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Abstract

The etiology of upper gastrointestinal bleeding (UGIB) varies by age, from
newborns to adolescents, with some of the causes overlapping between age
groups. While particular causes such as vitamin K deficiency and cow’s milk
protein allergy are limited to specific age groups, occurring only in neonates and
infants, others such as erosive esophagitis and gastritis may be identified at all
ages. Furthermore, the incidence of UGIB is variable throughout the world and in
different hospital settings. In North America and Europe, most UGIBs are non-
variceal, associated with erosive esophagitis, gastritis, and gastric and duodenal
ulcers. In recent years, the most common causes in some Middle Eastern and Far
Eastern countries are becoming similar to those in Western countries. However,
variceal bleeding still predominates in certain parts of the world, especially in
South Asia. The most severe hemorrhage arises from variceal bleeding, peptic
ulceration, and disseminated intravascular coagulation. Hematemesis is a credible
indicator of a UGI source of bleeding in the majority of patients. Being familiar
with the most likely UGIB causes in specific ages and geographic areas is espe-
cially important for adequate orientation in clinical settings, the use of proper
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diagnostic tests, and rapid initiation of the therapy. The fundamental approach to the management of UGIB
includes an immediate assessment of severity, detecting possible causes, and providing hemodynamic stability,
followed by early endoscopy. Unusual UGIB causes must always be considered when establishing a diagnosis in
the pediatric population because some of them are unique to children. Endoscopic techniques are of significant
diagnostic value, and combined with medicaments, may be used for the management of acute bleeding. Finally,
surgical treatment is reserved for the most severe bleeding.

Key Words: Upper gastrointestinal bleeding; Age-specific; Epidemiology; Pediatric; Unusual cause

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

Core Tip: This review provides general and comprehensive epidemiological data, overviewing the most common causes of
upper gastrointestinal bleeding (UGIB) in children, in different age groups. The relevant literature in English on pediatric
UGIB was searched until 2022, with special reference to age-related causes, unusual and rare causes, and risk factors. The
literature search was performed using Medline via PubMed database (www.pubmed.gov), Google Scholar (
www.scholar.google.com) and Cochrane Database, using the following terms: “neonates and infants” and “upper
gastrointestinal bleeding”; “children” and “upper gastrointestinal bleeding”; “children” and “upper gastrointestinal bleeding”

99, ¢

and “unusual causes”; “infants and children” and “upper gastrointestinal hemorrhage” and “unusual causes”.
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INTRODUCTION

Upper gastrointestinal bleeding (UGIB) represents one of the most urgent conditions in the pediatric population. The
etiologies of UGIB vary by age, from newborns to adolescents, with substantial overlap between age groups[1]. The origin
of UGIB in children can be traced to any location from the esophagus to the ligament of Treitz, which represents the point
of transition between the foregut and midgut[1,2] (Figure 1). Approximately 20% of all GI bleeding in children arises at
those sites[3]. A significant share of patients with UGIB has a benign clinical course since approximately 80% present with
self-limited bleeding[2]. About three-fourths (73%) of the patients present with hematemesis, followed by melena (21% of
patients) and coffee-ground emesis (6% of patients)[1,4]. Nevertheless, some patients may also experience abdominal
pain, nausea, dyspepsia, or vertigo[4,5]. Furthermore, hematochezia might be a rare sign of UGIB, except in neonates and
infants who have rapid passage through the GI tract[3].

Differential diagnosis of UGIB is based on age, clinical presentation, and the amount of bleeding[6]. It must also
include non-GI sources such as ingested maternal blood, epistaxis, and hemoptysis as well as food-mimicking hemate-
mesis, coffee ground emesis, or melenal[1,5]. Certain types of food may confuse children and parents due to a very similar
appearance to blood in vomitus (e.g., red food coloring, red candies, fruit-flavored drinks, fruit juices, and beets).
Similarly, the melena-like appearance of the stool may be caused by some drugs like bismuth subsalicylate or iron
supplements and food such as grape juice, spinach, beets, or blueberries[6].

Therefore, the anamnesis obtained from parents and the affected patient, if possible, must include information about
associated signs and symptoms, dietary habits, and medicament use, and the attempt to quantify the bleeding. Large-
volume UGIB might be encountered in non-steroidal anti-inflammatory drug (NSAID)-induced gastritis, but more
frequently in variceal bleeding, both in young children and adolescents[6,7].

The initial approach in the treatment of patients with significant GI bleeding involves the establishment of adequate
oxygen support, placement of central or peripheral intravenous catheters, hemodynamic stabilization, transfusion of
blood and blood products, as well as correction of any underlying coagulopathies[5]. Endoscopy per se, is both a diag-
nostic and therapeutic procedure that is especially important in an emergency setting[8,9]. The frequency of endoscopic
therapeutic interventions is especially high in patients with esophageal varices or bulbar peptic ulcer hemorrhage[8].

EPIDEMIOLOGICAL CHARACTERISTICS OF UGIB IN CHILDREN

There is a relative paucity of data regarding the exact incidence of UGIB in children. Based on the study conducted in
France in 2010, the incidence of UGIB in the pediatric population is 1-2 per 10000 children[10]. The risk of UGIB is
especially high in some subpopulations such as critical care patients. Critical illness alone may be a risk factor for stress-
related GI ulceration and bleeding related to systemic hypoxemia, low gastric pH, impaired splanchnic perfusion, and
dysregulated mucosal cytoprotection[11]. Besides, the use of medications such as NSAIDs, aspirin, corticosteroids, and
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Figure 1 Anatomic locations of upper gastrointestinal bleeding in children, with corresponding common causes. CMPA: Cow’s milk protein
allergy; NSAIDs: Non-steroidal anti-inflammatory drugs; PGS: Prolapse gastropathy syndrome.

selective serotonin reuptake inhibitors may be additional risk factors for severe UGIBJ[1,5]. Moreover, other comorbidities
such as cerebral palsy increase the risk of erosive esophagitis primarily due to a higher prevalence of gastroesophageal
reflux[4]. Few studies have provided critical care statistics related to UGIB in children[11-15]. The cumulative incidence of
UGIB in the pediatric critical care population of Canada was shown to be 10.2%[12]. Moreover, a prospective cohort study
from Thailand, which included 110 pediatric intensive care unit (PICU) patients, who required mechanical ventilation
longer than 48 h, revealed that the incidence of UGIB was 51.8%, among which 3.6% of the cases presented with clinically
significant bleeding[13]. According to the Belgian literature review published in 2011, the incidence of significant UGIB in
children admitted to the PICU was 0.4%-1.6%[14]. However, an earlier prospective comparative study from 1992
conducted in a PICU of a tertiary care university-based facility in the United States found that the prevalence of UGIB
was as high as 25%[15].

UGIB may be a life-threatening condition in cases of large blood volume loss, and worldwide mortality rates in
children reach up to 15%[1,4]. A study from the United States showed that the overall mortality of PICU patients was
4.8%, with significantly higher mortality observed in patients with UGIB than in those without (16% vs 1.3%; P < 0.001)
[15]. To reduce the risk of GI bleeding in children hospitalized in the PICU for critical asthma, stress ulcer prophylaxis
(SUP) is commonly prescribed. A retrospective, multicenter cohort study conducted in the United States from 2010 to
2019 included children 3 years to 17 years of age admitted to the PICU for critical asthma. Of the 30177 children, 10387
(34.4%) received SUP throughout the 10-year period. Gastritis was noted in 32 (0.1%) subjects, and rates did not differ for
patients who had and had not received SUP (0.11% vs 0.1% respectively; P = 0.706). Moreover, no episodes of major GI
bleeding events were documented for the entire study sample regardless of SUP exposure[16]. These data raise a question
of a need for the routine use of SUP in this population and advocate the consideration of a more individualized approach
to the prevention of GI bleeding.

MOST COMMON CAUSES OF UGIB IN THE PEDIATRIC POPULATION

Various factors influence the occurrence of UGIB in different regions and countries around the world[1,2,10,17].
According to the literature, the origin of the UGIB in the pediatric population differs in developing and developed
countries[1-3,8,18-22]. Based on causes, the UGIB may be classified into two major groups: Variceal and non-variceal[5].
Previously reported data from a study conducted in the Middle East in 2012, suggested that the most common cause of
UGIB is esophageal varices (in 39% of patients with UGIB)[23]. Similarly, data from India in 1996 also indicated variceal
bleeding as the most common UGIB, affecting 95% of patients. The majority (92%) of these cases occurred due to
extrahepatic portal vein obstruction (EHPVO)[22]. However, the data obtained from an Iranian study conducted 2012-
2014 indicated that the most common etiologies of UGIB among all patients admitted for GI bleeding were prolapse
gastropathy syndrome (PGS) and esophagitis, with rates of 18.6% and 15.9%, respectively, followed by esophageal
varices, gastritis, and coagulopathy, with frequency of 7.1% for each[18]. Moreover, a large cross-sectional study from
Turkey from 2020 showed that the most common causes of UGIB were esophagitis (47%), peptic ulcer (18.1%), and
esophageal varices (11.1%)[8]. In China, a 10-year retrospective multicenter cohort study conducted 2003-2012 reported
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Table 1 Common causes of upper gastrointestinal bleeding in neonates[1,3,5,24]

Cause Bleeding source location
Swallowed blood Non-GI bleeding
Nasogastric tube placement Stomach

Stress-related gastritis Stomach

CMPA Stomach, duodenum

NEC Lower GI tract

Vitamin K deficiency Distinct locations

DIC Distinct locations
Congenital coagulation disorders' Distinct locations

"Hemophilia, Von Willebrand disease, etc.
CMPA: Cow’s milk protein allergy; DIC: Disseminated intravascular coagulation; GI: Gastrointestinal; NEC: Necrotizing enterocolitis.

erosive gastritis as the most frequent endoscopic finding in children with UGIB (33.5%), followed by duodenal ulcer
(23.2%). The same study showed that the prevalence of erosive gastritis decreased with children’s age (correlation
coefficient = -0.787), while duodenal ulcer showed an increasing trend regarding age (correlation coefficient = 0.958)[21].

According to the literature, the most common causes of UGIB in North America and Europe are PGS (12.7%), gastric
erosions and ulcers (10.8%), erosive esophagitis (9.5%), and duodenal erosions/ulcers (8.2%), whereas less common are
esophageal varices (6.3%) and Mallory-Weiss tear (3.8%)[3,4]. A retrospective cohort, single-institution study conducted
in the United Kingdom 2009-2014 by Nasher et al[20] included 32 patients with UGIB, with an average age at presentation
of 5.9 + 5.5 years in males and 8.2 * 6.0 years in females. Over one-half (59.3%) of patients underwent an upper GI
endoscopy procedure, which identified esophageal varices and esophagitis (occurring in 26% of patients each) as the
most common findings, followed by gastritis/duodenitis (identified in 15.8% of patients). Duodenal ulcer was found in 2
patients who had evidence of Helicobacter pylori (H. pylori) on biopsy and in 1 with a previous history of NSAID intake.
Furthermore, 1 patient had a rare cause of UGIB, a gastric vascular malformation[20]. Moreover, a 7-year retrospective
cohort study conducted from 2007 to 2013 in the northeast of Romania which included 103 patients with UGIB showed
that erosive gastritis was the most common cause of UGIB (occurring in 33.9% of included patients). The other causes
comprised esophagitis (14.6%), duodenitis (11.6%), duodenal ulcer (10.7%), gastric ulcer (5.8%), esophageal varices (4.8%)
and Mallory-Weiss syndrome (1.9%), whereas 16.5% of patients had multicausal UGIB. Furthermore, the particular
bleeding source was determined in 34.9% of patients, a possible one in 39.8%, while in 25.2% the source has not been
ascertained. Finally, in the same study, NSAID consumption and H. pylori infection were documented in 17.5% and 36.9%
of patients, respectively[19].

CAUSES OF UGIB IN NEONATES

The most common causes of UGIB in newborns include coagulation disorders such as vitamin K deficiency, cow’s milk
protein allergy (CMPA), stress-related gastritis, sepsis, and trauma related to nasogastric tube placement[1,3,5,6,24]
(Table 1). CMPA is a common food allergy both in neonates and infants, with an incidence estimated as 1.8%-7.5% in the
1 year of life[25]. Since there is no specific diagnostic test, the diagnosis of CMPA is primarily established by clinical
evaluation and the elimination diet is the preferable treatment option[26].

