.

Figure 4 Dynamic ultrasonography images of case 2. A: The supine position of ultrasonography confirmed expansion of the third part of the duodenal 
lumen and extrinsic compression of the duodenum by the superior mesenteric artery (SMA). The distance between the SMA and the aorta (Ao) was narrowed to 5 
mm; B: Epigastric longitudinal scan showed that the angle of SMA-Ao decreased to 18°. Calcifications (arteriosclerosis) of the aorta and the root of SMA was also 
observed. SMA: Superior mesenteric artery; Ao: Aorta.

TREATMENT
Case 1
On day 1 of hospitalization, fasting and peripheral venous nutrition started. Based on the findings of dynamic US, the 
patient kept his postprandial position in the right lateral or sitting as much as possible.

Case 2
On the day 1 of hospitalization, fasting and peripheral venous nutrition started. Based on the findings of dynamic US, she 
was instructed to keep the optimal body position after a meal. Aspiration pneumonia was treated with intravenous 
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Figure 5 Dynamic ultrasonography images of case 1. A: Narrowed superior mesenteric artery-aorta (SMA-Ao) distance (4 mm); B: Left lateral position did 
not improve the SMA-Ao distance (4 mm); C: Right lateral position increased the SMA-Ao distance to 7 mm and the duodenal gas could pass through; D: Sitting 
position (Fowler’s position) dramatically improved the SMA-Ao distance to 15 mm and the passage of duodenal contents. SMA: Superior mesenteric artery; Ao: Aorta.

Figure 6 Dynamic ultrasonography images of case 2. A: Supine position showed the narrowed superior mesenteric artery-aorta (SMA-Ao) distance (5.3 
mm); B: Left lateral position did not improve the SMA-Ao distance (5.3 mm); C and D: Right lateral position and sitting position increased the SMA-Ao distance to 6.6 
and 7.0 mm, respectively. SMA: Superior mesenteric artery; Ao: Aorta.

antibiotics for 10 d.

OUTCOME AND FOLLOW-UP
Case 1
By day 2, all of the patient’s symptoms had vanished, and US confirmed significant improvements in stomach and 
duodenal dilatation. Consequently, he could eat without recurrence. Upon discharge from the hospital on day 3, he was 
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advised to maintain positions such as sitting or the right lateral position after meals, and also to assume the right-side 
supine position when using CPAP during sleep. He was also instructed to apply manual pressure (massage) to his right 
upper abdomen if he experienced any symptoms related to SMA syndrome. There have been no recurrences in the two 
years since the incident.

Case 2
On day 7, the patients could start eating without recurrence. On day 32, she was discharged and there was no recurrence 
in the 12 years since the incident.

DISCUSSION
SMA syndrome (also known as Wilkie’s syndrome, cast syndrome, mesenteric duodenal obstruction, or aorto-mesenteric 
compass syndrome) is a rare duodenal obstruction caused by compression between the SMA-Ao[1,21]. Recent reviews 
indicate a wide age range of patients affected by SMA syndrome, with a notable increase in elderly patients[1,21]. Indeed, 
the present two patients were very old and required more prompt and careful management to avoid age-related complic-
ations, including aspiration pneumonia, functional decline, and malnutrition[22]. Fortunately, dynamic US could 
determine the optimal position for individualized duodenal passage, thus obviating the need for nasogastric tube 
placement, a common intervention for decompression and nutritional support in SMA syndrome[1-4]. However, 
nasogastric tubes can introduce additional complications, such as aspiration pneumonia and intestinal injuries[23,24].

