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Abstract
The main aim of this editorial is to comment on the recent article published by 
Garg et al in the World Journal of Gastroenterology 2023; 29: 4593-4603. This original 
research presents a new scoring system for fecal incontinence. Fecal incontinence 
is a chronic disease with a severe impact on the quality of life of the patients. 
Substantial social stigmatization often leads to significant underreporting of the 
condition even during visits to a specialist and could lead to further misman-
agement or non-existent management of the disease. An important fact is that 
patients are often unable to describe their condition when not asked precisely 
defined questions. This problem is partially resolved by scoring questionnaires. 
Several scoring systems are commonly used; however, each of them has their 
shortcomings. For example, the absence of different kinds of leakage besides 
flatus and stool could further lead to underscoring the incontinence severity. 
Therefore, there has long been a call for a more precise scoring system. The correct 
identification of the presence and severity of fecal incontinence is paramount for 
further diagnostic approach and for choosing the appropriate therapy option. This 
editorial describes fecal incontinence, its effect on quality of life in general and 
further evaluates the diagnostic approach with a particular focus on symptom 
scoring systems and their implications for clinical practice.
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Core Tip: The main aim of this editorial is to comment on the recent article published by Garg et al in the World Journal of 
Gastroenterology 2023; 29: 4593-4603. This original research present new scoring system for fecal incontinence. Fecal 
incontinence is a chronic disease with severe impact on quality of life of the patients. There is a long existing call for more 
precise scoring system than those in current use. The correct identification of presence and severity of fecal incontinence is 
paramount for further diagnostic approach and for choosing the appropriate therapy option.

Citation: Liptak P, Duricek M, Banovcin P. Diagnostic tools for fecal incontinence: Scoring systems are the crucial first step. World J 
Gastroenterol 2024; 30(6): 516-522
URL: https://www.wjgnet.com/1007-9327/full/v30/i6/516.htm
DOI: https://dx.doi.org/10.3748/wjg.v30.i6.516

INTRODUCTION
Fecal incontinence could be defined as the involuntary leakage of rectal content (stool, gas, mucus) through the anal canal 
and the inability to hold back the evacuation for a socially acceptable time. Depending on the presenting circumstances, 
fecal incontinence is generally classified as[1]: Passive incontinence (involuntary voiding without realizing that the stool 
is passing), urgent incontinence (emptying despite an active effort to retain content) and fecal soiling (leakage of stool 
with approximately normal continence and evacuation).

The etiopathogenesis is often multifactorial. Changed defecation patterns (chronic diarrhea, irritable bowel syndrome, 
(non)specific intestinal inflammation, food intolerances or constipation with subsequent paradoxical overflow in-
continence) are the most common independent risk factors for fecal incontinence[1]. Another common (and important) 
pathophysiological factor is peripartum injury to the perineum and the sphincters (often decades before the onset of 
symptoms), surgical procedures in the anorectal area (hemorrhoidectomy, fistulotomy, sphincterotomy), prolapse, 
regular and/or traumatic anal sexual penetration or conditions after reconstructive procedures in the pelvic floor. Fecal 
incontinence due to gynecological trauma (traumatic vaginal birth) can occur in up to 8% of women[2]. It is important to 
note that symptoms often do not manifest until several years after the injury, and factors such as hormonal changes 
during menopause, accelerated aging of traumatically damaged sphincter muscles, or decompensation of compensatory 
mechanisms probably contribute to this delay[1]. In primiparous women, it is possible to prove occult or at least minimal 
sphincter injuries in approximately 35% of cases, while delivery using forceps, occipito-posterior position of the child, 
and prolonged delivery represent independent risk factors for subsequent fecal incontinence[3].

A relatively high percentage of women (13%) experience some degree of incontinence or stool urgency after their first 
delivery[4], and because these are mostly young women, the impact of incontinence on their quality of life is substantial
[5,6].As many gastroenterologist and/or proctologist note, women who have obstetric injury related fecal incontinence do 
not seek medical attention immediately and continue on with their life suffering, which results in a deteriorating quality 
of life over time as they age[7]. Interestingly the relationship between anal sphincter defect and severity of fecal 
incontinence is unclear[8]. Dysfunction of the puborectalis muscle can result in complete incontinence; dysfunction of the 
external sphincter can lead to weakened voluntary control and thus to the so-called urgent incontinence, and a disorder 
of the internal sphincter is associated with a weakening of discrete fecal control, which leads to passive incontinence[1]. 
More pronounced propulsive axial forces in the rectal area can contribute to the development of fecal incontinence; i.e., 
chronic diarrhea can be manifested not only by unwanted stool consistency, but due to its association with a stronger 
propulsive wave placing increased demands on the sphincters, it can also lead to unwanted stool leakage[1].

Based on international population studies, the prevalence of fecal incontinence ranges from 0.4%-18%[9-11]. This wide 
interval could be due to the specific semantic issues regarding its definition in different socio-geographical areas and 
from wide variety of not particularly consistent symptom questionnaires[12]. The prevalence increases with age[13]. A 
high prevalence occurs primarily within the elderly population; according to one study, approximately 50%-70% of pa-
tients in nursing homes suffer from incontinence[2]. Fecal incontinence can be present in both sexes and no financial or 
social status can be considered as a protective factor[14]. It is assumed that the incidence and prevalence of fecal 
incontinence is higher than the reported data due to certain social taboos associated with fecal leakage[15]. Forty-five to 
fifty percent (45%-50%) of patients with fecal incontinence have a severe physical or psychological disability[1]. When 
patients experience only mild incontinence symptoms they tend to withhold this information from their physician, and 
the majority of them do not consult a medical professional at all[16]. Overall, only 5% to 27% of patients seeks profes-
sional help[17]. On the other hand, studies focused on primary medical care providers report that a very low number of 
them screen patients for the presence of incontinence, and when they do, it is more frequently urinary than fecal[18]. An 
appropriate and sensitive, yet professional and precise approach when conducting a medical interview is crucial for 
identifying patients with fecal incontinence[18]. This is paramount for further evaluation of the disease severity and its 
impact on quality of life[19,20].

The impact of fecal incontinence on quality of life can range from mild social or personal discomfort to severe 
disruption that paralyzes almost all aspects of a patient’s life[21-24]. Quality of life in patients with fecal incontinence can 
be measured by several different self-reporting questionnaires[25]. The most frequently used are the general Short Form 
(SF-36)[26], the gut-focused Gastrointestinal Quality of Life Index (GIQLI)[27], and the more specific Fecal Quality of Life 
Index[28].

https://www.wjgnet.com/1007-9327/full/v30/i6/516.htm
https://dx.doi.org/10.3748/wjg.v30.i6.516
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When taking the medical history, it is necessary to distinguish isolated discharge of mucus from fecal incontinence. The 
soiling of underwear can also be caused by factors other than fecal incontinence, primarily lower hygiene standards, 
prolapsed hemorrhoids or rectal prolapse; however, for practical reasons, soiling is considered by some authors to be a 
manifestation of incontinence[2]. As the symptoms may vary individually over the time and there are different 
incontinence phenotypes, it is very important to choose the right and thorough approach during the medical interview. 
The need for a comprehensive scoring system suitable for clinical application in fecal incontinence has been known for a 
long time[29]. It is important to keep in mind that the severity scoring system does not have to inherently correlate with 
quality of life measurements[30].

Anorectal manometry is the method of first choice in the verification of a disturbed functional state of the sphincters. 
With an anorectal manometer, it is possible to measure the resting pressure of the sphincters as well as the pressure 
during a forceful voluntary contraction. Based on the London criteria, it is subsequently possible to classify the finding as 
anal hypotonia and normal contractility or anal hypotonia with hypocontractility[31]. Another complementary 
examination is rectal endosonography, which can be used to visualize and verify the presence of morphological changes 
in the internal and external sphincter or part of the puborectalis muscle and surrounding structures. In specific cases, it is 
possible to consider the implementation of magnetic resonance defecography or neurophysiological examination.

Fecal incontinence therapy is difficult and requires a strictly individual approach. It almost always starts conser-
vatively, and in case of its inefficiency, an operative solution can be considered. The goal of initial conservative therapy is 
to optimize the stool structure, slow down intestinal motility, and minimize the average amount of stool in the rectum[1]. 
Conservative (pharmacological and regimen) therapy can be partially effective in patients with mild fecal incontinence
[32]. In the case of failure of conservative treatment or clinically more serious fecal incontinence, it is recommended to 
initiate at home biofeedback training and/or professional physiotherapy[33]. As another modality, it is possible to use 
sacral nerve stimulation[34,35]. This is indicated in patients with incontinence caused by weakened sphincter function, 
without structural defects[36]. Another option is application of so-called bulking agents into the sphincters to artificially 
increasing their volume[33].

In patients with morphological defects of the sphincter a surgical solution is indicated, depending on the nature of the 
damage. This includes, for example, sphincteroplasty, or resolution of the underlying cause, such as rectovaginal fistula, 
rectal prolapse, and anal fistula[37]. In the case of failure of all the previously mentioned options, colostomy is indicated
[33]. It is important to note that, based on the recent expert consensus[38] and the older Cochrane analysis[39], it is not 
possible to clearly prefer any of the above-mentioned surgical methods, and it is therefore appropriate to individually 
combine conservative and interventional approaches. Therefore, a properly evaluated phenotype of incontinence and 
medical history is crucial when tailoring the therapy for each patient individually. The cornerstone for this first step is a 
practical and usable scoring system. The aim of this editorial is to comment on an article recently published by Garg et al
[40] in the World Journal of Gastroenterology and to compare it with previously used scoring systems, predominantly with 
the most commonly used Wexner and St. Mark’s scores (Table 1)[41].

SCORING SYSTEMS
Pescatori Incontinence Score[42]
It is based on three degrees of incontinence severity and three types of frequency. Letters are used for the type of leakage 
(A for flatus/mucus, B for liquid stool, and C for solid stool) and numbers for frequency (1 for an occasional incontinence 
event, 2 for weekly, and 3 for daily unwished leakage); the final score range varies from 0 for full continence to 6 for daily 
incontinence of solid stool. It includes mucus as a type of leakage but lacks factors such as hygiene pad usage, lifestyle 
alteration, or urgency.

Wexner/Cleveland Clinic Florida Incontinence Score[24]
One of the most used scoring system in clinical setting[25]. It consists of 5 items regarding types of leakage (solid, liquid, 
gas), the necessity to wear hygiene pads, and lifestyle alterations. Every item has points assessed based on frequency 
(never, rarely, sometimes, usually, always). The final score ranges from 0 for full continence to 20 representing complete 
incontinence. It is easy to use for patients’ self-reference but it does not consider leakage of mucus or urgency for the 
evaluation.

Vaizey/St. Mark’s Incontinence Score[43]
The main points of the Vaizey/St. Mark’s Incontinence Score are quite similar to the Wexner/Cleveland Clinic 
Incontinence score[24,43]. It is also widely used, and both Wexner and Vaizey scores provide very good inter- and intra-
observer reliability[43,44]. It correlates moderately well with the patient’s perception of fecal incontinence[45]. The St. 
Mark’s Incontinence Score evaluates three main types of leakage (solid, liquid, gas) and alterations in lifestyle. All these 
items are graded according to the frequency of occurrence (never, rarely, sometimes, weekly, daily). Items such as need to 
wear a pad or plug, taking constipating medicines and urgency (lack of ability to defer defecation for 15 min) involve 
binary answers (yes/no). Urgency is valued two-times more than medications and/or the need to wear pad or plug (4 
points vs 2 points). The total range varies from 0 for full continence to 24 for complete incontinence.

Fecal Incontinence Severity Index[46]
Not as widely used as the previously mentioned Wexner and St. Mark’s scores, it has its strong points, namely in the 
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Table 1 Comparison of different fecal severity scoring systems

Scoring system Structure Weighted Score range

Pescatori Incontinence Score 3 items of type, 3 items of frequency Yes 0: Full continence; 6: Daily incontinence of solid stool

Wexner/Cleveland Clinic Florida 
Incontinence Score

3 items of type, 2 additional items, 5 
items of frequency

No 0: Full continence; 20: Complete incontinence

St. Mark’s/Vaizey Incontinence Score 3 items of type, 3 additional items, 5 
items of frequency

Yes 0: Perfect continence; 24: Complete incontinence

Fecal Incontinence Severity Score 4 items of type, 6 types of frequency Yes Patient range: 0: least severe; 61: most severe. Surgeon range: 
0: Least severe; 59: Most severe

Rapid Assessment Fecal Incontinence 
Score

6 items for perception, 6 items for 
frequency

No Leaks: 0: For none; 10: for daily. Perception: 0: For excellent, 
10: For very bad

Garg’s New Severity Scale 6 items for type, 3 items for 
frequency

Yes 0: No incontinence; 80: Total incontinence

consideration of mucus in the score evaluation. On the other hand, this could lead to a misleading false sensation of 
liquid stool, as patients often are unable to differentiate between these two substances[47]. This factor could be correlated 
by other possible scoring items, but the Fecal Incontinence Severity Index score does not include other factors for consid-
eration, e.g., lifestyle alterations, medication usage, or urgency. Thus, its practical adoption has been limited. It could be 
evaluated by patients and/or by medical professionals with different point ranges. The final score ranges from 0 for least 
severe to 61 for most severe symptoms of fecal incontinence.

Rapid Assessment Fecal Incontinence Score[48]
This simple score was developed for the purpose of a quick assessment of fecal incontinence which can be easily used in 
primary care settings. Although not as comprehensive as the above-mentioned scores, we believe it is worth noticing for 
its simplicity and ease of use. It is oriented on patient self-evaluation and consists of 2 items. The first is patients’ 
perceptions of their well-being according to leakage, which is evaluated by visual analog scale of 6 Levels (from very bad 
to excellent). Six levels are also used for the second item, which is frequency of leakage. A validation was done comparing 
it to the Vexner score[41] and the FIQL[30], and it shows high correlations with these two questionnaires.

The new scoring system for fecal incontinence by Garg et al[40]
The previously mentioned scoring systems have their various pitfalls, from a lack of consideration of the stress factor in 
all of them to not considering mucus and/or urgency in some of them. Moreover, the different leakages are weighed by 
the same factor in most of them.

This is why Garg and colleagues decided to develop a new questionnaire to reflect the most important issues, which 
would be following: proper numeric assessment of different types and severity of fecal incontinence, based primarily on 
patient perception of the disease along with simple usage and comprehensive accuracy.

For this evaluation patients, laypersons, and colorectal surgeons were included in the study.
In the first phase they evaluated the symptom perception in patients and laypersons. Interestingly, the exclusion 

criterion for patients was current presence of fecal incontinence because of the biased perception of incontinence (in terms 
of over quantifying symptoms). In contrast, patients who could experience incontinence due to their acute or chronic 
disease were included. To balance the possible extreme responses of patients, so-called laypersons were also included in 
the study. These were the relatives of the patients. As they closely observe but do not suffer from the condition, they 
could provide precise, yet emotionally unbiased answers.

In the second phase, experienced colorectal surgeons were included to provide the professional side of the evaluation 
of fecal incontinence and to compare this to scoring based on the responses of the patients and laypersons.

Fecal incontinence in the questionnaire is presented by 6 types or rather symptoms: urgent, stress, liquid, mucus, solid 
and gas. Four dimensions of quality-of-life impact (usual routine activity, anxiety/depression, self-esteem, social life) 
with 3 levels of severity were used. Comparing the severity perception by patients and laypersons and thereafter 
confronted by results from the colorectal surgeons, different weights for the types are assigned. For example, solid and 
liquid incontinence have assigned a weight of 8 and stress incontinence a weight of 5. This is used for multiplying the 
severity points, which are assessed according to three levels of frequency of leakage incident: Never, occasional (once a 
week or less), or common (more than once a week). Altogether, maximum points for complete incontinence are 80 and for 
complete bowel control (total continence) 0.

An agreement between surgeon and patient assessment of incontinence was not met. It is possible to agree with the 
authors’ statement that patient perception and not medical professional opinion is the single most important factor, 
because fecal incontinence is tightly connected with individual perception of the disease.

A disputable point could be considering the type of incontinence (urge, stress) on the same level as a symptom in this 
questionnaire. Although it provides high added value for the evaluation of incontinence, it is possible to argue that liquid 
incontinence could be more connected with the stress phenotype rather than the urge phenotype and thus asymmetrically 
provide higher severity numbers in these cases. The type of leakage and phenotype of incontinence influence the overall 
quality of life in patients differently[49]. Also, this scoring system, as all previously mentioned scoring systems, does not 
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evaluate so-called overflow incontinence, which could be paradoxically present in some patients with constipation[1]. 
The overall time to fill-in the questionnaire is also not known. However, for general practice this is more of a peculiarity, 
and this problem could be more pronounced when performing methodically strict clinical studies. Therefore, we could 
say that more clinical studies are needed to comprehensively evaluate all the possible shortcomings of this new scoring 
system. Also, as the authors stated, the study limitation is that this new scoring system was not tested for inter- and intra-
observer variability and test-retest reliability. However, they stated that this will be an objective for further study by their 
study group. We encourage this plan, as this will provide more relevant data for reliability and could significantly prove 
system’s clinical application.

On the other hand, the different weighing of different symptoms/types of incontinence is a high added value and an 
important approach within the current problems of scoring systems.

CONCLUSION
The search for a comprehensive yet easy to use fecal incontinence severity scoring system has long been an ongoing 
problem. The patient perception and reporting of symptoms is the cornerstone for the correct diagnosis of this 
debilitating disorder. Several scoring questionnaires have been implemented thus far in clinical practice, with the Wexner 
and Vaizey scoring systems being the most often used. Although widely used, they, too, have their own commonly 
known pitfalls. The scoring system developed by Garg et al[40] aims to provide a more precise diagnostic tool than the 
forementioned ones. Although it presents a promising result, the system needs more high-quality epidemiological studies 
to fully evaluate its reliability and clinical utility compared to established systems.
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Abstract
Autoimmune pancreatitis (AIP) is a rare chronic autoimmune disorder. The 
diagnosis of AIP mainly depends on histopathology, imaging and response to 
treatment. Serum immunoglobulin 4 (IgG4) is used only as collateral evidence in 
diagnostic criteria for AIP because of its moderate sensitivity. Serum IgG4 levels 
are normal in 15%-37% of type 1 AIP and most of type 2 AIP patients. In these 
patients, the indeterminate imaging and histopathology may lead to the difficulty 
in definitive diagnosis of AIP. Therefore, discovery of new biomarkers is impor-
tant for AIP diagnosis. Here, we provide some views on the progression and 
challenges in identifying novel serological biomarkers in AIP diagnosis.

Key Words: Autoimmune pancreatitis; Immunoglobulin G4; Biomarker, Cytokine; 
Autoantibody
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Core Tip: Serum immunoglobulin 4 is currently the only biomarker and highly specific 
but moderately sensitive for diagnosis of autoimmune pancreatitis (AIP). Some 
cytokines and antibodies have been shown potential in AIP diagnosis.
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INTRODUCTION
Autoimmune pancreatitis (AIP) is referred to as non-alcoholic destructive pancreatitis 
and sclerosing pancreatitis. It is a chronic pancreatitis characterized by an autoimmune 
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inflammatory process with pancreatic swell or focal mass that responds to corticosteroid treatment. AIP was first 
described in 1995[1]. In 2001, elevated serum immunoglobulin 4 (IgG4) level was found as an important indicator in 
patients with sclerosing pancreatitis[2]. Then the International Consensus Diagnostic Criteria (ICDC) classified AIP into 
type 1 and type 2 in 2011[3], according to five features: Image of pancreatic parenchyma and duct, serology, other organ 
involvement, pancreatic histology, and response to steroid therapy. According to ICDC, more than 90% of cases are type 
1 AIP, characterized by high serum IgG4 level, and IgG4-positive plasma cell infiltration in the pancreas. So, it is also 
known as lymphoplasmacytic sclerosing pancreatitis. Most of type 1 AIP present with the clinical signs of the systemic 
IgG4-related disease. Type 2 AIP is a pancreatic-specific disease, without serum IgG4 elevation, characterized by 
pancreatic ductal epithelium neutrophilic infiltration. So, it is also labeled as idiopathic duct-centric pancreatitis. Some of 
AIP patients could be diagnosed definitively, but in other patients, the clinical features including image, histopathology, 
IgG4 level may be not typical. Therefore, the diagnosis of AIP could not be established in all the patients using the current 
biomarkers[4]. New powerful biomarkers may improve the diagnosis of AIP. Some studies have shown that some 
cytokines and autoantibodies could be used alone or as a panel to help diagnosing AIP.

DIAGNOSTIC ROLE OF IG4 IN AIP
Many studies have shown that serum IgG4 level was elevated in AIP patients. This provides the solid data for using 
elevation of serum IgG4 as diagnostic biomarker for AIP in clinical practice. However, the sensitivity and specificity of 
IgG4 varied among these studies, which may be attributed to discrepant patient population, diagnostic criteria, race/
region, and year of study before and after 2011. Among these factors, cut-off point has been studied by several 
researchers. In a meta-analysis of 13 studies including 594 patients, the pooled sensitivity of serum IgG4 for the diagnosis 
of AIP was 0.72 [95% confidence interval (CI): 0.68-0.75] when cut-off value was set at 130 to 140 mg/dL, specificity was 
0.93 (95%CI: 0.92-0.95), diagnostic odds ratios was 51.37 (95%CI: 23.20-113.74), and area under the curve was 0.91 (95%CI: 
0.87-0.95). When cut-off value was set at two folds of upper limit of normal level (260-280 mg/dL), the specificity 
increased to 0.98, while the sensitivity decreased to 43%[5]. In addition, elevated serum IgG4 level at the time of glucocor-
ticoid cessation was an independent predictor of AIP relapse (hazard ratio: 4.511)[6]. In type 2 AIP, serum IgG4 levels are 
usually normal[7]. These suggested that IgG4 has poor correlation with type 2 AIP. Based on these data, serum IgG4 is a 
useful biomarker for diagnosing tyoe 1 AIP, but its sensitivity is not high.

In the recent issue of the World Journal of Gastroenterology, Zhou et al[8] showed that elevated serum IgG4 and IgA levels 
were associated with a more active immune system and higher relapse rates in AIP. Their study suggested that IgG4 
could be combined with other markers to evaluate the disease activity and treatment efficacy, and monitor relapse. Even 
if the specificity of serum IgG4 for AIP is high, slight increase of serum IgG4 could be observed in other diseases, such as 
pancreatic cancer, cholangiocarcinoma, primary sclerosing cholangitis[9]. Therefore, more biomarkers are needed for AIP 
diagnosis. The new biomarkers may be used alone or together with IgG4.

NEW SEROLOGICAL BIOMARKERS IN AIP
Recently, great progresses have been made in understanding the abnormality of immune networks. Different types of 
immune cells, including dendritic cells, monocytes, T cell subgroups, B cells, were found to be involved in the 
pathogenesis of AIP by producing cytokines. Serum κ, λ free light chain, interleukin (IL)-5, IL-6, IL-33, soluble IL-2 
receptor, interferon (IFN)-α[10-15] were significantly changed in patients with AIP. It is worth mentioning that the serum 
concentrations of IFN-α and IL-33 produced by dendritic cells significantly increased in the patients with active AIP, and 
decreased after induction of remission. The specificities of serum levels of IFN-α and IL-33 were 91.7% and 83.3%, 
respectively, and the sensitivity of IFN-α and IL-33 were 85.7% each. Serum levels of IFN-α and IL-33 correlated better 
with disease activity than that of IgG4. This study suggests that the serum concentrations of IFN-α and IL-33 have the 
potential to be the biomarkers for type 1 AIP diagnosis[15]. But confirmation from more studies and patients are needed.

Multiple autoantibodies secreted by plasma cells have been found in the sera of patients with AIP, such as anti-
carbonic anhydrases I (anti-CA I), anti-CA II[16], anti-lactoferrin[17], antibodies against plasminogen-binding protein
[18]. These studies have shown that AIP is an autoimmune-mediated disease. But the role of these autoantibodies in the 
diagnosis of AIP is still undetermined. Recently, three newly identified antibodies, anti-amylase α[19], anti-laminin 511
[20], and anti-prohibition[21] have shown moderate to high accuracy for AIP diagnosis in some small sample studies. 
Annexin A11[22] and galectin-3[23] antibodies were identified specifically in the sera of patients with AIP screened by 
mass spectrometry.

All these findings about autoantibodies provide the possibility for identifying the new diagnostic biomarkers for AIP. 
However, more studies including more patients are required to verify the sensitivity and specificity of autoantibodies as 
useful biomarkers for AIP.

CONCLUSION
Although there are accepted diagnostic criteria for AIP, many patients cannot be diagnosed definitively because their 
clinical features are not typical. Histopathology is an important examination for diagnosis. Serum IgG4 is the only 
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biomarker for AIP diagnosis in clinical practice, but it is only used collaterally because of its moderate sensitivity. 
Therefore, discovery of new biomarkers for AIP diagnosis is highly needed. The published literatures have shown that 
some cytokines and autoantibodies have the potential to be developed as diagnostic biomarker for AIP.

Since AIP is a rare disease, the number of cases in published papers is limited and almost all the studies were single-
center retrospective study, a collaborative group can be set up in the future to collect more AIP cases for further research. 
Firstly, IgG4 may be combined with one more biomarker or as a panel, together with imaging, histopathology and 
therapy response, to classify AIP more precisely. Secondly, efforts should be made to find new autoantibodies with 
higher sensitivity and specificity for better diagnosing and monitoring AIP.
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Abstract
Ulcerative colitis (UC) is a chronic recurrent inflammatory bowel disease. Despite 
ongoing advances in our understanding of UC, its pathogenesis is yet unelu-
cidated, underscoring the urgent need for novel treatment strategies for patients 
with UC. Exosomes are nanoscale membrane particles that mediate intercellular 
communication by carrying various bioactive molecules, such as proteins, RNAs, 
DNA, and metabolites. The NOD-like receptor family pyrin domain containing 3 
(NLRP3) inflammasome is a cytosolic tripartite protein complex whose activation 
induces the maturation and secretion of proinflammatory cytokines interleukin-1β 
(IL-1β) and IL-18, triggering the inflammatory response to a pathogenic agent or 
injury. Growing evidence suggests that exosomes are new modulators of the 
NLRP3 inflammasome, with vital roles in the pathological process of UC. Here, 
recent evidence is reviewed on the role of exosomes and NLRP3 inflammasome in 
UC. First, the dual role of exosomes on NLRP3 inflammasome and the effect of 
NLRP3 inflammasome on exosome secretion are summarized. Finally, an outlook 
on the directions of exosome-NLRP3 inflammasome crosstalk research in the 
context of UC is proposed and areas of further research on this topic are high-
lighted.
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Core Tip: Clarifying the regulatory circuits that control the abnormal immune state of the intestinal mucosa is essential for 
understanding ulcerative colitis (UC) pathogenesis and clinical management. The role of exosomes and NOD-like receptor 
family pyrin domain containing 3 (NLRP3) inflammasomes in UC has been continuously highlighted in recent years. In this 
review, the dual role of exosomes on NLRP3 inflammasome and the effect of NLRP3 inflammasome on exosome secretion 
are summarized. Furthermore, an outlook on the directions of exosome-NLRP3 inflammasome crosstalk research in the 
context of UC is proposed and areas of further research on this topic are highlighted.
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NOD-like receptor family pyrin domain containing 3 inflammasome. World J Gastroenterol 2024; 30(6): 527-541
URL: https://www.wjgnet.com/1007-9327/full/v30/i6/527.htm
DOI: https://dx.doi.org/10.3748/wjg.v30.i6.527

INTRODUCTION
Ulcerative colitis (UC) is characterized by chronic, remitting, and recurrent mucosal inflammation[1]. Although its cause 
is not well understood, current evidence suggests innate and adaptive immunity play critical roles in its pathogenesis[2]. 
The events leading to UC involve disrupting the intestinal mucosal barrier, bringing the luminal microbial community 
and the mucosal immune system into direct contact[3]. Subsequently, innate immune cells, such as macrophages and 
dendritic cells, rapidly recognize microorganisms or their products entering the lamina propria from the intestinal lumen 
and transmit signals, awakening the innate defenses and the adaptive immune system[4]. A long-term feature of UC is 
inflammation maintained by various inflammatory mediators produced by activated immune cells, including proinflam-
matory cytokines and chemokines[5-8]. Another characteristic is enterocyte apoptosis sustained by several inflammatory 
cells, which prevents mucosal healing[2]. Considering these points, we can assume that clarifying the regulatory circuits 
that control the abnormal immune state of the intestinal mucosa is essential for understanding UC pathogenesis and 
clinical management.

The NOD-like receptor family pyrin domain containing 3 (NLRP3) inflammasome mediates the inflammatory cascade 
in vivo and is a critical regulator in inflammatory bowel disease development[9]. Its activation promotes pyroptosis and 
caspase-1-dependent secretion of interleukin-1β (IL-1β) and IL-18, leading to a sustained inflammatory response in the 
intestinal mucosa[10]. Since these two proinflammatory cytokines are present in released exosomes, one possible pathway 
for their unconventional secretion may occur through endosome release[11-14]. Exosomes are nanoscale membrane-
derived particles that mediate intercellular communication by carrying many bioactive molecules, including proteins, 
RNAs, DNA, and metabolites[15,16]. They also carry out numerous functions, such as releasing cytokines and inhibiting 
or promoting inflammasome activation, depending on the transported molecules[17,18]. Increasing evidence suggests 
that crosstalk between exosomes and inflammasomes has a critical role in inflammatory diseases[19]. Therefore, systemat-
ically exploring this crosstalk in UC should have beneficial implications for the prevention and treatment.