UGIB in neonates in the neonatal ICU (NICU) setting is not uncommon. A retrospective-prospective cohort study
conducted in Finland in 2000 which included 189 newborns treated in the NICU found that approximately 20% of
patients had signs of GI bleeding. Mechanical ventilation was determined to be the crucial risk factor [odds ratio (OR) =
4.06; 95% confidence interval: 1.21-12.3], with 53% of mechanically ventilated patients having gastric mucosal lesions[27].

Furthermore, vitamin K deficiency must always be considered in neonates having UGIB. Vitamin K deficiency
bleeding is usually categorized into three major groups: Early-onset (1 24 h of life), classical (2™ to 7 d), and late-onset
(2" to 12 wk). Special attention should be given to the late-onset form, which exerts a greater burden in low- and
middle-income countries where the median incidence is 80/100000, compared with high-income countries where the
median incidence is significantly lower, 8.8/100000[28]. Besides, all neonates with hematemesis should also be screened
for other bleeding disorders such as maternal thrombocytopenic purpura, hemophilia, and Von Willebrand disease,
which are well-known risk factors for possible GI bleeding. Furthermore, the large amount of UGIB in newborns may also
be caused by gastric erosion due to the placement of a nasogastric tube, sepsis, and/or disseminated intravascular
coagulation[5]. When major UGIB occurs in neonates, parenteral vitamin K and proton pump inhibitors administration
are recommended empirically[29]. Moreover, it is very important to initially exclude ingestion of blood of maternal origin
that may be swallowed during delivery or from cracked nipples, which can be perceived as UGIB. Therefore, alkali
denaturation testing (known as the Apt test) should be performed whenever available to distinguish maternal from fetal
blood[30]. If maternal blood ingestion is excluded, another source of UGIB should be sought in this age group.
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Figure 2 The most common causes of upper gastrointestinal bleeding in children from 1-year-old to 3-years-old. A: Gastric ulcer in a 3-year-
old boy who presented with hematemesis; B: Mallory-Weiss tear in a 3-year-old boy; C: Esophageal varices grade Il in a 2-year-old boy with extrahepatic portal vein
obstruction after cardiac surgery.

Finally, preterm infants represent a delicate pediatric population, in whom bright red blood in nasogastric aspirate
may be a presenting sign of necrotizing enterocolitis (NEC)[3], although the source of hemorrhage caused by NEC is
mostly located in the lower GI tract[31,32]. NEC usually develops in preterm infants with usual onset between 2 wk and 3
wk of life. On the other hand, full-term infants comprise about 10% of all babies with NEC, and in this subgroup NEC
may appear within the 1 wk of life[33]. Because of insufficient reliable data due to inconsistencies in diagnosis and/or
data collection of different studies, the precise incidence of NEC is undetermined[32]. When diagnosed, NEC must be
treated rapidly with nasogastric decompression, proper antimicrobial therapy, and other supportive measures. If there is
a suspicion of advanced NEC, surgical treatment is necessary/[3].

CAUSES OF UGIB IN INFANCY

In younger infants, during the early months of life, the causes of UGIB are related to reflux and erosive esophagitis, PGS,
CMPA, and stress-related gastritis[1,3,17,18,25] (Table 2). Gastritis with subsequent mucosal bleeding and stress ulcers
are especially common causes of UGIB in infants hospitalized in PICU[3,27]. Less frequent causes include caustic and
foreign body ingestion, coagulation disorders, medication-induced bleeding (mostly caused by NSAIDs), and rarely
peptic ulcers and esophageal varices[5,17,34]. The presence of melena, particularly in the youngest children, points to
significant GI hemorrhage[10,20]. The source of bleeding in these patients usually can be identified by flexible endoscopy,
though drug-induced ulceration should be suspected from detailed medical history data and usually does not require
endoscopic confirmation. An age-related retrospective study, which was conducted 2000-2010 in Iran and included
children and adolescents aged 0-18 years, showed that erosive esophagitis was the most common cause of GI bleeding in
all patients. This was also the most common finding in patients less than 1-year-old, with a prevalence of 37%, followed
by gastritis (25.9%)[17]. On the other hand, the same study identified peptic ulcer disease (PUD) as a cause of UGIB in
only 7.4% of infants, which significantly differed from older children. In concordance with these findings are the results
from a national case-crossover study, conducted in France over a 2-year period, where a similar prevalence of the most
common UGIB causes in this age group was reported[10].

CAUSES OF UGIB IN TODDLERS

The most common causes of UGIB in children from 1-year-old to 3-years-old include reflux and erosive esophagitis,
gastritis, caustic ingestions, peptic ulcer (Figure 2A), esophageal varices, vomiting-induced bleeding similar to ones from
Mallory-Weiss tear (Figure 2B), and PGS[1,3,4,18] (Table 3). PGS represents a retrograde prolapse of a part of gastric
mucosa from the proximal stomach into the distal esophagus[35]. A study by Cleveland et al[4] found the erosion caused
by prolapse of a portion of the gastric cardia along the lesser curvature found in PGS represents a more common source
of bleeding than PUD or nonspecific gastritis in children.

It is well known that NSAIDs (including aspirin) and corticosteroids can increase the risk of UGIB, causing impairment
of the gastric mucosal barrier by reduction and alteration of mucous secretion and promoting tissue fragility[5,36]. A
group of French researchers performed a national case-crossover study with a total of 177 children with UGIB involved.
The study reported that UGIB in one-third of the cases occurred due to exposure to NSAIDs at doses used for analgesic or
antipyretic purposes. According to the age groups, the observed risk was more than four times higher in children up to 7-
years-old (OR = 14.1) than in patients 8-years-old to 16-years-old (OR = 3.4)[10]. Although gastric ulcers have been
associated with the chronic use of NSAIDs, reports from a single center in the United States over a 1-year period
described UGIB in patients aged 16 mo to 36 mo (median age of 23.5 + 9.0 mo) who developed hematemesis within 24 h
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Table 2 Common causes of upper gastrointestinal bleeding in infants[1,3,5,17,26]

Cause Bleeding source location
Erosive esophagitis Esophagus

Reflux esophagitis Esophagus

Ingestion of caustic substances and foreign bodies Esophagus, stomach
Erosive gastritis Stomach

Stress ulcers Stomach

Drug-induced gastritis (most commonly by NSAIDs) Stomach

PGS Stomach

CMPA Stomach, duodenum

CMPA: Cow’s milk protein allergy; NSAIDs: Non-steroidal anti-inflammatory drugs; PGS: Prolapse gastropathy syndrome.

Table 3 Common causes of upper gastrointestinal bleeding in toddlers[1,4,18]

Cause Bleeding source location
Erosive esophagitis Esophagus

Mallory-Weiss tear Esophagus

Ingestion of caustic substances and foreign bodies Esophagus, stomach
Variceal bleeding associated with portal hypertension Esophagus, stomach
Erosive gastritis Stomach

Peptic ulcers Stomach

PGS Stomach

Drug-induced gastritis (most commonly by NSAIDs) Stomach

NSAIDs: Non-steroidal anti-inflammatory drugs; PGS: Prolapse gastropathy syndrome.

after receiving just one or two age- and weight-appropriate doses of ibuprofen. In each of those patients, esophago-
gastroduodenoscopy demonstrated an antral gastric ulcer[36].

Furthermore, it is reported that the consumption of NSAIDs combined with infection with H. pylori is associated with a
higher risk of gastroduodenal ulceration and bleeding[19]. A study from Tunis showed that the severity of gut mucosal
damage in a population with a high prevalence of H. pylori infection is correlated with NSAID level intake, especially in
children younger than 24 mo. However, the presence of H. pylori infection did not worsen gut mucosal injury severity in
patients receiving NSAIDs[37].

Foreign body ingestion represents a significant risk factor for major complications, including UGIB. The occurrence of
UGIB in these patients was shown to be time-related regarding the diagnosis establishment. Ingestion of a button battery
is especially hazardous because it often results in secondary complications such as mucosal erosions, bleeding, gastric
outlet obstruction, mediastinitis, or abscess formation[34,38]. Even in the case of a button battery lodging in the
esophagus only transiently, severe erosion and ongoing necrosis of the esophagus and surrounding tissues may occur
after the removal. Therefore, batteries that are in the esophagus must be removed within 2 h to avoid potentially fatal
complications such as perforation and, the most severe one, aorto-esophageal fistula formation and subsequent bleeding
[34]. Exsanguination from aorto-esophageal fistula has been reported in infants and toddlers[39].

Severe UGIB bleeding may be caused by esophageal varices rupture, which develops as a result of portal hypertension
[40,41]. The most frequent causes of portal hypertension and its complications in children are EHPVO (Figure 2C) and
liver cirrhosis. Liver cirrhosis in infancy is most commonly caused by biliary atresia (BA) and metabolic disorders,
whereas in older children, the most common causes are alpha-1-antitrypsin deficiency, autoimmune hepatitis, primary
sclerosing cholangitis, and Wilson's disease[42]. In patients with BA, esophageal varices may develop earlier compared to
other causes of cirrhosis in children, with the median age of the first bleeding at 17 mo[43]. The management of variceal
bleeding comprises both prophylaxis and acute emergency treatment and includes the use of drugs (e.g., propranolol,
vasopressin, and somatostatin), endoscopic procedures (e.g., periodic surveillance endoscopies, endoscopic sclerotherapy,
and band ligation), interventional radiology (e.g., transjugular intrahepatic portosystemic shunt), and surgery (e.g.,
portosystemic shunting)[44].
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CAUSES OF UGIB IN CHILDREN OLDER THAN 3-YEARS-OLD

In children older than 3-years-old, bleeding most commonly arises from Mallory-Weiss tear, reflux and erosive
esophagitis, erosive gastritis (Figure 3A), chronic PUD, caustic ingestions, esophageal varices, gastric varices (Figure 3B),
and foreign body ingestion[1,4,5,24]. Besides, younger children and adolescents may experience bleeding from severe
coagulopathy due to hematological disorders such as leukemia and idiopathic thrombocytopenic purpura[3] (Table 4).

PUD in children is similar to that in adults; however, there are some differences, especially in the prevalence of
etiologies, clinical presentation, and complications. PUD is usually categorized as primary when associated with H. pylori
and hypersecretory conditions including Zollinger-Ellison syndrome (ZES), short-bowel syndrome, cystic fibrosis,
hyperparathyroidism, etc. Primary PUD is more often found in the duodenum, whereas secondary ulcers are more
frequently localized in the stomach. On the other hand, secondary PUD is usually associated with systemic disease and
drug ingestion and comprises stress ulcers, drug-induced ulcers, ulcers associated with infections other than H. pylori,
Crohn’s disease (CD) ulcers, ulcers associated with foreign body ingestion, etc[45]. A retrospective analysis performed in
a single Endoscopy Center in China in 2021 included 173 children who were found to have upper GI ulcer. Primary ulcer
was found in 148 (85.6%) patients and secondary in 25 (14.4%) patients. Of those with secondary ulcers, foreign body in
the digestive tract was the most common cause, and was observed in 17 children (68%), followed by Henoch-Schonlein
purpura (HSP) in 5 children (20.0%) and CD in 3 children (12.0%)[46].

H. pylori infection has been found in 50% of the world’s population (approximately in 70% of the population in
developing countries and 30%-40% in developed countries)[47] (Figure 3C). In children, the majority of H. pylori in-
fections are asymptomatic, regardless of being associated with microscopic gastric inflammation[48]. Spontaneous
eradication of the infection is noted mainly in infants and young children, and it decreases with age[49]. Besides, due to a
rising resistance of H. pylori to antimicrobials and lack of symptom improvement in the absence of PUD, testing for H.
pylori presence and application of eradication therapy are recommended only for the subset of patients with a high
suspicion of PUD[47]. Therapy should be based on antibiotic resistance profiles and tailored accordingly using
sufficiently high doses and treatment durations of 10-14 d, to achieve an initial eradication success rate of = 90%[48]. In
case of unknown susceptibility, high-dose triple therapy with proton pump inhibitors, amoxicillin, and metronidazole for
14 d is recommended as first-line therapy[48]. In a retrospective cohort study from the Middle East (conducted 1993-
2002), which included 521 patients younger than 18-years-old who presented with UGIB, 24 (5%) children were
diagnosed by endoscopy with PUD. The average age was 15 (range: 5-18 years). Primary PUD was found in 79% of the
children, and according to the available histopathological data, the main finding was antral gastritis highly associated
with H. pylori[50]. Moreover, a retrospective cohort study conducted in Japan 1995-2001, which included 283 patients
aged 9 mo to 16 years, showed that the prevalence of H. pylori was highest in children with nodular (antral) gastritis
(98.5%) and duodenal PUD (83%). H. pylori infection strongly correlated with gastric and duodenal ulcers in the age
group of 10-years-old to 16-years-old compared to children 9-years-old or younger, in whom this correlation was not
identified (OR =12.1 vs 4.1 for duodenal ulcer, and OR = 8.2 vs 0.7 for gastric ulcer). Besides, researchers identified a low
frequency of hematemesis or tarry stools (occurring in 9% of all patients), suggesting that there was no association with
significant acute GI blood loss in the majority of patients[51]. Moreover, it has been reported that several hematological
diseases may be associated with H. pylori infection, such as iron deficiency anemia, immune thrombocytopenia, and
vitamin B12 deficiency, which can lead to additional GI disorders and subsequent UGIB[52].