The etiology of SMA syndrome might be different between younger and older patients[21]. In older patients (> 40 
years), post-abdominal surgery emerges as the most common etiology, followed by weight loss. In contrast, younger 
patients (< 40 years) predominantly experience scoliosis-related cases, such as those following spinal fusion surgery and 
body casting, also accompanied by weight loss. Case 1 had multiple histories of abdominal surgery, suggesting surgical 
adhesion pulled on the mesentery or restricted the SMA mobility[1]. Furthermore, the presence of atherosclerosis 
affecting both the SMA and the Ao, as observed in both cases, might further impede SMA mobility[25,26]. Given these 
restrictions of the SMA mobility, confirming the SMA mobility by dynamic US should be helpful; or, the absence of SMA 
mobility could suggest early surgical intervention. CT is considered the gold standard for diagnosing SMA syndrome by 
visualizing duodenal compression by the SMA, along with dilation of the proximal duodenum and stomach[1,27]. Three-
dimensional CT has emerged as a valuable tool for visualizing the anatomy of the SMA, Ao, and duodenum[28]. Under 
normal circumstances, the SMA-Ao angle and distance measure 38–65 and 10–33 mm, respectively[29-31]. The cutoff 
value was reported as 22 on the SMA-Ao angle and 8 mm distance with 42.8% sensitivity and 100% specificity[30]. While 
CT undoubtedly offers valuable and objective diagnostic information, it is typically performed in a single body position, 
usually supine. In contrast, US can potentially be conducted in various postures and provides dynamic assessments of 
luminal content and vascular movement. As demonstrated in this report, dynamic US is instrumental in identifying the 
most suitable position for facilitating luminal content passage. Historically, barium X-ray series were used for diagnosis 
and evaluation of luminal content passage in SMA syndrome[1,32]. However, due to the associated radiation exposure 
risks, US assessments offer a safer and more effective alternative for managing SMA syndrome. The diagnostic sensitivity 
of US for SMA syndrome has been validated in comparative studies with CT findings[30]. In addition, because it can be 
performed at the bedside, it can easily evaluate gastroduodenal dilatation and the distance between the SMA-Ao during 
follow-up. In light of these advantages, we believe dynamic US represents the most valuable tool for determining the 
optimal position for each patient with SMA syndrome. The absence of SMA movement, possibly due to calcification at 
the SMA root or post-abdominal surgery, could be indicative of the need for early surgical intervention[1]. While US 
findings may potentially be influenced by operator bias and interobserver variation, dynamic observation places greater 
emphasis on subjective focus compared to static images. To the best of our knowledge, this report constitutes the first 
documentation of dynamic US in SMA syndrome, complete with detailed images and a video. We anticipate that this 
report will be valuable for US practitioners aiming to enhance their understanding of SMA syndrome diagnosis.

The treatment for SMA syndrome is initiated by conservative methods, such as gastric and duodenal decompression 
by postural change and/or nasogastric tube suction[22,33]. If the conservative treatment fails, surgery may be necessary
[1,34]. Although it is believed that positioning the patient in the left lateral position is effective in the treatment of SMA 
syndrome, there is little evidence[13,16]. The optimal body position for each patient may vary because recent studies 
found a variation in the SMA position and movement[14,15,17]. Case 1 in our report demonstrated better content passage 
in the right lateral position than the left, corroborating the findings of Khan et al[15]. Miyata et al[17] reported a variation 
in position of SMA demonstrating that major position was the right side along with the aorta[17]. No study has reported 
the optimal position in SMA syndrome[1]. As such, we conducted an evaluation of the optimal body position in 14 
individuals, including our two SMA syndrome cases and nine healthy controls, using abdominal US (Figure 7). In cases 
where duodenal detection proved challenging, subjects ingested 200 mL of water, modifying the drinking US test[35]. 
While the left lateral position, which is generally thought to be an optimal position, was significantly effective (long 
distance of SMA-Ao) as expected, the right lateral position was also significantly effective (Figure 7A). The best position 
varies from case to case: the left lateral position was effective in some cases while the right lateral recumbent position and 
the sitting position were more effective in other cases (Figure 7B). Further prospective cohort studies are warranted to 
explore the effectiveness of dynamic US in identifying ideal positions for SMA syndrome patients. Although recent 
surgical interventions for SMA syndrome have demonstrated safety and efficacy[1,36], surgery and anesthesia inherently 
pose risks to elderly patients, particularly those with pulmonary risk factors, as demonstrated by our cases[37]. Dynamic 
US offers a promising avenue to enhance the effectiveness of non-surgical treatments and prevent unnecessary surgical 
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Figure 7 Superior mesenteric artery-aorta distance in four body positions in eight individuals. A: Distance change of superior mesenteric artery-
aorta (SMA-Ao) from the baseline position (supine position). Dots indicate individual results. Bars indicate median with interquartile range; B: Fourteen individuals 
included five cases of superior mesenteric artery syndrome and nine healthy controls (age, sex, and absolute distance of SMA-Ao mm). The absolute distance of 
SMA-Ao (mm) in thirteen individuals were shown in each position. The SMA-Ao distances were measured by ultrasonography. If it was difficult to detect the 
duodenum, the subjects ingested 200 mL of water which is a modified method of drinking-ultrasonography test. Statistical analysis was performed by GraphPad 
Prism version 10.0.2 with Dunn’s multiple comparisons tests with ANOVA. 1Indicates the present case. aP < 0.01. The heat map indicates the best and worst positions 
of the SMA-Ao distance in each individual. SMA: Superior mesenteric artery; Ao: Aorta; SMAS: Superior mesenteric artery syndrome.