NLRP3 INFLAMMASOME
Composition and distribution of NLRP3 inflammasome
Inflammasomes are cytosolic multiprotein complexes that initiate inflammatory cascade responses by identifying 
damage-associated molecular patterns (DAMPs), cellular distress signals of the host, pathogen-associated molecular 
patterns (PAMPs), and conserved components of infectious agents[20]. T and B lymphocytes, macrophages, antigen-
presenting cells, and granulocytes all express the NLRP3 inflammasome[21]. It represents the most classical inflam-
masome subtype consisting of the NLRP3 receptor, apoptosis-associated speck-like protein (ASC) adapter, and caspase-1 
effector proteins[22]. The NLRP3 receptor protein is composed of 3 domains: a C-terminal leucine-rich repeat domain, an 
N-terminal pyrin domain (PYD), and a central nucleotide-binding and oligomerization domain[23]. The ASC adapter 
contains several domains: 2 transactivation structural domains, the pyrin structural domain linked to the upstream 
NLRP3 receptor, and the caspase recruitment domain (CARD) connected to the downstream caspase-1[24,25].

Activation of NLRP3 inflammasome
The innate immune system senses exogenous (PAMPs) or endogenous (DAMPs) danger signals by recognizing them 
with various pattern recognition receptors, such as Toll-like receptors and NOD-like receptors. During its involvement in 
the inflammatory response, NLRP3 inflammasome provides a molecular model that can be stimulated by many DAMPs 
(aluminum adjuvants, ATP, uric acid crystals, and β-amyloid peptides) and PAMPs (microbial toxins, viral RNA, and 
bacterial surface components). Currently, canonical, non-canonical, and alternate routes can all activate the NLRP3 
inflammasome[26] (Figure 1).

Canonical NLRP3 inflammasome activation
In most cells, canonical NLRP3 inflammasome activation involves priming and activation steps. The priming step is 
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Figure 1 Canonical, non-canonical, and alternative modes of NOD-like receptor family pyrin domain containing 3 activation. NLRP3: NOD-
like receptor family pyrin domain containing 3; PAMPs: Pathogen-associated molecular patterns; TNF-α: Tumor necrosis factor-alpha; IL-1β: Interleukin-1β; ROS: 
Reactive oxygen species; GSDMD: Gasdermin D; LPS: Lipopolysaccharide; ASC: Apoptosis-associated speck-like protein; IL-18: Interleukin-18.

initiated by a signal from the ligand bound to the pattern recognition receptor and promotes transcription of pro-IL-18, 
pro-IL-1β, and NLRP3 via NF-κB-dependent pathway[27-30]. The activation step leads to NLRP3 assembly and is 
promoted by various DAMPs or PAMPs through multiple molecular and cellular events, such as lysosomal disruption, 
mitochondrial DNA production, mitochondrial dysfunction, reactive oxygen species (ROS) release, and ion flux (Ca2+ 
influx and K+/Cl− efflux). The activated NLRP3 inflammasome induces cleavage and activation of caspase-1 via CARD-
CARD and PYD-PYD interactions[30]. Subsequently, the activated caspase-1 recruits and cleaves the proinflammatory 
cytokines pro-IL-18 and pro-IL-1β, allowing their maturation and release[30]. In addition, it cleaves the pyroptotic 
substrate gasdermin D (GSDMD), enabling its translocation to the cell membrane, where it forms pores and triggers 
inflammatory programmed cell death called pyroptosis[31].

Non-canonical NLRP3 inflammasome activation
Human caspases 4 and 5, as well as murine caspase 11, are needed for non-canonical NLRP3 inflammasome activation. In 
this pathway, these caspases recognize and are activated by cytosolic lipopolysaccharide (LPS) from endocytosed gram-
negative bacteria or, more often, their outer membrane vesicles[32]. The activated caspases catabolize GSDMD, leading to 
pyrolysis and promoting the release of mature IL-18 and IL-1β[33,34]. In addition to LPS, another signal called 1-
palmitoyl-2-arachidonoyl-sn-glycero-3-phosphocholine (PAPC) activates the non-canonical pathway. This molecule is 
abundant in membranes of mammalian cells and is oxidized by ROS released from damaged or dead cells. The oxidized 
PAPC binds caspase-11 and caspase-4, initiating activation or inhibition of the NLRP3 inflammasome depending on the 
cell type[35].

Alternative NLRP3 inflammasome activation
Alternative activation of the NLRP3 inflammasome possesses cell- and species-specific characteristics[36]. For example, 
the TLR4-TRIF-RIPK1-FADD-CASP8 axis activates an alternative inflammasome upstream of NLRP3 in porcine and 
human monocytes, but this activation response is absent in murine monocytes[34,36]. Interestingly, the alternative 
activation lacks typical features for canonical and non-canonical activation, such as ASC speckle formation, K+ efflux, or 
pyroptosis induction[34].

The role of NLRP3 inflammasome in UC
Susceptibility to UC significantly increases with single nucleotide polymorphisms rs10925019 and rs10754558 in the 
coding region of the NLRP3 gene[37,38]. Similarly, predisposition to inflammatory bowel disease correlates with 
polymorphisms affecting receptors downstream of NLRP3, including interleukin 1 receptor-like 1 and 2, interleukin 1 
receptor type 1 and 2, and interleukin 18 receptor 1[39]. Disease activity of UC is associated with increased levels of 
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inflammasome activation markers NLRP3, caspase-1, and ASC[40,41]. A similar effect is also observed in mice with 
colitis, where the upregulated markers positively correlate with disease severity and pathological damage[42,43]. 
Conversely, mice with colitis lacking NLRP3 or caspase-1 show significantly less severe pathology compared with wild-
type mice with colitis[44,45]. Furthermore, NLRP3 promotes intestinal mucosal inflammation in vitro[46]. These findings 
demonstrate that NLRP3 inflammasome activity participates in UC pathogenesis and suggest that treating the disease 
may rely on regulating the NLRP3 inflammasome activation or its downstream cytokine effectors.

A small-molecule inhibitor of the NLRP3 inflammasome called MCC950 significantly reduces the secretion of IL-18 and 
IL-1β in mice, attenuating the inflammatory cascade response evoked by NLRP3 inflammasome activation[47]. Carboxy-
amidotriazole, wogonoside, or oroxylin A are other small-molecule compounds that also alleviate experimental colitis but 
with a mechanism that inhibits the NLRP3 inflammasome activation[48-50]. Although pharmacological inhibition of 
inflammasome overactivation benefits animals with UC, therapies targeting inflammasomes remain limited. Recent 
evidence suggests that dietary compounds or medicinal herbs reduce colonic inflammation in mice and, in some cases, 
even in patients with UC by targeting different inflammasome modulators to inactivate inflammasomes in the colon[51]. 
Thus, strategies for treating UC may involve using bioactive substances purified from food or traditional medicines to 
regulate inflammasome activity.

EXOSOMES
Biogenesis, biology, function, and regulation of exosomes
Exosomes are endosome-derived extracellular vesicles commonly found in body fluids, including sweat, blood, and 
urine, and characterized by a phospholipid bilayer, small vesicle morphology, and a diameter from 30 to 150 nm[15,16]. 
They mediate intercellular communication by carrying numerous biologically active molecules, such as DNA, RNAs, 
proteins, and metabolites, and their bioactive molecular composition depends on the cell type releasing them[15,16]. 
Notably, exosomes contain two classes of proteins: conserved and specific. While the make-up of specific proteins is 
determined by the cell type releasing the exosome and is subject to change from varying physiological conditions acting 
on the cell, that of the conserved proteins is constant, rendering them exosome markers. Noteworthy examples are 
programmed cell death 6 interacting protein, tumor susceptibility gene 10, members of the heat shock protein family 
HSP60, HSP70, and HSP90, and antigens CD9, CD63, CD81, and CD82[15,16]. Exosome biogenesis requires uptake, 
secretion, cargo sorting, and formation, achieved through the classical or direct pathways[52]. Whereas most cells utilize 
the classical, or exocytic, pathway of exosome biogenesis, T cells employ a direct pathway as a quick mechanism that 
generates exosomes directly from the plasma membrane[53] (Figure 2).

Since released exosomes contain crucial molecules for transferring information between cells, they are implicated in the 
cancer microenvironment[54] and the pathogenesis of various illnesses, including autoimmune[55], cardiac[56], 
neurological[57], and liver disorders[58]. Furthermore, because exosomes collected from sick populations have different 
RNA profiles than exosomes collected from healthy ones[59-61], they are potential diagnostic and therapeutic biomarkers 
for many diseases[62,63].

Exosomes and UC
Exosomes are thought to play an immunomodulatory function owing to their involvement in immune synapse formation 
and antigen presentation[64,65]. Because UC is an immune disease, and the saliva of patients with UC contains large 
amounts of exosomal proteins, the role of exosomes in UC is unquestionable[66-68]. Indeed, animal experiments confirm 
that exosomal proteins are associated with proteasomal activity and inflammatory response, suggesting that some, such 
as saliva-derived exosomal proteasome 20S subunit alpha 7, can be used as an ideal biomarker for UC diagnosis[68]. 
Other potential UC biomarkers are exosome micro RNAs, with enhanced levels in individuals with UC. For instance, 
elevated levels of gut-derived miR-29b in the plasma of individuals with UC not only help diagnose the disease but also 
an impaired cardiac function via miR-29b-mediated extraintestinal inhibition of vital proteins, such as brain-derived 
neurotrophic factor[69]. Similarly, small GTPases that regulate exosome secretion also have increased levels in UC, such 
as RAB27A, member RAS oncogene family and RAB27B, member RAS oncogene family. The number of RAB27A- and 
RAB27B-positive immune cells in the intestinal mucosa of individuals with active UC is significantly higher than that of 
healthy patients, indicating that exosome-mediated immune regulation is involved in the pathological process of UC[70].

Currently, the role of various sources of exosomes in UC is being widely explored (Table 1)[71-105]. Mesenchymal stem 
cell (MSC) therapy is a cutting-edge one for treating various diseases, due to the strong immunomodulating and 
immunosuppressive properties of MSCs, and stem cell-derived exosomes may have a beneficial effect on UC, according 
to newly available evidence[71-91]. The ameliorative effects of MSC-derived exosomes on UC are regulated in multiple 
ways, including inhibition of inflammatory responses, regulation of immune cell homeostasis, improvement of intestinal 
flora structure, and inhibition of oxidative stress, ultimately leading to repair of intestinal mucosal damage and 
restoration of intestinal barrier function. Similarly, dendritic cell-derived exosomes were also found to have a reparative 
effect on intestinal injury in UC by inhibiting pathways associated with inflammation[92-94]. In addition, it was found 
that encapsulating triptolide with DC cell-derived exosomes could not only reduce the toxicity of the drug, but also 
accurately deliver the drug to the therapeutic target to induce immunosuppression in UC mice, providing a new 
perspective for immunosuppressive treatment of UC[95]. However, macrophage-derived exosomes do not always 
provide a benefit to UC. Some exosomal molecules, such as miR-590-3p produced by M2 macrophages, reduce mucosal 
damage and promote epithelial cell repair in mice with colitis[96]. However, others, such as exosome miR-21a-5p 
produced by M1 macrophages, exacerbate UC by inhibiting E-cadherin and activating type 2 innate lymphoid cells[97]. 
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Table 1 Sources of exosomes and their roles in ulcerative colitis

Exosomes source Pivotal molecules Role of the exosomes Conclusion Ref. 

Stem cell miR-378a-5p Inhibiting pyroptosis through NLRP3/caspase-1 signaling Beneficial [71]

Stem cell miR-539-5p Inhibiting pyroptosis through NLRP3/caspase-1 signaling Beneficial [72]

Stem cell miRNA Suppressing pyroptosis Beneficial [73]

Stem cell miR-203a-3p.2 Suppressing macrophage pyroptosis induced by caspase11/4 Beneficial [74]

Stem cell NA Regulating the Treg population Beneficial [75]

Stem cell NA Modulating the gut metagenomics-metabolomics-farnesoid X receptor axis Beneficial [76]

Stem cell NA Polarizing M2b macrophages Beneficial [77]

Stem cell miR-146a Inhibiting SUMO1 expression and its binding to β-catenin Beneficial [78]

Stem cell miR-216a-5p Inducing macrophage M2 polarization by regulating the HMGB1/TLR4/NF-κB 
signaling pathway

Beneficial [79]

Stem cell NA Regulating the Th17/Treg balance Beneficial [80]

Stem cell NA Repairing intestinal barrier via TSG-6 Beneficial [81]

Stem cell miR-125a, miR-125b Repressing Th17 cell differentiation Beneficial [82]

Stem cell NA Limiting intestinal epithelial cells reactive oxygen species accumulation and DNA 
damage through HIF-1α

Beneficial [83]

Stem cell miR-181a Improving gut microbiota composition, barrier function, and inflammatory status Beneficial [84]

Stem cell NA Suppressing inflammation Beneficial [85]

Stem cell NA Modulating Th1/Th17 and Treg cell responses Beneficial [86]

Stem cell NA Attenuating inflammation, oxidative stress and apoptosis Beneficial [87]

Stem cell NA Stimulating epithelial repair and decreasing epithelial apoptosis Beneficial [88]

Stem cell NA Modulating the expression of IL-7 in macrophages Beneficial [89]

Stem cell NA Downregulating intestine ferroptosis Beneficial [90]

Melatonin and stem 
cell

NA Suppressing inflammation, oxidative stress, apoptosis, and fibrosis Beneficial [91]

Dendritic Cell miR-146a Targeting Traf6, IRAK-1, and NLRP3 in macrophages Beneficial [92]

Dendritic cell NA Preventing colon damage Beneficial [93]

Dendritic cell NA Downregulating the expression of IL-2, IFN-γ and TNF-α Beneficial [94]

Dendritic cell NA Carrying drug to dendritic cell Beneficial [95]

M2 macrophage miR-590-3p Suppressing LATS1 and activating the YAP/β-catenin signaling Beneficial [96]

M1 macrophage MiR-21a-5p Decreasing E-cadherin and subsequent ILC2 activation Unfavorable [97]

Intestinal NA Promoting wound healing Beneficial [98]

Visceral adipose 
tissue

miR-155 Promoting macrophage M1 polarization Unfavorable [99]

Serum NA Inhibiting MCP-1 and MIP-1α expression via NLRP12-Notch signaling pathway Beneficial [100]

Serum Proteins Implicating macrophage activation NA [101]

Helicobacter pylori NA Aggravating intestinal epithelium barrier dysfunction by facilitating Claudin-2 
expression

Unfavorable [102]

Milk NA Suppressing inflammation Beneficial [103]

Cow and human 
milk

miRNA-320, 375, and 
Let-7

Downregulating DNA methyltransferase 1 (DNMT1) and DNMT3 Beneficial [104]

Bovine colostrum NA Suppressing inflammation and oxidative stress Beneficial [105]

NA: Not available.
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Figure 2 The processes of exosome biogenesis and release. MVB: Multivesicular bodies.

Furthermore, limited evidence suggests that gut-derived and serum-derived exosomes are beneficial in UC[98,100], 
whereas visceral adipose-derived exosomes aggravate UC[99]. Surprisingly, emerging evidence has recently suggested 
that human or bovine milk-derived exosomes express a favorable benefit in animals with colitis by decreasing oxidative 
stress and inflammation, indicating a new route for the development of therapeutic approaches for UC[103-105].

EXOSOMES AND NLRP3 INFLAMMASOME CROSSTALK
Effects of exosomes on NLRP3 inflammasome
According to recent evidence, cells utilize exosome secretion to regulate NLRP3 inflammasome activation, suppressing 
inflammation and promoting damage repair (Table 2)[71-73,106-147]. Since most findings originate from research on 
various stem cell-derived exosomes, knowledge of how they regulate the NLPR3 inflammasome activation in differen-
tiated cells remains limited. Nonetheless, the available evidence indicates that exosomes suppress the NLRP3 inflam-
masome mainly by regulating the pathways upstream of NLRP3, especially TLR-related ones and those related to 
oxidative stress. For example, exosome release lowers ROS production, reducing ROS levels available for the NLRP3 
inflammasome activation[107,112,126]. In addition, exosomes help protect mitochondria from damage induced by 
oxidative stress states, possibly by exosome-carried mitochondrial proteins[112]. Abundant findings also suggest that 
exosomes regulate the activation of NLRP3 inflammasome by directly binding to NLRP3[71,121,130,137].

We have so far learned that stem cell-derived exosomes repress the NLRP3 inflammasome activation but will see that 
those from other cell types, including cancer, epithelial, immune, and endothelial cells, appear to promote it (Table 2). For 
instance, exosomal miR-30d-5p released by polymorphonuclear neutrophils induces macrophage pyroptosis and M1 
macrophage polarization via the NF-κB pathway, promoting sepsis-associated acute lung injury[138]. Similarly, tumor-
derived exosomal tripartite motif containing 59 protein induces proteasomal degradation of abhydrolase domain 
containing 5 lipolytic co-activator in macrophages. Consequently, this event reprograms macrophages into cells with 
tumor-promoting function and activates the NLRP3 inflammasome, mediating the IL-1β release and stimulating lung 
cancer progression[139]. When exposed to photooxidative blue light, retinal pigment epithelium-derived exosomes 
exacerbate potentially harmful oxidative responses by activating the NLRP3 inflammasome[140]. In hepatic ischemia-
reperfusion injury, serum exosome levels rise significantly, freely crossing the blood-brain barrier due to their small size 
and stimulating pyroptosis of hippocampal and cortical tissues[141]. By triggering NLRP3-dependent pyroptosis in 
alveolar macrophages, plasma-derived exosomes help cause lung damage brought on by pancreatitis[142]. Exosomes in 
patients with COVID-19 increase inflammasome activity in distant endothelial cells, enhancing immunopathogenesis of 
the disease[143]. In addition, plasma-derived exosomes induce pyroptosis in intestinal epithelial cells via NLRP3 inflam-
masome activation in individuals with intestinal Behçet’s syndrome[144].

In summary, the above evidence suggests that exosomes play a dual role in NLRP3-mediated inflammatory response 
by attenuating or enhancing the inflammasome activity. The differences in how exosomes affect the inflammasome 
activity may depend on the cell type producing the exosomes and the specific circumstances of their release. Importantly, 
modulating the NLRP3 inflammasome activity by targeting exosomes is emerging as a promising strategy to combat 
inflammatory diseases[145-147].
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Table 2 Sources of exosomes and their roles in NOD-like receptor family pyrin domain containing 3 inflammasome regulation

Exosomes 
source

Pivotal 
molecules Role of the exosomes Ref.

Stem cell miR-378a-5p Inhibiting NLRP3 inflammasome activation [71]

Stem cell miR-539-5p Inhibiting NLRP3 inflammasome activation [72]

Stem cell NA Inhibiting NLRP3 inflammasome activation [73]

Stem cell miR-17 Inhibiting NLRP3 inflammasome activation by targeting TXNIP [106]

Stem cell NA Inhibiting NLRP3 inflammasome activation by down-regulating ROS levels [107]

Stem cell NA Inhibiting TLR4-NLRP3-mediated pyroptosis [108]

Plasma NA Inhibiting pyroptosis through the TLR4/NF-κB pathway [109]

Stem cell NA Inhibiting NLRP3 inflammasome-mediated pyroptosis by promoting AMPK-dependent autophagic 
flux

[110]

Stem cell circHIPK3 Inhibiting pyroptosis by down-regulating miR-421 to increase FOXO3A expression [111]

Stem cell miRNA Let-7 Inhibiting NLRP3 inflammasome activation by down-regulating ROS levels [112]

Stem cell miR-188-3p Targeting NLRP3 [113]

Stem cell NA Inhibiting the tumor suppressor Rb1-mediated NLRP3 inflammasome [114]

Stem cell NA Inhibiting pyroptosis through the TLR4 pathway [115]

Cancer cells miR-21 Repressing PTEN and BRCC3 to facilitate NLRP3 phosphorylation [116]

Stem cell circ_003564 Attenuating inflammasome-related pyroptosis [117]

Stem cell miR-100-5p Inhibiting the FOXO3A/NLRP3 pathway [118]

Stem cell miR-17-5p Suppressing TXNIP-NLRP3 inflammasome [119]

Pericyte circEhmt1 Upregulating NFIA levels to suppress NLRP3-mediated inflammasome formation [120]

B cells miR-BART15 Targeting the miR-223 binding site in the NLRP3 3′-untranslated region [121]

Stem cell NA Suppressing NLRP3 inflammasome activation [122]

Stem cell NA Suppressing NLRP3 inflammasome activation [123]

Stem cell NA Suppressing NLRP3 inflammasome activation [124]

Stem cell NA Regulating pyroptosis via the miR-146a-5p-TRAF6 axis [125]

M2 macrophage NA Suppressing the ROS/NLRP3 pathway [126]

Stem cell NA Attenuating inflammasome-related pyroptosis [127]

Cancer cells NA Suppressing NLRP3 inflammasome activation [128]

Stem cell miR-23b Attenuating inflammasome-related pyroptosis [129]

Stem cell miR-223-3p Targeting NLRP3 [130]

Stem cell NA Suppressing NLRP3 inflammasome activation [131]

Stem cell NA Modulating miR-126 via targeting HMGB1 [132]

Plasma NA Promoting the autophagic degradation of NLRP3 [133]

Stem cell miR-223 Downregulating NLRP3 expression [134]

Dendritic cell NA Downregulating NLRP3 expression [135]

M2 macrophage microRNA-148a Inhibiting the TLR4/NF-κB/NLRP3 pathway [136]

Salivary miR-223-3p Attenuating inflammasome-related pyroptosis [137]

Neutrophils miR-30d-5p Upregulating NLRP3 expression through the NF-κB pathway [138]

Cancer cells TRIM59 Inducing the ubiquitination of ABHD5 to activate the NLRP3 inflammasome activation [139]

Epithelium cells NA Upregulating the NLRP3 inflammasome [140]

Serum NA Activating the NLRP3 inflammasome [141]



Li X et al. Emerging role of exosomes in ulcerative colitis

WJG https://www.wjgnet.com 534 February 14, 2024 Volume 30 Issue 6

Plasma NA Triggering NLRP3-dependent pyroptosis [142]

Plasma NA Triggering NLRP3 inflammasome [143]

Plasma NA Activating the NLRP3 inflammasome [144]

Serum NA Inhibiting the NF-κB/NLRP3 pathway [145]

Plasma miRNA-223 Inhibiting NLRP3 [146]

Renal tissues NA Suppressing NLRP3 activation [147]

NA: Not available.

Effects of NLRP3 inflammasome on exosomes
Some NLRP3 inflammasome activators also stimulate extracellular vesicle secretion, suggesting inflammasome activation 
enhances extracellular vesicle secretion[148]. After exposure to ATP, macrophages secrete exosomes carrying the major 
histocompatibility complex class II proteins[149]. Moreover, macrophages isolated from mice lacking the genes encoding 
the ASC adapter or NLRP3 cannot release these exosomes after exposure to ATP, indicating exosome release requires 
components of the NLRP3 complex[149]. Similarly, inflammasome activation increases exosome secretion caused by a 
viral infection or exposure to LPS/ATP[149]. We have seen previously that the release of mature IL-1β largely depends on 
the NLRP3 inflammasome activation. When synovial fibroblasts are treated with exogenous IL-1β, they show a significant 
increase in exosome secretion compared with the untreated control cells, implying IL-1β stimulates exosome release[150]. 
Although a few recent studies demonstrate that exosome secretion is induced by NLRP3 inflammasome activation, 
evidence supporting this claim is insufficient and requires additional confirmation[19].

Exosome-inflammasome crosstalk in UC
In inflammatory states, such as UC, MSCs have immunomodulating and homeostatic effects and may repair intestinal 
damage[151]. Increasing evidence indicates that MSCs maintain immunosuppressive signals through paracrine mediators 
instead of cell-to-cell contact and that paracrine processes predominantly mediate the therapeutic role of MSC-derived 
exosomes[71,152]. Although we know little about how MSC-derived exosomes suppress colonic inflammation, recent 
evidence suggests that crosstalk between exosomes and NLRP3 inflammasome constitutes the mechanism[71-73,92]. 
Thus, the roles of exosome-NLRP3 inflammasome crosstalk in inflammatory diseases are gaining much attention[19].

In mice with colitis, exosomes from human umbilical cord MSCs carrying miR-378a-5p significantly alleviate colonic 
inflammation and promote mucosal repair[71]. Mechanically, these exosomes inhibit the NLRP3 inflammasome 
activation, preventing caspase-1 cleavage and the IL-18 and IL-1β secretion and decreasing pyroptosis[71]. Similarly, 
exosomes from bone marrow MSCs containing miR-539-5p alleviate colitis by directly targeting the NLRP3-caspase-1 
pathway to inhibit pyroptosis[72]. Moreover, hair follicle-derived MSCs inhibited pyroptosis by releasing exosomes in a 
paracrine manner, which ultimately exerted an alleviating effect in mice with colitis[73]. Other examples involving 
exosomes with small RNA cargo are dendritic cells-derived exosomes transporting miR-146a which exert a therapeutic 
effect by directly targeting the NLRP3-caspase-1 pathway to inhibit intestinal inflammation in mice with colitis[92] and 
human umbilical cord MSC-derived exosomes transferring miR-203a-3p.2 that reduce pyroptosis of macrophages caused 
by caspase-1 or -4[74].

Given these points, we can conclude that crosstalk between exosomes and the NLRP3 inflammasome holds promise for 
developing novel treatment strategies (Figure 3). Despite the scarcity of available evidence, the connection between MSC-
derived exosomes with anti-inflammatory activity and the NLRP3 inflammasome offers a fresh viewpoint on using this 
system as a therapy for UC in the clinical setting.

CONCLUSION
Since exosomes and the NLRP3 inflammasome play vital roles in UC, they are explored as potential new targets for 
preventing and treating the disease, attracting considerable attention. Importantly, crosstalk between exosomes and the 
NLRP3 inflammasome and its emerging therapeutic benefit is gaining increasing interest in biomedicine.

Exosomes are upstream components of the NLRP3 inflammasome pathway and attenuate or enhance the NLRP3 
inflammasome activation. Based on the available data, MSC-derived exosomes repress the NLRP3 inflammasome 
activation in receptor cells, alleviating the inflammatory response. Therefore, these exosomes are therapeutically valuable 
and in stark contrast to most of those derived from non-stem cells that promote the NLRP3 inflammasome activation and 
exacerbate tissue inflammation. Potent effectors of the crosstalk are micro RNAs that repress the NLRP3 inflammasome 
activation and prevent pyroptotic cell death or promote the opposite effect, depending on the cell type releasing the 
exosomes and the external factors triggering exosome release. However, this contrasting effect of exosomes on the NLRP3 
inflammasome and the factors that decide on its direction is supported by limited evidence. Similarly, evidence is lacking 
about the regulatory role of the NLRP3 inflammasome activation in exosome release. Thus, although crosstalk between 
exosomes and the NLRP3 inflammasome undoubtedly has a central role in UC research, further studies are necessary to 
elucidate it.
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Figure 3 Inhibition of NOD-like receptor family pyrin domain containing 3 inflammasome activation by stem cell-derived exosomes in 
ulcerative colitis. NLRP3: NOD-like receptor family pyrin domain containing 3; MVB: Multivesicular bodies; GSDMD: Gasdermin D.

In conclusion, the therapeutic potential of exosomes has gained much attention since these vesicles transfer biologically 
active cargo between cells and could deliver drugs to treat diseases. However, because exosomes originating from 
different sources and exposed to specific intervention conditions have unique cargo composition and properties, selecting 
those most suitable for therapeutic use represents a challenge requiring substantial effort for clarification. Moreover, 
encapsulation and targeted delivery of drugs (e.g., biologics and small molecule drugs) through exosomes is a novel 
approach that both reduce drugs toxicity and improve efficacy. Therefore, large-scale prospective clinical trials exploring 
therapeutic efficacy and adverse events of exosomes in UC will be the focus of upcoming studies on the basis of sufficient 
basic research evidence.
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Abstract
BACKGROUND 
Lymphovascular invasion (LVI) and perineural invasion (PNI) are important 
prognostic factors for gastric cancer (GC) that indicate an increased risk of 
metastasis and poor outcomes. Accurate preoperative prediction of LVI/PNI 
status could help clinicians identify high-risk patients and guide treatment deci-
sions. However, prior models using conventional computed tomography (CT) 
images to predict LVI or PNI separately have had limited accuracy. Spectral CT 
provides quantitative enhancement parameters that may better capture tumor 
invasion. We hypothesized that a predictive model combining clinical and 
spectral CT parameters would accurately preoperatively predict LVI/PNI status 
in GC patients.
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AIM 
To develop and test a machine learning model that fuses spectral CT parameters and clinical indicators to predict 
LVI/PNI status accurately.

METHODS 
This study used a retrospective dataset involving 257 GC patients (training cohort, n = 172; validation cohort, n = 
85). First, several clinical indicators, including serum tumor markers, CT-TN stages and CT-detected extramural 
vein invasion (CT-EMVI), were extracted, as were quantitative spectral CT parameters from the delineated tumor 
regions. Next, a two-step feature selection approach using correlation-based methods and information gain ranking 
inside a 10-fold cross-validation loop was utilized to select informative clinical and spectral CT parameters. A 
logistic regression (LR)-based nomogram model was subsequently constructed to predict LVI/PNI status, and its 
performance was evaluated using the area under the receiver operating characteristic curve (AUC).

RESULTS 
In both the training and validation cohorts, CT T3-4 stage, CT-N positive status, and CT-EMVI positive status are 
more prevalent in the LVI/PNI-positive group and these differences are statistically significant (P < 0.05). LR 
analysis of the training group showed preoperative CT-T stage, CT-EMVI, single-energy CT values of 70 keV of 
venous phase (VP-70 keV), and the ratio of standardized iodine concentration of equilibrium phase (EP-NIC) were 
independent influencing factors. The AUCs of VP-70 keV and EP-NIC were 0.888 and 0.824, respectively, which 
were slightly greater than those of CT-T and CT-EMVI (AUC = 0.793, 0.762). The nomogram combining CT-T stage, 
CT-EMVI, VP-70 keV and EP-NIC yielded AUCs of 0.918 (0.866-0.954) and 0.874 (0.784-0.936) in the training and 
validation cohorts, which are significantly higher than using each of single independent factors (P < 0.05).