EHPVO represents an important cause of portal hypertension in developing countries, and some data suggest that it is
responsible for the occurrence of up to 80% of portal hypertension in children[53]. It commonly presents as incidental
splenomegaly on physical examination (in 43.3% of cases) and in 40% as UGIB manifested as hematemesis and/or melena
due to gastroesophageal varices[41]. Gastroesophageal varices caused by portal hypertension as a consequence of
EHPVO were shown to be the most common source of significant UGIB in children above 3-years-old in South Asian
countries[22,54]. A retrospective cohort study from India, conducted from 2002 to 2012, found 30 patients with EHPVO
(5-years-old to 14-years-old). The peculiarity of these results was that delivery at home, which was one of the risk factors,
was reported in all 30 cases, while the other risk factors, umbilical sepsis and a history of cow dung application over the
umbilical cord were identified in 27% and 6.7% of patients, respectively. Almost 75% of all patients in that study had
UGIB. Endoscopy findings revealed esophageal varices in all enrolled patients, gastric varices in 38.5%, and portal
hypertensive gastropathy in 20%[55].

BA is a common cause of portal hypertension in older children as well as in children 3-years-old or younger. A cross-
sectional multicentric study conducted between May 2006 and December 2009, as a part of the Childhood Liver Disease
Research and Education Network, enrolled a total of 163 patients with BA (aged 1-25 years). The 43/163 (26.3%) patients
with portal hypertension had complications, and 19.6% manifested with esophageal varices bleeding. Among the 32
patients with esophageal varices bleeding, most (34.4%) had their first bleeding episode between 6-years-old and 10-
years-old, followed by equal portions (21.8% each) between birth and 2-years-old, between 2-years-old and 5-years-old,
and > 10-years-old[40].

UNUSUAL CAUSES OF UGIB

Unusual causes of UGIB (Table 5) are as clinically challenging in pediatric patients as in their adult counterparts. The
incidence of unusual etiologies could be higher in pediatric practice since most of the rare diseases initially present
during childhood. Unusual causes comprise various congenital anomalies, acquired diseases, and unusual foreign body
ingestion.
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Table 4 Common causes of upper gastrointestinal bleeding in children ages > 3 yr[1,4,5,24,50]

Cause Bleeding source location
Erosive esophagitis Esophagus

Reflux esophagitis Esophagus
Mallory-Weiss tear Esophagus

Variceal bleeding associated with portal hypertension Esophagus, stomach
Erosive gastritis Stomach

Stress ulcers Stomach
Drug-induced gastritis (most commonly by NSAIDs) Stomach

Helicobacter pylori gastritis Stomach

Peptic ulcers Stomach, duodenum
Acquired hematological disorders (ITP, leukemia, etc.) Distinct locations

ITP: Idiopathic thrombocytopenic purpura; NSAIDs: Non-steroidal anti-inflammatory drugs.

DOI: 10.3748/wjg.v29.i37.6095 Copyright ©The Author(s) 2023.

Figure 3 Causes of upper gastrointestinal bleeding in children older than 3-years-old. A: Erosive gastritis in a 14-year-old girl with cerebral palsy; B:
Gastroesophageal varices type 2 in a 6-year-old girl with chronic liver disease due to extrahepatic portal vein obstruction; C: Macronodular gastritis in a 16-year-old
girl due to Helicobacter pylori infection; D: Eosinophilic esophagitis in a 16-year-old boy; E: Gastric trichobezoar in a 9-year-old boy; F: Traumatic perforation of the
duodenum as a consequence of a handlebar injury in a 6-year-old boy. The patient was referred to the hospital two days after injury and the surgery was performed
on the day of admission.

Unusual UGIB causes affecting the esophagus

UGIB is reported as a very rare clinical presentation in patients with alimentary tract duplications, including in newborns,
infants, and older children[56-58]. The esophagus is, after the ileum, the second most common spot of occurrence of these
congenital anomalies[56,59]. Alimentary tract duplications are usually diagnosed in infancy and childhood, with 60% of
patients presenting at ages younger than 2 years[60]. The majority of esophageal duplications are related to the right side
of the esophagus and do not communicate with its lumen[61]. However, they may sometimes contain gastric epithelium
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which can provoke peptic ulceration, intra-cystic hemorrhage, and fistulation into the esophagus, presenting with
hematemesis or melena[62].

Furthermore, it is not uncommon for eosinophilic gastrointestinal diseases (EGIDs) to initially present with GI bleeding
[63]. Eosinophilic esophagitis (EoE) (Figure 3D), with an estimated prevalence of 10 to 57 per 100000, is the most common
type of EGIDs, a group of chronic GI disorders, characterized by GI symptoms and pathological eosinophilic infiltration
of various parts of the GI tract, without secondary causes of tissue eosinophilia[64]. Ozdogan et al[63] reported on 3
patients aged 8, 10, and 12 years who had hematemesis as the initial sign of EoE.

Unusual UGIB causes affecting the stomach

Gastric duplications (GDs) comprise only 7% of all GI duplications[59]. These congenital anomalies are commonly located
in the region of the greater curvature. The cystic type comprises around 80% of GDs and they do not communicate with
the gastric lumen, unlike the remaining 20% representing tubular GDs which are contiguous with the stomach and
usually communicate with the gastric lumen. According to the study by Li ef al[65] which included 319 patients with GD,
vomiting and abdominal pain were the most common manifestations of these anomalies. GI hemorrhage was shown to be
the third most common symptom, occurring in 16.3% of children.

Eosinophilic gastritis is even rarer than EoE, with a prevalence estimated at 6.6 per 100000[66]. Ozdogan et al[63]
reported on 2 patients aged 7 and 14 years with eosinophilic gastritis who initially presented with hematemesis.

Some gastric tumors may also lead to GI bleeding. Gastrointestinal stromal tumors (GISTs) are an extremely rare cause
of UGIB, described in several case series and reports[67]. They are most commonly located in the stomach and the median
age at diagnosis is reported to be between 60 years and 69 years[68]. Patients 16-years-old or younger represent only
1.4%, and those less than 21-years-old represent 2.5% of all gastric GIST patients[67,69]. Authors from the United States
have reported on a case of an 11-year-old girl who presented with anemia and guaiac-positive stool 1 mo after tonsil-
lectomy. Because her anemia was thought to be secondary to blood loss from her tonsillectomy, iron therapy was started.
Since 2 wk thereafter her hemoglobin decreased again, esophagogastroduodenoscopy was performed and demonstrated
7-8 large submucosal masses in the antrum and distal body of the stomach, with deep ulceration in one of the masses.
Endoscopic ultrasound-guided fine needle aspiration confirmed the diagnosis of epithelioid GIST[69].

Furthermore, there are scarcely reported cases of primary gastric lymphomas in children. Authors from Korea reported
on a case of a 10-year-old patient with a family history of gastric adenocarcinoma, who presented with recurrent
hematemesis and melena. Esophagogastroduodenoscopy revealed diffuse antral ulcers, while a tissue biopsy showed a
diffuse large B cell non-Hodgkin lymphoma[70]. Other rare gastric tumors such as Schwannoma causing GI bleeding
have been reported anecdotally in toddlers and adolescents[71,72]. Moreover, Corasaniti et al[73] reported on a case of a
young infant who presented with bilious vomiting, melena, and anemia due to a giant gastric polyp, histologically
proven to be focal foveolar hyperplasia.

Bezoars (including trichobezoars, phytobezoars, pharmacobezoars, lactobezoars, etc.) are indigestible conglomerations
trapped in the GI tract[74]. They are most commonly located in the stomach, although they may be observed in the
esophagus, duodenum, and other segments of the bowel[75]. Trichobezoars (Figure 3E) are associated with trichotil-
lomania and trichophagia in psychiatric patients. Bhatia et al[76] reported on 24 cases of trichotillomania attending the
psychiatry outpatient department and found that the majority of cases (54.2%) belonged to the age group of 6-years-old to
10-years-old. In 2021, LaGrandeur et al[77] reported on a case of a seemingly healthy school-aged girl who presented with
recidivant hematemesis, in whom a gastric trichobezoar was revealed during endoscopy.

Unusual UGIB causes affecting the duodenum

Duplications of duodenum contain gastric mucosa in up to 20% of cases. This could lead to intracystic hemorrhage or
perforation of the cyst with subsequent GI bleeding and peritonitis[56]. Diagnostics of the alimentary tract duplication
rely on ultrasonography, GI contrast study, computed tomography, and magnetic resonance imaging. Additional testing
including scintigraphy may be useful in detecting ectopic gastric mucosa[61].

Varices in the duodenum are rarely present as a cause of UGIB, in comparison to varices located in the esophagus and
stomach which are well-known complications of portal hypertension. Duodenal varices are mostly reported in adult
patients. Higsonmez et al[78] reported on a curious case of a 12-year-old girl with severe bleeding from duodenal varices
secondary to EHPVO and subsequent cavernous transformation of the portal vein.

Duodenal trauma (Figure 3F) in the pediatric population is infrequent, comprising 2%-10% of blunt abdominal trauma
cases and only 0.14%-0.16% of all injured children per year[79,80]. Bicycle accidents are the most frequent cause of blunt
trauma, representing between 5% and 14% of total closed abdominal injuries. A case study from Spain in 2019 described
an adolescent boy with duodenal perforation after being injured by a bicycle handlebar, presenting with hematemesis,
abdominal pain, and swelling and tenderness in the upper right abdominal quadrant and epigastrium. An exploratory
laparotomy revealed perforation in the posterior wall of the third part of the duodenum and the patient was treated with
the resection of the third portion of the duodenum and Roux-en-Y duodenojejunostomy[81].

Some unexpected, potentially dangerous foreign bodies used in everyday life may lead to severe GI damage. Nguyen
et al[82] reported on a case of a 6-year-old girl who presented with abdominal pain, coffee-ground emesis, and melena
due to uncooked pasta lodged in the duodenum and creating an erosion.

Hemobilia is a rare cause of UGIB both in adults and children. The bleeding from and into the biliary tract usually
follows trauma to the hepatobiliary-pancreatic system[83]. Some of the rare causes of hemobilia reported in the pediatric
population are parasitic infestation with Ascaris lumbricoides, liver abscess (occurring predominately in African and
Asian regions), GD, pancreatitis, choledochal cyst, gall bladder polyps, and Von Willebrand disease[83,84].
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Unusual UGIB causes affecting distinct locations

Dieulafoy’s lesions are vascular malformations comprising abnormally enlarged arteries with the potential for massive GI
bleeding. These anomalies, which are thought to be congenital, account for 1%-5.8% of all cases of acute UGIB and are
most commonly located at the lesser curvature of the stomach[85-87]. However, they were shown to be extragastric in
33% of cases, affecting the duodenum, colon, esophagus, rectum, or jejuno-ileum[86]. Dieulafoy’s lesions are more
common in males than females (2:1 ratio), and the mean age at presentation is within the 5* decade of life (range: 50-70
years)[88]. This disorder may be underdiagnosed in any age group, and there are only several sporadic cases and case
series available in the literature, comprising children of ages from preterm neonates to 18-years-old[89-92]. The signs and
symptoms are related to blood loss, either due to intermittent or massive acute GI hemorrhage. Melena is the most
common form of presentation, followed by hematemesis, hemoptysis, hematochezia, and iron deficiency anemia. In most
severe cases, bleeding from Dieulafoy’s lesions may lead to hemodynamic instability[93]. Since these lesions have a major
potential for life-threatening hemorrhage, they should be included in the differential diagnosis of massive UGIB in all age
groups.