procedures.

CONCLUSION
We presented two cases of SMA syndrome in elderly patients in which US proved invaluable for determining optimal 
positioning. Given the variability of optimal body positions in SMA syndrome among patients, dynamic assessment of 
the optimal body position via bedside positioning using dynamic US emerged as a minimally invasive and effective 
option.
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Abstract
The risk of reactivation in patients with chronic or past/resolved hepatitis B virus 
(HBV) infection receiving chemotherapy or immunosuppressive drugs is a well-
known possibility. The indication of antiviral prophylaxis with nucleo(t)side 
analogue is given according to the risk of HBV reactivation of the prescribed 
therapy. Though the advent of new drugs is occurring in all the field of medicine, 
in the setting of hematologic malignancies the last few years have been charac-
terized by several drug classes and innovative cellular treatment. As novel 
therapies, there are few data about the rate of HBV reactivation and the decision 
of starting or not an antiviral prophylaxis could be challenging. Moreover, 
patients are often treated with a combination of different drugs, so evaluating the 
actual role of these new therapies in increasing the risk of HBV reactivation is 
difficult. First results are now available, but further studies are still needed. 
Patients with chronic HBV infection [hepatitis B surface antigen (HBsAg) positive] 
are reasonably all treated. Past/resolved HBV patients (HBsAg negative) are the 
actual area of uncertainty where it could be difficult choosing between prophy-
laxis and pre-emptive strategy.

Key Words: Hepatitis B reactivation; Hepatitis B virus; Antiviral prophylaxis; Hematologic 
malignancies; Chimeric antigens receptor-T cell therapy; Immune checkpoint inhibitors
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Core Tip: In the last few years, the advent of several new therapies has characterized the therapeutic scenario of hematologic 
malignancies. There is now the open issue of assessing the risk of hepatitis B virus reactivation in these patients in order to 
decide which patients should undergo antiviral prophylaxis.

Citation: Tonnini M, Solera Horna C, Ielasi L. Prevention of hepatitis B reactivation in patients with hematologic malignancies treated 
with novel systemic therapies: Who and Why? World J Gastroenterol 2024; 30(5): 509-511
URL: https://www.wjgnet.com/1007-9327/full/v30/i5/509.htm
DOI: https://dx.doi.org/10.3748/wjg.v30.i5.509

TO THE EDITOR
We read with interest the article recently published by Mak et al[1] reviewing prevention and management of hepatitis B 
virus (HBV) reactivation in the setting of hematologic malignancies in the era of new targeted therapies. They well differ-
entiated two entities as HBV reactivation: Exacerbation of hepatitis B surface antigen (HBsAg) positive chronic hepatitis B 
(CHB) or reactivation of past/resolved HBV infection (HBsAg negative and hepatitis B core antibody positive).