CONCLUSION 
The study found that using portal venous and EP spectral CT parameters allows effective preoperative detection of 
LVI/PNI in GC, with accuracy boosted by integrating clinical markers.

Key Words: Spectral computed tomography; Gastric cancer; Lymphovascular invasion; Perineural invasion

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

Core Tip: This study developed a machine learning model using clinical indicators and spectral computed tomography (CT) 
imaging parameters to preoperatively predict lymphovascular and perineural invasive risk in gastric cancer patients. The 
model combining CT staging, extramural vein invasive based on CT, and quantitative spectral CT measures had high 
accuracy for noninvasive prediction of these important histological features.

Citation: Ge HT, Chen JW, Wang LL, Zou TX, Zheng B, Liu YF, Xue YJ, Lin WW. Preoperative prediction of lymphovascular and 
perineural invasion in gastric cancer using spectral computed tomography imaging and machine learning. World J Gastroenterol 
2024; 30(6): 542-555
URL: https://www.wjgnet.com/1007-9327/full/v30/i6/542.htm
DOI: https://dx.doi.org/10.3748/wjg.v30.i6.542

INTRODUCTION
Currently, gastric cancer (GC) ranks fifth in global cancer incidence and fourth in mortality[1]. Accurate preoperative 
evaluation of GC stage and tumor invasiveness is important for developing personalized treatment. In GC development, 
nerves, blood vessels, and lymphatic connections constitute the tumor microenvironment, and cancer cells can spread 
throughout the body by invading lymphatic blood vessels, and nerve fiber sheaths. Therefore, lymphovascular invasion 
(LVI) and perineural invasion (PNI) are closely related to tumor stage, depth of invasion, lymphatic metastasis, and 
distant metastasis in GC patients. As a result, the LVI and PNI can be used to predict tumor invasion and patient 
prognosis (or patient response to treatment)[2-4]. Previous studies have shown that a positive LVI/PNI can be used as an 
indicator of the efficacy of neoadjuvant and adjuvant therapies in GC patients[5,6]. At present, LVI/PNI can be diagnosed 
or determined only by postoperative pathology. Therefore, preoperative assessment of LVI and the PNI may assist 
oncologists in preoperatively identifying high-risk categories and predicting outcomes in GC patients.

In addition to postoperative pathology methods, other diagnostic methods have been identified. For example, one 
previous study showed a correlation among gastric wall invasion, lymph node metastasis, and the PNI[7]. Chen et al[8] 
reported that clinical T staging, N staging, American Joint Committee on Cancer (AJCC) staging, and enhanced computed 
tomography (CT) radiomics could be used to predict LVI. Yardımcı et al[9] confirmed that machine learning-based CT 
texture analysis was more successful at predicting LVI than was the PNI. However, these studies were usually based on 
conventional CT images used to construct models to predict LVI status or PNI status separately.

https://www.wjgnet.com/1007-9327/full/v30/i6/542.htm
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As a new scanning mode, spectral CT imaging has a variety of quantitative parameters, which enables CT imaging to 
enter the field of microscopic quantitative research from macroscopic morphology[10]. Previous studies have proven that 
the quantitative assessment of spectral CT image parameters could be used to evaluate the histological classification, 
staging, lymph node metastasis, and prognosis of GC patients[11-13]. Ren et al showed that cancer antigen 125 (CA125) 
levels, histological grade, Borrmann grade and energy-based spectrum CT parameters could be used to evaluate LVI and 
the PNI[14]. However, these studies need further validation. To our knowledge, few studies have focused on assessing 
the value of using spectral CT imaging and machine learning algorithms to predict LVI and PNI in GC patients preoper-
atively.

To better address this clinical issue, we hypothesized that optimal fusion of spectral CT parameters and clinical 
markers using a machine learning method could more accurately predict LVI or PNI status in GC patients preoperatively. 
Thus, the objective of this study is to test our hypothesis. Specifically, we first used a logistic regression (LR) method to 
analyze a number of important clinical indicators, including preoperative CT evaluation of gastric wall invasion depth 
(CT-T stage), lymph node metastasis (CT-N stage), CT-detected extramural vein invasion (CT-EMVI), and serum tumor 
markers, as well as quantitative spectral CT parameters, and then build a LR-based nomogram model that optimally fuses 
quantitative spectral CT parameters and clinical indicators (or markers), to predict histological LVI and PNI statuses in 
GC.

MATERIALS AND METHODS
Patients
This was a retrospective study in which we selected data from patients with gastric adenocarcinoma who underwent 
surgical resection and were pathologically diagnosed from December 2017 to June 2023 in our hospital. The inclusion 
criteria are as follows: (1) Diagnosis of gastric adenocarcinoma with clear LVI and PNI information; (2) Abdominal three-
phase enhanced spectral CT scan performed within 2 wk before surgery; and (3) No local or systemic treatment 
performed before CT examination or surgery. The exclusion criteria were as follows: (1) Unclear lesion on CT image; (2) 
Poor gastric filling, (3) Poor image quality; and (4) Incomplete clinical information. Using the above criteria, the clinical 
information and preoperative spectral CT images of 257 patients were obtained in this study. According to the 
postoperative pathological results, patients with LVI and/or PNI were classified as the positive group (LVI/PNI positive, 
n = 162), and patients without LVI and PNI were classified as the negative group (LVI/PNI negative, n = 95), as shown in 
Figure 1.

Clinical information
Clinical data, including sex, age, serum tumor marker levels, and pathological information, were collected by a senior 
attending physician. The serum tumor markers included CA72-4, alfa fetoprotein (AFP), carcinoembryonic antigen 
(CEA), CA19-9 and CA125. The pathological information included histological type and complete LVI and PNI data.

CT examination
All preoperative CT images were acquired using a GE Healthcare Revolution CT ascending spectral scanner. Before 
examination, all patients were asked to fast for 8 h and drink 800-1000 mL of water. The acquisition parameters were as 
follows: (1) Scanning range; (2) Mid-upper abdomen; (3) Tube voltage, 80 kVp to 140 kVp instantaneous switch; (4) Tube 
current, 200 mAs; (5) Width of detector, 80 mm; (6) Pitch, 0.992:1; (7) Speed, 0.6-0.8 s/revolution; and (8) Image matrix, 
512 × 512. A single-energy image at 70 keV was reconstructed with an image slice thickness of 1.25 mm. Before CT 
examination, a nonionic water-soluble contrast agent (Dimyron 400 mg/mL, Shanghai Bracco Sine Pharmaceutical Corp. 
Ltd.) used was injected through the cubital vein of the patient with a high-pressure syringe. The dose was 1.5 mL/kg, and 
the injection rate was 2.5-3 mL/s. Images in the arterial phase (AP), portal venous phase (VP) and equilibrium phase (EP) 
were scanned at 20-25 s, 60 s, and 3 min after the start of contrast medium injection.

Imaging analysis
First, two senior attending radiologists (with 7 and 13 years of experience in abdominal radiology, respectively) were 
blinded to the clinical information and independently and retrospectively reviewed the CT images. All TN stages and 
EMVIs were evaluated on multiplanar reconstruction images constructed using an AW4.6 workstation. The TN staging 
and EMVI scores were assigned based on the consensus between the two radiologists. Any discrepancies were resolved 
by a third senior radiologist (with 32 years of experience in abdominal radiology).

TN staging was performed on the CT images according to the 7th edition of AJCC guidelines and the study by Kim et al
[15]. CT-EMVI was defined and scored based on the criteria outlined by Yang et al[16]. A positive CT-EMVI was defined 
as a GC lesion directly invading the extramural vascular lumen, resulting in vascular dilation or filling defects, and 
connecting with the primary tumor mass. EMVI scores of 0-2 and 3-4 are considered negative, and positive CT-EMVI, 
respectively. The CT-EMVI scoring criteria are described below Figure 2.

Quantitative image analysis was performed on a GE AW4.6 workstation using GSI Viewer software, as depicted in 
Figure 3. An experienced abdominal radiologist (7 years) who was blinded to the clinical data delineated circular or 
elliptical regions of interests (ROIs) on the largest cross-sectional area of each tumor, encompassing approximately two-
thirds of the lesion volume while avoiding necrotic regions. Each lesion ROI was measured three times, and the average 
values were calculated. The following spectral CT parameters across three contrast phases were obtained including: (1) 
Single-energy CT values of 40 keV, 70 keV, 120 keV and 140 keV; (2) Iodine concentration (IC); and (3) Effective atomic 
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Figure 1 Flowchart of the inclusion and exclusion criteria. LVI: Lymphovascular invasion; PNI: Perineural invasion; CT: Computed tomography.

number (Zeff). Two additional metrics were also derived, namely: (1) The spectral curve slope, calculated as K40-70 = 
(CT40 keV-CT70 keV)/30; and (2) The normalized IC ratio (NIC), defined as the lesion IC divided by the thoracic aortic IC 
at the same level. Thus, a total of 24 parameters were extracted and computed from the spectral CT images.

In this study, the inter- and intraclass correlation coefficients (ICCs) were also calculated to assess the reproducibility of 
the spectral CT parameters extracted from the ROIs delineated by two radiologists. Radiologist A, who has 7 years of 
experience, first completed the ROI outlines for all the patients. Radiologist B, who has 13 years of experience, 
independently outlined the ROIs for a randomly selected subset of 50 patients to evaluate interobserver agreement. 
Radiologist A also repeated the ROI outlines for the same 50 patients after one month to allow assessment of intraob-
server agreement. Spectral CT parameters with ICC values ≥ 0.75 were considered adequately reproducible and were 
retained for further analysis.

Feature engineering
Figure 4 outlines the steps of computing, selecting features, building a machine learning model and evaluating model 
performance. First, a total of 257 patients diagnosed with GC were divided into the original in the training cohort (n = 
172) and validation cohort (n = 85) in chronological order at a ratio of 2:1. Since 34 features (including 24 spectral CT 
parameters and 10 clinical indicators) were extracted and computed, some of the features may be redundant. To increase 
the robustness of the multifeature fusion-based machine learning model, a feature dimensionality reduction step was 
conducted to select optimal parameters and remove redundant parameters from the whole training cohort via the 
following steps: (1) Univariate analysis was applied to calculate the associations between clinical characteristics and the 
status of LVI/PNI. Clinical features that showed statistically significant associations were retained for further analysis; 
and (2) A correlation-based feature selection subset evaluator was used in conjunction with a best-first heuristic feature 
search and selection method for feature selection. The InfoGainAttributeEval tool was then utilized to evaluate the worth 
of attributes by measuring their information gain relative to the class. This was paired with a Ranker tool employing a 0.2 
average merit threshold for further selection of informative spectral CT parameters. Step 2 was embedded inside a tenfold 
cross-validation-based iteration cycle to minimize case partition bias, and variance.

A machine learning-based individualized prediction model
Using the selected clinical characteristics and spectral CT parameters, the machine learning algorithm LR was developed 
using the Akaike information criterion as the stopping criterion. Model performance was evaluated by the area under the 
receiver operating characteristic curve (AUC) in the training and independent testing cohorts. The Hosmer-Lemeshow 
test, calibration curves, and bootstrapping (500 resamples) were used to assess model calibration. The AUCs were 
compared between cohorts via DeLong testing. DCA was used to quantify the potential net benefit of the nomogram.

Statistical methods
SPSS 26.0 statistical software was used, and single-factor statistical tests, including the χ2 test, Fisher’s exact test, the 
Mann-Whitney U test and independent sample t tests were used. Weka software (version 3.8.6) was used for feature 
selection, and R software (version 3.4.3) was used for prediction model construction and plotting. P < 0.05 was considered 
to indicate statistical significance.



Ge HT et al. Spectral CT predicts GC invasion

WJG https://www.wjgnet.com 546 February 14, 2024 Volume 30 Issue 6

Figure 2 Example of a computed tomography-detected extramural vein invasion score on computed tomography images of gastric 
cancer patients. A: Score 0: The tumor has not penetrated the gastric wall, and there are no extramural vessels beside the lesion (arrow) in the transverse position 
of the venous phase (VP); B: Score 1: The transverse view of the VP shows that the tumor has permeated the gastric wall, and there are no extramural vessels 
beside the lesion (arrow); C: Score 2: In the VP, the coronal lesion has penetrated the gastric wall, and there are tortuous blood vessels connected with the lesion 
(arrow), but no tumor density shadow is observed in the vascular lumen; D: Score 3: The transverse view of the VP shows that the mass has penetrated through the 
gastric wall, the involved blood vessels appear slightly tortuous and dilated, and the tumor density shadow is visible (arrow); E: Score 4: In the coronary view of the 
VP, the tumor permeated the gastric wall, the extramural vascular lumen was significantly dilated, and a slight low-density filling defect was visible inside (arrow).

Figure 3 Example of the energy spectrum data measurement. A: 70 keV single-energy image; B: The iodine base image; C: The energy spectrum curve. 
Elliptical regions of interests were drawn at the largest level of the lesion in the lesser curvature of the gastric horn, as shown in A and B.
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Figure 4 Technical study pipeline. CT-EMVI: Computed tomography-detected extramural vein invasion; CT: Computed tomography.

Comparison of clinical characteristics and quantitative three-phase spectral CT parameters between groups
Figure 5 shows examples of CT and histopathology images of two patients, as well as the energy spectral curves. As 
shown in Table 1, there were no significant differences between the positive and negative groups in either the training or 
validation cohorts in terms of sex or age distribution (P > 0.05). The data in Table 1 also show the following statistics data 
analysis results: (1) In both the training and validation cohorts, CT T3-4 stage, CT-N positive status, and CT-EMVI 
positive status are more prevalent in the LVI/PNI-positive group and these differences are statistically significant (P < 
0.05); (2) In the training cohort, serum CA72-4 and CA19-9 levels are significantly higher in the LVI/PNI-positive group 
compared to the LVI/PNI-negative group (P < 0.05), however this is not observed in the validation cohort (P > 0.05); and 
(3) There were no significant differences in AFP, CEA, or CA125 levels between the two groups (P > 0.05).

The CT values of 40 keV, 70 keV, 120 keV, and 140 keV, K40-70, Zeff, IC, and NIC are higher in the LVI/PNI-positive 
group compared to the LVI/PNI-negative group at the AP, VP, and EP (P < 0.05). The interobserver ICCs for these 
spectral CT parameters ranged from 0.766 to 0.955, while the intraobserver ICCs ranged from 0.759 to 0.945, indicating 
good inter- and intraobserver agreement, as all the ICCs exceeded 0.75. These reproducible spectral CT parameters were 
retained for subsequent feature selection.

Feature selection
After removing 29 redundant features, five features-CT-T stage, CT-N stage, CT-EMVI, single-energy CT values of 70 keV 
of VP-70 keV, and the ratio of standardized IC of EP (EP-NIC)-were frequently selected by the BestFirst method with ≥ 
90% probability. The CT-N stage was then removed after applying InfoGainAttributeEval with a 0.2 average merit 
threshold. The remaining four features (CT-T stage, CT-EMVI, VP-70 keV CT value, and EP-NIC) were selected and 
incorporated into LR models. The confusion matrices of clinical and spectral CT features and details of the feature 
selection process are presented in Tables 1 and 2.

Model performance evaluation
Using training cohort, LR demonstrated that CT-T stage [odds ratio (OR) = 2.683, 95% confidence interval (CI): 1.103-
6.523], CT-EMVI (OR = 3.396, 95%CI: 1.277-9.027), VP-70 keV CT value (OR = 1.047, 95%CI: 1.021-1.074), and EP-NIC (OR 
= 117.723, 95%CI: 4.867-2847.564) were independent influencing factors for predicting LVI/PNI status.

According to the ROC analysis (Table 3 and Figure 6), the AUC of the established LR model was 0.918 (95%CI: 0.866-
0.954) in the training cohort, which was greater than that of the single independent factors (0.762-0.888). According to the 
DeLong tests, the differences between the AUC generated by the LR model and each of the 4 parameters (CT-T, CT-
EMVI, VP-70 keV, and EP-NIC) were significant (P values ranging from 0.0428 to 0.0001). A nomogram was constructed 
for clinical use (Figure 6).

The AUC of the LR model in the validation cohort was 0.874 (95%CI: 0.784-0.936); when each of the 4 parameters was 
used individually, the AUC ranged from 0.735 to 0.824. There are no significant differences between the paired ROC 
curves using the same features or LR model applying to the training and validation cohorts with P value > 0.05, such as P 
= 0.3564 using LR model.

Additionally, the calibration curve and Hosmer-Lemeshow test showed good fit of the nomogram (Figure 6), with no 
significant differences (P = 0.6051). The decision curve analysis confirmed that, compared to the treat-none and treat-all 
strategies, using the nomogram can help stratify patients based on their predicted risk of LVI/PNI positivity for 
threshold probabilities between 0.10 and 0.95.

DISCUSSION
This study analyzed quantitative spectral CT parameters, CT-determined TN stage, CT-detected EMVI, and serum tumor 
markers using a machine learning algorithm. Feature reduction and subsequent LR analysis demonstrated that CT-T 
stage, CT-EMVI, the VP-70 keV CT value, and the EP-NIC were independent predictors of histological LVI/PNI status. 
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Table 1 Comparative analysis of clinical indicators and spectral computed tomography parameters between groups

Training cohort (n = 172) Validation cohort (n = 85)
Variables

LVI/PNI (+) LVI/PNI (-) P value LVI/PNI (+) LVI/PNI (-) P value

Gender, n (%)

    Male 77 (61.1) 49 (38.9) 0.818 47 (70.2) 20 (29.8) 0.109

    Female 29 (63.0) 17 (37.0) 9 (50.0) 9 (50.0)

Age, yr, n (%)

    < 60 33 (66.0) 17 (34.0) 0.450 19 (67.9) 9 (32.1) 0.788

    ≥ 60 73 (59.8) 49 (40.2) 37 (64.9) 20 (35.1)

CT-T

    T1/2 23 (30.3) 53 (69.7) < 0.001a 9 (28.1) 23 (71.9) < 0.001a

    T3/4 83 (86.5) 13 (13.5) 47 (88.7) 6 (11.3)

CT-N

    N0 29 (34.9) 54 (65.1) < 0.001a 19 (55.8) 24 (44.2) < 0.001a

    N1/2/3 77 (86.5) 12 (13.5) 36 (12.2) 5 (87.8)

CT-EMVI

    Negative 44 (41.5) 62 (58.5) < 0.001a 20 (45.5) 24 (54.5) < 0.001a

    Positive 62 (6.1) 4 (93.9) 36 (87.8) 5 (12.2)

CA72-4, n (%)

    Negative 86 (57.3) 64 (42.7) 0.002a 46 (63.9) 26 (36.1) 0.528

    Positive 20 (90.9) 2 (9.1) 10 (76.9) 3 (23.1)

AFP, n (%)

    Negative 104 (61.5) 65 (38.5) 1.000 54 (65.9) 28 (34.1) 1.000

    Positive 2 (66.7) 1 (33.3) 2 (66.7) 1 (33.3)

CEA, n (%)

    Negative 91 (61.1) 58 (38.9) 0.704 42 (61.8) 26 (38.2) 0.109

    Positive 15 (65.2) 8 (34.8) 14 (82.4) 3 (17.6)

CA199, n (%)

    Negative 89 (58.6) 63 (41.4) 0.022a 48 (64.0) 27 (36.0) 0.483

    Positive 17 (85.0) 3 (15.0) 8 (80.0) 2 (20.0)

CA125, n (%)

    Negative 101 (60.5) 66 (39.5) 0.158 54 (65.9) 28 (34.1) 1.000

    Positive 5 (100.0) 0 (0.0) 2 (66.7) 1 (33.3)

VP-70 kev, mean ± SD 92.46 ± 18.29 64.54 ± 15.90 < 0.001a 89.87 ± 20.34 66.30 ± 18.65 < 0.001a

EP-NIC, mean ± SD 0.68 ± 0.16 0.49 ± 0.13 < 0.001a 0.69 ± 0.15 0.51 ± 0.12 < 0.001a

aP value < 0.05.
P was calculated from univariate association of characteristics with lymphovascular invasion/perineural invasion status in gastric cancer cohorts. LVI: 
Lymphovascular invasion; PNI: Perineural invasion; (+): Positive; (-): Negative; CT-EMVI: Computed tomography-detected extramural vein invasion; VP-
70 keV: Single-energy computed tomography value of 70 keV in the venous phase; EP-NIC: Ratio of the standardized iodine concentration in the 
equilibrium phase; CA: Cancer antigen; CEA: Carcinoembryonic antigen; AFP: Alfa fetoprotein.

The LR model demonstrated promising results, with comparable accuracy in predicting LVI/PNI across independent 
training and testing cohorts.

The present study suggested a greater possibility of vascular nerve invasion in the T3-4 stage, which aligns with the 
findings of previous studies[9] that identified clinical T stage as a predictive factor for LVI. Although CT-determined N 
status differed significantly according to the χ2 test, it was removed by the InfoGainAttributeEval tool, which evaluates 
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Table 2 Risk factors of lymphovascular invasion and perineural invasion in gastric cancer

Feature selection Individual nomogram
Variables BestFirst with probability 

(%)
InfoGainAttributeEval with average 
merit Z value OR (95%CI) P value

CT-EMVI 100 0.203 ± 0.016 2.451 3.396 (1.277-9.027) 0.014

CT-T 100 0.263 ± 0.018 2.177 2.683 (1.103-6.523) 0.029

VP-70kev 90 0.356 ± 0.016 3.565 1.047 (1.021-1.074) < 0.001

EP-NIC 90 0.239 ± 0.016 2.934 117.723 (4.867-
2847.564)

0.003

CT-N 100 0.197 ± 0.014

CT-EMVI: Computed tomography-detected extramural vein invasion; VP-70 keV: Single-energy computed tomography value of 70 keV in the venous 
phase; EP-NIC: Ratio of the standardized iodine concentration in the equilibrium phase; OR: Odds ratio; CI: Confidence interval.

Table 3 Performance of the individual nomogram and single independent factors

AUC (95%CI) Sensitivity Specificity PPV NPV Accuracy

Nomogram

    Training cohort 0.918 (0.866-0.954) 85.9 83.3 89.2 78.6 84.9

    Validation cohort 0.874 (0.784-0.936) 87.5 75.9 87.5 75.9 83.5

CT-EMVI

    Training cohort 0.762 (0.691-0.824) 58.5 93.9 93.9 58.5 72.1

    Validation cohort 0.735 (0.628-0.825) 64.3 82.8 87.8 54.5 70.6

CT-T

    Training cohort 0.793 (0.725-0.851) 78.3 80.3 86.5 69.7 79.1

    Validation cohort 0.816 (0.717-0.892) 83.9 79.3 88.7 71.9 82.4

VP-70kev

    Training cohort 0.888 (0.831-0.931) 84.9 71.2 82.6 74.6 79.7

    Validation cohort 0.804 (0.703-0.882) 92.9 55.2 80.0 80.0 80.0

EP-NIC

    Training cohort 0.824 (0.758-0.877) 82.1 62.1 77.7 68.3 74.4

    Validation cohort 0.824 (0.726-0.898) 85.7 58.6 80.0 68.0 76.5

CT-EMVI: Computed tomography-detected extramural vein invasion; VP-70 keV: Single-energy computed tomography value of 70 keV in the venous 
phase; EP-NIC: Ratio of the standardized iodine concentration in the equilibrium phase; AUC: Area under the receiver operating characteristic curve; CI: 
Confidence interval; PPV: Positive predictive value; NPV: Negative predictive value.

attribute worth by measuring information gain relative to the class. This may be because preoperative CT has lower 
accuracy for N staging than for T staging, as reported previously[17,18].

The presence of an EMVI in CT images is another independent risk factor for LVI/PNI. Previous studies have shown 
that EMVI usually coexists with invasion of the perigastric nerves, blood vessels, and lymphatic vessels and is considered 
a route for tumor spread through neurovascular bundles[19]. Our study also confirmed that CT-EMVI is closely related to 
LVI/PNI status. Patients with positive CT-EMVI findings had a greater probability of having positive LVI/PNI (OR = 
3.396, 95%CI: 1.277-9.027).

Serum tumor markers are produced by tumor cells or the body’s autoimmune response during tumor growth. CA72-4, 
AFP, CEA, CA19-9, CA125, and other markers are widely used to diagnose and evaluate the prognosis and treatment 
efficacy in GC patients[20-22]. Significant differences were found for CA72-4 and CA19-9 in the training cohort (P < 0.05) 
but not in the verification cohort (P > 0.05), indicating population-level differences. In contrast, AFP, CEA, and CA125 did 
not significantly differ (P > 0.05). In contrast to our results, Ren et al[14] reported higher CA125 levels in LVI/PNI-positive 
patients. Other studies have shown that GC patients with nerve, vascular, or serosal infiltration and lymph node 
metastasis have a greater probability of having increased CA72-4[20]. These findings further indicate that serum tumor 
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Figure 5 Comparative imaging and spectral analysis of pathological gastric adenocarcinoma in two patients with different lympho-
vascular and perineural invasion status. A and B: Patient 1: The patient was a 75-year-old female with pathological gastric adenocarcinoma, and both 
lymphovascular invasion (LVI) and perineural invasion (PNI) were negative (HE, × 200); the equilibrium phase (EP) transverse view shows that the gastric cancer 
(GC) lesion was immersed in the submucosal low-density layer, and the infiltration depth was more than 50% of the lesion; however, the low-density zone was still 
visible with an intact outer membrane. No suspicious metastatic lymph nodes were found on the computed tomography (CT) image, and no extramural blood vessels 
were found around the lesion. The CT stage was CT-T2N0, and CT-detected extramural vein invasion (CT-EMVI) was 0 and negative. The slopes of the energy 
spectrum curves in the EP were K40-70 = 3.43, IC = 18.46 (100 μg/cm3), normalized iodine concentration (NIC) = 0.40, and effective atomic number (Zeff) = 8.68; C 
and D: Patient 2: The patient was a 77-year-old male with pathological gastric adenocarcinoma, and both LVI and PNI were positive (HE, × 200). The GC lesion in the 
transverse position in the equilibrium stage permeated the gastric wall, and a cord-like thickened vascular shadow was observed in the fat space around the lesion. 
An endovascular low-density filling defect (black arrow) was observed. Enlarged lymph nodes were observed around the lesion, the short diameter was 7 mm (orange 
arrow), the CT stage was CT-T4aN1, and the CT-EMVI score was 4, indicating positivity. The slopes of the energy spectrum curves in the EP are K40-70 = 5.18, IC = 
27.41 (100 μg/cm3), NIC = 0.59, and Zeff = 9.14; E: The energy spectrum curve shows that the CT value at 40-140 keV in patient 2 is greater than that in patient 1, 
and the value of the slope is greater. The spectral parameters of patient 2 are greater than those of patient 1.

marker levels differ across populations.
The single-energy CT value, IC, and NIC in energy spectrum CT can reflect the degree of blood supply to lesions[23]. 

Previous studies have indicated that LVI/PNI-positive patients exhibit greater angiogenesis activity and greater 
microvascular density, resulting in greater lesion enhancement[24]. Therefore, iodine uptake rates (IC and NIC) and 
single-energy CT values were greater in the positive group than in the negative group. The energy spectrum curve slope 
and Zeff were also greater in the LVI/PNI-positive group (P > 0.05), indicating differences in attenuation characteristics 
between the groups. An increased lesion mass from the vasculature and endoneurial tumor embolus formation leads to 
increased Zeff[14].
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Figure 6 Comprehensive analysis of predictive models. A: Individual nomogram; B: Calibration curve; C: Decision curve analysis of the training cohort; D: 
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Receiver operating characteristic (ROC) curves of the application of the nomogram, VP-70 keV, EP-NIC, CT-T and CT-EMVI to the training cohort. The DeLong test 
showed that the differences were significant between the nomogram and each single independent factor; E: ROC curve of the application of the nomogram to the 
training cohort and the validation cohort. CT-EMVI: Computed tomography-detected extramural vein invasion; VP-70 keV: Single-energy computed tomography value 
of 70 keV in the venous phase; EP-NIC: Ratio of the standardized iodine concentration in the equilibrium phase; ROC: Receiver operating characteristic; AUC: Area 
under the receiver operating characteristic curve.

Among the spectral CT quantitative parameters, VP-CT70 keV and EP-NIC were identified as independent predictors 
of LVI/PNI status by multivariate LR, while arterial-phase parameters were excluded. This may be because the AP 
mainly reflects intravascular blood supply, whereas the venous and EPs can more effectively reflect blood supply distri-
bution, especially the extracellular lesion space. Thus, venous and EP parameters had better predictive performance than 
AP parameters. Ren et al[14] and Li et al[25] also reported superior diagnostic performance for LVI/PNI status using 
venous-phase spectral parameters. In our study, 70 keV single-energy CT values in the VP were selected as an 
independent risk factor. This is likely because 70 keV images have the lowest noise, even below that of conventional 
mixed-energy images, providing the best signal-to-noise ratio[24,26].

Multivariate LR was used to construct predictive models for LVI/PNI status. The AUC of spectral CT quantitative 
parameters in the venous and EPs for predicting LVI/PNI status was 0.888 and 0.824, respectively, slightly higher than 
CT-T and CT-EMVI (AUC = 0.793, 0.762). This finding suggested that venous and EP spectral CT alone enables effective 
assessment. However, the nomogram constructed using combined parameters provides even greater sensitivity and 
positive predictive value. This allows preoperative identification of high-risk LVI/PNI patients, allowing oncologists to 
stratify patients into risk categories and adopt more aggressive treatment if warranted. In summary, our study demon-
strated the utility of a multiparametric approach using spectral CT for preoperatively identifying high-risk categories and 
predicting outcomes in GC patients.