ZES is an extremely rare condition caused by gastrin-producing tumors (gastrinomas), with an overall incidence of 0.1-
3 per 1000000. Only 2% of gastrinoma cases occur in the pediatric population[94]. These tumors are usually located in the
duodenal wall or in the pancreas. Hypergastrinemia causes non-healing or recurrent ulcers in 85% of cases localized in
the duodenum. However, these ulcers may also appear in the stomach, jejunum, or multiple locations[95]. Authors from
India reported on a case of a 12-year-old boy with a refractory peptic ulcer caused by gastrinoma in the pancreatic head.
Upper GI endoscopy displayed multiple linear ulcers both in the mid and lower parts of the esophagus involving the
gastroesophageal junction, as well as multiple superficial ulcers in the antrum and three parts of the duodenum[94]. Also,
Zaatar et al[96] reported on a 7-year-old boy who presented with mild to moderate iron deficiency anemia, with fasting
hypergastrinemia (serum gastrin of 200-500 pg/mL). Investigation revealed a positive stool guaiac test and elevated
gastric acid secretion, while endoscopy showed multiple small gastric fundal ulcerations and severe gastritis. However,
the investigation towards ZES produced negative findings.

Peutz-Jeghers syndrome is an autosomal dominant inherited disorder, occurring with an incidence of 1 to 50000-
200000, characterized by GI hamartomas and mucocutaneous pigmentations due to melanin deposition[97,98]. This rare
disorder usually presents with painless rectal bleeding. Nevertheless, authors from Indonesia reported in 2022 on the case
of a 5-year-old patient who presented with abdominal pain, dark-red bloody stools, and anemia due to bleeding from
scar ulcers in the duodenal region and erosive inflammation of the upper and lower GI tract along with multiple polyps.
The patient had multiple black spots on the lips and mucous membranes (conjunctiva and buccal mucosa) and a family
history of similar symptoms, which led to the diagnosis of Peutz-Jeghers syndrome[98].

The inflammation in CD may affect any part of the GI tract. Whilst in lower GI it commonly manifests as hematochezia,
CD is rarely associated with UGIB. Though it has been rarely reported, when found on endoscopy, the source of UGIB
bleeding in patients with CD is commonly a secondary deep ulcer or multiple ulcers[46,99].

HSP is considered the most common type of vasculitis in children, affecting 9-22 children per 100000 annually[100].
Although over two-thirds of patients with HSP have GI symptoms during acute illness, these symptoms are usually
transient. Most patients (90%) with HSP are children younger than 10 years, with a peak incidence in the 6" year of life
[101]. However, it can be also diagnosed in infants, adolescents, and adults[100,102]. HSP has been shown to present with
a milder course in infants and children younger than 2 years[102,103]. Authors from Taiwan retrospectively analyzed 158
children with HSP from 1987 to 1998. A total of 104 boys and 54 girls (male:female = 1.9:1; ranging in age from 2-13 years)
were enrolled in that study. The main GI manifestations included abdominal pain (88%), GI bleeding (75%), and vomiting
(25%). Hematemesis, leukocytosis (> 20000/cm?), high C-reactive protein (> 50 mg/L), and hemorrhagic erosive
duodenitis were found to correlate with prolonged hospitalization[104]. A retrospective study conducted in China from
2017 to 2019, analyzed 99 children who had GI bleeding as a complication of HSP. The age at onset ranged from 2-16
years, and the majority (72%) of patients were males. Among all patients with HSP and GI bleeding, 37 had hematemesis,
71 had hematochezia, and 9 had both symptoms. No significant difference was found in sex and age distributions
between those who had mild and those who had severe bleeding (P > 0.05)[105]. Furthermore, authors from Italy
conducted a retrospective study 1998-2002, which included 95 boys and 55 girls diagnosed with HSP, and concluded that
males were affected more often than females (male:female = 1.8:1)[101]. The age and sex distributions showed that most
patients (91%) were less than 10-years-old, which is in concordance with previous reports. Out of 77 (51%) children who
had GI involvement, GI bleeding was present in 27 children (18%). Among these patients, GI bleeding was revealed by
fecal occult blood test and/or melena in 23 (15%), while 3 (2%) had melena alone and 1 had hematemesis.

Obscure Gl bleeding

Obscure GI bleeding is a type of bleeding that persists or recurs without an obvious etiology despite upper endoscopy
and colonoscopy evaluation[24]. Since it is usually caused by small bowel lesions, it does not represent UGIB. Small
bowel capsule endoscopy has a high diagnostic yield and safety in the investigation of obscure GI bleeding and it has
been strongly recommended by the European Society of Gastrointestinal Endoscopy as the first-line investigation[106].
Nevertheless, some authors suggest that it may be appropriate to consider an endoscopic second look before performing
a capsule endoscopy[107].

CONCLUSION

In the pediatric population, the etiology of UGIB is diverse and mostly age-related. Since there is a significant etiologic
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Figure 4 Clinical approach to children with upper gastrointestinal bleeding. BS: Blakemore-Sengstaken; EST: Endoscopic sclerotherapy; EVL:
Esophageal varices ligation; Gl: Gastrointestinal; PPI: Proton pump inhibitor; TIPS: Transjugular intrahepatic portosystemic shunt; UGIB: Upper gastrointestinal
bleeding; VS: Vital signs; NSAIDs: Non-steroidal anti-inflammatory drugs.

overlap between the age groups, the differential diagnosis must take into account a wide variety of conditions, including
rare causes. Even if the hemorrhage is non-life threatening, UGIB is distressing for children and their families. Therefore,
all cases of GI bleeding require prompt and thorough investigation based on the use of existing diagnostic algorithms
with the utmost goal being discernment of the origin of hemorrhage. Clinically significant UGIB is commonly caused by
variceal bleeding in low- and middle-income countries, whereas non-variceal etiology is more common in high-income
countries.

We emphasize that a properly taken anamnesis is very important for differentiating the true cause of bleeding from
conditions mimicking hematemesis and melena. The information about dietary habits, medicaments use, other un-
derlying diseases, and the possibility of foreign body ingestion are crucial leads to the right diagnosis. The identification
of unusual causes of UGIB prevents delay in the diagnosis of rare and potentially treatable conditions. Finally, exact and
timely recognition of the cause of UGIB in the pediatric population may significantly preclude morbidity and mortality.
Therefore, we have created a comprehensive diagnostic-therapeutic flow-chart that, combined with the information
provided in the Tables of this article, may help clinicians in the initial management of the child with UGIB (Figure 4).
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Table 5 Unusual causes of upper gastrointestinal bleeding in children, based on age

Cause Age of onset Bleeding source location
Esophageal duplications[60,62] All ages Esophagus
Eosinophilic esophagitis[63] Children > 3 yr Esophagus
Gastric duplications[65] All ages Stomach
Eosinophilic gastritis Children > 3 yr Stomach

Gastric GIST[69] Children 23 yr Stomach
Lymphomal70] Children > 3 yr Stomach
Schwannomas[71,72] Toddlers, children > 3 yr Stomach

Focal foveolar hyperplasia[73] Infants Stomach
Bezoar[77] Children > 3 yr Stomach
Duplications of duodenum[56,60] All ages Duodenum
Duodenal varices[78] Children > 3 yr Duodenum
Blunt duodenal traumal[81] Children 23 yr Duodenum

Food as a foreign body Children > 3 yr Duodenum
Hemobilia[83,84] All ages Biliary tract
Dieulafoy’s lesions[89-92] All ages Distinct locations
Peptic ulcers in ZES[94] Children > 3 yr Distinct locations
Peutz-Jeghers syndrome[98] Children >3 yr Distinct locations
Crohn'’s disease[99] Children > 3 yr Distinct locations
HSP[101,104,105] Toddlers, children > 3 yr Distinct locations

GIST: Gastrointestinal stromal tumor; HSP: Henoch-Schénlein purpura; ZES: Zollinger-Ellison syndrome.
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Abstract

BACKGROUND

Although the usefulness of endoscopic scores, such as the Mayo Endoscopic
Subscore (MES), Ulcerative Colitis Endoscopic Index of Severity (UCEIS), and
Ulcerative Colitis Colonoscopic Index of Severity (UCCIS), and biomarkers such
as fecal calprotectin (FC) for predicting relapse in ulcerative colitis (UC) has been
reported, few studies have included endoscopic scores for evaluating the entire
colon.

AIM
To compare the usefulness of FC value and MES, UCEIS, and UCCIS for pre-
dicting relapse in patients with UC in clinical remission.

METHODS

In total, 75 patients with UC in clinical and endoscopic remission who visited our
institution between February 2019 and March 2022 were enrolled. The diagnosis
of UC was confirmed based on the clinical presentation, endoscopic findings, and
histology, according to the current established criteria for UC. Fecal samples were
collected the day before or after the colonoscopy for measurement of FC. Endo-
scopic evaluations were performed using MES, UCEIS, and UCCIS. The primary
outcome measure of this study was the assessment of the association between
relapse within 12 mo and MES, UCEIS, UCCIS, and FC. The secondary outcome
was the comparison between endoscopic scores and biomarkers in en-rolled
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patients with UC with mucosal healing.

RESULTS

FC and UCCIS showed a significant correlation with UCEIS (r = 0.537, P < 0.001 and r = 0.957, P < 0.001, respec-
tively). Receiver-operating characteristic analysis for predicting MES 0 showed that the area under the curve of
UCCIS was significantly higher than that of FC (P < 0.01). During the 1-year observation period, 18 (24%) patients
experienced a relapse, and both the FC and UCCIS of the relapse group were significantly higher than that of the
remission group. The cut-off values for predicting relapse were set at FC = 323 mg/kg and UCCIS = 10.2. The area
under the curve of the receiver-operating characteristic analysis for predicting relapse did not show a significant
difference between FC and UCCIS. The accuracy of the endoscopic scores and biomarkers in predicting relapse was
86.7% for UCCIS, 85.3% for UCEIS, 76.0% for FC, and 73.3% for MES.

CONCLUSION
The three endoscopic scores and FC may predict UC relapse during clinical remission. Among these scores, UCEIS
may be the most useful in terms of ease of evaluation and accuracy.

Key Words: Ulcerative colitis; Mayo Endoscopic Subscore; Ulcerative Colitis Endoscopic Index of Severity; Ulcerative Colitis
Colonoscopic Index of Severity; Fecal calprotectin; Relapse

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

Core Tip: We evaluated the usefulness of fecal calprotectin and endoscopic scores, including the Mayo Endoscopic Subscore,
Ulcerative Colitis Endoscopic Index of Severity (UCEIS), and Ulcerative Colitis Colonoscopic Index of Severity, in patients
with ulcerative colitis (UC) in remission. All three endoscopic scores and fecal calprotectin are useful for predicting relapse
in UC. The UCEIS is easy to evaluate and appears to be highly accurate in predicting relapse.
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INTRODUCTION

With the advances in treatment options for ulcerative colitis (UC), achieving mucosal healing has become a key the-
rapeutic goal[1]. Mucosal healing is evaluated using endoscopic scores, such as the Mayo Endoscopic Subscore (MES) and
Ulcerative Colitis Endoscopic Index of Severity (UCEIS)[2,3]. Although endoscopic examination is the most direct method
for the evaluation of mucosal healing, frequent endoscopic examinations are not recommended owing to the associated
costs and potential risks, along with the physical burden and psychological stress on the patient. Consequently, bio-
markers are used as a method of evaluating mucosal status as an alternative to endoscopic examination[4]. Biomarkers
such as fecal calprotectin (FC), immunological fecal occult blood test, and leucine-rich alpha-2 glycoprotein have been
reported to be useful in UC[5-12]. Particularly, FC has shown a significant correlation with endoscopic scores and reflects
mucosal activity in UC[5,6]. In addition, FC is widely used in clinical practice and often employed as a marker in large-
scale clinical trials of new therapeutic agents to determine their therapeutic efficacy[13-15].

The endoscopic score can predict the prognosis of UC, with higher scores indicating higher rates of subsequent hospit-
alizations and surgeries[16-18]. A previous report on patients with UC with mucosal healing showing an MES of 1 or less
showed that the subsequent relapse rate was significantly higher in the MES 1 group than in the MES 0 group[19]. Thus,
while the endoscopic score has been shown to contribute to the prediction of subsequent relapse, biomarkers have also
been identified as effective predictors[20-25]. Particularly, there are many reports on the prediction of relapse in UC using
FC[20-24].