They subsequently analyzed the risk of reactivation and therefore the need for antiviral prophylaxis associated with 
monoclonal antibodies and the novel targeted therapies in the hematological setting for both CHB and past/resolved 
HBV infection. For HBsAg positive patients there is a consensus, as also described in the review of Mustafayev and 
Torres[2] that patients treated with drugs which have a moderate (1%-10%) to high risk (> 10%) of reactivation, such as B-
cell depleting drugs, immune checkpoint inhibitors (ICIs) and targeted therapies, should be given an antiviral 
prophylaxis as soon as the treatment has started[1].

The recent guidelines of Asian-Pacific Association for the study of the liver also recommend starting antiviral 
prophylaxis in HBsAg positive patients who need to undergo an immunosuppressive treatment due to a moderate-high 
risk of HBV reactivation[3]. An exception is made for patients receiving traditional immunosuppressants (e.g., 
azathioprine and methotrexate), which is also confirmed by Shi and Zheng[4].

On the other hand, for resolved HBV infection the risk of reactivation associated with these new drugs is still a matter 
of debate. The current review by Mak et al[1], as well as the one by Mustafayev and Torres[2], agree on a moderate/high 
risk of HBV reactivation and therefore a need of antiviral prophylaxis for patients undergoing a B cell-depleting regimen, 
an allogenic stem cell transplantation or an anthracyclines based chemotherapy, but a certain degree of uncertainty 
remains for chimeric antigens receptor (CAR)-T cell therapies and ICIs.

The issue of HBV reactivation for patients receiving CAR-T cell therapy remains unexplored and further investigations 
are needed, though an antiviral prophylaxis for resolved HBV seems reasonable. A recent meta-analysis of Papa-
theodoridis et al[5] showed an HBV reactivation rate of 4% in 112 patients undergoing CAR-T cell therapy and not 
receiving nucleo(t)side analogue (NA). Despite very limited data, they suggest starting antiviral prophylaxis in this group 
of patients[5].

Regarding ICIs, the risk of HBV reactivation and therefore the need of an antiviral prophylaxis is differentiated 
between chronic and past/resolved HBV infection. In HBsAg positive patients the meta-analysis of Papatheodoridis et al
[5] showed a pooled rate of reactivation in patients not receiving NA prophylaxis of 6%-11%, confirming these patients as 
at moderate/high risk of HBV reactivation. Instead, HBsAg negative not receiving NA prophylaxis have a pooled rate of 
reactivation of 0.2%, so a pre-emptive strategy is suggested[5]. A more recent meta-analysis of Ding et al[6], focused on 
HBV reactivation in patients undergoing ICIs, showed similar results and proposed the same recommendations of 
antiviral prophylaxis for CHB patients and pre-emptive strategy for past/resolved HBV patients. The actual mechanism 
of HBV reactivation induced by ICIs is still unclear. On the other hand, there are several ongoing clinical trials on the 
potential role of ICIs as a curative treatment for CHB based on their activity in regain the original immunosurveillance 
capacity of exhausted CD8+ T cells[7].

Regarding the preferred antiviral prophylaxis regimen, as recommended by the main HBV management guidelines, all 
the available nucleot(s)ide analogue are possible options for past/resolved HBV infection[8,9]. In this setting of patients 
with not detectable HBV-DNA, even a low barrier to HBV resistance agent, such as lamivudine, may be used safely and it 
is cost-effective. Patients with CHB or HBsAg negative with detectable HBV-DNA should instead be treated with agents 
with high barrier to HBV resistance such as entecavir, tenofovir disoproxil-fumarate and tenofovir alafenamide.