This study has several limitations. First, the sample size was relatively small, and there were unequal numbers of 
patients in the positive and negative LVI/PNI groups. Second, this study focused solely on gastric adenocarcinoma and 
did not evaluate other histological tumor types. Third, traditional clinicopathological factors were not incorporated into 
our prediction models. Fourth, as a single-center study, our results may have limited generalizability. Further multicenter 
studies are warranted to verify the clinical feasibility of implementing these predictive models more broadly.

CONCLUSION
In conclusion, despite these limitations, this study demonstrated the feasibility of using multiphasic spectral CT 
parameters to preoperatively predict lymphovascular and PNI risk in gastric adenocarcinoma patients. Further validation 
of this noninvasive approach may enable individualized risk stratification and outcome prediction to optimize treatment.

ARTICLE HIGHLIGHTS
Research background
The research background involves the critical role of lymphovascular invasion (LVI) and perineural invasion (PNI) as 
prognostic factors in gastric cancer (GC), indicating an increased risk of metastasis and poor patient outcomes. The ability 
to accurately predict LVI/PNI status preoperatively is significant for identifying high-risk patients and guiding treatment 
decisions. Conventional models using standard computed tomography (CT) images to predict these invasions have had 
limited success; thus, this study proposes a new approach using spectral CT imaging and machine learning to improve 
prediction accuracy.

Research motivation
The research is motivated by the necessity to improve preoperative predictions of LVI and PNI in GC patients, addressing 
the limitations of conventional CT imaging techniques. The primary objective is to develop a more precise predictive 
model by integrating spectral CT imaging parameters with clinical markers through machine learning algorithms. 
Successfully achieving this could refine preoperative assessments, aid in risk stratification, inform treatment planning, 
and potentially elevate future diagnostic strategies in the field of GC.

Research objectives
The primary objective of the research is to test the hypothesis that an optimal fusion of spectral CT parameters with 
clinical markers using a machine learning method can more accurately predict LVI or PNI status in GC patients before 
surgery. Specifically, the study analyzed a set of clinical indicators, such as preoperative CT evaluation of gastric wall 
invasion depth, lymph node metastasis, extramural vein invasion, and serum tumor markers, along with quantitative 
spectral CT parameters. The research aimed to develop a logistic regression (LR)-based nomogram model that integrates 
these clinical indicators with spectral CT parameters to predict histological LVI and PNI statuses in GC. Realizing these 
objectives has significant implications for improving preoperative staging and tailoring appropriate treatment plans for 
GC patients, thus advancing future research and diagnostic strategies in this field.



Ge HT et al. Spectral CT predicts GC invasion

WJG https://www.wjgnet.com 553 February 14, 2024 Volume 30 Issue 6

Research methods
The research adopted a retrospective dataset and a LR-based nomogram model that incorporated clinical indicators with 
quantitative spectral CT parameters for the preoperative prediction of lymphovascular and PNI in GC patients. Methods 
included using statistical software for univariate analysis and correlation-based feature selection, along with 10-fold 
cross-validation and information gain ranking within a training-validation cohort framework to select significant 
features. The model’s performance was evaluated through receiver operating characteristic (ROC) analysis, calibration 
using the Hosmer-Lemeshow test and bootstrapping, and decision curve analysis to quantify potential net benefits. These 
methods highlighted novel approaches in integrating machine learning with available clinical and imaging data to 
potentially improve preoperative assessment and treatment planning.

Research results
The research results demonstrated that CT values and parameters such as iodine concentration and normalized iodine 
concentration were significantly higher in the LVI/PNI-positive group across all phases (arterial, venous, and 
equilibrium) when compared to the LVI/PNI-negative group, with statistical significance (P < 0.05). Good inter- and 
intra-observer agreement was observed for these spectral CT parameters, as indicated by the inter-observer intraclass 
correlation coefficients (ICC) values ranging from 0.766 to 0.955 and intra-observer ICC values from 0.759 to 0.945. This 
reproducibility led to their retention for feature selection in developing the predictive model. These findings contribute to 
the overall research in the field by introducing reproducible and quantifiable spectral CT parameters as reliable 
predictors for LVI/PNI status in GC patients. The study opens avenues for further investigation into refining and 
validating these spectral CT-based assessment methods, possibly addressing existing challenges in preoperative staging 
and treatment planning.

Research conclusions
The study proposes a novel application of spectral CT imaging integrated with machine learning to preoperatively 
predict lymphovascular and PNI in patients with GC. Through the use of a logistic regression-based nomogram model, 
the research introduces a new method for combining clinical indicators with quantitative imaging parameters to improve 
the accuracy of preoperative assessments. This contributes to the field by proposing an alternative to the current 
postoperative pathology methods and could improve treatment planning by enabling non-invasive, individualized risk 
stratification prior to surgery.

Research perspectives
The direction of future research following this study is anticipated to focus on validating the noninvasive spectral CT-
based machine learning model in prospective multicenter studies to confirm its clinical utility in preoperative risk strati-
fication. Additionally, further research may explore the integration of this model in routine clinical practice to assess its 
impact on patient management, particularly in the identification of those who may benefit from more aggressive 
treatment strategies preoperatively. By refining and expanding the predictive capabilities of spectral CT imaging, future 
research could pave the way for improved individualized treatment planning and outcomes in GC care.
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Abstract
BACKGROUND 
A cure for Helicobacter pylori (H. pylori) remains a problem of global concern. The 
prevalence of antimicrobial resistance is widely rising and becoming a challenging 
issue worldwide. Optimizing sequential therapy seems to be one of the most 
attractive strategies in terms of efficacy, tolerability and cost. The most common 
sequential therapy consists of a dual therapy [proton-pump inhibitors (PPIs) and 
amoxicillin] for the first period (5 to 7 d), followed by a triple therapy for the 
second period (PPI, clarithromycin and metronidazole). PPIs play a key role in 
maintaining a gastric pH at a level that allows an optimal efficacy of antibiotics, 
hence the idea of using new generation molecules.

AIM 
To compare an optimized sequential therapy with the standard non-bismuth 
quadruple therapies of 10 and 14 d, in terms of efficacy, incidence of adverse 
effects (AEs) and cost.

METHODS 
This open-label prospective study randomized 328 patients with confirmed H. 
pylori infection into three groups (1:1:1): The first group received quadruple 
therapy consisting of twice-daily (bid) omeprazole 20 mg, amoxicillin 1 g, clarith-
romycin 500 mg and metronidazole 500 mg for 10 d (QT-10), the second group 
received a 14 d quadruple therapy following the same regimen (QT-14), and the 
third group received an optimized sequential therapy consisting of bid rabe-

https://www.f6publishing.com
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mailto:jihane.benass@gmail.com


Seddik H et al. H. pylori randomized clinical trial

WJG https://www.wjgnet.com 557 February 14, 2024 Volume 30 Issue 6

prazole 20 mg plus amoxicillin 1 g for 7 d, followed by bid rabeprazole 20 mg, clarithromycin 500 mg and 
metronidazole 500 mg for the next 7 d (OST-14). AEs were recorded throughout the study, and the H. pylori 
eradication rate was determined 4 to 6 wk after the end of treatment, using the 13C urea breath test.

RESULTS 
In the intention-to-treat and per-protocol analysis, the eradication rate was higher in the OST-14 group compared 
to the QT-10 group: (93.5%, 85.5% P = 0.04) and (96.2%, 89.5% P = 0.03) respectively. However, there was no statist-
ically significant difference in eradication rates between the OST-14 and QT-14 groups: (93.5%, 91.8% P = 0.34) and 
(96.2%, 94.4% P = 0.35), respectively. The overall incidence of AEs was significantly lower in the OST-14 group (P = 
0.01). Furthermore, OST-14 was the most cost-effective among the three groups.

CONCLUSION 
The optimized 14-d sequential therapy is a safe and effective alternative. Its eradication rate is comparable to that 
of the 14-d concomitant therapy while causing fewer AEs and allowing a gain in terms of cost.

Key Words: Helicobacter pylori; Quadruple therapy; Sequential; Proton-pump inhibitor; Optimization

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

Core Tip: Helicobacter pylori infection remains a common infection worldwide. The decline in the efficacy of traditional 
triple therapies since 2010 has required new combinations of antibiotics. The last guidelines of Maastricht VI recommend 
bismuth quadruple therapies or concomitant quadruple therapies to reach an eradication rate of at least 90%. These values 
remain higher than those obtained with standard sequential therapy but are associated with a higher cost and more adverse 
effects (AEs). The results of the present study demonstrate that optimizing sequential therapy by using second-generation 
proton-pump inhibitors improved eradication rates and reduced AE incidence. This combination can thus be suggested for 
use in clinical practice.

Citation: Seddik H, Benass J, Berrag S, Sair A, Berraida R, Boutallaka H. Optimized sequential therapy vs 10- and 14-d concomitant 
therapy for eradicating Helicobacter pylori: A randomized clinical trial. World J Gastroenterol 2024; 30(6): 556-564
URL: https://www.wjgnet.com/1007-9327/full/v30/i6/556.htm
DOI: https://dx.doi.org/10.3748/wjg.v30.i6.556

INTRODUCTION
A cure for Helicobacter pylori (H. pylori) remains a problem of global concern[1]. This bacterium is a well-known cause of 
peptic ulcer, gastritis, gastric mucosa-associated lymphoid tissue lymphoma and gastric malignancies[2-4]. H. pylori 
eradication is thus an effective strategy in preventing gastric malignancies[5,6].

Even though H. pylori infection management is evolving, no regimen can currently achieve a cure rate of 100%. The 
most recent Maastricht VI consensus recommends (in the absence of antibiotic susceptibility testing) quadruple Bismuth 
therapy or non-Bismuth quadruple concomitant therapy to achieve a cure rate of at least 90% despite the association of 
both regimens with a significant rate of adverse effects (AEs)[7]. Furthermore, the prevalence of antimicrobial resistance 
is widely rising and becoming a problem of great interest worldwide[8]; in Morocco, a previous study showed clarith-
romycin resistance of more than 15%[9]. Therefore, the best strategy to increase H. pylori eradication rate would be a 
personalized treatment based on antibiotic susceptibility[10].

However, this strategy is not possible in many developing countries, which is why many studies have instead focused 
on optimizing the recommended regimens[11]. It can either be an optimization by extending the length of the protocol
[12], using a higher dose and/or second-generation proton-pump inhibitors (PPIs) or switching to vonoprazan[13,14], 
changing the antibiotics used and their posology, or associating other molecules to the eradication protocol, such as 
probiotics[15].

Optimizing the sequential therapy seems to be one of the most attractive strategies in terms of efficacy, tolerability and 
cost. The most common sequential therapy consists of a dual therapy (PPI and amoxicillin) for the first period (5 to 7 d), 
followed by a triple therapy for the second period (PPI, clarithromycin and metronidazole). PPIs play a key role in 
maintaining a gastric pH at a level that allows optimal antibiotic efficacy[16], hence the idea of using new generation 
molecules.

The primary aim of this study was to compare the efficacy of the 14-d sequential therapy (optimized by using a second-
generation PPI) and standard non-bismuth quadruple therapies of 10 and 14 d. The secondary aims were to compare the 
tolerability and AEs among the groups, as well as their cost-effectiveness.

https://www.wjgnet.com/1007-9327/full/v30/i6/556.htm
https://dx.doi.org/10.3748/wjg.v30.i6.556
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MATERIALS AND METHODS
Study design and patient selection
This was a single center, prospective, open-label, randomized study, conducted between January 2018 and March 2020, at 
the Mohammed V Military Teaching Hospital of Rabat. We included adult patients with H. pylori infection confirmed by 
histological analysis of gastric biopsies performed during upper endoscopy. Five gastric biopsy samples were taken 
systematically according to the recommended Sydney system (antrum, incisura, greater and lesser curvature)[17], and 
then studied for the presence of H. pylori using Hematoxylin and eosin staining at the pathology laboratory of our 
hospital. Patients who previously received an eradication therapy, PPI, H2-blockers, non-steroidal anti-inflammatory 
drugs or Bismuth containing compounds 4 wk prior to the study, and/or patients who were allergic to the prescribed 
antibiotics were excluded from the study. Pregnant and breastfeeding females, patients with history of gastric surgery, 
kidney or liver failure, or severe psychiatric conditions were also excluded. All patients provided written informed 
consent to be included in the study. The protocol followed Helsinki Declaration guidelines and was approved by our 
local scientific committee at Mohammed V Military Teaching Hospital of Rabat. Our clinical trial was registered in the 
Pan African Clinical Trial Registry (www.pactr.org) on December 7, 2021, registration number: PACTR202112632957229.

Randomization and treatment
Patients were randomly assigned into three groups in a 1:1:1 ratio, using a computer-generated table: QT-14, QT-10 and 
OST-14. Allocations were concealed in a sealed opaque envelope which was to be opened during the consultation day. 
The QT-14 and QT-10 groups received omeprazole 20 mg, amoxicillin 1 g, clarithromycin 500 mg and metronidazole 500 
mg, all twice daily for 14 and 10 d, respectively. The OST-14 group received an optimized sequential therapy consisting of 
twice daily rabeprazole 20 mg and amoxicillin 1 g during 7 d, followed by rabeprazole 20 mg, clarithromycin 500 mg and 
metronidazole 500 mg, all twice daily for the remaining 7 d. PPI was administered 30 min before breakfast and supper, 
whereas antibiotics were administered every 12 h after meals.

Follow-up and outcomes
The H. pylori eradication was assessed at least 4 wk after the last day of the treatment using the 13C-urea breath test 
(UBT), which was performed blindly at the same laboratory for all patients. The cut-off value for the UBT was 2.5 per 
thousand. The patients did not undergo additional therapy with PPI after completion of eradication therapy.

All patients were evaluated 2 wk after the start of the treatment and at its end to assess AEs and compliance. Drug 
compliance was defined by taking at least 90% of the prescribed protocol drugs and was assessed at the end of the 
protocol. AEs were assessed using a pre-established structured questionnaire consisting of dichotomous questions about 
the occurrence and intensity of AEs including diarrhea, nausea and/or vomiting, gastralgia, metallic taste, dysgeusia, 
symptoms related to an allergic reaction, headache, dizziness, asthenia, or any other AE.

Cost-effectiveness analysis was assessed by comparing the overall cost of each protocol. The cost of every drug was 
calculated using a national website: www.medicament.ma. The cost-effectiveness ratio for each regimen was calculated 
by dividing the total cost for 100 patients treated by the percent of patients treated.

Statistical analysis
This study sample size was determined as follows. We presumed the eradication rate of OST-14 to be 95% and the 
eradication rate of QT-10 to be 83% (lowest eradication rate of the three treatment regimens). By setting the bilateral 
significance level to 0.05, the power to 80% and the drop-out rate to 5%, at least 104 patients were required in each group. 
Our hypothesis on the QT-10 eradication rate was based on a previous meta-analysis[18].

The primary endpoint of the study was the eradication rate of H. pylori, which was assessed by intention to treat (ITT) 
and per-protocol (PP) analyses. The safety population included all randomized patients who received at least one 
treatment dose during the study, ITT population included all patients who received at least one treatment dose during 
the study and who were examined during the first visit, while the PP population included only patients who completed 
the study. Therapeutic failure was recorded as outcome for patients with missing data due to incomplete treatment. The 
secondary outcomes were the incidence of AEs, the therapeutic compliance and the cost-effectiveness of the protocols.

Descriptive and inferential statistical analyses were performed using Software Package Social Science SPSS® for mac OS 
version 22.0 (IBM Corp, Armonk, NY, United States). For all statistical analyses, P value less than 0.05 was considered 
statistically significant. Qualitative variables (eradication rates of the three groups) were compared using χ2 test and 
Fisher’s exact test. Continuous variables were compared between the three groups using a one-way ANOVA test.

RESULTS
Population characteristics
A total of 328 patients were enrolled in the study. They were included in the ITT analysis and randomized into the three 
groups. After eliminating the dropped-out patients from the study, the PP analysis included 317 patients. The study flow 
chart is shown in Figure 1. Demographic and clinical characteristics of the three groups are shown in Table 1 and were 
not significantly different between the groups.

http://www.pactr.org
http://www.medicament.ma
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Table 1 Basic overall population and group characteristics

Characteristic Overall, n = 317 QT-14, n = 107 QT-10, n = 105 OST-14, n = 105 P value

Age in yr, mean ± SD 44.13 ± 15.30 43.37 ± 14.40 43.36 ± 15.9 45.67 ± 15.53 0.46

Sex ratio as male/female 0.98 1.03 1 0.92 0.91

Smoking habit 49 (14.9) 18 (16.4) 14 (12.7) 17 (15.7) 0.62

Gastroduodenal ulcer 47 (14.3) 22 (20) 13 (11.8) 12 (11.1) 0.16

Gastric atrophy 51 (15.5) 14 (12.7) 18 (16.4) 19 (17.6) 0.58

Gastric metaplasia 18 (5.5) 7 (6.4) 8 (7.3) 3 (2.8) 0.26

HP antral density 0.30

    + 114 (34.9) 37 (33.9) 37 (33.6) 40 (37)

    ++ 170 (52) 58 (53.2) 56 (50.9) 56 (51.9)

    +++ 35 (10.7) 11 (10.1) 12 (10.9) 12 (11.1)

HP fundic density 0.74

    + 147 (44.8) 54 (49.1) 46 (41.8) 47 (43.5)

    ++ 62 (18.9) 20 (18.2) 22 (20) 20 (18.5)

    +++ 7 (2.1) 1 (0.9) 2 (1.8) 4 (3.7)

All values are expressed as n (%) unless otherwise stated. +: Sparse; ++: Moderate; +++: Marked. HP: Helicobacter pylori; SD: Standard deviation.

Figure 1 Flow-chart of study patients.

Eradication rates
In the ITT analysis, H. pylori eradication was achieved in 85.5% of patients in the QT-10 group, 91.8% of patients in the 
QT-14 group, and 93.5% of patients in the OST-14 group. In the PP analysis, the results were as follows: 89.5%, 94.4%, and 
96.2% in the QT-10, QT-14, and OST-14 groups, respectively.

Comparison of eradication rates
The eradication rate in the OST-14 group was higher compared to the QT-10 group in the ITT analysis (P = 0.04) and in 
the PP analysis (0.03). However, there was no statistically significant difference between the eradication rate of OST-14 
and QT-14 groups (in ITT analysis: P = 0.34, in PP analysis P = 0.35).
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Safety
The treatment tolerance was better in the OST-14 group, with an incidence of AEs of 24.7% compared to 42.7% and 39% in 
the QT-14 and QT-10, respectively (P = 0.03) (Table 2). However, the treatment was globally well tolerated among the 
three groups, and AEs were mild to moderate in all patients. The drug compliance was excellent among the three groups: 
97%, 95% and 98.9% in the QT-10, QT-14 and OST-14, respectively (P = 0.48).

Cost-effectiveness
The overall cost was lower in the OST-14 group [427.10 Moroccan dirhams (MAD)], compared to QT-14 and QT-10 
groups (691.90 MAD and 587.10 MAD, respectively). The cost-effectiveness ratio was lower in the OST-14 group, as 
shown in Table 3.

DISCUSSION
According to the Maastricht VI consensus, the most recommended empirical regimens for H. pylori infection are Bismuth 
quadruple therapy and non-Bismuth quadruple concomitant therapy[7]. However, eradication rates widely vary 
geographically due to varying antimicrobial resistance, especially to clarithromycin and metronidazole[19].

It is important to note that the H. pylori eradication rate is significantly influenced by antibiotic resistance. Furthermore, 
the bismuth agent is not available in all areas. Therefore, in areas where H. pylori is highly resistant to clarithromycin, 
non-bismuth quadruple therapies are still recommended when the bismuth agent is not available.

Several non-bismuth regimens have been tested to improve the management of H. pylori infection[20,21]. One of them 
is modified sequential therapy[12,22]. In the present study, we aimed to compare the results of the standard 10- and 14-d 
non-bismuth quadruple therapies to an optimized sequential therapy by using a second-generation PPI.

Overall, we found that the optimized 14-d sequential regimen using rabeprazole (OST-14) achieves a higher cure rate 
than the standard quadruple therapy without bismuth for 10 d (85.5% and 93.5%, respectively, P = 0.04), while there was 
no statistically significant difference between OST-14 and the 14-d quadruple therapy (93.2% and 91.8%, respectively, P = 
0.34). OST-14 allowed a greater tolerance with fewer AEs compared to quadruple therapies (P = 0.01), and there was no 
difference in term of drugs compliance between the three groups. Furthermore, the cost-effectiveness ratio was lower in 
the OST-14 group.

The sequential therapy was introduced for the first time in 2000 in Italy by Zullo et al[23]. We personally demonstrated 
its superiority compared to the standard triple therapy in a previous study[24]. A recent metanalysis by Wang et al[18] 
showed that there is no difference in terms of eradication rate between a 14-d sequential and a 14-d concomitant therapy. 
Another study showed that a 14-d sequential therapy is equivalent to 10 d bismuth quadruple therapy in terms of 
eradication rate (91.3% and 91.6%, respectively), but bismuth therapy led to more AEs[25]. In a metanalysis, the same 
team demonstrated that a 14-d sequential therapy is more effective than a 14-d triple therapy[26].

In the present study, the gain in terms of eradication rate can be explained by the use of a second generation PPI 
(rabeprazole 20 mg bid) in the OST-14 group. In fact, the last Maastricht consensus states that switching omeprazole 20 
mg twice daily to rabeprazole 20 mg bid or esomeprazole 40 mg bid may increase eradication rate by 8%-12%[7]. The 
advantage of PPIs lies in the fact that the majority of proposed regimens are pH-dependent and become less effective 
when the intragastric pH is low[27], hence the use of higher dose PPIs and second-generation substances. A possible 
explanation for the superiority of second-generation PPIs (rabeprazole and esomeprazole) may be their metabolism, 
which is less dependent on CYP2C19 genetic variables and their higher acid inhibition power[28]. A further metanalysis 
by McNichol et al[29] confirmed that both esomeprazole and rabeprazole led to higher eradication rates compared to first 
generation PPIs (omeprazole, lansoprazole and pantoprazole). High doses of PPIs also improved the efficacy of 
eradication therapy. In strains resistant to clarithromycin, the eradication rate can be increased using PPI-amoxicillin dual 
therapy[30].

All therapeutic regimens currently recommended are associated with gastrointestinal AEs[31]. Herein, OST-14 allowed 
a gain in terms of AE incidence compared to quadruple concomitant therapies. These findings confirm those of previous 
studies[32-34]. The 14-d sequential therapy consists of the same antibiotics as the 14-d concomitant regimen but for a 
shorter duration. It should therefore lead to fewer AEs. This was the case in our study with a benefit of 18% in terms of 
AE occurrence (31.3% vs 49.5%; P = 0.03). Because treatment cost is a determining factor, especially in developing coun-
tries, we carried-out cost- effectiveness analysis and showed that OST-14 is the most cost-effective among our study’s 
groups. The same result was previously reported by Farhoud et al[33], who found that 14-d sequential therapy is cheaper 
than 14-d triple therapy. Further, Kate et al[35] confirmed in a metanalysis that sequential therapies are cheaper than 
standard therapies. Other cost-analysis studies have shown the same results and found that sequential therapy is the 
most economically attractive option[36,37]. This benefit can be explained by the fact that clarithromycin is the most 
expensive drug used in different protocols, and it is used for a shorter duration in sequential therapy.

One of the limitations of this study is that we did not perform H. pylori cultures and did not have any data about 
antibiotic susceptibility. However, a recent study showed that in Morocco, the local primary resistance to clarithromycin 
was 29%, 40% to metronidazole and 0% to amoxicillin[9]. Another potential limitation is that second line treatments were 
not included, which makes it difficult to interpret the cost effectiveness analysis. Additionally, it is difficult to generalize 
our results to other areas, as the study was conducted in a single center. Nonetheless, the sample size was reasonable to 
allow for correct statistical analysis. However, our results should be validated by further studies in different geographic 
areas. Other studies could further compare these eradication regimens to others containing vonoprazan. For the moment, 
this molecule is still not available in Morocco.
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Table 2 Incidence of adverse effects among the study groups

Analysis QT-10 QT-14 OST-14 P value1

ITT 39% 42.7% 24.7% 0.03

PP 45.1% 49.5% 31.3% 0.01

1P value of χ2 test.
ITT: Intention to treat; PP: Per-protocol.

Table 3 Cost-effectiveness ratio in the three protocols costs, expressed in Moroccan dirhams

Therapeutic protocol Overall cost of 100 patients Effectiveness Cost-effectiveness ratio

QT-10 58710 89.5% 655

QT-14 69190 94.4% 732

OST-14 42710 98.1% 435

CONCLUSION
In conclusion, the results of the present study showed that the 14-d sequential therapy using rabeprazole appears to be an 
optimal therapy that is comparable to 14-d concomitant therapy while causing fewer AEs and allowing a gain in terms of 
cost.

ARTICLE HIGHLIGHTS
Research background
A cure for Helicobacter pylori (H. pylori) remains a problem of global concern and none of the currently available treat-
ments can achieve a cure rate of 100%. With the global rising issue of antibiotic resistance and the difficulty to establish 
personalized treatments according to antibiotic susceptibility in developing countries, optimizing sequential therapy 
seems to be one of the most attractive strategies in terms of efficacy, tolerability and cost.

Research motivation
H. pylori eradication rate is significantly influenced by antibiotic resistance. According to the Maastricht VI consensus, the 
most recommended empirical regimens for H. pylori infection are Bismuth quadruple therapy and non-Bismuth 
quadruple concomitant therapy when the Bismuth agent is not available. Many studies showed that switching to high 
doses of second-generation proton-pump inhibitors (PPIs) and using a PPI-amoxicillin dual therapy can improve the 
eradication rate and could lead to fewer adverse effects (AEs). The cost of treatment is also a determining factor, 
especially in developing countries.

Research objectives
In the present study, we aimed to compare the results of the standard 10- and 14-d non-bismuth quadruple therapies to 
an optimized sequential therapy by using a second-generation PPI, in terms of efficacy, tolerability and cost-effectiveness. 
The 14-d sequential therapy using rabeprazole appears to be an optimal therapy that is comparable to 14-d concomitant 
therapy while causing fewer AEs and allowing a gain in terms of cost. Other studies could further validate the standard 
eradication regimens vs the 14-d sequential therapy using rabeprazole vs other regimens containing vonoprazan. For the 
moment, this molecule is still not available in Morocco.

Research methods
We conducted a single center, prospective, open-label, randomized study with patients randomly assigned into three 
groups in a 1:1:1 ratio using a computer-generated table: QT-14, QT-10 and OST-14. Allocations were concealed in a 
sealed opaque envelope to be opened during the consultation day.

Research results
This study showed that the 14-d sequential therapy using rabeprazole appears to be an optimal therapy that is 
comparable to 14-d concomitant therapy while causing fewer AEs and allowing a gain in terms of cost.

Research conclusions
According to the Maastricht VI consensus, the most recommended empirical regimens for H. pylori infection are Bismuth 
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quadruple therapy and non-Bismuth quadruple concomitant therapy. This study suggests the use of an optimized 14-d 
sequential regimen using rabeprazole to achieve the same eradication rate as the non-bismuth quadruple concomitant 
therapy while leading to fewer AEs and being more economically attractive.

Research perspectives
Given our study’s limitations, these are several future research perspectives: (1) Conduct a multicenter trial (in different 
geographical areas) to validate our results; (2) Compare the sequential therapy to other therapies containing vonoprazan; 
and (3) Compare the use of esomeprazole and rabeprazole in a sequential therapy in terms of efficacy, tolerability and 
cost-effectiveness.
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Abstract
BACKGROUND 
Esophageal squamous cell carcinoma (ESCC) is a deadly malignancy with limited 
treatment options. Deubiquitinases (DUBs) have been confirmed to play a crucial 
role in the development of malignant tumors. JOSD2 is a DUB involved in con-
trolling protein deubiquitination and influencing critical cellular processes in 
cancer.

AIM 
To investigate the impact of JOSD2 on the progression of ESCC.

METHODS 
Bioinformatic analyses were employed to explore the expression, prognosis, and 
enriched pathways associated with JOSD2 in ESCC. Lentiviral transduction was 
utilized to manipulate JOSD2 expression in ESCC cell lines (KYSE30 and 
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KYSE150). Functional assays, including cell proliferation, colony formation, drug sensitivity, migration, and 
invasion, were performed, revealing the impact of JOSD2 on ESCC cell lines. JOSD2's role in xenograft tumor 
growth and drug sensitivity in vivo was also assessed. The proteins that interacted with JOSD2 were identified 
using mass spectrometry.

RESULTS 
Preliminary research indicated that JOSD2 was highly expressed in ESCC tissues, which was associated with poor 
prognosis. Further analysis demonstrated that JOSD2 was upregulated in ESCC cell lines compared to normal 
esophageal cells. JOSD2 knockdown inhibited ESCC cell activity, including proliferation and colony-forming 
ability. Moreover, JOSD2 knockdown decreased the drug resistance and migration of ESCC cells, while JOSD2 
overexpression enhanced these phenotypes. In vivo xenograft assays further confirmed that JOSD2 promoted 
tumor proliferation and drug resistance in ESCC. Mechanistically, JOSD2 appears to activate the MAPK/ERK and 
PI3K/AKT signaling pathways. Mass spectrometry was used to identify crucial substrate proteins that interact 
with JOSD2, which identified the four primary proteins that bind to JOSD2, namely USP47, IGKV2D-29, 
HSP90AB1, and PRMT5.