As previously mentioned, biomarkers reflect the endoscopic scores and contribute to the subsequent prediction of
prognosis. In this study, we analyzed the relative efficacy of endoscopic scores against that of biomarkers in predicting
relapse. Considering the possibility that this analysis may require a more detailed endoscopic score than just MES and
UCEIS, we also incorporated the Ulcerative Colitis Colonoscopic Index of Severity (UCCIS), which provides a compre-
hensive assessment of the overall colorectal score[26,27].
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MATERIALS AND METHODS

Patients and disease assessments

In total, 75 patients with UC in clinical remission who visited the Hamamatsu University School of Medicine between
February 2019 and March 2022 were enrolled. These patients were diagnosed with UC based on their clinical presen-
tation, endoscopic findings, and histology according to the current established criteria for UC[28]. Patients diagnosed
with enteritis, including Crohn’s disease and inflammatory bowel disease unclassified, were excluded.

In this study, the clinical activity of UC was evaluated using the clinical activity index (CAI) according to Rachmilewitz
[29]. Endoscopic scores for UC were assessed using MES, UCEIS, and UCCIS|2,3,26]. MES was evaluated according to the
following criteria: 0, normal or inactive disease; 1, mild disease with erythema, decreased vascular pattern, and mild
friability; 2, moderate disease with marked erythema, absence of vascular patterns, friability, and erosions; and 3, severe
disease with spontaneous bleeding and ulceration[2]. The UCEIS score was evaluated by calculating the sum of three
descriptors: vascular pattern (score 0-2), erosions and ulcers (score 0-3), and bleeding (score 0-3)[3]. The UCCIS score was
assessed using the following descriptors in the five segments of the ascending colon, transverse colon, descending colon,
sigmoid colon, and rectum: vascular pattern (score 0-2), granularity (score 0-2), erosions and ulcers (score 0-4), and
bleeding/friability (score 0-2). These descriptor scores were then applied to the following formula: UCCIS = 3.1 x sum
(vascular pattern across five segments) + 3.6 x sum (granularity across five segments) + 3.5 x sum (ulceration across five
segments) + 2.5 x sum (bleeding/friability across five segments)[26]. Clinical remission was defined as CAI 4 or less, and
mucosal healing was defined as MES 0 or MES 1. Patients who met these criteria were included in this study.

Biomarker measurement

Fecal samples were collected in plastic tubes for FC measurement and stored at -20 °C until shipment to the laboratory
(SRL Inc., Tokyo, Japan). The measurements were performed using a Phadia 250 Immunoassay Analyzer (HITACHI Ltd.,
Tokyo, Japan) and Elia A Calprotectin 2 reagent (Phadia GmbH, Freiburg, Germany) using fluorescence enzyme
immunoassay principles. As colonoscopic preparation could influence the results of FC, fecal samples were collected the
day before or after the colonoscopy.

Study design

This retrospective, single-center observational study aimed to evaluate whether MES, UCEIS, UCCIS, and FC serve as
predictors of clinical relapse. The primary outcome measure was the assessment of the association between relapse within
12 mo and MES, UCEIS, UCCIS, and FC. The secondary outcome was the comparison between endoscopic scores and
biomarkers in the enrolled patients with UC with mucosal healing.

Patients enrolled in this study made outpatient visits at intervals of 3 or more months. These patients were outpatients
for more than 12 mo or until relapse. Clinical relapse was defined as an increase in CAI above baseline due to the
worsening of diarrhea and abdominal pain or frequent or bloody stools requiring modification or addition of treatment.
Changes in treatment were made at the discretion of each attending physician.

Statistical analysis

Statistical analyses were performed using IBM SPSS Statistics for Windows, version 24 (IBM Corp., Armonk, N.Y., United
States) and EZR (Saitama Medical Center, Jichi Medical University, Saitama, Japan)[30]. Differences were assessed using
the Mann-Whitney U test or Student’s f-test. Correlations were analyzed using Spearman's correlation coefficient.
Receiver-operating characteristic (ROC) analysis was performed for endoscopy score and relapse prediction. The
cumulative non-failure rate was evaluated using Kaplan-Meier analysis with the log-rank test. P < 0.05 was considered
statistically significant.

Ethical statement

The study protocol was reviewed and approved by the ethics committee of Hamamatsu University School of Medicine
(No. 20-322). This study was conducted in accordance with the Good Clinical Practice principles in adherence to the
Declaration of Helsinki.

RESULTS

Patient characteristics

In total, 75 patients with UC were enrolled in this study. The baseline patient characteristics are shown in Table 1. The
median patient age and disease duration were 49 years and 8 years, respectively. A total of 43 patients had an MES of 0,
and 32 had an MES of 1. UCEIS scores ranged from 0 to 3, and the median UCCIS and FC values were 0 and 174 mg/kg,
respectively.

Association between FC and endoscopic score

First, the association between endoscopic score and FC was assessed in enrolled patients with UC with MES 0 and 1. FC
and UCCIS were significantly higher in the MES 1 group than in the MES 0 group (P < 0.001 and P < 0.001, respectively;
Figure 1A and B). Both FC and UCCIS showed a significant correlation with UCEIS (r = 0.537, P < 0.001 and r = 0.957, P <
0.001, respectively; Figure 1C and D). A significant correlation was also observed between FC and UCCIS (r = 0.506, P <
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Table 1 Baseline patient characteristics

Characteristic All,n=75

Age in yr, median [IQR] 49 [36, 62]
Male/Female, 1 (%) 45 (60.0)/30 (40.0)
Disease duration in yr, median [IQR] 81[5,13]

Disease extent, 1 (%)

Extensive colitis 45 (60.0)
Left-sided colitis 24 (32.0)
Proctitis 6 (8.0)
CAI by the Rachmilewitz index, median [IQR] 0[0,1]
MES, n (%)

MES 0 43 (57.3)
MES1 32 (42.7)

UCEIS, (%)

UCEIS 0 39 (52.0)
UCEIS 1 17 (22.7)
UCEIS 2 13 (17.3)
UCEIS 3 6 (8.0)
UCCIS, median [IQR] 01[0,6.7]

FC in mg/kg, median [IQR] 174 [43, 810]

Medication used during the study, 7 (%)

Oral 5-ASA 48 (64.0)
Suppository steroids 2(2.7)
Systemic steroids 9 (12.0)
Immunomodulators 23 (30.7)
Biologics 30 (40.0)

5-ASA: 5-aminosalicylic acid; CAI: Clinical activity index; FC: Fecal calprotectin; IQR: Interquartile range; MES: Mayo Endoscopic Subscore; UCCIS:
Ulcerative Colitis Colonoscopic Index of Severity; UCEIS: Ulcerative Colitis Endoscopic Index of Severity.

0.001; Figure 1E). ROC analysis to predict MES 0 showed cut-off values of FC 385 mg/kg and UCCIS 6.6, with an area
under the curve (AUC) of 0.858 [95% confidence interval (CI): 0.770-0.946] and 0.987 (95%CI: 0.969-1.000; Table 2). The
AUC of UCCIS was significantly higher than that of FC (P < 0.001; Figure 2).

Association between FC and endoscopic scores, and clinical relapse

In total, 18 (24.0%) patients experienced clinical relapse during the 1-year follow-up period. The baseline FC and UCCIS
values were significantly higher in the relapse group than in the remission group (P < 0.001 and P < 0.001, respectively;
Figure 3A and B). In the ROC analysis for predicting clinical relapse, the cut-off value for FC was 323 mg/kg, and the
AUC was 0.813 (95%Cl: 0.698-0.927; Figure 3C). The cut-off value for UCCIS was 10.2, and the AUC was 0.823 (95%ClI:
0.697-0.949), with no significant difference (Figure 3C).

Kaplan-Meier analysis of remission rate grouped by cut-off value

Kaplan-Meier analysis was used to assess the remission maintenance rate by grouping by each endoscopic score and cut-
off value. When the endoscopic score was grouped by MES 0 and 1 and UCEIS <1 and 2 2, a significant difference was
observed in the log-rank test (P < 0.001 and P < 0.001, respectively; Figure 4A and B). The analysis also revealed
significant differences between the FC < 323 and FC > 323 groups and UCCIS < 10.2 and UCCIS = 10.2 groups using the
log-rank test (P < 0.001 and P < 0.001, respectively; Figure 4C and D). Regarding the accuracy of relapse prediction,
UCCIS had the highest accuracy at 86.7%, followed by UCEIS at 85.3% (Table 3). The accuracies of FC and MES were
76.0% and 73.3%, respectively.
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Table 2 Receiver-operating characteristic analysis of fecal calprotectin and Ulcerative Colitis Colonic Index of Severity for predicting

Mayo Endoscopic Subscore 0

Factor FC UCCIS

Cut-off value 385 6.6

AUC (95%CI) 0.858 (0.770-0.946) 0.987 (0.969-1.000)
PPV 0.793 0.992

NPV 0.804 0.994

Sensitivity 0.719 0.992

Specificity 0.804 0.985

Accuracy 0.800 0.947

AUC: Area under the curve; CI: Confidence interval; FC: Fecal calprotectin; NPV: Negative predictive value; PPV: Positive predictive value; UCCIS:

Ulcerative Colitis Colonoscopic Index of Severity.

Table 3 Comparison of accuracy of relapse prediction between fecal calprotectin levels, Ulcerative Colitis Colonoscopic Index of

Severity, Mayo Endoscopic Subscore, and Ulcerative Colitis Endoscopic Index of Severity

Factor Sensitivity Specificity PPV NPV Accuracy
FC2323 0.500 0.933 0.833 0.737 0.760
UCCIS 2102 0.750 0.898 0.667 0.930 0.867
MES 1 0.833 0.702 0.469 0.930 0.733
UCEIS 2 2 0.722 0.895 0.684 0.911 0.853

FC: Fecal calprotectin; MES: Mayo Endoscopic Subscore; NPV: Negative predictive value; PPV: Positive predictive value; UCCIS: Ulcerative Colitis
Colonoscopic Index of Severity; UCEIS: Ulcerative Colitis Endoscopic Index of Severity.

DISCUSSION

This study showed that FC, MES, UCEIS, and UCCIS are useful for predicting relapse in patients with UC in clinical
remission. Endoscopic and biomarker assessment must be used in current clinical practice for UC, in which achievement
of mucosal healing is the goal of treatment because endoscopic scores and biomarkers have been reported to contribute to
subsequent prognosis in patients with UC[16-25]. MES, a simple endoscopic score, is often used in large-scale clinical
trials and real-world clinical practice. Although the simplicity of MES makes it easy to use, it cannot be used for detailed
scoring[2]. On the other hand, UCEIS, which evaluates vascular, bleeding, and erosion/ulcer patterns, is capable of
providing a more detailed evaluation compared to MES[3]. However, the assessment of MES and UCEIS is performed on
the most active lesions, located in the sigmoid colon or rectum, thus only assessing localized areas. There are several
reports on endoscopic scores that evaluate the activity of the entire colon. UCCIS, like UCEIS, is calculated by scoring
each item and substituting those scores into the formula[26]. Although UCCIS evaluates the entire colon, its complexity of
scoring poses considerable challenges.

Biomarkers quantify activity and enable detailed evaluation of inflammation[21]. In Japan, endoscopic examination
and biomarker measurements cannot be performed in the same month. As previously mentioned, each endoscopic score
and biomarker has its own advantages and disadvantages. To the best of our knowledge, no studies have yet compared
the abilities of MES, UCEIS, UCCIS, and FC, a representative biomarker, to predict relapse.

In this study, we investigated the prediction of relapse and evaluated the relationship between FC, UCEIS, and UCCIS
in patients with a mucosal healing score of MES 1 or less. A few reports on biomarkers have evaluated the association
between biomarkers and endoscopic scores in the entire severity range of MES, from 0 to 3. Guardiola et al[31] reported
that FC is useful for evaluating UC activity, including histological evaluation, in patients with UC who are in clinical and
endoscopic remission. Previously, we reported a significant correlation between FC and UCCIS in UC with an MES <1 (r
= 0.653, P < 0.001)[32]. In that study, FC showed a significant correlation with UCEIS and UCCIS, indicating that FC is a
sensitive biomarker that reflects endoscopic activity even among patients who have achieved mucosal healing.