In conclusion, the review of Mak et al[1] well resumed the risk of HBV reactivation in patients with hematologic 
malignancies undergoing novel therapies. In the cited studies, the populations are very heterogeneous dealing with 
patients with both solid and hematologic tumors, the latter representing generally a smaller part of the sample size. 
Authors’ conclusions are reasonably suitable in these group of patients, but solid results are still lacking.
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Abstract
We are writing in response to the paper published in the World Journal of Gastroen-
terology by Zhou et al. The authors identified higher serum immunoglobulin (Ig) 
G4 levels and age over 55 years as independent risk factors for disease relapse. 
Despite notable strengths, it is crucial to address potential biases. Firstly, the 
cohort study included 189 patients with autoimmune pancreatitis (AIP) type 1 
(with higher IgG4 seropositivity and higher relapse) and 24 with type 2 (with 
lower IgG4 seropositivity and lower relapse). Consequently, most, if not all, AIP 
type 2 patients were assigned to the normal group, possibly inflating the asso-
ciation of higher serum IgG4 levels with relapse and potentially exaggerating the 
association of older age with relapse. Secondly, the authors did not provide 
sufficient details regarding AIP diagnosis, such as the ratio of definitive vs 
probable cases and the proportion of biopsies. In cases where histological eviden-
ce is unavailable or indeterminate, AIP type 2 may be misdiagnosed as definitive 
type 1, and type 1 may also be misdiagnosed as probable type 2, particularly in 
cases with normal or mildly elevated serum IgG4 levels. Lastly, in this retro-
spective study, approximately one-third of the consecutive patients initially 
collected were excluded for various reasons. Accordingly, the impact of non-
random exclusion on relapse outcomes should be carefully considered. In 
conclusion, the paper by Zhou et al offers plausible, though not entirely com-
pelling, evidence suggesting a predictive role of elevated serum IgG4 levels and 
advanced age in AIP relapse. The foundation for future investigations lies in 
ensuring a reliable diagnosis and accurate disease subtyping, heavily dependent 
on obtaining histological specimens. In this regard, endoscopic ultrasound-guided 
fine-needle biopsy emerges as a pivotal component of the diagnostic process, 
contributing to mitigating biases in future explorations of the disease.
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Core Tip: This paper assesses the strengths and potential biases of the provided study. Accurate diagnosis and subtyping are 
crucial for both clinical practice and research. In this context, endoscopic ultrasound-guided fine-needle biopsy emerges as a 
pivotal component of the diagnostic process, playing a key role in mitigating the introduction of various biases in future 
investigations of autoimmune pancreatitis.
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TO THE EDITOR
We are writing in response to the recent clinical research paper published in the World Journal of Gastroenterology by Zhou 
et al[1]. In their study, the authors presented a cohort of 213 patients diagnosed with autoimmune pancreatitis (AIP), 
assigned to two groups based on serum immunoglobulin (Ig) G4 levels. Specifically, 148 patients were assigned to the 
abnormal group with serum IgG4 levels exceeding 2-fold the upper limit of the reference range, while 65 patients 
belonged to the normal group with serum IgG4 levels at or below this threshold. Through a comprehensive comparison 
of clinical characteristics and outcomes between these two groups, Zhou et al[1] identified higher serum IgG4 levels and 
age over 55 years as independent risk factors for disease relapse.

The significance of this large-sample study, considering the relative rarity of AIP, lies in its potential to contribute 
valuable insights to the management of patients with AIP. The findings suggest that monitoring serum IgG4 levels, 
particularly when exceeding 2-fold the upper limit of the reference range, can serve as a useful predictive indicator for 
disease relapse. Furthermore, the identification of age over 55 years as an independent risk factor adds dimension to the 
prognostic considerations for AIP. The implications of these results are noteworthy, as they may guide clinicians in 
developing more targeted and effective management strategies for AIP patients. The study conducted by Zhou et al[1] 
provides a solid foundation for further discussions and investigations in the field of AIP, shedding light on potential 
paths for improved patient care and outcomes.

AIP represents a distinctive form of chronic pancreatitis triggered by aberrant autoimmune or inflammatory reactions. 
The disease encompasses two clinical subtypes, namely type 1 (histologically defined as lymphoplasmacytic sclerosing 
pancreatitis) and type 2 (histologically defined as idiopathic duct-centric pancreatitis). Despite sharing indistinguishable 
imaging manifestations and exhibiting a complete response to steroid treatments, these two subtypes display distinct 
clinical, histological, and prognostic features[2]. Notably, patients with AIP type 1 exhibit higher IgG4 seropositivity 
(60%-80%)[3-5] and a more elevated relapse rate (up to 60%)[4] compared to those with type 2, where IgG4 seropositivity 
is lower (approximately 20%)[4,5], and the relapse rate is correspondingly reduced (approximately 20%)[6,7]. 
Additionally, individuals with type 1 are, on average, two decades older than their type 2 counterparts[2].