CONCLUSION 
JOSD2 plays a crucial role in enhancing the proliferation, migration, and drug resistance of ESCC, suggesting that 
JOSD2 is a potential therapeutic target in ESCC.

Key Words: Esophageal squamous cell carcinoma; JOSD2; Ubiquitination; Biomarker; Targeted therapy; Drug resistance

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

Core Tip: JOSD2, a deubiquitinating enzyme, is a key player in the aggressive pathogenesis of esophageal squamous cell 
carcinoma (ESCC). Elevated JOSD2 expression in ESCC tissues is associated with poor prognosis. Functional analyses, 
including in vivo xenograft assays, highlight JOSD2's role in promoting tumor proliferation and drug resistance. Mechanist-
ically, JOSD2 activates the MAPK/ERK and PI3K/AKT signaling pathways. Mass spectrometry identified key interacting 
proteins, including USP47, IGKV2D-29, HSP90AB1, and PRMT5. This study underscores the potential role of JOSD2 as a 
therapeutic target in ESCC.
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pathogenesis of esophageal squamous cell carcinoma. World J Gastroenterol 2024; 30(6): 565-578
URL: https://www.wjgnet.com/1007-9327/full/v30/i6/565.htm
DOI: https://dx.doi.org/10.3748/wjg.v30.i6.565

INTRODUCTION
Esophageal squamous cell carcinoma (ESCC) ranks among the deadliest malignancies worldwide, posing a significant 
public health concern[1]. Despite advances in early detection and therapeutic interventions, ESCC remains a formidable 
challenge due to its mostly late-stage diagnosis and limited treatment options. To explore the potential therapeutic targets 
of ESCC, there has been an increasing focus on the genetic underpinnings of this aggressive cancer. Deubiquitinases 
(DUBs), responsible for cleaving ubiquitin chains from their protein targets, are crucial for controlling protein ubiquit-
ination and preserving protein homeostasis. DUBs influence important cellular processes such as tumor cell proliferation, 
drug resistance, distant metastasis, and immune evasion by stabilizing the expression of key cancer proteins[2-6]. The 
research on DUBs provides new avenues for developing treatment options for cancers lacking effective therapeutic 
strategies. However, the role of DUBs in malignant tumors is far from fully elucidated. Currently, an increasing number 
of small molecule inhibitors targeting DUBs are being developed and reported, with preclinical and clinical trials 
underway, demonstrating significant potential in this research field[7].

JOSD2, also known as Josephin domain-containing 2, is a member of the Machado-Joseph disease protein family. It 
consists of 188 amino acids and contains only one highly conserved catalytic Josephin domain, possessing enzymatic 
activity. Several recent studies have shed light on the involvement of JOSD2 in some malignant tumors[8-12]. JOSD2 has 
been found to interact with key signaling pathways, such as the Hippo pathway, Wnt/β-catenin pathway, and DNA 
repair mechanisms[8,9,11]. Dysregulation of JOSD2 expression has been implicated in cancer initiation, tumor growth, 
and resistance to chemotherapy[8,11]. There is a lack of relevant research on the association between JOSD2 and ESCC. 
The elucidation of the function of JOSD2 in ESCC will be helpful to identify individuals at higher risk and devise person-
alized treatment strategies. Therefore, we aimed to explore the function of JOSD2 in ESCC, shedding light on its potential 
as a promising avenue for further investigation and clinical applications.
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MATERIALS AND METHODS
Analyses of JOSD2 expression, prognosis and enriched pathways in ESCC tissue
The University of Alabama at Birmingham CANcer database (https://ualcan.path.uab.edu/) was used to analyze the 
differential expression of JOSD2 mRNA between ESCC and normal esophageal tissues[13,14]. The online survival 
database Kaplan–Meier Plotter (https://kmplot.com/analysis/) was used to assess the impact of high vs low JOSD2 
mRNA expression on the survival prognosis of patients with ESCC[15]. Clinical and RNA-seq data from ESCC patients 
were downloaded from The Cancer Genome Atlas (TCGA) database (https://portal.gdc.cancer.gov/), and a nomogram 
predicting the 1-, 3- and 5-year survival probability of ESCC patients was constructed and visualized using the “survival” 
and “rms” packages in R (4.2.1).

The top 500 genes that have a similar expression pattern to JOSD2 in ESCC were downloaded from the Gene 
Expression Profiling Interactive Analysis 2 database (http://gepia2.cancer-pku.cn/#index) and listed in Supple-
mentary Table 1. The Search Tool for the Retrieval of Interacting Genes/Proteins database (https://string-db.org/) was 
used to plot a protein-protein interaction (PPI) network of the top 100 genes associated with JOSD2.

Gene Ontology (GO) (Supplementary Table 2) and Kyoto Encyclopedia of Genes and Genomes (KEGG) (Supplemen-
tary Table 3) enrichment analyses of the top 500 genes that have a similar expression pattern to JOSD2 were conducted 
using the R packages “clusterProfiler”, “enrichplot”, and “ggplot2”. The differentially expressed genes between the high 
and low JOSD2 expression groups based on TCGA database were determined using the R package “DESeq2” and listed 
in Supplementary Table 4. A Gene Set Enrichment Analysis (GSEA) was then conducted using the R packages “cluster-
Profiler” and “ggplot2” (Supplementary Table 5), based on the C2. CP. KEGG.v7.2 gene sets from the Molecular 
Signatures Database (MSigDB). Single-cell sequencing data from GSE160269 dataset was also analyzed to determine 
JOSD2 expression of different cell types (including B cell, CD4 T cell, CD8 T cell, DC, endothelial cell, fibroblasts, 
malignant cell, mast cell, mono/macro cell, pericytes, plasma cell, T proliferation cell, and Treg cell) using the Tumor 
Immune Single-Cell Hub 2 online tool (http://tisch.comp-genomics.org/home/).

Cell culture
A normal esophageal epithelial cell line, Het-1A, was obtained from the American Type Culture Collection and cultured 
in Dulbecco's modified Eagle's medium (Thermo Fisher Scientific, United States) supplemented with 10% fetal bovine 
serum (FBS) (Sigma, United States), penicillin (100 U/mL) and streptomycin (0.1 mg/mL) (Sigma, United States). Four 
ESCC cell lines (KYSE30, KYSE140, KYSE150, and KYSE410) were obtained from the Chinese Academy of Sciences Cell 
Bank and cultured in Roswell Park Memorial Institute (RPMI)-1640 medium (Thermo Fisher Scientific, United States) 
supplemented with 10% FBS (Sigma, United States), penicillin (100 U/mL), and streptomycin (0.1 mg/mL) (Sigma, 
United States). These cells were cultured at 37°C in a 5% CO2 incubator.

Lentiviral packaging and transduction
Two independent small hairpin RNA (shRNA) sequences targeting JOSD2 (sh1: CGATGAGATCTG-CAAGAGGTT; sh2: 
GTGTCTACTACAACCTGGACT) were designed, cloned into a PSIH1 vector (GenePharma, China), and used for 
lentivirus packaging in 293T cells. The lentiviral supernatant was collected. KYSE150 cells (which had the highest JOSD2 
expression among the ESCC cell lines) were transduced with the lentivirus and selected with puromycin 72 h later.

The JOSD2 gene was cloned into the lentiviral expression vector pLVX-IRES-Neo to create the overexpression plasmid 
pLVX-G418 JOSD2-Flag (GenePharma, China). The lentivirus was packaged and used to infect KYSE30 cells (which had 
the lowest JOSD2 expression among the ESCC cell lines), which were then selected with G418 72 h later.

RNA extraction and real-time fluorescent quantitative polymerase chain reaction
The total RNA was extracted using an RNApure Tissue/Cell Kit (Cwbiotech, China). The isolated RNA was used as a 
template for reverse transcription reaction using a HiFiScript cDNA Synthesis Kit (Cwbiotech, China). Real-time 
fluorescent quantitative polymerase chain reaction (RT-qPCR) was performed using SYBR Fast qPCR Mix (TaKaRa, 
Japan) and a CFX96 Real-Time System (Bio-Rad, United States). The primer sequences for JOSD2 were as follows: 
Forward: 5’-CCCACCGTGTACCACGAAC-3’; reverse: 5’-CTCCTGGCTAAAGAGCTGCTG-3’. The primer sequences for 
GAPDH were as follows: Forward: 5’-GATTCCACCCATGGCAAATTC-3’; reverse: 5’-CTGGAAGATGGTGATGGGATT-
3’.

Cell protein extraction and western blotting
Approximately 1 × 106 cells were placed in each well of a 6-well culture plate. The cells were lysed by adding radioim-
munoprecipitation assay buffer (10 μL) and a phosphatase inhibitor (1 μL) for every 100000 cells. The protein lysate was 
centrifuged at 17000g for 30 min to obtain the supernatant. The protein concentration was measured using a bicinchoninic 
acid assay. A mixture containing 10 μg of protein was then boiled at 95 °C for 10 min to denature the proteins.

Gel electrophoresis and transfer were carried out using a Mini Gel Tank chamber system (Thermo Fisher Scientific, 
United States) following the detailed procedures and reagents provided in the manufacturer's instructions. Gel electro-
phoresis was performed with constant voltage, starting at 70 V for 20 min, followed by an adjustment to 100 V for 50 min. 
The proteins were then transferred to a polyvinylidene fluoride membrane using a constant voltage of 10 V for 50 min.

The membrane was blocked with 5% skim milk for 1 h. The membrane was then incubated with one of the following 
primary antibodies overnight at 4 °C: JOSD2 antibody (sab2103354, 1:500, Sigma-Aldrich, United States), phosphorylated 
p44/42 MAPK (Erk1/2) (Thr202/Tyr204) antibody (9101, 1:1000, Cell Signaling Technology, United States), p44/42 
MAPK (Erk1/2) (L34F12) antibody (4696, 1:1000, Cell Signaling Technology, United States), phosphorylated Akt (Ser473) 

https://ualcan.path.uab.edu/
https://kmplot.com/analysis/
https://portal.gdc.cancer.gov/
http://gepia2.cancer-pku.cn/#index
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(D9E) antibody (4060, 1:2000, Cell Signaling Technology, United States), phosphorylated Akt (Thr308) antibody (13038, 
1:1000, Cell Signaling Technology, United States), or Akt (pan) (40D4) antibody (2920, 1:2000, Cell Signaling Technology, 
United States). The membrane was then incubated with one of the following secondary antibodies at room temperature 
for 1 h: Anti-rabbit (7074, 1:1000, Cell Signaling Technology, United States) or anti-mouse (7076, 1:1000, Cell Signaling 
Technology, United States) horseradish peroxidase-linked antibody. The membrane was subjected to enhanced chemilu-
minescence (ECL) detection using SignalFire ECL reagent (Cell Signaling Technology, United States), and images were 
captured and saved using an automated imaging system. Anti-β-actin antibody (4967, 1:1000, Cell Signaling Technology, 
United States) was then added and incubated at room temperature for 1 h, followed by detection and image capture.

Cell proliferation assays
The Cell Counting Kit-8 (CCK-8) assay (Solarbio, China) was performed according to the manufacturer's instructions. 
Cells were seeded in a 96-well culture plate with approximately 1000 cells per well, and incubated at 37 °C in a 5% CO2 
incubator for 24, 48, 72, or 96 h. Subsequently, 10 μL of CCK-8 reagent was added to the cells, and the absorbance at 450 
nm was measured using a microplate reader.

Colony formation assay
After exposure to shRNA1, shRNA2, or negative control, 1000 cells in the logarithmic growth phase were suspended in 
RPMI-1640 medium with 10% FBS and seeded in each well of 6-well plates. Following a 12-d incubation, the cells were 
fixed with methanol for 15 min and then stained with 0.5% crystal violet for 3 min at room temperature. After three 
washes with distilled water, the plates were air-dried and the cell colonies were manually counted. A positive colony was 
defined as a cluster containing at least 50 cells.

Drug sensitivity assay
Cells in the logarithmic growth phase, with knocked-down or overexpressed JOSD2, and their respective control cells, 
were divided into different groups and seeded into 96-well plates with each well containing 1 × 104 cells. After cell 
adhesion, cisplatin (Med-ChemExpress, United States) was added to each well at concentration gradients of 0, 10, 20, 40, 
60, and 80 μg/mL in JOSD2 knock-down cell group. For the JOSD2 overexpression cell group, cisplatin was added at 
concentration gradients of 0, 20, 40, 60, 80, and 100 μg/mL. After 48 h, the sensitivity of the tumor cells to cisplatin was 
assessed using a 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay kit (Sangon Biotech, China).

Migration assay
Transwell chambers (Corning, United States) were preloaded with 5 × 104 cells suspended in 100 μL of RPMI-1640 
medium without FBS. The chambers were then placed in a 24-well plate, with each well containing 500 μL of RPMI-1640 
medium supplemented with 10% FBS, and incubated in a 37 °C, 5% CO2 incubator. After 24 h, the medium in the 
chambers was removed, and the cells in the chambers were gently wiped away with a cotton swab. The cells on the 
chambers were fixed on a new 24-well plate with 4% paraformaldehyde for 20 min. Next, the chambers were removed, 
followed by crystal violet staining for 20 min. Excess crystal violet solution was washed off with phosphate-buffered 
saline (PBS), and cell images were captured using a microscope.

Invasion assay
Approximately 60 μL of diluted Matrigel (1:8, Becton, Dickinson and Company, United States) was added to Transwell 
chambers. The chambers were incubated in a 37 °C, 5% CO2 incubator for 3 h, excess liquid was removed from the 
chambers, and 100 μL of RPMI-1640 medium without FBS was added. The chambers were then placed in the 37 °C, 5% 
CO2 incubator for 30 min to hydrate the basement membrane. Subsequently, 100 μL of cell suspension comprising 5 × 104 
cells in FBS-free RPMI-1640 medium was added to the chambers. The chambers were then placed in a 24-well plate, with 
each well containing 500 μL of RPMI-1640 medium with 10% FBS, and incubated in the 37 °C, 5% CO2 incubator. After 24 
h, the medium in the chambers was removed, and the Matrigel and the cells in the chambers were gently wiped away 
with a cotton swab. As in the Transwell migration assays, a new 24-well plate with 4% paraformaldehyde was used to fix 
the cells on the chambers for 20 min, the chambers were removed, crystal violet staining was performed for 20 min, 
excess crystal violet solution was rinsed off with PBS, and cell images were captured using a microscope.

Xenograft and drug sensitivity assays
Xenograft assays were conducted by subcutaneously injecting JOSD2-knockdown KYSE150 cells and JOSD2-overex-
pressing KYSE30 cells under the armpits of BALB/c nude mice. Tumor dimensions, including length and width, were 
assessed using a vernier caliper every 3 d. Tumor volume was determined as 0.52 × length × width², and growth curves 
were plotted. From subcutaneous injection until tumor growth on the 19th day, the tumor tissues were harvested and their 
weights were recorded.

Additionally, the role of JOSD2 in cisplatin sensitivity in vivo was studied using xenograft and drug sensitivity assays. 
JOSD2-knockdown KYSE150 cells or JOSD2-overexpressing KYSE30 cells were injected under the armpits of BALB/c 
nude mice. When the tumor volume reached 10 mm³, cisplatin was intraperitoneally injected (6 mg/kg, every 3 d for 15 
d) and the tumor volume was measured at the same time. At approximately 2 wk after the first administration of 
cisplatin, the tumor tissues were excised and weighed.
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Mass spectrometry
To explore the proteins that interact with JOSD2, KYSE30 cells with Flag-tagged JOSD2 (Flag-JOSD2 sequence: 
GATTACAAGGATGACGACGATAAG) were lysed with protein lysis buffer to obtain the total proteins. Flag-JOSD2 was 
then enriched by immunoprecipitation. After obtaining the protein precipitate interacting with Flag-JOSD2, the protein 
complex was subjected to SDS-PAGE, followed by silver staining for band visualization. Specific bands were then 
subjected to mass spectrometry analysis (Beijing Protein Innovation Co., Ltd., China).

Statistical methods
ImageJ software was used to quantify the protein expression levels in Western blot analysis. Graphs were constructed 
and statistical analyses were performed using GraphPad Prism 10 software (GraphPad Software, Inc., United States). A P 
value less than 0.05 was considered statistically significant. Student's t-test was used to determine the significance of 
differences between two groups, while analysis of variance was employed to compare differences among more than two 
groups.

RESULTS
JOSD2 is highly expressed in ESCC tissues, which is associated with poor prognosis
JOSD2 expression was significantly higher in ESCC tissues than normal esophageal tissues (P < 0.0001) (Figure 1A). 
Additionally, ESCC patients with high JOSD2 expression had a worse prognosis than those with low expression (P = 
0.025), providing a basis for predicting the prognosis of ESCC (Figure 1B and C).

To determine the biological functions of JOSD2, GO and KEGG enrichment analyses were performed. The top five 
most enriched biological process, cellular component, and molecular function (MF) terms are shown in Figure 1D (only 
one MF term was enriched), and the top five most enriched KEGG pathways are shown in Figure 1E. The top five gene 
sets in the GSEA, comprising CROMER Tumorigenesis Up, UROSEVIC Response to Imiquimod, MOSERLE IFNA 
Response, GNATENKO Platelet Signature, and RADAEVA Response to IFNA1 Up, are shown in Figure 1F. A PPI 
diagram based on the top 100 genes associated with JOSD2 is depicted in Supplementary Figure 1.

JOSD2 expression in ESCC cells
To determine whether JOSD2 is expressed in ESCC cells, single-cell sequencing data in GSE160269 was utilized and 
JOSD2 was highly expressed in ESCC cells (Figure 2). Additionally, JOSD2 mRNA and protein expression in a normal 
esophageal epithelial cell line (Het-1A) and ESCC cell lines (KYSE30, KYSE140, KYSE150, and KYSE410) was assessed 
using RT-qPCR and western blotting, respectively. The results showed that both JOSD2 mRNA (Figure 3A) and protein 
(Figure 3B) expression were consistently upregulated in ESCC cell lines compared to the normal esophageal cell line.

JOSD2 knockdown inhibits activity of ESCC cells
To confirm the function of JOSD2 in ESCC cells, two shRNAs targeting JOSD2 were designed and knockdown assays in 
the KYSE150 cell line (which had the highest JOSD2 expression among the ESCC cell lines) were conducted. RT-qPCR 
results showed that both shRNAs achieved effective knockdown (Figure 4A).

Subsequently, CCK-8 cell viability assays were performed to study the influence of JOSD2 knockdown on cell prolif-
eration. The results indicated that both shRNAs significantly inhibited the proliferation of KYSE150 cells (P < 0.0001 for 
both) (Figure 4B). Colony formation assays were conducted to investigate the effect of JOSD2 knockdown on tumor-
forming ability. JOSD2 knockdown significantly suppressed the colony-forming ability of KYSE150 cells (Figure 4C).

JOSD2 enhances ESCC cell proliferation, drug resistance, and migration in vitro
Chemoresistance and distant metastasis are major contributors to the poor prognosis of ESCC patients. Therefore, the 
next step was to investigate whether JOSD2 also affects the drug resistance and migratory ability of ESCC cells. JOSD2 
knockdown increased the sensitivity of KYSE150 cells to 48-h treatment with various concentrations of cisplatin (P < 
0.0001 for both) (Figure 5A). Transwell migration and invasion assays also demonstrated that JOSD2 knockdown 
significantly inhibited the migratory (P < 0.01) and invasion (P < 0.0001) ability of KYSE150 cells (Figure 5B). To validate 
the promoting role of JOSD2 in the development of ESCC cells, exogenous JOSD2 was overexpressed in KYSE30 cells 
(which had the lowest JOSD2 expression among the ESCC cell lines). The results showed that JOSD2 overexpression 
significantly promoted the proliferation (P < 0.0001), drug resistance (P < 0.0001), migration (P < 0.01), and invasion (P < 
0.001) capability of KYSE30 cells (Figure 5C-E).

JOSD2 promotes ESCC cell proliferation and drug resistance in vivo
Xenograft assays were conducted in nude mice using JOSD2-knockdown KYSE150 cells, JOSD2-overexpressing KYSE30 
cells, and their respective control cells. The mice in each group were divided into subgroups with and without cisplatin 
treatment to study the effects of JOSD2 on ESCC cell proliferation and drug sensitivity in vivo. JOSD2-knockdown 
KYSE150 cells exhibited significantly slower tumor growth and a more pronounced reduction in tumor volume under 
cisplatin treatment compared to control cells (P < 0.001 for tumor volume, P < 0.0001 for tumor weight) (Figure 6A and B). 
On the other hand, JOSD2-overexpressing KYSE30 cells not only had faster tumor growth but also exhibited significantly 
increased resistance to cisplatin (P < 0.0001 for tumor volume, P < 0.0001 for tumor weight) (Figure 6C and D). These 
findings suggested that JOSD2 has a vital role in promoting the development of ESCC.

https://f6publishing.blob.core.windows.net/4c403ce6-feb6-44a4-9d49-eb01c13883e2/WJG-30-565-supplementary-material.zip
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Figure 1 Expression level, survival analysis, and enrichment analyses of JOSD2 in esophageal squamous cell carcinoma tissues. A: 
Boxplots of JOSD2 expression in esophageal squamous cell carcinoma (ESCC) tissues and normal esophageal tissues based on University of Alabama at 
Birmingham CANcer database; B: Kaplan-Meier plot showing the survival difference between ESCC patients with high vs low JOSD2 expression based on the 
Kaplan-Meier Plotter database; C: Nomogram of JOSD2 expression predicting 1-, 3- and 5-year survival probability of ESCC patients; D-F: Gene Ontology (D), Kyoto 
Encyclopedia of Genes and Genomes (E) and Gene Set Enrichment Analysis (F) enrichment analyses of JOSD2. bP < 0.001; cP < 0.0001.

JOSD2 facilitates activation of cancer-related pathways in ESCC cells
To explore the molecular mechanisms by which JOSD2 promotes ESCC, the effects of JOSD2 on the phosphorylation 
pathways MAPK/ERK and PI3K/AKT, which play important roles in carcinogenesis, were assessed. Western blotting 
results showed that JOSD2 knockdown in ESCC cells inhibited the phosphorylation levels of ERK1/2 and AKT 
(Figure 7A), while JOSD2 overexpression in ESCC cells led to the activation of MAPK/ERK and PI3K/AKT signaling 
pathways (Figure 7B). These results indicated that the activation of the MAPK/ERK and PI3K/AKT signaling pathways 
serves as a pivotal downstream mechanism in facilitating the oncogenic function of JOSD2.
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Figure 2 Single-cell sequencing data of esophageal squamous cell carcinoma in GSE160269. A: Uniform manifold approximation and projection 
plots showing the grouping of different cell types (left) and the expression profile of JOSD2 (right) in different cell types; B: Violin plots showing JOSD2 expression in 
different cell types.

Figure 3 JOSD2 expression in esophageal squamous cell carcinoma cell lines. Real-time fluorescence quantitative polymerase chain reaction and 
western blotting results showing JOSD2 mRNA (A) and protein (B) expression in esophageal squamous cell carcinoma cell lines and a normal esophageal epithelial 
cell line. A: JOSD2 mRNA; B: Protein.

Proteins potentially binding to JOSD2 were identified by mass spectrometry
To identify key substrate proteins interacting with JOSD2, anti-Flag magnetic beads were used to enrich Flag-JOSD2 
protein and its interacting proteins in KYSE30 cells with exogenous Flag-JOSD2 overexpression. As indicated by the blue 
arrows in Figure 8A, silver staining of the SDS-PAGE gel revealed numerous protein bands in the overexpression group 
but not in the control group, indicating that these proteins were specifically immunoprecipitated along with Flag-JOSD2. 
Mass spectrometry showed that JOSD2 had the highest score (validating the reliability of its enrichment) and the other 
top-ranked proteins were USP47, IGKV2D-29, HSP90AB1, and PRMT5 (Figure 8B), which indicated that these proteins 
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Figure 4 JOSD2 knockdown significantly suppresses the activity of esophageal squamous cell carcinoma cells. A: JOSD2 was successfully 
knocked down using shRNA1/2 directed against JOSD2 in KYSE150 cells; B: JOSD2 knockdown significantly inhibited cell proliferation; C: JOSD2 knockdown 
significantly inhibited the ability of the cells to form colonies. cP < 0.0001.

may be the significant substrates that bind to JOSD2.

DISCUSSION
In recent years, an increasing number of studies have shown that DUBs play a crucial role in the development of 
malignant tumors[11,16]. There has been a substantial amount of research on DUBs in five common malignant tumors, 
namely non-small cell lung cancer, hepatocellular cancer, gastric cancer, colorectal cancer, and breast cancer[8,17-20]. For 
instance, USP9X, DUB3, and USP7 have been identified in these malignant tumors[21-23]. There has been less research on 
DUBs in ESCC, and this research has mostly focused on the impact of the known DUBs on the metastatic process of ESCC
[24-27]. PSMD14, OTUB1, USP26, and EIF3H, by stabilizing Snail, promote the occurrence of metastasis[24-27]. This 
redundancy in the regulatory mechanism makes using individual DUBs as effective therapeutic targets challenging.

This study is the first to report on the role of JOSD2 in ESCC. The preliminary findings indicated that JOSD2 is not only 
highly expressed in ESCC tissues, but its high expression is significantly associated with a poor prognosis. Subsequent 
analyses revealed that JOSD2 significantly enhanced the proliferation, migration, and drug resistance of ESCC cells. The 
in vivo results confirmed that altering JOSD2 expression, either by overexpression or knockdown, modulates the 
resistance of ESCC to the chemotherapy drug cisplatin (one of the primary chemotherapy drugs used to treat ESCC). This 
highlights the potential significance of using JOSD2 as a therapeutic target in order to overcome cisplatin resistance in 
ESCC.

Norberg et al[28] reported the role of JOSD2 in lung adenocarcinoma. They analyzed the metabolic profile of lung 
adenocarcinoma and found that PHGDH, a critical rate-limiting enzyme in serine synthesis, was highly expressed in a 
subgroup with poor prognosis[28]. Tumors with high PHGDH expression exhibited rapid proliferation and migration. 
Subsequently, the authors discovered that the protein expression of PHGDH is regulated by the ubiquitin proteasome 
system pathway. The authors screened for DUBs that stabilize PHGDH by using a siRNA library targeting 99 DUBs for 
transient knockdown. Targeting the DUB JOSD2, among these 99 DUBs, led to the largest significant reduction (> 80%) in 
PHGDH protein expression. Thus, JOSD2 affected the metabolism of lung adenocarcinoma by stabilizing PHGDH and 
promoting tumor growth. The same research team further explored and revealed the relationship between JOSD2 and 
metabolism[29]. They found that both in vitro and in vivo, JOSD2 directly regulated the metabolic enzyme complex 
comprising aldolase A, phosphofructokinase 1, and PHGDH. Wild-type JOSD2, but not its enzymatic mutant, stabilized 
this complex via deubiquitination, enhancing its activity, and thereby increasing the glycolytic rate of cancer cells. The 
absence of JOSD2 inhibited various cancer cells (including non-small cell lung cancer, breast cancer, and ovarian cancer 
cells) and reduced glycolysis. In summary, JOSD2 effectively integrated glycometabolism and serine metabolism by 
stabilizing the metabolic enzyme complex. For cancer types that are highly reliant on glycolysis for their energy supply, 
increased JOSD2 expression significantly promoted cell proliferation and growth. This finding suggests that JOSD2 is a 
potential therapeutic target in cancer cells that are dependent on glycolytic metabolism.

Qian et al[11] reported the role of JOSD2 in the progression of cholangiocarcinoma (CCA)[11]. They identified JOSD2 as 
a crucial regulator that stabilizes Yes-associated protein/Transcriptional co-activator with PDZ-binding motif (YAP/
TAZ), which are involved in the malignant progression of CCA. Depleting JOSD2 led to the degradation of YAP/TAZ 
and thereby significantly inhibited CCA proliferation both in vitro and in vivo. Additionally, there was a positive 
association between JOSD2 and YAP abundance in CCA patient samples, suggesting that JOSD2 is a potential target for 
treatment in patients with YAP/TAZ-related CCA. Moreover, Huang et al[9] identified JOSD2 as a novel prognostic 
indicator for individuals with hepatocellular cancer and identified CTNNB1 as a significant collaborator and downstream 
protein targeted by JOSD2[9]. However, Lei et al[10] reported that, in acute myeloid leukemia, JOSD2 is a tumor 
suppressor and PKM2 is a newfound JOSD2-interacting partner, which suggests that JOSD2 has different functions and 
mechanisms in different malignant tumors[10].