Regarding the prediction of relapse, which is the main purpose of this study, it was found that FC, MES, UCEIS, and
UCCIS are all useful for predicting relapse within 1 year. Several reports on the prediction of recurrence using endoscopic
scores have shown that MES 1 was associated with a significantly higher risk of relapse compared to MES 0 and MES 1
[19]. We have also previously shown the usefulness of MES for relapse prediction in the analysis that examined the
relapse prediction ability of fecal occult blood test[33]. Conversely, Yamamoto et al[34] reported that a similar analysis did
not show a significant difference in predicting 1-year relapse, suggesting that the relapse prediction ability of MES is

Bishidengs WIG | https://www.wjgnet.com 6115 December 21,2023 | Volume29 | Issued7 |



Ishida N et al. FC, endoscopic scores predict UC relapse

A a B a
40000 60 '
o
35000 %
30000
= 40
2 25000
£ 9
= 20000 . S 30
o E)
15000 . 2
10000 X
5000 10
. T :
0 — 0
MES 1 MES 0 MES 1 MES 0
(n=32) (=43) (n=32) (7=43)
C 40000 D 60
350001~ 0.537,p < 0.001 so| r=0957,P<0001
30000
S 4
£ 25000 0
£ %
=~ 20000 ° S 30
L S
15000
20
10000 —‘7 .
10
5000 X —— g
0 e = 0 :
UCEISO UCEIS1 UCEIS2  UCEIS 3 UCEISO  UCEIS1  UCEIS2  UCEIS 3
(n=39 (w=17) (n=13) (n=6) (n=39) (n=17) (n=13) (n=6)
E 40000
IS} r =0.506, P < 0.001
35000
30000
c
< 25000
o
E 20000 .
0 Y = 240.69x
15000 *  R*=10.33%
10000 I
° JRTRTEY
5000 8 o e
0 L'_‘_ 0 % & o 00000
0 10 20 30 40 50 60
uccIs

DOI: 10.3748/wjg.v29.i37.6111 Copyright ©The Author(s) 2023.

Figure 1 Association between fecal calprotectin and endoscopic scores. A: Differences in fecal calprotectin (FC) levels between Mayo Endoscopic
Subscore (MES) groups; B: Differences in the Ulcerative Colitis Colonic Index of Severity (UCCIS); C: Correlation with the Ulcerative Colitis Endoscopic Index of
Severity; D: Relationship between FC and UCCIS; E: Correlation between FC and UCCIS. 2P < 0.001.

controversial. Arai et al[35] examined relapse prediction using UCEIS and reported that UCEIS is useful in mid- to long-
term relapse prediction. We previously reported recurrence prediction using UCCIS, and the analysis was performed
over a long-term observation period of 2 years and 5 years[36].

The cut-off of UCEIS in this study was set at 2, and the analysis was performed accordingly. This was because other
UCEIS scores were also grouped and analyzed; however, the analysis grouped by scores of 2 or more and 1 or less
showed the most accurate results. Arai et al[35] also reported that grouping based on a UCEIS cut-off of 2 or higher and 1
or lower was useful, and the cut-off value of UCEIS 2 was considered to be valid. Moreover, we did not perform
multivariate analysis because UCEIS and UCCIS have a strong correlation close to 1, and including both these variables
would have rendered the statistical analysis inconsequential. Instead, we examined the sensitivity, specificity, positive
predictive values, negative predictive values, and accuracy. Regarding accuracy, both UCEIS and UCCIS exhibited an
accuracy of 80% or more and were considered to be useful scores for predicting relapse. However, the UCCIS is an
extremely complicated scoring system in which four items are evaluated across five colonic segments, and the scores are
substituted into a formula. Therefore, it is not realistic to use this score in clinical practice. Hence, the UCEIS emerges as a
preferable endoscopic scoring system in predicting relapse, owing to its accuracy and ease of use in clinical practice.
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Figure 2 Receiver-operating characteristic analysis of fecal calprotectin and Ulcerative Colitis Colonic Index of Severity for predicting
Mayo Endoscopic Subscore 0. FC: Fecal calprotectin; UCCIS: Ulcerative Colitis Colonic Index of Severity.
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Figure 3 Differences between fecal calprotectin and Ulcerative Colitis Colonic Index of Severity in terms of predicting relapse and the
receiver-operating characteristic analysis for predicting relapse. A: Difference in fecal calprotectin (FC) levels between the relapse and remission
groups; B: Difference in Ulcerative Colitis Colonic Index of Severity (UCCIS) between the relapse and remission groups; C: Receiver-operating characteristic analysis
of FC and UCCIS for predicting relapse within 1 year. 2P < 0.001. FC: Fecal calprotectin; UCCIS: Ulcerative colitis colonic index of severity.

Intensifying treatment based on the UCEIS score in real-world clinical practice could help prevent relapse; hence, further
prospective studies in this regard are desired.

The strength of this study is that endoscopic examination and biomarker measurements were performed simultan-
eously. However, currently, biomarkers and endoscopic measurements cannot be performed together in clinical practice.
Nevertheless, several limitations to this study must be acknowledged. First, it was a single-center retrospective analysis
conducted in a small number of patients. Second, our results were not compared with other biomarkers, such as leucine-
rich alpha-2 glycoprotein; histological findings were also not considered. Third, biomarker and endoscopic evaluations
were not performed at the time of relapse.

CONCLUSION

In conclusion, MES, UCEIS, UCCIS, and FC were useful for predicting relapse in patients with UC in clinical remission.
Among the three endoscopic scores evaluated, UCEIS may be the most useful in terms of ease of evaluation and
predictive accuracy.
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Figure 4 Kaplan-Meier analysis of relapse-free rates. A: Mayo Endoscopic Subscore; B: Ulcerative Colitis Endoscopic Index of Severity; C: Fecal
calprotectin levels; D: Ulcerative Colitis Colonic Index of Severity. FC: Fecal calprotectin; MES: Mayo endoscopic subscore; UCCIS: Ulcerative colitis colonic index of
severity; UCEIS: Ulcerative colitis endoscopic index of severity.

ARTICLE HIGHLIGHTS

Research background

The goal of ulcerative colitis (UC) treatment is to achieve mucosal healing, for which endoscopic evaluation is recom-
mended. To avoid endoscopy, fecal calprotectin (FC), which may be an alternative biomarker for UC, was reported to be
useful in evaluating patients. Although endoscopic scores and FC, in addition to traditional biomarkers and the Mayo
Endoscopic Subscore (MES), are useful for predicting relapse in patients with UC in remission, no studies have compared
the predictive abilities of the Ulcerative Colitis Endoscopic Index of Severity (UCEIS) and the Ulcerative Colitis Colono-
scopic Index of Severity (UCCIS), which assesses the entire colon.

Research motivation
To evaluate whether FC and MES, UCEIS, and UCCIS are useful for predicting relapse in patients with UC in clinical
remission.

Research objectives
Overall, 75 patients with UC in clinical remission, with a clinical activity index (CAI) according to Rachmilewitz score
was < 4, underwent colonoscopic examination and FC measurements.

Research methods

We assessed whether the enrolled patients experienced UC relapse within 12 mo after endoscopic examination and FC

Guiewidenge WIG | https://www.wignet.com 6118 December 21,2023 | Volume?29 | Issued7 |



Ishida N et al. FC, endoscopic scores predict UC relapse

measurement. Clinical relapse was defined as an increase in CAI above baseline due to worsening of diarrhea and
abdominal pain or frequent or bloody stools, requiring modification or addition of treatment. We also evaluated the
association between endoscopic scores and FC.

Research results
Cut-off values and areas under the curve (AUC) for FC and UCCIS in the receiver-operating characteristic analysis to
predict clinical relapse were 323 mg/kg, 0.813 [95% confidence interval (CI)]: 0.698-0.927], and 10.2, for FC, AUC, and
UCCIS, respectively.

The AUC was 0.823 (95%Cl: 0.697-0.949). Univariate analysis was performed using these cut-off values (FC < 323 mg/
kg vs 2323 mg/kg; UCCIS < 10.2 vs 2 10.2; MES 0 vs 1; and UCEIS < 1 vs > 2). The accuracy of relapse prediction was the
highest with UCCIS, followed by UCIES, FC, and MES.

Research conclusions
MES, UCEIS, UCCIS, and FC were useful for predicting relapse in patients with UC in clinical remission.

Research perspectives

UCCIS comprehensively evaluates the endoscopic activity of UC, helping to predict its relapse. However, its complexity
poses a challenge. Among the three endoscopic scores, UCEIS may be the most useful in terms of ease of evaluation and
accuracy.
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BACKGROUND

Patients with Barcelona clinic liver cancer (BCLC) stage B hepatocellular
carcinoma (HCC) are considerably heterogeneous in terms of tumor burden, liver
function, and performance status. To improve the poor survival outcomes of these
patients, treatment approaches other than transarterial chemoembolization
(TACE), which is recommended by HCC guidelines, have been adopted in real-
P-Reviewer: Soldera J, Brazil; Wang world clinical practice. We hypothesize that this non-adherence to treatment
YJ, China guidelines, particularly with respect to the use of liver resection, improves

survival in patients with stage B HCC.
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Accepted: December 1, 2023 A retrospective analysis was conducted using data from 2008 to 2016 obtained
Article in press: December 1,2023  from the Korea Central Cancer Registry. Patients with stage B HCC were cate-
Published online: December 21, gorized into three treatment groups, guideline-adherent, upward, and downward,
2023 based on HCC guidelines recommended by the Asian Pacific Association for the

Study of the Liver (APASL), the European Association for the Study of the Liver
(EASL), and the American Association for the Study of Liver Diseases (AASLD).
The primary outcome was HCC-related deaths; tumor recurrence served as the
secondary outcome. Survival among the groups was compared using the Kaplan-
Meier method and the log-rank test. Predictors of survival outcomes were
identified using multivariable Cox regression analysis.

RESULTS
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In South Korea, over the study period from 2008 to 2016, a notable trend was observed in adherence to HCC
guidelines. Adherence to the EASL guidelines started relatively high, ranging from 77% to 80% between 2008 and
2012, but it gradually declined to 58.8% to 71.6% from 2013 to 2016. Adherence to the AASLD guidelines began at
71.7% to 75.9% from 2008 to 2010, and then it fluctuated between 49.2% and 73.8% from 2011 to 2016. In contrast,
adherence to the APASL guidelines remained consistently high, staying within the range of 90.14% to 94.5%
throughout the entire study period. Upward treatment, for example with liver resection, liver transplantation, or
radiofrequency ablation, significantly improved the survival of patients with BCLC stage B HCC compared to that
of patients treated in adherence to the guidelines (for patients analyzed according to the 2000 EASL guidelines, the
5-year survival rates were 63.4% vs 27.2%, P < 0.001), although results varied depending on the guidelines.
Progression-free survival rates were also significantly improved upon the use of upward treatments in certain
groups. Patients receiving upward treatments were typically < 70 years old, had platelet counts > 10°/pL, and
serum albumin levels 2 3.5 g/dL.

CONCLUSION
Adherence to guidelines significantly influences survival in South Korean stage B HCC patients. Curative
treatments outperform TACE, but liver resection should be selected with caution due to disease heterogeneity.

Key Words: Hepatocellular carcinoma; Barcelona clinic liver cancer stage B; Guideline adherence; Liver neoplasms;
Transarterial chemoembolization; Liver resection

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

Core Tip: The current hepatocellular carcinoma (HCC) guidelines do not recommend curative treatments, except liver
transplantation, for patients with Barcelona clinic liver cancer stage B HCC. Our study suggests survival benefits for selected
patients aged < 70 years, with platelet counts > 10°/uL and albumin levels > 3.5 g/dL, even if the liver function corresponds
to Child-Pugh score B7, beyond the Milan criteria and outside the up-to-7 criteria. As for the B2 group of the Kinki criteria,
which presents a highly diverse population of patients with stage B HCC, curative strategies should be considered with
caution through a multidisciplinary approach.
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INTRODUCTION

Hepatocellular carcinoma (HCC), the most common type of primary liver cancer and the second leading cause of cancer
mortality, is a significant worldwide public health issue. In 2020, liver cancer was the second most common cause of
premature death from cancer among persons aged 30 to 69 years, even in high-income countries[1]. In South Korea, HCC
has the second highest mortality rate across all age groups and places a heavy burden on the working-age population,
with considerable economic consequences|[2].