One of the outstanding challenges in clinical practice is identifying reliable risk factors associated with the relapse of 
AIP type 1. Presently, the most pertinent factors include proximal bile duct involvement (vs no involvement), diffuse 
pancreatic enlargement (vs focal enlargement), and initial treatment with steroids (vs surgical resection)[8]. However, the 
role of elevated serum IgG4 levels and older age remains contentious, as discussed in this paper and other sources[8]. The 
primary contribution of this study is to underscore the significance of elevated serum IgG4 levels and older age in 
predicting relapse. However, it is crucial to interpret this contribution cautiously due to potential biases. Firstly, the 
cohort study included 189 patients with AIP type 1 and 24 with type 2, resulting in a proportion of type 2 patients of 
approximately 10%, consistent with an international multicenter study[9]. Consequently, most, if not all, AIP type 2 
patients (with lower IgG4 seropositivity and lower relapse rates) were assigned to the normal group, possibly inflating 
the association of higher serum IgG4 levels with relapse. Similarly, the abnormal group mostly comprised AIP type 1 
patients with older age (as indicated in the study, male patients in the abnormal group were older than their normal 
group counterparts) and higher IgG4 seropositivity, potentially exaggerating the association of older age with relapse. 
Secondly, the authors did not provide sufficient details regarding AIP diagnosis, such as the ratio of definitive vs 
probable cases and the proportion of biopsies. According to international consensus diagnostic criteria, biopsy is 
mandatory for AIP type 2 but not for type 1[10]. However, in cases where histological evidence is unavailable or 
indeterminate, AIP type 2 may be misdiagnosed as definitive type 1[11], and type 1 may also be misdiagnosed as 
probable type 2, particularly in cases with normal or mildly elevated serum IgG4 levels. Lastly, in this retrospective 
study, a total of 308 consecutive patients were initially collected, but 95 patients (approximately one-third) were excluded 
for various reasons. As the exclusion was not random (e.g., patients with no relapse were more likely to be excluded due 
to incomplete follow-up data), the impact of exclusion on relapse outcomes should be carefully considered.

In conclusion, the clinical research paper authored by Zhou et al[1] provides plausible, albeit not entirely compelling, 
evidence suggesting a predictive role of elevated serum IgG4 levels and advanced age in the relapse of AIP. These 
findings, while intriguing, warrant further validation through prospective, multi-center studies with larger sample sizes. 
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The cornerstone of such investigations lies in ensuring a reliable diagnosis and accurate disease subtyping, a task heavily 
reliant on obtaining histological specimens. In this regard, endoscopic ultrasound (EUS)-guided fine needle aspiration 
(FNA) and biopsy (FNB) emerge as pivotal components of the diagnostic process. While EUS-FNA proves valuable in 
distinguishing between the two subtypes of AIP, particularly in seronegative cases[12], the overall performance of FNB 
surpasses that of FNA. A recent clinical research paper published in the Endoscopic Ultrasound by Thomsen et al[13] sheds 
light on this aspect. Their examination of 852 consecutive pancreatic EUS-SharkCore FNB procedures, spanning both 
benign and malignant lesions, revealed the successful acquisition of sufficient tissue cylinders for histological diagnosis in 
93.4% (796/852) of cases. Despite immediate and late complications occurring in 5.4% and 4.7% of procedures, 
respectively, only 0.2% required intervention. Notably, among the FNB procedures from 15 patients with AIP (10 type 1 
and 5 type 2), the study reported a sensitivity of 83.3%, a specificity of 99.5%, and an accuracy of 99.2%. Furthermore, 
EUS, especially ultrasound elastography, provides distinctive features that enhance the diagnosis of AIP, while concur-
rently aiding in its differentiation from pancreatic cancer[14,15]. Collectively, these studies underscore the potential of 
EUS-FNB as an optimal approach for diagnosing and subtyping AIP, offering a high level of efficacy and safety. This 
contributes to mitigating the introduction of various biases in future explorations of the disease.
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