The MAPK/ERK and PI3K/AKT signaling pathways are crucial for key cancer characteristics, including cell prolif-
eration, differentiation, migration, and genomic stability[30,31]. Therefore, we assessed the effects of JOSD2 on these 
pathways. The results revealed that the phosphorylation activation of MAPK/ERK and PI3K/AKT was a critical 
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Figure 5 JOSD2 contributes to the proliferation, drug resistance, and metastatic capability of esophageal squamous cell carcinoma cells. 
A: JOSD2-knockdown KYSE150 cells exhibited increased sensitivity to 48-h treatment with various concentrations of cisplatin; B: JOSD2-knockdown KYSE150 cells 
exhibited significantly decreased migration and invasion in Transwell migration and invasion assays; C: JOSD2-overexpressing KYSE30 cells exhibited significantly 
increased cell growth in cell proliferation assays; D: JOSD2-overexpressing KYSE30 cells exhibited increased resistance to 48-h treatment with various 
concentrations of cisplatin; E: JOSD2-overexpressing KYSE30 cells exhibited significantly increased migration and invasion in Transwell migration and invasion 
assays. aP < 0.01; bP < 0.001; cP < 0.0001.

downstream event mediating the oncogenic function of JOSD2.
Regarding the key substrate proteins interacting with JOSD2, we found that USP47, IGKV2D-29, HSP90AB1, and 

PRMT5 were the top four binding proteins of JOSD2 and may also be substrates for JOSD2's activity. USP47, a DUB, can 
counteract the functions of E3 ubiquitin ligases, playing a role in cell growth and survival processes[32]. Several studies 
have provided evidence that USP47 is involved in the advancement of diverse cancer types[33-35]. There is limited 
research on the IGKV2D-29 gene, but polymorphism in this gene was shown to lower the recombination frequency in B 
cells and to be especially important for immune responses to Haemophilus influenzae type b polysaccharide[36]. HSP90AB1 
is a crucial participant in oncogene activity and the preservation of cancer cell viability[37]. This is due to its chaperone 
mechanism in cancer cells, safeguarding significant amounts of mutated and excessively expressed oncogenic proteins 
from undergoing misfolding and degradation[37]. Lastly, PRMT5 plays a crucial oncogenic role in various malignancies 
and has been a key target in recent cancer therapies[38,39]. However, there have been no studies reporting its deubiquit-
ination modification. PRMT5’s role in various malignancies implies that it is likely a key substrate protein for JOSD2's 
oncogenic function, and JOSD2's deubiquitination of PRMT5 may have significant implications for the treatment of ESCC.
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Figure 6 JOSD2 promotes in vivo esophageal squamous cell carcinoma cell proliferation and cisplatin resistance. A and B: JOSD2-
knockdown cisplatin-treated KYSE150 cells exhibited significantly decreased tumor growth in both volume (A) and weight (B) compared to cisplatin-treated control 
cells; C and D: JOSD2-overexpressing cisplatin-treated KYSE30 cells exhibited significantly increased tumor growth in both volume (C) and weight (D) compared to 
cisplatin-treated control cells. bP < 0.001; cP < 0.0001.

Figure 7 JOSD2 enhances the activation of phosphorylation pathways in esophageal squamous cell carcinoma. A: Western blotting showing 
that JOSD2 knockdown in esophageal squamous cell carcinoma (ESCC) cells decreased the phosphorylation of ERK1/2 and AKT; B: Western blotting showing that 
JOSD2 overexpression in ESCC cells activated the MAPK/ERK and PI3K/AKT signaling pathways.
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Figure 8 Mass spectrometry analysis of proteins that bind to JOSD2 protein. A: Protein bands after SDS-PAGE gel silver staining; B: Proteins that 
potentially interact with JOSD2.

CONCLUSION
In conclusion, this study reveals the tumorigenic role of JOSD2 in the advancement of ESCC. In terms of the mechanism, 
JOSD2 influences the phosphorylation activation of MAPK/ERK and PI3K/AKT. USP47, IGKV2D-29, HSP90AB1, and 
PRMT5 are the four primary proteins that interact with JOSD2 and may serve as substrates for JOSD2's functional 
activity, especially PRMT5. In 2019, Grasty et al[40] elucidated the molecular structure of the JOSD2 protein, which will 
facilitate the development of molecular targeted inhibitors of JOSD2. However, there are currently no report on JOSD2 
inhibitors. Consequently, there is a need for further exploration of the effects of specific and potent JOSD2 inhibitors on 
the clinical outlook for ESCC patients.

ARTICLE HIGHLIGHTS
Research background
Esophageal squamous cell carcinoma (ESCC) is a highly lethal malignancy with limited treatment options. Deubiquit-
inases (DUBs), crucial for maintaining protein homeostasis, are emerging as key players influencing vital cellular 
processes in ESCC, offering new treatment avenues. In addition, the ongoing development of small molecule inhibitors 
targeting DUBs shows significant promise, with several preclinical and clinical trials underway.

Research motivation
Recognizing the crucial involvement of DUBs in malignant tumor development, JOSD2, a specific DUB, has been 
identified as playing a pivotal role in controlling protein deubiquitination and impacting essential cellular processes in 
cancer. Nevertheless, the function of JOSD2 in ESCC remains uncertain.

Research objectives
The objective of this study was to explore the impact of JOSD2 on the progression of ESCC.

Research methods
Bioinformatics analyses were used to investigate the expression patterns, prognosis, and enriched pathways of JOSD2 in 
ESCC tissues. Manipulation of JOSD2 expression in ESCC cell lines (KYSE30 and KYSE150) was achieved through 
lentiviral transduction. Comprehensive functional assays, encompassing cell proliferation, colony formation, drug 
sensitivity, migration, and invasion assays, were conducted to unveil the influence of JOSD2 on ESCC cell lines. 
Additionally, the effects of JOSD2 on xenograft tumor growth and drug sensitivity in vivo were assessed. Proteins 
interacting with JOSD2 were determined by mass spectrometry.

Research results
The initial results suggested that JOSD2 was highly expressed in ESCC tissues and was associated with a poor prognosis. 
Subsequent investigations revealed upregulation of JOSD2 in ESCC cell lines compared to normal esophageal cells. 
JOSD2 knockdown inhibited various ESCC cell activities, including proliferation, colony formation, and migration, as 
well as reducing drug resistance. Conversely, JOSD2 overexpression enhanced these phenotypes. In vivo xenograft assays 
confirmed that JOSD2 promoted tumor proliferation and drug resistance in ESCC. Mechanistically, JOSD2 appears to 
activate the MAPK/ERK and PI3K/AKT signaling pathways. Mass spectrometry identified four primary proteins 
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interacting with JOSD2: USP47, IGKV2D-29, HSP90AB1, and PRMT5.

Research conclusions
JOSD2 promotes cell proliferation, migration, and drug resistance in ESCC.

Research perspectives
JOSD2 is a promising therapeutic target for the treatment of ESCC.
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Abstract
BACKGROUND 
Helicobacter pylori (H. pylori) infection has been well-established as a significant 
risk factor for several gastrointestinal disorders. The urea breath test (UBT) has 
emerged as a leading non-invasive method for detecting H. pylori. Despite 
numerous studies confirming its substantial accuracy, the reliability of UBT 
results is often compromised by inherent limitations. These findings underscore 
the need for a rigorous statistical synthesis to clarify and reconcile the diagnostic 
accuracy of the UBT for the diagnosis of H. pylori infection.

AIM 
To determine and compare the diagnostic accuracy of 13C-UBT and 14C-UBT for H. 
pylori infection in adult patients with dyspepsia.

METHODS 
We conducted an independent search of the PubMed/MEDLINE, EMBASE, and 
Cochrane Central databases until April 2022. Our search included diagnostic 
accuracy studies that evaluated at least one of the index tests (13C-UBT or 14C-UBT) 
against a reference standard. We used the QUADAS-2 tool to assess the methodo-
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logical quality of the studies. We utilized the bivariate random-effects model to calculate sensitivity, specificity, 
positive and negative test likelihood ratios (LR+ and LR-), as well as the diagnostic odds ratio (DOR), and their 95% 
confidence intervals. We conducted subgroup analyses based on urea dosing, time after urea administration, and 
assessment technique. To investigate a possible threshold effect, we conducted Spearman correlation analysis, and 
we generated summary receiver operating characteristic (SROC) curves to assess heterogeneity. Finally, we 
visually inspected a funnel plot and used Egger’s test to evaluate publication bias.

RESULTS 
The titles and abstracts of 4621 studies were screened; 79 articles were retrieved and selected for full-text reading. 
Finally, 60 studies were included in the diagnostic test accuracy meta-analysis. Our analysis demonstrates superior 
diagnostic accuracy of 13C-UBT over 14C-UBT, indicated by higher sensitivity (96.60% vs 96.15%), specificity (96.93% 
vs 89.84%), likelihood ratios (LR+ 22.00 vs 10.10; LR- 0.05 vs 0.06), and area under the curve (AUC; 0.979 vs 0.968). 
Notably, 13C-UBT's DOR (586.47) significantly outperforms 14C-UBT (DOR 226.50), making it the preferred 
diagnostic tool for dyspeptic individuals with H. pylori infection. Correlation analysis revealed no threshold effect 
(13C-UBT: r = 0.48; 14C-UBT: r = -0.01), and SROC curves showed consistent accuracy. Both 13C-UBT and 14C-UBT 
showed high AUC values (13C-UBT 0.979; 14C-UBT 0.968) near 1.00, reinforcing their excellent accuracy and 
endorsing both as reliable diagnostic tools in clinical practice.

CONCLUSION 
In summary, our study has demonstrated that 13C-UBT has been found to outperform the 14C-UBT, making it the 
preferred diagnostic approach. Additionally, our results emphasize the significance of carefully considering urea 
dosage, assessment timing, and measurement techniques for both tests to enhance diagnostic precision. 
Nevertheless, it is crucial for researchers and clinicians to evaluate the strengths and limitations of our findings 
before implementing them in practice.

Key Words: Helicobacter pylori; Urea breath test; Diagnosis; Diagnostic test accuracy; Meta-analysis

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

Core Tip: The urea breath test (UBT) is a pivotal noninvasive method for detecting Helicobacter pylori (H. pylori); however, 
its reliability is challenging. This meta-analysis aimed to compare the precision of the 13C-UBT and 14C-UBT in diagnosing 
H. pylori among adults with dyspepsia, providing insights to enhance clinical strategies.
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INTRODUCTION
Helicobacter pylori (H. pylori) is a spiral-shaped, gram-negative microaerophilic bacterium that infects approximately 43% 
of the global population[1]. While the majority of infected individuals remain asymptomatic, chronic gastritis inevitably 
ensues, leading to a significant burden of morbidity and mortality[2,3]. Adults who are infected with H. pylori are at 
increased risk of developing peptic ulcer disease, gastric cancer, and mucosa-associated lymphoid tissue lymphoma[4-6]. 
To address this, current guidelines advocate for either a test-and-treat or a scope-and-treat approach in managing 
uninvestigated dyspepsia, underscoring the importance of timely diagnosis and intervention[7,8].

Diagnostic testing for H. pylori infection typically involves two primary categories: Invasive (endoscopic) and non-
invasive testing, depending on the application of upper endoscopy[9]. For individuals aged 50 years or older or those 
with alarm features, the recommended standard diagnostic approach involves upper endoscopy, followed by histopatho-
logical examination (HE) or rapid urease test (RUT), and occasionally, culture[8]. In contrast, in dyspeptic patients under 
50 years without specific risk factors or alarm symptoms, non-invasive methods such as urea breath testing (UBT), stool 
antigen testing, and serology are preferred[8,10].

Among non-invasive diagnostic techniques, the UBT has emerged as a prominent method. This approach capitalizes 
on the urease activity of H. pylori, initiating the hydrolysis of ingested urea and consequent release of labeled carbon 
dioxide[11]. Two commonly utilized isotopic variants, 13C-UBT and 14C-UBT, offer distinctive features. In 13C-UBT, a stable 
isotope (carbon-13) is employed, and breath samples are collected and analyzed for labeled carbon dioxide using various 
methods such as mass spectrometry and infrared spectrometry[12]. This method presents important advantages, notably 
the absence of ionizing radiation, rendering it suitable for repeated application and applicable in vulnerable populations, 
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including pregnant women and children[11,13]. In contrast, 14C-UBT utilizes a radioactive isotope (carbon-14) and 
primarily relies on scintillation counting for detection[14,15]. Despite its historical use, concerns regarding radiation 
exposure have diminished its preference in contemporary clinical practice.

In a prior meta-analysis, Ferwana et al[16] assessed the diagnostic accuracy of the UBT, encompassing both 13C-UBT 
and 14C-UBT, for detecting H. pylori infection in adult dyspeptic patients. Despite its high accuracy, the reliability of UBT 
results was constrained by significant unexplained heterogeneity, persisting even after subgroup analysis[16]. This 
pattern persisted in subsequent studies, with Zhou et al[17] finding analogous challenges in calculating pooled estimates 
of diagnostic accuracy for 14C-UBT. Moreover, a subsequent systematic review emphasized that the variability in 
thresholds and reference standards across studies limited the data available for pooling accuracy measures at specific 
UBT thresholds[18].

These findings underscore the need for a rigorous statistical synthesis to clarify and reconcile the diagnostic accuracy of 
the UBT for the diagnosis of H. pylori infection, addressing challenges identified in prior research. To address this gap in 
the evidence, we conducted a systematic review and meta-analysis to determine the diagnostic accuracy of the UBT for H. 
pylori infection in adult patients with dyspepsia.

MATERIALS AND METHODS
This study adhered to the guidelines outlined in the PRISMA-DTA[19]. These guidelines encompass a 27-item checklist 
and a 3-phase flowchart, both designed to enhance the transparency of systematic review reporting. Accordingly, our 
study protocol has been officially registered in the PROSPERO database under the registration number CRD42023449854.

Literature search
This search strategy was designed following the Cochrane Handbook for Systematic Reviews of Diagnostic Test Accuracy 
(Version 2.0, 2022)[20]. We performed independent, computer-assisted searches of the: (1) PubMed/MEDLINE; (2) 
EMBASE; and (3) Cochrane Library databases. MeSH (Medical Subject Headings) and Emtree (EMBASE Subject 
Headings) index terms and free-text words were combined. Search terms included "urea breath test," "breath test," "13C-
urea breath test," "14C-urea breath test," "13C-UBT," "14C-UBT," "Helicobacter pylori," "H. pylori," and "dyspepsia." Boolean 
operators (AND, OR) were also used to narrow or broaden the search as required. No language restriction was applied. 
To identify additional studies, reference lists were also scanned. Finally, we conducted a “citing reference” search (by 
searching articles which cited the included studies) in PubMed/MEDLINE and EMBASE. Following the search, all 
identified citations were collated and uploaded into the Rayyan (https://www.rayyan.ai/) tool, and all duplicates were 
removed.

Selection of studies
Two independent reviewers, Lemos FFB and Calmon MS, screened the references against predefined eligibility criteria. In 
the case of disagreement, a 3rd researcher, Silva Luz M, was consulted. Full-text papers were obtained for references 
considered relevant. If any study was not retrieved, the authors were contacted. Two authors, Lemos FFB and Correa 
Santos GL, independently screened the full-text papers against the eligibility criteria. In the case of disagreement, 
consensus was reached.

We included diagnostic accuracy studies that evaluated at least one of the index tests (13C- or 14C-UBTs) against a 
reference standard (biopsy fragments followed by culture or HE or RUT and/or not serology/stool antigen-based tests in 
adult dyspeptic patients. Exclusion criteria were as follows: (1) Studies that enrolled children or adolescents under 18 
years of age; (2) studies that included only patients with acute upper gastrointestinal bleeding; (3) studies that enrolled 
subjects who presented for reasons other than dyspeptic symptoms, complicated dyspeptic cases that need surgery, those 
who received previous therapy for H. pylori within the last 3 months, or long-term use of corticosteroids and immunosup-
pressant drugs; (4) screening studies; (5) studies that did not report true positive, false positive, false negative, and true 
negative data and the threshold used for the index tests; (6) case-control studies because these are prone to bias[21]; and 
(7) full-text articles not available or articles not available in English, Spanish, or Portuguese.

Data extraction and management
Two review authors, Rocha GR and Correa Santos GL, independently extracted data from each included study using a 
pre-piloted data extraction form. In case of discrepancies, a 3rd researcher, Lemos FFB, was consulted. The extracted data 
included: (1) Information about the studies, such as the first author, publication year, and country; (2) details about the 
study design, including the type of study (prospective and retrospective cohort studies, cross-sectional studies, or 
randomized clinical trials), the reference standards used, blinding of the index test and reference standard, and the flow 
and timing (retrospective/prospective); (3) participant information, i.e., the total number of participants and population 
characteristics (age, mean ± SD, sex, and disease prevalence); (4) reference standard details, including the time interval 
between the index test and the reference standard; index test information, including the model (13C- or 14C-UBT), cut-off 
values, urea dosing, time for measurement after urea administration (min), and measurement technique; and (5) 
diagnostic accuracy data, including the number of true positives, false positives, false negatives, and true negatives.

Assessment of methodological quality
Two independent reviewers, Silva Luz M and de Oliveira Silva LG, conducted critical appraisal using the QUADAS-2 
tool. In cases of disagreement, they consulted a 3rd researcher, Lemos FFB. The QUADAS-2 tool is applied in four phases
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[21]: Summarizing the review question, tailoring the tool and producing review-specific guidance, constructing a flow 
diagram for the primary study, and evaluating bias and applicability. This tool comprises four domains: patient selection, 
index test, reference standard, and flow and timing. Each domain is assessed for the risk of bias, and the first three 
domains are also evaluated for concerns regarding applicability. It's important to note that "risk of bias" refers to internal 
validity, i.e., whether there are systematic errors in conducting the study with respect to the specific domain, while 
"applicability concern" pertains to external validity, i.e., whether there are concerns that the population, index test, or 
reference standard used in the studies align with the review question. Signaling questions were also included to assist in 
assessing the risk of bias.

Statistical analysis and data synthesis
Eligible studies were subjected to data extraction, and we organized the data into 2 × 2 tables. In our analysis, we selected 
only the optimal threshold values for H. pylori positivity in cases where multiple thresholds were presented. We added 
0.5 to values equal to zero to ensure computational stability and prevent potential issues[22].

To address the anticipated diversity in meta-analyses of diagnostic accuracy studies, we utilized the random-effects 
model to calculate sensitivity, specificity, positive and negative test likelihood ratios (LR+ and LR-), as well as the 
diagnostic odds ratio (DOR)[23]. We also determined the corresponding 95% confidence intervals (95%CIs). The results of 
the 13C- and 14C-UBT are presented separately. Subgroup analyses were conducted with a focus on urea dosing, time for 
measurement after urea administration (in minutes), and the assessment technique employed. To investigate the 
possibility of a threshold effect in the analysis, we conducted Spearman correlation analysis. A substantial threshold 
effect was recognized when the correlation coefficient reached or exceeded 0.6[24].

We performed a bivariate random-effects meta-analysis and generated summary receiver operating characteristic 
(SROC) curves to visually assess heterogeneity. Furthermore, these curves allowed us to predict accuracy by 
summarizing diagnostic performance as the area under the curve (AUC)[25]. We categorized accuracy levels as follows: 
fail (0.50-0.60), poor (0.61-0.70), fair (0.71-0.80), good (0.81-0.90), and excellent (0.91-1.00)[22].

To evaluate publication bias, we conducted a visual inspection of a funnel plot and employed Egger’s tests for 
statistical assessment. The creation of this plot and the assessment of the risk of data due to missing data required a 
minimum of ten studies.

All analyses were performed using R version 4.2.1, an environment for statistical computing in Vienna, Austria, 
utilizing the “meta” package (version 6.5-0), “dmetar” package (version 0.1.0), and the “mada” package (version 0.5.11).

RESULTS
Study selection
Database searches initially yielded 10902 reports, from which duplicates were removed. No additional references were 
discovered through alternative search methods. Subsequently, the titles and abstracts of 4621 studies underwent 
screening, resulting in the retrieval and selection of 79 articles for full-text examination. Ultimately, 60 studies fulfilled the 
inclusion criteria. The reasons for exclusion were as follows: Incorrect population (n = 8), unsuitable reference standard (n 
= 4), insufficient accuracy measures (n = 2), missing threshold information (n = 2), failure to compare against the reference 
standard (n = 1), writing in a foreign language (n = 1), and involvement of the same sample (n = 1). Figure 1 illustrates the 
flow of information through various phases of the systematic review.

General characteristics of included studies
Among all the studies, 39 (comprising 65%) employed the 13C-UBT as their primary diagnostic test, featuring a median 
population size of 200 individuals (lower to upper quartile: 84.5-254). Cross-sectional study design was predominant, 
making up 97.5% of the total, while only one study (2.5%) adopted a randomized controlled trial approach. For the 13C-
UBT, the median pre-test probability was 51.2% (lower to upper quartile: 47.8-67.6). Various reference standards were 
used, with the most common being "H. pylori culture (HpC) or (HE and RUT)," accounting for 22.5% of cases. Other 
reference standards included "HE and RUT" (17.5%), "HE" (12.5%), "HE or HpC" (12.5%), "HE or (RUT and serology)" 
(5%), "RUT" (5%), "HE, HpC, and RUT" (5%), and "HpC" (2.5%). Some studies also combined reference standards, such as 
"RUT or HE" and “(HE, HpC, RUT) at least two positives," each constituting 2.5% of the sample, as shown in Table 1.

On the other hand, the 14C-UBT accounted for 35% of the total (21 studies) with a median population size of 108.5 
(lower to upper quartile: 63.5-125.5). For the 14C-UBT, the median pre-test probability was 64.9% (lower to upper quartile: 
43.6-73.1). Various reference standards were employed in these studies, with "HE" being the most prevalent, accounting 
for 38.1% of cases. Other reference standards included "HE and RUT" (14.3%) and "HpC or HE" (9.5%). Some studies also 
used combinations of reference standards, such as "HE, RUT, Serology (at least two positive)" and "HpC or [HE and (RUT 
or Gram staining)]," each comprising 4.8% of the sample, as detailed in Table 2.

Methodological quality assessment
Supplementary Figure 1 and Figure 2 provide a visual representation of the comprehensive methodological quality 
assessment of the included studies. In the patient selection domain, 22 studies (35.5%) were categorized as having a low 
risk of bias, 36 studies (58.1%) were associated with a high risk of bias, and 2 studies (3.2%) were considered to have an 
unclear risk of bias. In terms of patient selection applicability, 40 studies (64.5%) exhibited low concern, 17 studies (27.4%) 
showed high concern, and 3 studies (4.8%) had unclear concern.

https://f6publishing.blob.core.windows.net/e3fb8809-f973-4340-9ff3-8243548d019b/WJG-30-579-supplementary-material.pdf
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Table 1 Characteristics of the included studies that assessed the diagnostic test accuracy of the 13C-urea breath test

Ref. Country Design Population, 
n

Prevalence 
(%) Reference standard Index test 

(model) Optimal cut-off
Urea 
dosing 
(mg)

Time after 
administration 
(min)

Measurement 
tecnique TP FP TN FN

Wang et al[29], 
2021

China Cross-
sectional

217 65.9 HE 13C-UBT 10.4‰ DOB 50 30 IS 120 14 60 23

Alzoubi et al
[33], 2020

Jordan Cross-
sectional

30 56.7 RUT or HE 13C-UBT 4‰ DOB 75 30 IS 16 3 10 1

Nawacki et al
[34], 2018

Poland Cross-
sectional

50 36.0 RUT 13C-UBT 9.5‰ DOB NR 30 IS 16 0 32 2

Som et al[27], 
2014

India Cross-
sectional

83 59.0 RUT 13C-UBT 1.47‰ 75 Multiple times ICOS 49 0 34 0

Bruden et al
[35], 2011

United 
States

Cross-
sectional

280 53.2 HE or (HpC and RUT) 13C-UBT 7 DOB NR NR NR 139 16 115 10

Peng et al [36], 
2009

Taiwan Cross-
sectional

100 53.0 HpC or (HE and RUT) 13C-UBT 4.8‰ DOB 100 15 IS 53 7 40 0

Jordaan et al
[37], 2008

South 
Africa

Cross-
sectional

103 58.3 HE 13C-UBT 4.5‰ DOB 75 NR GCMS 55 3 40 5

Gatta et al[26], 
2006

Italy RCT 100 43.0 HE and RUT 13C-UBT 4.40‰-6.26‰ DOB 25 30 IRMS 43 0 57 0

Peng et al[38], 
2005

Taiwan Cross-
sectional

50 36.0 HpC or (HE and RUT) 13C-UBT 5‰ DOB 100 15 IRMS 18 0 32 0

Kato et al[39], 
2004

Japan Cross-
sectional

254 51.1 HpC or (HE and RUT) 13C-UBT 2.5‰ DOB 100 20 IRMS 252 5 242 6

Ohara et al[40], 
2004

Japan Cross-
sectional

254 51.2 HpC or (HE and RUT) 13C-UBT 2.5‰ DOB 100 Multiple times IRMS 127 2 122 3

Chen et al[41], 
2003

Taiwan Cross-
sectional

554 66.6 HpC or (HE and RUT) 13C-UBT 3.5‰ DOB 100 20 IS 361 6 179 8

Valdepérez et 
al[42], 2003

Spain Cross-
sectional

85 76.8 HE and RUT 13C-UBT NR 100 30 NR 61 0 19 2

Gatta et al[43], 
2003

Italy Cross-
sectional

200 56.5 HpC or (HE and RUT) 13C-UBT 3.11‰-6.84‰ DOB 75 30 IRMS 113 0 87 0

Wong et al[44], 
2003

China Cross-
sectional

200 49.5 HE and RUT 13C-UBT 2.1‰ DOB 50 20 IRMS 99 0 101 0

Ng et al[45], 
2002

China Cross-
sectional

213 54.9 HE and RUT 13C-UBT 4.0‰-6.5‰ DOB 75 30 IRMS 112 2 94 5
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Wong et al[46], 
2001

China Cross-
sectional

101 48.1 HE and RUT 13C-UBT 7.0-8.0‰ DOB 50 20 IRMS 99 4 103 0

Wong et al[47], 
2001

China Cross-
sectional

294 55.4 HE, HpC, CLO (RUT), in-
house RUT, PCR, UBT (at 
least four positive)

13C-UBT 5‰ DOB 75 30 IRMS 151 4 127 12

Shirin et al[48], 
2001

United 
States

Cross-
sectional

97 47.4 HE and RUT 13C-UBT Positive: > 6‰ DOB (> 2 
points)/negative: < 3‰ 
DOB (> 2 points)

75 5 MCS 45 2 49 1

Pilotto et al
[49], 2000

Italy Cross-
sectional

96 51.0 HE, HpC, and RUT 13C-UBT 5‰ DOB 100 30 IRMS 49 2 45 0

Sheu et al[50], 
2000

Taiwan Cross-
sectional

177 47.5 HE or HpC 13C-UBT 3.5 DOB 50 15 IS 81 1 92 3

Wong et al[51], 
2000

China Cross-
sectional

202 56.4 HE and RUT 13C-UBT 4.5‰ DOB 75 30 IRMS 108 2 86 6

Hahn et al[52], 
2000

United 
States

Cross-
sectional

67 6.0 HE and at least two positives 
of (definitive presence of H. 
pylori organisms in HE, UBT, 
Serology)

13C-UBT 2.4‰ DOB 125 30 IRMS 4 9 54 0

Chen et al[53], 
2000

Japan Cross-
sectional

162 83.3 HE and Serology 13C-UBT 2.5‰ DOB 100 20 IRMS 135 1 26 0

Peng et al[54], 
2000

Taiwan Cross-
sectional

136 59.6 HpC or (HE and RUT) 13C-UBT 4.8‰ DOB 100 15 IRMS 76 6 49 5

Riepl et al[55], 
2000

Germany Cross-
sectional

84 35.7 HE, HpC, and RUT 13C-UBT 6.5‰ DOB 75 15 IS 30 0 54 0

D'Elios et al
[56], 2000

Italy Cross-
sectional

256 45.3 HE 13C-UBT 4‰ DOB 75 30 IRMS 113 2 138 3

van der Hulst 
et al[57], 1999

Italy Cross-
sectional

544 52.2 HE or HpC 13C-UBT 7.5‰ DOB ± 0.8 100 30 LOGES 260 21 239 24

Leodolter et al
[58], 1999

Germany Cross-
sectional

320 48.1 HpC or (HE and RUT) 13C-UBT 4‰ DOB 75 30 IRMS 142 2 164 12

Mock et al[59], 
1999

Canada Cross-
sectional

98 19.8 HE or (RUT and Serology) 13C-UBT 3‰ DOB 75 30 IRMS 17 2 75 2

Mock et al[59], 
1999

Korea Cross-
sectional

107 68.2 HE or (RUT and Serology) 13C-UBT 3‰ DOB 75 30 IRMS 69 1 33 4

Perri et al[60], 
1998

Belgium Cross-
sectional

172 73.3 HE or HpC 13C-UBT 1.15‰ DOB 75 60 IRMS 121 1 45 5

Ohara et al[61], 
1998

Japan Cross-
sectional

213 77.5 HpC or at least two positives 
of (HE, RUT, Serology)

13C-UBT 2.5‰ DOB 100 20 IRMS 162 1 47 3
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Leodolter et al
[62], 1998

Germany Cross-
sectional

40 50.0 HpC or (HE and RUT) 13C-UBT 4‰ DOB 75 10 IRMS 20 0 20 0

Andersen et al
[63], 1998

Denmark Cross-
sectional

97 54.6 HE or HpC 13C-UBT 5‰ DOB 100 Multiple times IRMS 46 4 40 7

Ellenrieder et al
[64], 1997

Germany Cross-
sectional

132 43.2 (HE, HpC, RUT) at least two 
positives

13C-UBT 3.5‰ DOB NR 30 IS 52 8 67 5

Epple et al[65], 
1997

Germany Cross-
sectional

126 61.1 HE 13C-UBT 1.3‰ DOB 75 30 IRMS 74 7 42 3

Labenz et al
[66], 1996

Germany Cross-
sectional

70 67.1 HE or HpC 13C-UBT 4‰ DOB 75 30 IRMS 46 0 23 1

Logan et al[67], 
1991

England Cross-
sectional

56 68.0 HE 13C-UBT 4.5‰ DOB 125 Multiple times IRMS 32 1 15 2

Dill et al[68], 
1990

Scotland Cross-
sectional

69 49.3 HpC 13C-UBT 3‰ c-PDR 250 20 IRMS 33 0 35 1

CLO: Campylobacter-like organism; GCMS: Gas chromatography-mass spectrometry; HE: Histopathological examination; HpC: Helicobacter pylori culture; ICOS: Integrated Cavity Output Spectrometry; IRMS: Isotope ratio mass 
spectrometry; IS: Infrared spectrometry; LOGES: Laser opto-galvanic Effect Spectroscopy; MCS: Molecular correlation spectrometry; NR: Not reported; RUT: Rapid urease test; UBT: Urea breath test; DOB: Delta over baseline; RCT: 
Randomized clinical trial.