To ensure effective management and treatment of HCC, various international guidelines have been drawn up,
including those from the Asian Pacific Association for the Study of the Liver (APASL), the European Association for the
Study of the Liver (EASL), and the American Association for the Study of Liver Diseases (AASLD)[3-7]. The AASLD and
EASL guidelines are based on the Barcelona Clinic Liver Cancer (BCLC) staging system, which considers factors such as
tumor characteristics (number, size, vascular invasion, and extrahepatic localization), liver function [Child-Pugh score
(CPS)], and performance status (PS) as defined by the Eastern Cooperative Oncology Group scale to determine
appropriate treatment options and predict patient prognosis. Patients with stage B, which typically includes those with
multinodular tumors, a CPS of A or B, a PS of 0, and no vascular invasion or extrahepatic spread exhibits extreme hetero-
geneity with tumor size and number, liver function and PS. It encompasses patients with single tumors larger than 5 cm
and those with multiple tumors, leading to differences in tumor burden. Varying degree of impairment in liver function
and PS, and preference introduce additional diversity in treatment approaches.

The BCLC staging system strongly recommends transarterial chemoembolization (TACE) for patients with stage B
HCC. However, in East-Asia there is a notable deviation from this recommendation, with liver resection being considered
a viable treatment option for patients with stage B HCC. Nonrandomized controlled trials performed in East Asian
populations have revealed that around half of patients with stage B HCC undergo TACE, while an equal proportion
receive liver resection. After sensitivity analysis, liver resection demonstrated superior survival outcomes to TACE for
patients with stage B HCC[8]. This reveals the potential benefits of adopting non-adherent treatment modalities to
improve the prognosis of patients with stage B HCC. Consequently, HCC guidelines have continuously evolved in
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response to global clinical evidences[9-13].

The Korea Central Cancer Registry (KCCR), established in 1980 by the Ministry of Health and Welfare, is a hospital-
based nationwide cancer registry. Its primary goal is to accurately record cancer incidence in South Korea, facilitating
cancer research and treatment planning through the development of a comprehensive cancer database. Each year, all
newly diagnosed cancer patients are registered within this system[14].

This study aims to evaluate the adherence to each set of HCC guidelines (EASL, AASLD, and APASL) in South Korea
between 2008 and 2016, using data from the KCCR. Additionally, we aim to assess the impact of non-adherence to
guidelines on the survival outcomes of patients with stage B HCC. By identifying specific patient subgroups that benefit
from treatment that deviates from the guidelines, this study could significantly contribute to the refinement of guidelines
to allow improved real-world management of patients with stage B HCC.

MATERIALS AND METHODS

Study population and study outcomes

This was a retrospective multicenter cohort study that included 13838 treatment-naive patients with HCC registered in
the KCCR from 2008 to 2016 and followed up until December 2019. The diagnosis of HCC was made based on
pathological findings of surgical specimens or liver biopsies, or radiologic findings of liver dynamic computed
tomography or magnetic resonance imaging. Stage B HCC was defined as multinodular tumors with a CPS of A or B, PS
of 0, and no vascular invasion or cancer-related symptoms, in accordance with the BCLC staging system. A total of 650
patients with BCLC stage B HCC were selected and divided into three groups based on compliance with the EASL (2000,
2012), AASLD (2005, 2010), and APASL (2010) guidelines[3-7], guideline-adherent, upward, and downward treatment,
excluding 1298 patients with critical missing value (Figure 1).

The primary endpoint was HCC-related death, and the secondary endpoint was tumor recurrence after the initial HCC
treatment. HCC-related survival was measured from the date of the first treatment until HCC-related death or the last
follow-up. Progression-free survival (PFS) was measured from the date of the first treatment to the date of the second
treatment. Tumor recurrence was determined when the period between consecutive treatments was longer than one
month.

Definition of guideline adherence

Guideline adherence was defined differently for each guideline based on the grades of evidence and recommendations
(Supplementary Table 1)[3-7,15]. Among non-adherent treatments, upward treatment referred to more aggressive or
curative treatments than those recommended in the BCLC staging system or updated treatments with proven efficacy.
Downward treatment referred to moving from left to right in the BCLC staging system or treatments under clinical trials
with no proven efficacy. All guidelines recommended TACE as standard therapy for unresectable, large, or multifocal
stage B HCC. The APASL guidelines state that liver resection can be considered if HCC is confined to the liver, anatom-
ically resectable, and satisfactory liver function reserve is present.

Anthropometric and laboratory evaluation

Data on the anthropometric parameters age, sex, body mass index (BMI, kg/m?), etiology (hepatitis B or C, alcohol
consumption), presence of diabetes mellitus and hypertension, ascites, CPS, and Mayo End-Stage Liver Disease (MELD)
score were collected. Levels of serum creatinine, sodium, and alanine aminotransferase (ALT), platelet counts, serum
albumin levels, total bilirubin levels, and international normalized ratio (INR) were recorded as laboratory parameters.
Data on tumor number, maximum tumor diameter, and alpha-fetoprotein (AFP) levels were collected as tumor factors.
All laboratory parameters were measured using a conventional automated analyzer.

Statistical analysis

All statistical analyses were performed using SAS software version 9.4 (SAS Institute Inc., Cary, NC, United States).
Continuous variables with normal distribution (age, BMI, CPS, MELD score, serum creatinine, sodium, ALT, platelets,
serum albumin, total bilirubin, INR, tumor number, maximum tumor diameter, and AFP) are expressed as mean + SD.
The y*-test with Fisher’s exact test was used to compare categorical variables (sex, etiology, and ascites). HCC-related
survival and PFS was compared using the Kaplan-Meier method with the log-rank test. Univariate Cox regression
analysis was performed and multivariate Cox regression analysis was conducted using selected variables sorted through
stepwise selection to identify reliable predictors of survival in patients with stage B HCC. The modified Bolondi or Kinki
subclassification system was used to categorize patients based on liver function and tumor status as follows: B1 (CPS of 5-
7 and within up-to-7), B2 (CPS of 5-7 and beyond up-to-7), and B3 (CPS of 8, 9, and any tumor status) (Table 1)[16,17].
Propensity score matching (PSM) analysis was performed for variables, such as age, etiology, platelet count, serum
albumin level, tumor burden, and MELD score to balance differences of baseline characteristics between patients who
underwent liver resection and TACE during the subgroup analysis based on Kinki criteria. The results are presented as
hazard ratios (HRs) with 95% confidence intervals (95%ClIs). Statistical significance was set at P < 0.05.
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Table 1 Modified Bolondi or Kinki subclassification system

Subclassification B1 B2 B3
Child-Pugh score 5-7 5-7 8,9
‘Beyond Milan’ and within “up to 7 In Out Any
criteria’
In Out
Concept of treatment strategy Curative Non-curative Curative intent if within up-to-7  Palliative, no treatment
criteria
Treatment option Resection TACE with DC Transplantation HAIC
beads
RFA HAIC RFA Superselective TACE with DC
beads
Superselective cTACE  Sorafenib Superselective cTACE

RFA: Radiofrequency ablation; cTACE: Conventional transarterial chemoembolization; TACE: Transarterial chemoembolization; DC: Drug-eluting; HAIC:

Hepatic arterial infusion chemotherapy.

Treat-naive HCC patients diagnosed
with HCC in 2008-2016
n= 13838

Y

Stage B HCC patients
n=1948

_ 5
Y

Stage B HCC patients
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Critical missing value n = 1298

EASL AASLD APASL
! ! ! !
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n =353 n=297 n=181 n =469 n=1948
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Group 2 n=77
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Group 2 n= 82
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Figure 1 Flow chart of classification according to hepatocellular carcinoma guidelines. Group 1: Guideline-adherent group; Group 2: Upward
treatment group; Group 3: Downward treatment group. AASLD: American Association for the Study of Liver Diseases; APASL: Asian Pacific Association for the Study
of the Liver; EASL: European Association for the Study of the Liver; HCC: Hepatocellular carcinoma.

RESULTS

Baseline characteristics and distribution of treatment strategies according to each HCC guideline

The baseline characteristics of the patients treated in accordance with the EASL, AASLD, and APASL guidelines, are
detailed in Tables 2 and 3, and Supplementary Table 2. Of the 353 patients analyzed according to the 2000 EASL
guidelines, 76.2% received guideline-compliant treatment, and 21.8% received upward treatment. Of the patients
analyzed according to the 2012 EASL guidelines, 27.6% received upward treatment; the seven patients who received
downward treatment were excluded from the analysis due to low sample size. Patients in the upward treatment group,
compared to guideline-adherent patients, had a younger average age (57.5 vs 60.7 years) and lower rates of diabetes
(13.0% vs 29.4%). They also had lower ALT levels, CPS, MELD scores, and tumor numbers, as well as higher sodium
levels, platelet counts, and serum albumin levels. Of the patients assessed according to the 2005 AASLD guidelines, nine
downward treated patients were excluded due to the low sample size, and the 26.1% of patients who received upward
treatment had fewer tumors compared with guideline-adherent patients. Of the patients analyzed according to the 2010
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Table 2 Baseline characteristics of patients with hepatocellular carcinoma between 2008 and 2016 according to the 2000 and 2012

European Association for the Study of the Liver guidelines

2000 EASL guidelines (HCC patients, 2008- 1) exq) auiidelines (HCC patients, 2013-2016)

2012)
Variables
Guideline- Upward Guideline- Upward Downward
adherent treatment Pvalue adherent treatment treatment Pvalue
No. of patients 269.0 77.0 168.0 82.0 47.0
Age (yr) 60.7 +10.4 57.5 +10.2 0.017 62.6 +10.5 60.9+9.7 64.8+9.0 0.100
Male sex (1, %) 226 (84.0) 68 (88.3) 0.469 146 (86.9) 70 (85.4) 40 (85.1) 0.921
BMI (kg/m?) 245+43 24.6+3.1 0.919 238+3.3 23.6+4.2 232434 0.626
DM (1, %) 79 (29.4) 10 (13.0) 0.004 51 (30.4) 24 (29.3) 14 (29.8) 0.984
Hypertension (11, %) 98 (36.4) 28 (38.4) 0.991 58 (34.5) 40 (48.8) 19 (40.4) 0.095
Etiology
Hepatitis B (11, %) 166 (61.7) 51 (66.2) 0.469 99 (58.9) 51 (62.2) 27 (57.4) 0.729
Hepatitis C (1, %) 36 (13.4) 8 (10.4) 0.487 26 (15.5) 5 (6.1) 4 (85) 0.014
Alcohol (1, %) 98 (36.4) 30 (39.0) 0.685 72 (42.9) 41 (50.0) 21 (44.7) 0.566
Ascites (1, %) 23 (8.6) 1(1.3) 0.085 19 (11.3) 9 (11.0) 7 (14.9) 0.522
Creatinine (mg/dL) 1.0£06 0.9+0.2 0.160 09+05 1.0£06 09+03 0.624
Sodium (mmol/L) 139.4+3.2 140.3 £2.9 0.021 138.7 £2.9 139.1+£38 137.8 £2.7 0.074
Alanine aminotransferase 49.2 + 35.8 43.5+32.8 0.206 50.7 £ 44.0 43.7 £26.3 43.9 £30.9 0.297
(Iu/L)
Platelet count (10°/L) 1438+ 71.5 172.8 £68.1 0.002 146.4 + 69.6 175.8 + 74.4 173.6 £ 91.6 0.005
Serum albumin (g/dL) 3.8+05 41406 <0.001 3.8+05 41405 3.6+0.6 <0.001
Total bilirubin (mg/dL) ~ 1.1+12 1.0£06 0.475 1.0£09 0.9+08 1107 0.173
INR 11401 1.1£02 0.017 1.1+02 1.1£01 11+0.1 0.064
Child-Pugh score 55+0.7 52+05 0.025 55+0.9 53+0.7 58+1.0 0.021
MELD score 88+25 7.8+22 0.002 87427 8.0+25 88+24 0.164
Alpha-fetoprotein 1772.6 + 7218.6 1826.7+5996.8  0.952 3757.3+19911.7  3186.6 +20583.6  2553.0 + 9928.3 0.918
(ng/mL)
Numbers of tumor 3.7+13 28+12 <0.001 3.7£13 3.0£13 40+1.4 <0.001
Maximum tumor 48+3.0 48422 0.989 51+31 59+34 6.0 +3.7 0.070

diameter (cm)

Data are presented as mean = SD or number (%). BMI: body mass index; DM: Diabetes mellitus; EASL: European Association for the Study of the Liver;
HCC: Hepatocellular carcinoma; INR: International normalized ratio; MELD: Mayo End-Stage Liver Disease.