Within the index test selection domain, 33 studies (53.2%) were rated as having a low risk of bias, 26 studies (41.9%) 
were identified with a high risk, and 1 study (1.6%) had an unclear risk of bias. Concerning index test applicability, 57 
studies (91.9%) displayed low concern, while 3 studies (4.8%) raised high concern.

In the reference standard domain, 47 studies (75.8%) demonstrated a low risk of bias, 12 studies (19.4%) showed a high 
risk of bias, and 1 study (1.6%) had an unclear risk of bias. Notably, none of the studies raised concerns about the applic-
ability of the reference standard.

Lastly, in the flow and timing domain, 23 studies (37.1%) were associated with a low risk of bias, 23 studies (37.1%) 
exhibited a high risk of bias, and 7 studies (11.3%) had an unclear risk of bias.

Overall accuracy of the 13C-UBT
The 13C-UBT test was evaluated for its diagnostic accuracy in 39 studies via a comprehensive meta-analysis The results 
demonstrated a high sensitivity of 96.60% (95%CI: 95.64-97.56; P value < 0.01; I2 = 65.0%) and an equally impressive 
specificity of 96.93% (95%CI: 96.04-97.82; P value < 0.01; I2 = 58.0%) for this test (Figure 3). Additionally, the DOR was 
calculated at 586.47 (95%CI: 340.03-1011.51), with a positive likelihood ratio (LR+) of 22.00 (95%CI: 15.60-30.10) and a 
negative likelihood ratio (LR-) of 0.05 (95%CI: 0.04-0.06) as presented in Supplementary Table 1.

Subgroup analysis of the 13C-UBT - Urea dosing
Among the thirty-six studies that documented the urea dosage, a 25 mg urea dose demonstrated notably high sensitivity 
(98.85%; 95%CI: 95.68-100.00) and specificity (99.13%; 95%CI: 96.73-100.00), as illustrated in Supplementary Figure 2. 
Increasing the urea dose to 50 mg across four studies resulted in a sensitivity of 95.28% (95%CI: 88.51-100.00) and a 
specificity of 94.91% (95%CI: 87.67-100.00). Seventeen studies explored the use of 75 mg of urea in the 13C-UBT, revealing 

https://f6publishing.blob.core.windows.net/e3fb8809-f973-4340-9ff3-8243548d019b/WJG-30-579-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/e3fb8809-f973-4340-9ff3-8243548d019b/WJG-30-579-supplementary-material.pdf
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Table 2 Characteristics of the included studies that assessed the diagnostic test accuracy of the 14C-urea breath test

Ref. Country Design Population, 
n

Prevalence 
(%)

Reference 
standard

Index test 
(model) Optimal cut-off

Urea 
dosing 
(μCi)

Time after 
administration 
(min)

Measurement 
tecnique TP TN FP FN

Han et al[30], 2023 China Cross-
sectional

205 42.4 HE and RUT 14C-UBT 100 dpm 0.75 20 SC 83 3 115 4

Wang et al[29], 
2021

China Cross-
sectional

267 71.9 HE 14C-UBT 238 dpm 0.75 25 NR 158 12 63 34

Miftahussurur
[69], 2021

Indonesia Cross-
sectional

55 23.6 HE 14C-UBT 57 cpm 1 10 HA 12 1 41 1

Cosgun et al[70], 
2016

Turkey Cross-
sectional

126 92.1 HpC or HE 14C-UBT NR 1 10 HA 112 7 3 4

Atli et al[71], 2012 Turkey Cross-
sectional

100 35.0 HE 14C-UBT Positive: > 50 cpm/suspicious: 25-50 cpm 
/negative: < 25 dpm

1 10 HA 32 4 61 3

Alarcón-Rivera et 
al[72], 2011

Mexico Cross-
sectional

84 70.2 HE 14C-UBT Positive: > 50 ppm/indeterminate: 25-50 
ppm/negative: < 25 ppm

1 10-15 HA 56 1 24 3

Mansour-Ghanaei 
et al[73], 2011

Iran Cross-
sectional

125 56.8 HE, RUT, Serology 
(at least two 
positive)

14C-UBT 50 cpm 1 15 HA 67 0 54 4

Ozdemir et al[74], 
2008

Turkey Cross-
sectional

89 66.3 HE, RUT, PCR (at 
least two positive)

14C-UBT Positive: > 50 cpm/equivocal: 25-50 cpm; 
negative: < 25 dpm

1 10 HA 57 0 30 2

Rasool et al[75], 
2007

Pakistan Cross-
sectional

94 64.9 RUT 14C-UBT 50 cpm 1 10 β-SC 60 3 30 1

Gurbuz et al[76], 
2005

Turkey Cross-
sectional

65 44.6 HE 14C-UBT Positive: > 50 cpm/suspicious: 25-50 cpm 
/negative: < 25 dpm

1 10 HA 26 8 28 3

Gatta et al[31], 
2003

Italy Cross-
sectional

117 65.0 HpC or (HE and 
RUT)

14C-UBT 130-136 dpm (dpm at sample-dpm at T0) 1 12.5 LSC 73 2 39 3

González et al[77], 
2003

Chile Cross-
sectional

NR 71.9 Two or more 
positives

14C-UBT 200 dpm 1 10 LSC 61 14 11 3

Oztürk et al[78], 
2009

Turkey Cross-
sectional

75 65.8 HE 14C-UBT 100 dpm 1 10 LSC 48 5 20 0

Gomes et al[79], 
2002

Brazil Cross-
sectional

137 83.9 HE and RUT 14C-UBT 1000 cpm 5 15 LSC 114 1 21 1

Desroches et al
[80], 1997

Canada Cross-
sectional

56 80.4 HE or HpC 14C-UBT 0.33‰ AS (14CO2 specific activity) 5 20 LSC 44 0 11 1

Allardyce et al New Cross- 63 34.9 HE and RUT 14C-UBT 49 dpm 1 30 β-SC 22 2 39 0
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[81], 1997 Zealand sectional

Faigel et al[82], 
1996

United 
States

Cross-
sectional

50 42.6 HE or RUT 14C-UBT Positive: > 200 dpm in any 
sample/borderline: 100-200 dpm (as the 
peak count)/negative: < 100 dpm (in all 
samples)

1 Multiple times LSC 18 1 26 2

Goh et al[83], 1995 Malaysia Cross-
sectional

63 50.8 HpC or [HE and 
(RUT or Gram 
staining)]

14C-UBT 1275 dpm 5 15 LSC 32 0 31 0

Kao et al[84], 1993 China Cross-
sectional

184 53.8 HpC or RUT 14C-UBT 150‰ 5 10 LSC 99 14 71 0

Vivas et al[85], 
1993

Venezuela Cross-
sectional

15 53.3 HE 14C-UBT 100 dpm 1 20 β-SC 8 1 6 0

Novis et al[28], 
1991

Israel Cross-
sectional

64 80.3 HE 14C-UBT 4,7‰ 10 Multiple times LSC 59 3 12 2

CLO: Campylobacter-like organism; HA: Heliprobe Analyser; HE: histopathological examination; HpC: Helicobacter pylori culture; LSC: Liquid scintillation counting; NR: Not reported; RUT: Rapid urease test; SC: Solid scintillation 
counting; UBT: Urea breath test; β-SC: Beta-scintillation counting.

a sensitivity of 96.47% (95%CI: 95.14-97.79) and a specificity of 98.33% (95%CI: 97.59-99.07). In cases where 100 mg of urea 
was used (in 12 studies), the 13C-UBT demonstrated a sensitivity of 97.31% (95%CI: 95.92-98.70) and a specificity of 96.08% 
(95%CI: 94.34-97.82). Two studies employing 125 mg of urea showed a sensitivity of 93.76% (95%CI: 86.13-100.00) and a 
specificity of 88.66% (95%CI: 81.07-96.25). Lastly, in a single study using 250 mg of urea, the 13C-UBT exhibited a 
sensitivity of 97.06% (95%CI: 91.38-100.00) and a specificity of 98.59% (95%CI: 94.72-100.00).

Subgroup analysis of the 13C-UBT - Time for assessment after urea administration
Among the 36 studies that provided information on the time after urea administration, optimal sensitivity (98.87%; 
95%CI: 98.14-99.60) and specificity (98.14%; 95%CI: 96.98-99.30) were achieved when the assessment was conducted 20 
min after urea administration [in 7 studies (Supplementary Figure 3)]. Notably, there were variations in sensitivity and 
specificity for different time intervals following urea administration.

For tests conducted 5 min post-urea administration (in one study), sensitivity was 97.83% (95%CI: 93.61-100.0), and 
specificity was 96.08% (95%CI: 90.75-100.00). Tests performed 10 min after urea administration (based on one study) 
yielded a sensitivity of 97.56% (95%CI: 90.88-100.0) and a specificity of 97.56% (95%CI: 90.88-100.00).

Similarly, in the case of tests carried out at 15 min post-urea administration (as reported in five studies), sensitivity 
averaged at 97.61% (95%CI: 95.68-99.55), with specificity at 95.85% (95%CI: 91.33-100.00). Longer intervals, such as 30 min 
and 60 min, as well as tests conducted at multiple time points after urea administration, displayed some variability. For 
instance, tests performed 30 min after urea administration (in 19 studies) had a sensitivity of 95.15% (95%CI: 93.30-96.92) 
and a specificity of 96.18% (95%CI: 94.48-97.87). A single study conducting tests 60 min post-urea administration reported 
a sensitivity of 96.03% (95%CI: 92.62-99.44) and a specificity of 97.83% (95%CI: 93.61-100.00). In the case of four studies 
investigating multiple time points after urea administration, the sensitivity was 96.13% (95%CI: 92.13-100.0), and the 
specificity was 97.95% (95%CI: 96.08-99.81).

https://f6publishing.blob.core.windows.net/e3fb8809-f973-4340-9ff3-8243548d019b/WJG-30-579-supplementary-material.pdf
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Figure 1 PRISMA 2020 flow diagram. This flowchart delineates the progression of information throughout various phases of the systematic review, illustrating 
the quantities of records identified, included, and excluded, along with the rationales for study exclusion.

Figure 2 QUADAS-2 methodological quality graph. The QUADAS-2 methodological quality graph consists of four sections, each representing one of the key 
domains assessed.

Subgroup analysis of the 13C-UBT - Assessment technique
In our analysis of 38 studies that included data on the 13C-UBT assessment technique, Integrated Cavity Output 
Spectrometry (ICOS) for measuring CO2 Isotope Ratios exhibited exceptional performance. ICOS demonstrated a 
sensitivity of 98.99% (95%CI: 96.20-100.00) and a specificity of 98.55% (95%CI: 94.56-100.00), as visualized in 
Supplementary Figure 4. In contrast, Infrared spectrometry, assessed in 8 studies, displayed a sensitivity of 94.72% 
(95%CI: 90.91-98.54) and a specificity of 98.55% (95%CI: 88.17-98.22).

Gas chromatography-mass spectrometry, investigated in a single study, yielded a sensitivity of 91.67% (95%CI: 84.67-
98.66) and a specificity of 93.02% (95%CI: 85.41-100.00). Isotope-ratio mass spectrometry, scrutinized in 17 studies, 
demonstrated a sensitivity of 97.37% (95%CI: 96.45-98.28) and a specificity of 98.38% (95%CI: 84.67-98.66). Molecular 
correlation spectrometry, examined in a solitary study, exhibited a sensitivity of 97.83% (95%CI: 93.61-100.00) and a 
specificity of 96.08% (95%CI: 90.75-100.00). Similarly, Laser opto-galvanic effect spectroscopy, reported in one study, 
recorded a sensitivity of 91.65% (95%CI: 88.31-94.78) and a specificity of 91.92% (95%CI: 88.61-98.21).

Overall accuracy of the 14C-UBT
A total of 21 studies investigated the diagnostic accuracy of the 14C-UBT, revealing a combined sensitivity of 96.15% 
(95%CI: 94.47-97.82; P value < 0.01; I2 = 62.0%) and specificity of 89.84% (95%CI: 84.90-94.77; P value < 0.01; I2 = 78.0%), as 
depicted in Figure 4. Within this dataset, a DOR of 226.50 (95%CI: 102.57-500.15), a positive likelihood ratio (LR+) of 10.10 
(95%CI: 5.74-16.90), and a negative likelihood ratio (LR-) of 0.06 (95%CI: 0.04-0.08) were observed, as summarized in 
Supplementary Table 1.

https://f6publishing.blob.core.windows.net/e3fb8809-f973-4340-9ff3-8243548d019b/WJG-30-579-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/e3fb8809-f973-4340-9ff3-8243548d019b/WJG-30-579-supplementary-material.pdf
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Figure 3 Forest plot for studies based on the 13C-urea breath test for Helicobacter pylori infection in dyspeptic patients. A: Forest plot for 
overall sensitivity; B: Forest plot for overall specificity. 95%CI: 95% confidence interval.

Subgroup analysis of the 14C-UBT - Urea dosing
Twenty-one studies investigated varying urea dosages in the context of the 14C-UBT. Among these, the use of a 5 µCi 
marked urea dose, as examined in four studies, demonstrated exceptional sensitivity (99.21%; 95%CI: 98.20-100.00) and 
specificity (93.43%; 95%CI 86.45-100.00), as depicted in Supplementary Figure 5. Elevating the urea dose to 10 µCi, as 
explored in a single study, resulted in a sensitivity of 96.72% (95%CI: 92.15-100.00) and a specificity of 80.00% (95%CI: 
56.76-100.00). Conversely, when employing 1 µCi of marked urea (in 14 studies), the 14C-UBT exhibited a sensitivity of 
96.78% (95%CI: 95.46-98.09) and a specificity of 87.19% (95%CI: 59.76-95.81). Lastly, two studies using 0.75 µCi of urea 
reported a sensitivity of 88.94% (95%CI: 76.10-100.00) and a specificity of 91.32% (95%CI: 78.18-100.00).

Subgroup analysis of the 14C-UBT - Time for measurement after marked urea administration
When considering the time for measurement after urea administration, an analysis of all included studies consistently 
revealed the highest sensitivity (98.39%; 95%CI: 96.36-100.00) and specificity (98.71%; 95%CI: 96.58-100.00) when the tests 
were conducted 15 minutes after urea administration, as illustrated in Supplementary Figure 6.

In studies conducted shortly after urea administration (within 10 minutes, n = 9), the sensitivity was consistently high 
at 97.83% (95%CI: 96.34-99.33), while specificity was somewhat lower at 79.90% (95%CI: 66.15-93.65). A single study, 
conducted at 12.5 minutes post-administration, reported a sensitivity of 96.05% (95%CI: 91.67-100.00) and a specificity of 
95.12% (95%CI: 88.53-100.00). Studies conducted between 10- and 15-minutes post-urea administration (n = 3) showed a 
sensitivity of 94.92% (95%CI: 89.31-100.00) and a specificity of 96.00% (95%CI: 88.32-100.00).

However, longer intervals (20, 25, and 30 min), as well as tests conducted at various time points after urea adminis-
tration, exhibited more variability. For instance, studies conducted at 20 min post-administration (n = 3) showed a 
sensitivity of 96.52% (95%CI: 93.50-97.55) and a specificity of 97.23% (95%CI: 94.48-99.97). A single study conducted at 25 
min post-urea administration reported a sensitivity of 82.29% (95%CI: 76.89-87.69) and a specificity of 84.00% (95%CI: 
75.70-92.30). A study conducted at 30 minutes post-administration yielded a sensitivity of 97.78% (95%CI: 91.69-100.00) 
and a specificity of 95.12% (95%CI: 88.53-100.00). In the case of two studies that investigated multiple time points after 
urea administration, the sensitivity was 96.03% (95%CI: 91.79-100.00), and the specificity was 91.02% (95%CI: 76.07-
100.00).

Subgroup analysis of the 14C-UBT - Assessment technique
In the assessment of 20 studies with available data on the assessment technique, it was observed that liquid scintillation 
counting yielded a higher sensitivity of 98.79% (95%CI: 97.90-99.69) while maintaining a specificity of 87.24% (95%CI: 
77.69-96.79). Conversely, Solid Scintillation UBT (scintillation counting) demonstrated higher specificity, reaching 97.46% 
(95%CI: 94.62-100.00), with a sensitivity of 95.40% (95%CI: 91.00-99.80), as illustrated in Supplementary Figure 7.

https://f6publishing.blob.core.windows.net/e3fb8809-f973-4340-9ff3-8243548d019b/WJG-30-579-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/e3fb8809-f973-4340-9ff3-8243548d019b/WJG-30-579-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/e3fb8809-f973-4340-9ff3-8243548d019b/WJG-30-579-supplementary-material.pdf
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Figure 4 Forest plot for studies based on the 14C-urea breath test for Helicobacter pylori infection in dyspeptic patients by time after urea 
administration. A: Forest plot for overall sensitivity; B: Forest plot for overall specificity. 95%CI: 95% confidence interval.

In contrast, the Heliprobe Analyser, assessed in 7 studies, displayed a sensitivity of 95.41% (95%CI: 93.32-97.50) and a 
specificity of 88.10% (95%CI: 74.43-100.00). Ultimately, the use of Beta-scintillation counter for the assessment of 14C-UBT 
resulted in a sensitivity of 98.11% (95%CI: 95.33-100.00) and a specificity of 93.47% (95%CI: 88.11-98.82).

Threshold effect and SROC curve
Spearman’s correlation analysis for studies evaluating 13C-UBT revealed a correlation coefficient (r) of 0.48, indicating the 
absence of a threshold effect. Similarly, 14C-UBT studies exhibited a negligible correlation (r = -0.01), also suggesting the 
absence of a threshold effect. Visual inspection of the SROC curves did not reveal any significant heterogeneity. Both the 
13C-UBT (AUC = 0.979; Figure 5A) and the 14C-UBT (AUC = 0.968; Figure 5B) displayed excellent diagnostic accuracy.

Publication bias
The funnel plot visualization exposed asymmetry in both the 13C-UBT (Figure 6A) and 14C-UBT (Figure 6B) models. 
Additionally, Egger's test confirmed the presence of publication bias in both tests. The intercept was 2.54 with a P value < 
0.001 for 13C-UBT and 3.04 with a P value < 0.001 for 14C-UBT.
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Figure 5 Summary operating characteristics curve curves for studies based on the 13C-urea breath test and the 14C-urea breath test for 
Helicobacter pylori infection in dyspeptic patients. The summary operating characteristics curve (SROC) curve is a graphical representation that combines 
sensitivity and specificity data from multiple studies or diagnostic tests. It illustrates how these measures change with different threshold settings or study parameters. 
The curve is accompanied by the area under the curve (AUC), which provides a quantitative assessment of the test's overall performance. A higher AUC value 
indicates better discriminatory ability across tested thresholds. Furthermore, the diagnostic odds ratio (DOR) is derived from the ROC curve and offers an evaluation 
of the test's diagnostic precision. A higher DOR signifies stronger discriminatory power, reflecting the odds of a positive test result in individuals with the condition 
compared to those without it. A: SROC curve for studies based on the 13C-urea breath test (UBT) for Helicobacter pylori (H. pylori) infection in dyspeptic patients; B: 
SROC curve for studies based on the 14C-UBT for H. pylori infection in dyspeptic patients. SROC: Summary operating characteristics curve; AUC: Area under the 
curve; DOR: Diagnostic odds ratio.

DISCUSSION
Insights from 13C- and 14C-UBT performance analysis
Our analysis has revealed that the 13C-UBT outperforms the 14C-UBT in terms of diagnostic accuracy, as evidenced by the 
following values: DOR, Likelihood Ratios (LR+ and LR-), and AUC values. Specifically, the 13C-UBT has sensitivity and 
specificity values of 96.60% (95%CI: 95.64-97.56; P value < 0.01; I2 = 65.0%) and 96.93% (95%CI: 96.04-97.82; P value < 0.01; 
I2 = 58.0%), respectively. In contrast, the 14C-UBT has sensitivity and specificity values of 96.15% (95%CI: 94.47-97.82; P 
value < 0.01; I2 = 62.0%) and 89.84% (95%CI: 84.90-94.77; P value < 0.01; I2 = 78.0%). The LR+ values for the 13C-UBT and 
14C-UBT are 22.00 and 10.10, respectively, indicating the likelihood of positive results in individuals with H. pylori 
infection. Conversely, the LR- values, suggesting a reduced likelihood of negative test results for individuals with the 
infection, are 0.05 for the 13C-UBT and 0.06 for the 14C-UBT.

Furthermore, the DOR values show a substantial difference between the two tests. The 13C-UBT yields a significantly 
higher DOR of 586.47 compared to the 14C-UBT's DOR of 226.50. These results indicate that the 13C-UBT is statistically 
superior at distinguishing dyspeptic individuals with and without H. pylori infection, making it the preferred diagnostic 
tool in this clinical context.

Finally, it is essential to emphasize that our correlation analysis, utilizing both the 13C-UBT (r = 0.48) and the 14C-UBT (r 
= -0.01), yielded no evidence of a threshold effect. Visual examination of the SROC curves revealed no heterogeneity, 
indicating consistent accuracy assessments across the studies. Additionally, both the 13C-UBT and the 14C-UBT displayed 
remarkably high AUC values: 0.979 for the 13C-UBT and 0.968 for the 14C-UBT, which approaching 1.00 reinforces the 
excellent accuracy of these tests in detecting H. pylori infection in individuals with dyspepsia. These findings strongly 
support the reliability of the 13C-UBT and the 14C-UBT as valuable diagnostic tools in clinical practice.
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Figure 6 Funnel plots for studies based on 13C-urea breath test and 14C-urea breath test for Helicobacter pylori infection in dyspeptic 
patients. A: Funnel plot for studies based on 13C-urea breath test (UBT); B: Funnel plot for studies based on 14C-UBT.

13C-UBT performance: Urea dose, assessment timing, and measurement technique selection
Our analysis highlights the critical importance of selecting the appropriate urea dose when conducting the 13C-UBT for 
diagnosing H. pylori infection. While the 25 mg urea dose displays the highest sensitivity (98.85%) and specificity 
(99.13%), concerns regarding the generalizability of these results arise due to the fact that these findings are primarily 
based on a single study[26]. In contrast, the use of 75 mg and 100 mg doses is supported by a larger body of evidence, 
maintaining excellent diagnostic accuracy with sensitivity and specificity exceeding 96%. Conversely, higher doses, such 
as 125 mg or 250 mg, exhibit a modest reduction in accuracy, particularly in terms of specificity. These findings strongly 
advocate for the consideration of 75 mg and 100 mg doses when aiming to optimize both sensitivity and specificity.

A crucial factor affecting the performance of the 13C-UBT is the timing of the assessment following urea administration. 
Our observations reveal that the optimal sensitivity and specificity, both exceeding 98%, are achieved at the 20-minute 
mark post-urea administration. Tests conducted at shorter intervals, such as 5 min and 10 min, also demonstrate high 
sensitivity and specificity, albeit slightly lower than the 20-min assessment. Conversely, assessments at 15 min maintain 
excellent accuracy, with sensitivity close to 98% and specificity around 95%. However, assessments at longer intervals, 
such as 30 min, 60 min, and multiple time points, exhibit some variability, with sensitivity and specificity values slightly 
lower than the 20-min assessment. These results highlight the 20-min assessment as the most reliable time point, offering 
a balance between high sensitivity and specificity. Nevertheless, the test remains accurate when conducted at shorter 
intervals.

The choice of assessment technique is also crucial for test accuracy. ICOS is the most accurate technique, with a 
sensitivity of 98.99% and a specificity of 98.55%. However, it is important to note that ICOS was evaluated in a single 
study[27], potentially limiting the generalizability of these results. To address this limitation, Isotope-ratio mass 
spectrometry is a more advisable option. In contrast, Infrared spectrometry, gas chromatography-mass spectrometry, 
isotope-ratio mass spectrometry, molecular correlation spectrometry, and Laser opto-galvanic effect spectroscopy yield 
varying levels of sensitivity and specificity. These findings underscore the significance of selecting the right assessment 
technique. While ICOS may be preferred when available due to its exceptional accuracy, other factors such as cost, 
availability, and local expertise should also be considered when making this choice.
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14C-UBT performance: Urea dose, assessment timing, and measurement technique selection
Our research indicates that the urea dosage utilized in the 14C-UBT can also impact test accuracy. Specifically, a urea dose 
of 5 µCi was examined in four studies and was found to possess exceptional sensitivity (99.21%) and specificity (93.43%). 
These findings underscore the potential benefits of employing a 5 µCi dose for the 14C-UBT, as it offers a high level of 
accuracy in detecting H. pylori infection. However, increasing the urea dose to 10 µCi, as investigated in a single study
[28], resulted in a slightly lower sensitivity (96.72%) and a specificity of 80.00%. This suggests that while higher urea 
dosages may still provide reliable results, they may be associated with a decrease in specificity, which could lead to more 
false-positive results.

On the other hand, the use of 1 µCi of marked urea, which was the most commonly used dosage in 14 studies, resulted 
in a sensitivity of 96.78% and a specificity of 87.19%. This indicates that a 1 µCi dose remains a viable option for the 14C-
UBT, offering a good balance between sensitivity and specificity. Two recent studies using 0.75 µCi of urea reported a 
sensitivity of 88.94% and a specificity of 91.32%, suggesting that even lower urea doses can provide reasonable diagnostic 
accuracy[29,30].

Regarding the time for measurement, tests conducted 15 min after urea administration consistently exhibited the 
highest sensitivity (98.39%) and specificity (98.71%). This indicates that the 15-min time point is optimal for maximizing 
test accuracy. Tests conducted within 10 min post-administration maintained high sensitivity (97.83%) but had a 
somewhat lower specificity (79.90%). A single study conducted at 12.5 min post-administration reported favorable 
sensitivity (96.05%) and specificity (95.12%)[31]. In contrast, longer intervals (20, 25, and 30 min) showed more variability, 
with varying levels of sensitivity and specificity. This suggests that measurements taken beyond 15 min may not be as 
reliable for H. pylori detection. Clinicians should carefully consider the timing of the 14C-UBT to ensure accurate results, 
with a preference for the 15-min mark when feasible.

Lastly, our analysis of assessment techniques uncovered differences in sensitivity and specificity. Liquid scintillation 
counting demonstrated the highest sensitivity (98.79%) but had a specificity of 87.24%. In contrast, Solid Scintillation UBT 
(scintillation counting) showed higher specificity (97.46%) at the expense of sensitivity (95.40%). The Heliprobe Analyser 
and Beta-scintillation counter also demonstrated moderate sensitivity and specificity. When choosing the assessment 
technique, the trade-off between sensitivity and specificity should be considered in relation to the clinical context. For 
instance, if high sensitivity is paramount to avoid missing positive cases, liquid scintillation counting may be the 
preferred method. Conversely, if high specificity is crucial to minimize false positives, solid scintillation counting could 
be a better choice.

Strengths and limitations
This meta-analysis adhered to established guidelines and rigorous methodological principles, enhancing the validity and 
reliability of our findings. We used a bivariate random-effects model to calculate sensitivity, specificity, likelihood ratios, 
and the DOR, alongside generating SROC curves for a comprehensive statistical analysis of the included studies. 
Subgroup analyses based on urea dosing, measurement timing, and assessment technique were conducted to explore 
potential sources of variation, while Spearman correlation analysis was used to assess the threshold effect's impact on 
diagnostic accuracy. Additionally, we assessed publication bias through visual inspections of funnel plots and Egger's 
tests.

However, it's important to acknowledge inherent limitations in our analysis. These include potential language bias, 
reliance on available data, and challenges associated with the inherent heterogeneity in diagnostic accuracy studies. 
Although we did not impose language restrictions in our search, the inclusion of studies conducted in English, Spanish, 
or Portuguese may introduce language bias[32]. The exclusion of studies due to unavailability of full-text articles or 
articles not in these specified languages could potentially lead to the omission of essential data.

Furthermore, the quality of our meta-analysis is closely tied to the quality of the primary studies we included. Biases 
within these primary studies can affect our analysis outcomes. In particular, we have concerns regarding the inclusion of 
patients, as there was no reported consecutive patient inclusion in some studies, and the index test was not always 
performed using a pre-specified threshold. Moreover, the diversity in diagnostic accuracy studies can present challenges 
when consolidating results, and despite subgroup analyses, residual heterogeneity may impact the broad applicability of 
our findings. Encouragingly, the visual examination of the SROC curves indicates consistent accuracy assessments across 
the included studies. Nevertheless, it is imperative to underscore that the reliability of our meta-analysis hinges on the 
data provided in these included studies. The absence or inconsistency of critical data points can significantly affect the 
precision of our analysis. Researchers and clinicians should consider these strengths and limitations when applying our 
findings in their practice.

CONCLUSION
In summary, our study offers crucial insights for selecting optimal diagnostic methods to detect H. pylori infection in 
clinical settings. We found that the 13C-UBT outperforms the 14C-UBT in terms of diagnostic accuracy, making it the 
preferred diagnostic approach. Furthermore, our findings highlight the significance of precise considerations when 
choosing urea dosage, assessment timing, and measurement techniques for both the 13C-UBT and 14C-UBT, thus 
enhancing diagnostic precision. These insights provide practical guidance to healthcare practitioners when choosing the 
most suitable diagnostic method for H. pylori infection, tailored to their specific clinical context. Factors like diagnostic 
accuracy, cost, and availability should be carefully weighed in this decision-making process. Our findings also have the 
potential to contribute significantly to the standardization of testing procedures, ensuring consistent and reliable results, 
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especially for patients with dyspepsia or suspected H. pylori infection. Nevertheless, it's essential for researchers and 
clinicians to consider the strengths and limitations when applying our findings in their practice.

ARTICLE HIGHLIGHTS
Research background
The urea breath test (UBT) has become a widely accepted non-invasive method for detecting Helicobacter pylori (H. pylori). 
While numerous studies have confirmed its high accuracy, its reliability is often hindered by inherent limitations.

Research motivation
In a previous investigation, the diagnostic accuracy of the UBT, which encompasses both 13C-UBT and 14C-UBT, was 
evaluated in adult patients with dyspepsia to determine the presence of H. pylori infection. Although the test 
demonstrated a high degree of precision, its reliability was compromised by significant and unexplained heterogeneity, 
which persisted even after conducting subgroup analyses. This trend continued in subsequent studies, with similar 
challenges encountered in determining pooled estimates of diagnostic accuracy for 14C-UBT. Furthermore, a subsequent 
systematic review revealed that the variability in thresholds and reference standards across studies limited the available 
data for pooling accuracy measures at specific UBT thresholds. These findings underscore the need for a rigorous 
statistical synthesis to clarify and reconcile the diagnostic accuracy of the UBT for the diagnosis of H. pylori infection, 
addressing challenges identified in prior research.

Research objectives
To evaluate and contrast the diagnostic accuracy of 13C-UBT and 14C-UBT for H. pylori infection in adult patients with 
dyspepsia.

Research methods
We conducted independent searches of PubMed/MEDLINE, EMBASE, and Cochrane Central databases until April 2022, 
focusing on diagnostic accuracy studies that evaluated at least one of the index tests (13C-UBT or 14C-UBT) against a 
reference standard. We utilized the QUADAS-2 tool to assess the methodological quality of the studies, and we calculated 
sensitivity, specificity, positive and negative test likelihood ratios (LR+ and LR-), as well as the diagnostic odds ratio 
(DOR) and their 95% confidence intervals using the bivariate random-effects model. We conducted subgroup analyses 
based on urea dosing, time after urea administration, and assessment technique. To investigate a possible threshold 
effect, we conducted Spearman correlation analysis, and we generated summary receiver operating characteristic (SROC) 
curves to assess heterogeneity. Lastly, we visually inspected a funnel plot and used Egger’s test to evaluate publication 
bias.

Research results
A screening of 4621 studies led to the selection of 60 articles for inclusion in a diagnostic test accuracy meta-analysis after 
full-text reading. Our analysis highlights the superior diagnostic accuracy of 13C-UBT compared to 14C-UBT, as evidenced 
by higher sensitivity (96.60% vs 96.15%), specificity (96.93% vs 89.84%), likelihood ratios (LR+ 22.00 vs 10.10; LR- 0.05 vs 
0.06), and AUC values (0.979 vs 0.968). Particularly noteworthy is the significantly higher DOR of 13C-UBT (586.47) 
compared to 14C-UBT (DOR 226.50), establishing 13C-UBT as the preferred diagnostic tool for individuals with dyspepsia 
and H. pylori infection. Correlation analysis indicated no threshold effect for both 13C-UBT (r = 0.48) and 14C-UBT (r = -
0.01), and the SROC curves consistently demonstrated accurate performance for both tests. The high AUC values (13C-
UBT: 0.979; 14C-UBT: 0.968), nearing 1.00, further affirm the excellent accuracy of both UBT variants, solidifying their 
reliability as diagnostic tools in clinical practice.

Research conclusions
Our study establishes 13C-UBT as the superior diagnostic approach over 14C-UBT. Furthermore, our findings underscore 
the critical importance of meticulously considering factors such as urea dosage, assessment timing, and measurement 
techniques for both tests to optimize diagnostic accuracy. However, it is paramount for researchers and clinicians to 
thoroughly evaluate the strengths and limitations of our conclusions before integrating them into clinical practice.

Research perspectives
Future research should focus on improving the comprehension, practicality, and dependability of UBTs for H. pylori 
infection. This endeavor involves refining techniques, examining sources of variability, exploring threshold effects, 
conducting longitudinal and comparative investigations, addressing biases, and assessing cost-effectiveness.
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Abstract
BACKGROUND 
Treatment of postoperative anastomotic stenosis for colorectal cancer is often 
challenging, especially for patients who do not respond well to endoscopy. In 
cases where patients have undergone an enterostomy, the stenosis can be easily 
resolved through magnetic compression. However, common magnetic compre-
ssion techniques cannot be performed on those without enterostomy. We design-
ed a novel Y–Z deformable magnetic ring (Y–Z DMR) and successfully applied it 
to a patient with a stenosis rectal anastomosis and without enterostomy after 
rectal cancer surgery.

CASE SUMMARY 
We here report the case of a 57-year-old woman who had undergone a laparo-
scopic radical rectum resection (Dixon) for rectal cancer. However, she started 
facing difficulty in defecation 6 months after surgery. Her colonoscopy indicated 
stenosis of the rectal anastomosis. Endoscopic balloon dilation was performed six 
times on her. However, the stenosis still showed a trend of gradual aggravation. 
Because the patient did not undergo an enterostomy, the conventional endoscopic 
magnetic compression technique could not be performed. Hence, we imple-
mented a Y–Z DMR implemented through the anus under single channel. The 
magnetic ring fell off nine days after the operation and the rectal stenosis was 
relieved. The patient was followed up for six months and reported good defeca-
tion.

CONCLUSION 
The Y–Z DMR deformable magnetic ring is an excellent treatment strategy for 
patients with rectal stenosis and without enterostomy.
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Core Tip: The magnetic compression technique can be used to treat patients with rectal stenosis that have also undergone an 
enterostomy. However, the existing magnetic ring cannot be used in patients without enterostomy. We designed a Y–Z 
deformable magnetic ring (Y–Z DMR), which can realize the single channel of the magnet placed through the anus. This 
paper reports the first successful clinical case of using the Y–Z DMR for the treatment of rectal stenosis.

Citation: Zhang MM, Sha HC, Qin YF, Lyu Y, Yan XP. Y–Z deformable magnetic ring for the treatment of rectal stricture: A case 
report and review of literature. World J Gastroenterol 2024; 30(6): 599-606
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INTRODUCTION
Rectal stenosis is a common postoperative complication of rectal cancer. Endoscopic treatment is generally preferred for 
such conditions. Balloon dilation[1,2], stent placement[3,4], and endoscopic radial incision[5] are some of the commonly 
used procedures that provide satisfactory treatment results in most patients. However, these procedures still lead to poor 
results in some patients, resulting in the need for surgical resection of anastomotic stenosis[6] or even permanent 
enterostomy. In addition, patients who have not undergone a prophylactic ileostomy or in whom stenosis occurs after 
ostomy reduction need urgent treatment.

Magnetic compression anastomosis (MCA) is a novel technique for the anastomosis of cavity organs through “non-
contact” magnetic force. The current basic and clinical studies on MCA cover esophageal anastomosis[7-9], gastroin-
testinal anastomosis[10,11], and colorectal anastomosis[12,13] of the digestive system. MCA can be used for vascular 
anastomosis[14-16] and therapeutic ostomy[17-19] for non-gastrointestinal conditions. Magnetic compression technique 
can be used for stricture diseases such as the biliary stricture after liver transplantation[20-22], ureteric occlusion[23], 
esophageal stricture[24-26], colorectal stricture[27], and hypopharynx stenosis[28]. As for the basic research on MCA, 
some scholars have extensively discussed the characteristics of tissue healing in different periods and established the 
stage of digestion for magnetic anastomosis (Yan–Zhang’s stage)[29].

Herein, we present a patient with the stenosis of rectal anastomosis and no enterostomy. For this case, we specially 
designed a Y–Z deformable magnetic ring (Y–Z DMR) and successfully achieved narrow recanalization in a single 
passage through the anus. The defecation status remained good even after 6 months of follow-up. This is the first study to 
report the clinical application of Y–Z DMR, which is of great clinical significance.

CASE PRESENTATION
Chief complaints
A 57-year-old woman presented to us in May 2023 for having difficulty in passing stools. She had undergone laparo-
scopic rectal cancer surgery 16 months ago (January 2022) and had started facing difficulty defecating 4 months after the 
surgery.

History of present illness
The patient had undergone laparoscopic radical rectum resection (Dixon) for rectal cancer at a local hospital 16 months 
ago and had recovered well after surgery. This patient did not undergo chemo-radio therapy before or after surgery. 
However, she started facing difficulties in defecation 1 year ago (May 2022). As a result, a colonoscopy was performed on 
her at a local hospital, which indicated stenosis of the rectal anastomosis. She underwent endoscopic balloon dilation 
treatment six times for the condition. However, the results were not satisfactory. For further treatment, the patient was 
admitted to the Magnetic Surgery Clinic of the First Affiliated Hospital of Xi’an Jiaotong University.

History of past illness
The patient had no history of acute or chronic infectious diseases, heart disease, hypertension or diabetes, or surgery 
other than laparoscopic radical rectum resection.

Personal and family history
The patient did not have any relevant family medical history.

https://www.wjgnet.com/1007-9327/full/v30/i6/599.htm
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Physical examination
The patient’s vital signs were stable, with no obvious abnormalities in the physical examination of both her lungs and 
heart. Her abdomen was flat and soft, with no abdominal tenderness. Shifting dullness in the abdomen was negative, and 
bowel sounds were also normal.

Laboratory examinations
The patient’s hematology results were normal.

Imaging examinations
After admission to our hospital, the patient underwent further colonoscopy. The result indicated that the rectal 
anastomosis was severely narrowed (5 cm) from the anus. In addition, no obvious lumen was observed. Hence, an 
attempt was made to insert a 14 Fr nasogastric tube through the anus to pass through the stenosis. Colography was 
performed by injecting approximately 100 mL of iohexol through the nasogastric tube. The results showed that the 
stenosis of the rectum was 0.4 mm in diameter and 1 cm in length (Figure 1).

FINAL DIAGNOSIS
The patient was diagnosed with rectum stenosis based on her medical history and the imaging examination and 
colonoscopy results.

TREATMENT
The patient refused further endoscopic treatment and surgery. Instead, she opted for minimally invasive magnetic 
surgery technique. The surgical plan was decided after a discussion with the Magnetic Surgery Multi-Disciplinary 
Treatment of the First Affiliated Hospital of Xi’an Jiaotong University (Figure 2). The patient agreed to the surgical 
protocol and signed the informed consent. The surgical plan was also approved by the Medical Department of the First 
Affiliated Hospital of Xi’an Jiaotong University. The S–O-shaped magnetic anastomosing ring designed by the author was 
used in the surgical plan. As the magnetic ring was designed, we named it the Y–Z DMR, also referred to as the Y–Z 
DMR. The Y–Z DMR was composed of two semicircular magnetic rings. The daughter magnetic ring was “S” shaped 
during the implantation process. It passed through the narrow section of the rectum in a serpentine motion. The daughter 
magnetic rings were manipulated by a control line to transform it from the “S” to the “O” shape. After adjusting the 
daughter magnetic ring to a suitable position, the two O-shaped parent magnetic rings were inserted through the anus. 
The daughter magnetic ring and the parent magnetic ring attracted each other and compressed the narrow section of the 
rectum. After a certain period, the scar of the narrow section and the magnetic rings fell off and were discharged through 
the anus.

The patient was administered intravenous anesthesia and the lithotomy position was adopted. A disposable anoscope 
was inserted through the anus. Rectal stenosis could be seen directly with the naked eye. An S-shaped magnetic ring was 
inserted through the anus, which was passed through the narrow part of the rectum under X-ray surveillance 
(Figure 3A). After the control line was pulled, the magnetic ring changed its S shape to O shape (Figure 3B). The catheter 
was inserted through the anus so that the balloon passed through the narrow part of the rectum and the center of the O-
ring. The catheter balloon was dilated by injecting 10 mL of diluted iohexol solution. The catheter was vertically pulled so 
that the O-shaped magnetic ring became perpendicular to the longitudinal axis of the rectum and close to the rectal 
stenosis (Figure 3C). Two O-shaped parent magnetic rings were inserted through the end of the catheter and pushed 
along the catheter to the narrow anal side of the rectum. The daughter and parent magnetic rings were attracted toward 
each other, compressing the narrow section of the rectum (Figure 3D). The catheter was placed in the rectum and the 
procedure was completed. On the 9th day after surgery, the magnet rings and catheter were pulled out through the anus 
(Figure 4A), establishing the MCA. Colonoscopy showed no bleeding, mucosal edema, or erosion at the anastomotic 
orifice (Figure 4B). The colonoscope successfully passed through the anastomotic orifice (Figure 4C). Further colono-
graphy showed that the stenosis of the rectum widened significantly (Figure 4D and E). The patient was discharged 10 d 
after surgery. The patient was strongly advised to use a 20-mm-diameter anal reaming stick 3 times a day for 5 min each 
time for 3 months after discharge to prevent restenosis.

OUTCOME AND FOLLOW-UP
The 6-month follow-up of the patient showed a generally good condition with normal bowel movements.

DISCUSSION
Before admission to our hospital, the patient had undergone balloon dilations six times. However, the stenosis kept 
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Figure 1 Colonoscopy and colography. A: Rectal anastomosis stoma; B: Rectal stenosis can only be achieved through a 14 Fr nasogastric tube; C: 
Anteroposterior colography; D: Lateral colography.

Figure 2 Operation plan. A: An S-shaped magnetic ring is inserted through the anus; B: The S-shaped magnetic ring passes through the rectal stenosis; C: The 
S-shaped magnetic ring successfully passed the narrow rectum; D: Deformation of the S-shaped magnetic ring; E: The S-shaped magnetic ring deforms to an O-
shape; F: The daughter ring and the parent ring attract each other and compress the narrow section of the rectum; G: Rectum stenosis recanalizes and the magnetic 
ring is discharged through the anus.
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Figure 3 Surgical procedure. A: The S-shaped magnetic ring passes the narrow rectum; B: The S-shaped magnetic ring becomes O-shaped; C: The catheter 
assists in adjusting the magnet position; D: The daughter ring and the parent ring attract each other and compress the narrow section of the rectum.

gradually worsening, forcing the patient to rely only on a slag-free nutrient solution. As the patient refused other 
treatment options, she was offered the Y–Z DMR procedure. Thus, she became the first patient to benefit from the Y–Z 
DMR procedure.

In the previously reported cases of colorectal stenosis treated by the magnetic compression technique, all patients had 
undergone enterostomy. The resulting stoma provided an important access for placing magnets[30,31]. In the magnetic 
anastomosis of the digestive tract, the area of compression of the magnetic anastomosis ring is an important factor that 
determines the size of the final anastomosis. Therefore, to achieve the optimum magnet placement, clinicians tend to 
choose as large a magnetic ring as possible so as to obtain a larger anastomotic diameter. For those with a stoma, magnets 
can be easily inserted both through the anus and the stoma on either side of the rectum stenosis. In patients with rectal 
stenosis but without a stoma, conventional magnets cannot be inserted into the side of the rectal stenosis. Therefore, 
passing a large magnetic ring through the narrow section is a major research topic.

Inspired by the serpentine movement of snakes, we designed a Y–Z DMR with the following characteristics: First, it is 
composed of two semicircular magnetic rings. It forms an S-shaped structure when its one end is fixed and the other end 
is rotated by 180°. As a result, the cross-section of the magnet becomes significantly small, allowing the deformable 
magnetic ring to pass through the narrow section. Second, as the S-shaped magnetic ring adopts the serpentine move-
ment, the whole S-shaped magnetic ring can be passed through the narrow section by constantly adjusting the direction 
of the magnetic ring. Third, the control wire was loaded on the end face of the semicircular magnetic ring and the S-
shaped magnetic ring, which has reached the narrow section, can be deformed and reassembled into an O-shaped 
magnetic ring through wire pulling. The above three-point design is key to passing a large magnetic loop through a small 
channel.

Although we have treated only one patient at our clinic so far, our results show that it is possible to deform the Y-Z 
DMR from the S shape to the O shape. Satisfactory results were obtained at the 6-month follow-up. This is the first-
generation Y–Z DMR. We believe that further optimization of the magnetic ring structure would increase the applications 
of the Y-Z DMR.
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Figure 4 Postoperative anastomosis. A: Daughter and parent magnetic rings expelled from the body; B: Rectal anastomosis stoma; C: The colonoscope 
smoothly passes the stenosis; D: Anteroposterior colography; E: Lateral colography.

CONCLUSION
This study described the procedure and outcome of the first successful treatment of rectal stenosis using a Y–Z DMR 
through a unique anal access. The controllable deformation ability of the Y–Z DMR made this treatment strategy 
successful. We believe that our case report will provide more options to colorectal surgeons to treat rectal stenosis.
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Abstract
The present letter to the editor is related to the study titled ‘Angiotensin-
converting enzyme 2 improves liver fibrosis in mice by regulating autophagy of 
hepatic stellate cells’. Angiotensin-converting enzyme 2 can alleviate liver fibrosis 
by regulating autophagy of hepatic stellate cells and affecting the renin-
angiotensin system.

Key Words: Angiotensin-converting enzyme 2; Hepatic stellate cells; Liver fibrosis; 
Angiotensin II; Angiotensin 1-7; Renin-angiotensin system

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

Core Tip: This letter to the editor adds to the ongoing conversation regarding the 
involvement of angiotensin-converting enzyme 2 (ACE2) in liver fibrosis from the 
perspective of its effect on the renin-angiotensin system (RAS). The major highlight of 
this letter is the discussion of the role of ACE2 in regulating liver fibrosis through RAS 
beyond the pathway studied in the article titled ‘Angiotensin-converting enzyme 2 
improves liver fibrosis in mice by regulating autophagy of hepatic stellate cells’.
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TO THE EDITOR
In the study of Wu et al[1], the authors concluded that the overexpression of angiotensin-converting enzyme 2 (ACE2) can 
regulate hepatic stellate cells (HSCs) autophagy by the adenosine monophosphate-activated protein kinase (AMPK)/
mammalian target of rapamycin pathway to inhibit the activation of HSC and promote HSC apoptosis, thereby alle-
viating liver fibrosis and hepatic sinusoidal remodeling.

Hepatic fibrosis is caused by a sustained normal wound healing response, resulting in an abnormal persistence of the 
production and deposition of connective tissue[2]. Liver fibrogenesis and cirrhosis are usually accompanied by severe 
complications, such as portal hypertension, liver failure, and an increased risk of hepatocellular carcinoma[3].

HSCs play an essential role in the pathogenesis and development of hepatic fibrosis. In healthy livers, HSCs are 
situated in the perisinusoidal space, also known as the space of Disse, between hepatocytes and liver sinusoidal 
endothelial cells[4]. However, in chronic liver diseases, HSCs are stimulated by damaged hepatocytes and transform into 
a myofibroblastic phenotype[5]. Upon activation, HSCs exhibit increased α-smooth muscle actin expression[6]. At the 
same time, HSCs produce a large number of extracellular matrix (ECM) proteins, such as collagens I and III, as well as 
fibronectin[6]. Excess fibrous ECM proteins are deposited in the space of Disse of hepatic sinusoids, ultimately resulting 
in liver fibrosis[7]. Moreover, the contraction of HSCs increases the pressure on hepatic sinusoids. This can cause stenosis, 
thereby causing and exacerbating portal hypertension[8].

Liver fibrosis has high rates of morbidity and mortality throughout the world. However, there are still no effective 
prevention and therapy methods for liver fibrosis currently. The findings of Wu et al[1]. indicate new directions for 
improving hepatic sinusoidal remodeling and give a new theoretical foundation for the preventive and targeted 
treatment of hepatic fibrogenesis and portal hypertension. However, further research is needed to enable its clinical 
application.

In addition to the pathway expounded by Wu et al[1], ACE2 can affect liver fibrosis through the renin-angiotensin 
system (RAS). In order to induce overexpression of ACE2 in a mouse model of hepatic fibrogenesis, Wu et al[1] injected a 
liver-specific recombinant adeno-associated virus ACE2 vector (rAAV2/8-ACE2) into the mice[1]. Then, Wu et al[1] 
measured the serum levels of angiotensin (Ang) II and Ang 1-7 and found that the level of Ang II decreased while the 
level of Ang 1-7 increased[1]. Osterreicher et al[9] showed that ACE2, a critical negative regulator of the RAS, can degrade 
Ang II and form Ang 1-7, thereby limiting fibrosis. In chronic liver injury models, loss of ACE2 activity exacerbates liver 
fibrosis, while the administration of recombinant ACE2 shows therapeutic potential.

RAS is a significant endocrine system that regulates vascular tension, maintains blood pressure homeostasis, and keeps 
water and electrolyte balance[10]. In the classic RAS pathway, juxtaglomerular cells of renal afferent arterioles secrete 
renin, which can cleave angiotensinogen (AGT), a liver-derived precursor peptide, to produce Ang I, a decapeptide[9]. 
AGT is produced in large quantities in liver cells and is the primary source of circulating AGT in healthy conditions[11]. 
Therefore, decreasing the secretion of AGT may be an effective strategy for treating liver fibrosis.

One of the RAS axes involves an angiotensin-converting enzyme (ACE)[12]. Through ACE action, Ang I, a main 
effector peptide of the RAS, is hydrolyzed to form Ang II, an octapeptide additionally[9]. Kurikawa et al[13] showed that 
HSCs exhibit significantly enhanced proliferation and increased collagen synthesis following Ang II binding to its 
receptor, which plays a vital role in the aggravation of hepatic fibrosis. The serum and tissue levels of Ang II were 
elevated in ACE2 knockout mice[14]. Ang II type 1 receptor (AT1R), which can be expressed in activated HSCs, is the 
main effector mediating the effects of Ang II[12]. AT1R blockers can inhibit the proliferation of HSC and improve hepatic 
fibrosis[13]. Ang II activates AT1R, which causes Ras homolog gene family member A to activate Rho-kinase. This up-
regulates the phosphorylation and contraction of the myosin light chain, which participates in developing hepatic fibrosis 
and portal hypertension[15]. Furthermore, ACE inhibitors can alleviate the progression of hepatic fibrosis[16].

Another axis of RAS is the hydrolysis of Ang II to Ang 1-7 mediated by ACE2[12]. Ang 1-7 is an active peptide and a 
vasodilator, exerting its effects through binding to the G-protein coupled receptor, Mas[10]. Mas is the main effector of 
Ang 1-7, conveying vasodilation, anti-proliferation, anti-inflammation, and anti-fibrosis effects. In different models of 
human diseases, activation of the ACE2/Ang 1-7/Mas axis inhibits inflammatory cell function and fibrogenesis[12]. 
Furthermore, Ang 1-7 can activate the production of nitric oxide and endothelial nitric oxide synthase in endothelial cells
[10].

The pathway described in the study of Wu et al[1] is not entirely independent of the pathway associated with RAS. 
When the balance between the classical RAS arm (ACE/Ang II/AT1R) and the protective arm (ACE2/Ang 1-7/Mas 
receptor) is disrupted, the expression of ACE and AT1R is inhibited, and the expression of ACE2 and Mas is increased at 
the same time under the action of activated AMPK. Following the up-regulation of ACE2, the metabolism of Ang II to 
Ang 1-7 is increased; activated AMPK suppresses the classical RAS pathway and elevates the protective arm, maintaining 
the balance of RAS[17].
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Abstract
Percutaneous or endoscopic drainage is the initial choice for the treatment of 
peripancreatic fluid collection in symptomatic patients. Endoscopic transgastric 
fenestration (ETGF) was first reported for the management of pancreatic pseu-
docysts of 20 patients in 2008. From a surgeon’s viewpoint, ETGF is a similar 
procedure to cystogastrostomy in that they both produce a wide outlet orifice for 
the drainage of fluid and necrotic debris. ETGF can be performed at least 4 wk 
after the initial onset of acute pancreatitis and it has a high priority over the 
surgical approach. However, the surgical approach usually has a better success 
rate because surgical cystogastrostomy has a wider outlet (> 6 cm vs 2 cm) than 
ETGF. However, percutaneous or endoscopic drainage, ETGF, and surgical 
approach offer various treatment options for peripancreatic fluid collection 
patients based on their conditions.

Key Words: Pancreatitis; Pancreatic pseudocyst; Endoscopic cystogastrostomy; Surgical 
cystogastrostomy; Peripancreatic fluid collection; Fenestration for pancreatic cyst
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Core Tip: Endoscopic transgastric fenestration (ETGF) actually shares the same 
indications and procedures as surgical cystogastrostomy for the management of 
pancreatic pseudocysts. From a surgeon’s viewpoint, both ETGF and surgical cystogast-
rostomy are used for producing a wide outlet orifice for the drainage. Endoscopic 
ultrasound-guided drainage and necrosectomy or ETGF has a high priority over the 
surgical approach. However, the surgical approach usually has a better success rate 
because surgical cystogastrostomy has a wider outlet than ETGF.
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TO THE EDITOR
A comment was raised after reading the article titled “Endoscopic transgastric fenestration vs percutaneous drainage for 
management of (peri) pancreatic fluid collections adjacent to gastric wall (with video)” by Zhang et al[1]. The clinical 
consequences of local complications in the natural course of acute pancreatitis are acute peripancreatic fluid collection 
(PPFC), pancreatic pseudocyst (PPC), acute necrotic collection (ANC), and walled-off necrosis (WON)[2,3]. Acute PPFC 
tends to be poorly walled-off and can leak into the retroperitoneum, peritoneal cavity, or a third space. Therefore, early 
interventions for these local complications are not recommended according to Japanese or American guidelines[4,5]. If 
percutaneous or endoscopic interventions for these local complications are necessary, it is necessary to wait until well-
encapsulated formation, such as PPC or WON, is achieved. This condition usually occurs more than 4 wk after the onset 
of interstitial edematous pancreatitis to mature[3].

Percutaneous drainage (PD) or the endoscopic approach is the initial choice for the treatment of symptomatic patients
[6]. However, most cystic spaces contain solid debris, which can occlude the tube, leading to impaired drainage. Hence, 
percutaneous or transmural drainage alone is often inadequate, and additional endoscopic or surgical necrosectomy is 
frequently required[7-10]. Surgical drainage is reserved only when PD is not successful[11]. Bleeding during management 
with endoscopic necrosectomy for ANC or WON may occur and result in catastrophic complications. Therefore, it is 
better to perform this procedure at referral centers with surgical backup[5].

Zhang et al[1] compared endoscopic transgastric fenestration (ETGF) with PD for the management of PPFC, and Liu et 
al[12] conducted the first ETGF in 2015. Actually, Varadarajulu et al[7] reported endoscopic ultrasound (EUS)-guided 
cystogastrostomy (same procedure as ETGF) for the management of PPS of 20 patients in 2008. From a surgeon’s 
viewpoint, ETGF performed by an endoscopist is a similar procedure to cystogastrostomy performed by a surgeon, and 
both are used for producing a wide outlet orifice for the drainage of fluid and necrotic debris between the cyst and 
stomach. Therefore, ETGF can be performed only under the condition of stringent adhesion between the posterior gastric 
and cystic walls. Additionally, ETGF has the same indications as surgical cystogastrostomy. Technically, the operator 
should first use EUS guidance to demonstrate presumably a resection line on the gastric wall at the site of maximal 
prominence of the PPC into the stomach to select the thinnest wall, thus minimizing adverse events.

As a novel development, therapeutic endoscopy can extend the dissection skills to perform ETGF to drain and clean 
the PPFC with well encapsulation where possible. What is already known about ETGF for PPC or WON is accepted as a 
minimally invasive alternative to the surgical approach. EUS guidance reduces the risk of perforation and hemorrhage. 
The probability of post-procedure complications and outcomes differs among the various techniques (Table 1). Varada-
rajulu et al[7] conducted a retrospective study to compare patients with uncomplicated PPC managed by surgical or EUS-
guided cystogastrostomy. The results showed no significant differences in treatment success rates, complications, or re-
interventions. Furthermore, costs were lower, and the post-procedure length of hospital stay was shorter for EUS-guided 
cystogastrostomy[7].

Table 1 Comparison of treatment procedures for pancreatic pseudocyst and walled-off necrosis

Procedure Percutaneous cystic 
drainage

EUS-guided drainage 
with/without necrosectomy

ETGF1 with/without 
necrosectomy

Surgical 
cystogastrostomy2

Variable

Technique 
difficulty

Less Less High High

Risk Less Less Moderate High

Re-insertion Yes Yes - -

Complications Less Less Moderate Less

Healing course Long Long Short Short

Cost Less Moderate Moderate High

Ref. Johnson et al[11]; 
Akshintala et al[6]

Seicean et al[8]; McGuire et al[10] Varadarajulu et al, 2008[7]; Suggs et 
al[14]; Liu et al[12]

Varadarajulu et al[7]; Suggs 
et al[14]

1ETGF: Similar to the surgical procedure (cystogastrostomy).

https://www.wjgnet.com/1007-9327/full/v30/i6/610.htm
https://dx.doi.org/10.3748/wjg.v30.i6.610


Ker CG. Endoscopic intramural cystogastrostomy

WJG https://www.wjgnet.com 612 February 14, 2024 Volume 30 Issue 6

2Cystogastrostomy performed using a traditional or laparoscopic approach.
ETGF: Endoscopic transgastric fenestration; EUS: Endoscopic ultrasound.

Generally, EUS-guided drainage and necrosectomy or ETGF has a high priority over the surgical approach. However, 
the surgical approach usually has a better success rate because surgical cystogastrostomy has a wider outlet (> 6 cm vs 2 
cm) than ETGF[13,14]. Either ETGF or operative cystogastrostomy is indicated in cases where: (1) The cystic wall is well 
matured; and (2) the cyst is large enough to have a severe adhesion area with the gastric posterior wall instead of the 
early phase of PPFC without being walled-off. However, PD, endoscopic drainage, ETGF, and surgical approach offer 
various treatment options that can be tailored to the needs of individual patients with PPFC and the facilities of 
institutions.
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