AASLD guidelines, 32.8% received upward treatment; these patients were younger (average age: 59.6 vs 62.6 years) and
had lower rates of diabetes (21.4% vs 30.3%) and fewer tumors than guideline-adherent patients. In contrast, of the
patients assessed according to the 2010 APASL guidelines, only 4.2% received upward treatment, with the vast majority
(91.7%) treated in line with the guidelines. The upward treatment group had higher BMI and serum sodium levels than
the treatment-adherent group (Supplementary Table 2).

With respect to treatment strategies, among the 155 patients who received treatment upward of the EASL guidelines,
72.9% underwent liver resection, 9.7% received a liver transplant, and 8.4% had radiofrequency ablation (RFA).
According to the AASLD guidelines, 200 patients received upward treatment, with 56.5% of these patients undergoing
liver resection, 7.5% receiving a liver transplant, and 7% undergoing RFA. Additionally, 58 patients were classified as
undergoing upward treatment due to CPS B liver function while receiving transcatheter chemotherapy (TACE, drug-
eluting bead TACE, transarterial radioembolization). Under APASL guidelines, most patients with stage B HCC (486 of
530) adhered to guidelines, with 94 of the guideline-adherent patients undergoing liver resections. Among the 22 patients
receiving upward treatment, 50% received a liver transplant and 50% underwent RFA (Table 4). These findings
underscore the diverse treatment approaches available for stage B HCC and the need for personalized management
strategies.
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Table 3 Baseline characteristics of patients with hepatocellular carcinoma between 2008 and 2016 according to the 2005 and 2010

American Association for the Study of Liver Diseases guidelines

2005 AASLD guidelines (HCC patients, 2008-2010) 2010 AASLD guidelines (HCC patients, 2011-2016)

Variables Guideline-adherent Upward treatment P value Guideline-adherent Upward treatment P value
No. of patients 130 46 287 154
Age (yr) 60.8 +8.9 58.3 +£10.2 0.286 62.6+10.8 59.6 +£10.0 0.005
Male sex (1, %) 106 (81.5) 40 (87) 0.498 252 (87.8) 130 (84.4) 0.319
BMI (kg/m?) 24.6 45 242+26 0.533 241+34 24.0+3.9 0.811
DM (1, %) 323 19.6 0.131 87 (30.3) 33 (21.4) 0.046
Hypertension (1, %) 40.8 30.4 0.289 107 (37.3) 63 (40.9) 0.456
Etiology

Hepatitis B (1, %) 86 (66.2) 30 (34.8) 0.908 164 (57.1) 93 (60.4) 0.656

Hepeatitis C (1, %) 14 (10.8) 5 (10.9) 0.985 43 (15.0) 16 (10.4) 0.087

Alcohol (1, %) 47 (36.2) 19 (41.3) 0.596 117 (40.8) 68 (44.2) 0.492
Ascites (1, %) 4(3.1) 4(9.5) 0.156 14 (4.9) 36 (23.4) < 0.001
Creatinine (mg/dL) 1.0+0.7 0.9+02 0.345 0.9+04 0.9+0.7 0.786
Sodium (mmol/L) 140.0+3.0 139.8+4.0 0.736 139.1+2.8 138.6 +3.6 0.092
Alanine aminotransferase 51.3 +36.6 42,6 +253 0.138 48.5+40.7 427 +£27.0 0.112
(u/L)
Platelet count (10°/L) 146.1+70.3 1513 +74.1 0.669 151.2+67.8 1583 +79.1 0.326
Serum albumin (g/dL) 3.9+04 3.8+0.7 0.063 3.9+05 3.8+0.7 0.146
Total bilirubin (mg/dL) 0.9+04 1.6+25 0.005 09+04 12+12 <0.001
INR 11+0.1 12+02 0.074 1.1+£0.1 1.1+0.2 < 0.001
Child-Pugh score 53+0.5 58+1.2 <0.001 53+0.5 58+1.1 <0.001
MELD score 8.6+20 OWEHRID) 0.186 82+21 91+33 <0.001
Alpha-fetoprotein (ng/mL)  1516.5 + 5731.8 440.0 +1635.9 0.212 24423 +£10522.8 3862.8 +23036.1 0.379
Numbers of tumor 37+13 3.0£13 0.001 3713 31+£13 <0.001
Maximum tumor diameter 43+19 4119 0.579 51+£3.0 55+£35 0.169
(cm)

Data are presented as mean + SD or number (%). AASLD: American Association for the Study of Liver Diseases; BMI: Body mass index; DM: Diabetes
mellitus; HCC: Hepatocellular carcinoma; INR: International normalized ratio; MELD: Mayo End-Stage Liver Disease.

Changes in guideline adherence over time

Over the study period (2008-2016), there was a discernible trend in adherence rates to HCC guidelines. Adherence to the
EASL guidelines initially ranged from 77% to 80% (2008-2012) but showed a downward tendency to 58.8% to 71.6% (2013-
2016). Similarly, adherence to the AASLD guidelines started at 71.7% to 75.9% (2008-2010) and subsequently varied
between 49.2% and 73.8% (2011-2016). In contrast, adherence to the APASL guidelines was consistently high, at 90.1% to
94.5% throughout the study period (Figure 2).

Factors affecting HCC-related mortality according to guideline adherence

According to the 2000 EASL guidelines, Patients who underwent upward treatment had significantly better 5-year
survival rates than those who received guideline-adherent treatment (63.4% vs 27.2%, log-rank P < 0.001, Figure 3A). Risk
factors for HCC-related deaths included > 4 tumors and a maximum tumor diameter > 10 cm. Upward treatment (HR
0.448, 95%Cl: 0.310-0.647, P < 0.001) and a higher platelet count (> 10°/pL; HR 0.672, 95%CI: 0.507-0.890, P = 0.006) were
associated with significantly improved HCC-related survival (Table 5). According to 2012 EASL Guidelines, upward
treatment demonstrated the best survival outcome of all the treatment groups (5-year survival rates: 57.3% vs 35.2%, log-
rank P < 0.001, Figure 3B). Risk factors for HCC-related deaths included > 70 years of age, male sex, total bilirubin level >
1.2 mg/dL, AFP > 200 ng/mL, > 4 tumors, maximum tumor diameter > 5 cm, and downward treatment. However,
upward treatment (HR 0.720, 95%CI: 0.478-1.086, P = 0.117) did not significantly improve HCC-related survival (Table 5).
With respect to the 2005 AASLD Guidelines, patients who underwent upward treatment had significantly better 5-year
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Table 4 Distribution of treatment strategies according to each hepatocellular carcinoma guideline

Treatment strategy 2000 EASL 2012 EASL 2005 AASLD 2010 AASLD 2010 APASL

Adherence Upward Adherence Upward Downward Adherence Upward Adherence Upward Adherence Upward Downward
Total, 1 (%) 269 (76.2) 77 (21.8) 168 (56.6) 82 (27.6) 47 (15.8) 130 (71.8) 46 (15.5) 287 (61.2) 154 (32.8) 486 (91.7) 22 (4.7) 22 (4.7)
Liver resection 0 56 (72.7) 0 57 (63.4) 0 0 26 (56.5) 0 87 (56.5) 94 (19.3) 0 0
Liver transplantation 0 11 (14.3) 0 4(4.9) 0 0 6 (13.0) 0 9(5.8) 0 11 (50) 0
Radiofrequency ablation 0 6 (7.8) 0 7 (8.5) 0 0 4(87) 0 10 (6.5) 0 11 (50) 0
TACE 261 (97) 0 168 (100) 0 0 130 (100) 10 (21.7) 269 (93.7) 45 (28.2) 6 0 0
TACE with drug-eluting 0 4(5.2) 0 10 (12.2) 0 0 0 12 (4.2) 2(1.3) 14 (2.9) 0 0
beads
;{g)dioembolization (Yttrium- 0 0 0 4(49) 0 0 0 0 1(0.6) 4(0.8) 0 0
Chemotherapy 8 (1.9) 0 0 0 13 (27.7) 0 0 3(0.9) 0 0 0 20 (90.7)
Radiation therapy 0 0 0 0 2(4.3) 0 0 0 0 0 0 0
No treatment 0 0 0 0 0 0 0 0 0 0 0 2(9.1)

Data are presented as number (%). AASLD: American Association for the Study of Liver Diseases; APASL: Asian Pacific Association for the Study of the Liver; EASL: European Association for the Study of the Liver; HCC:
Hepatocellular carcinoma; TACE: Transarterial chemoembolization.

survival rates than those who received guideline-adherent treatment (63% vs 30%, log-rank P < 0.001, Figure 4A). Risk
factors for HCC-related death included > 4 tumors and a maximum tumor diameter > 5 cm. Upward treatment (HR 0.465,
95%ClI: 0.322-0.670, P < 0.001) and a platelet count > 10°/pL (HR 0.684, 95%CI: 0.518-0.904, P = 0.008) significantly
improved HCC-related survival outcomes in patients with HCC between 2008 and 2010. For patients assessed under the
2010 AASLD guidelines, patients who underwent upward treatment demonstrated better 5-year survival rates than those
who received guideline-adherent treatment (50% vs 29.3%, log-rank P < 0.001, Figure 4B). Factors associated with HCC-
related deaths included > 70 years of age, CPS > 7, > 4 tumors, and a maximum tumor diameter > 5 cm. Upward
treatment (HR 0.478, 95%CI: 0.333-0.685, P < 0.001) and serum albumin levels > 3.5 g/dL (HR 0.596, 95%CI: 0.416-0.855, P
= 0.005) were associated with improved HCC-related survival (Table 6). With respect to the 2010 APASL guidelines,
patients who received guideline-adherent treatment showed the highest survival rates among all the groups (1-year
survival rates: 84.1%, 77.3%, and 36.4%, in the guideline-adherent, upward, and downward treatment groups,
respectively, log-rank P < 0.001, Supplementary Figure 1). Risk factors for HCC-related death included > 70 years of age,
INR > 1.2, total bilirubin level > 1.2 mg/dL, > 4 tumors, a maximum tumor diameter > 5 cm, and downward treatment.
Upward treatment (HR 0.704, 95%CI: 0.372-1.333, P =0.281) was not associated with better survival outcomes
(Supplementary Table 3), which may be attributed to the relatively limited number of patients in the upward treatment
group compared with the guide-adherent group.
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Table 5 Univariate and multivariate Cox regression analysis for hepatocellular carcinoma -related death according to 2000 and 2012

European Association for the Study of the Liver guidelines

2000 EASL guidelines (HCC patients, 2008-2012) 2012 EASL guidelines (HCC patients, 2013-2016)

Variables Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis
HR (95%Cl) Pvalue  HR (95%Cl) Pvalue  HR (95%ClI) Pvalue  HR (95%Cl) P value
Age (270 yr) 1.339 (1.004- 0.046 1.300 (0.961- 0.089 1.838 (1.336- <0.001 1.765 (1.269- 0.001
1.783) 1.758) 2.529) 2.687)
Male sex 1.239 (0.875- 0.227 0.592 (0.401- 0.008 0.610 (0.409- 0.153
1.754) 0.874) 0.910)
BMI (= 25kg/ mz) 0.890 (0.695- 0.356 0.829 (0.606- 0.242
1.140) 1.135)
DM 1.153 (0.880- 0.301 1.027 (0.740- 0.875
1.510) 1.424)
Hypertension 1.072 (0.836- 0.583 1.026 (0.757- 0.867
1.375) 1.391)
Etiology
Hepatitis B 0.902 (0.704- 0.415 0.852 (0.624- 0.316
1.156) 1.165)
Hepatitis C 1.056 (0.743- 0.763 1.270 (0.822- 0.282
1.501) 1.962)
Alcohol 1.109 (0.866- 0.393 0.960 (0.711- 0.787
1.420) 1.295)
Ascites
Mild 2.499 (1.543- <0.001 1.552 (0.962- 0.072
4.048) 2.503)
Moderate to severe 1.302 (0.486- 0.597 1.736 (0.767- 0.186
3.509) 3.929)
Creatinine (> 1 mg/dL) 1.283 (0.975- 0.076 1.123 (0.786- 0524
1.689) 1.605)
Sodium (> 135 mmol/L) 0.620 (0.411- 0.024 0.615 (0.408- 0.021
0.937) 0.929)
Alanine aminotransferase (> 1.166 (0.813- 0.403 0.886 (0.556- 0.610
801U/L) 1.672) 1.412)
Platelet count (> 10°/pL) 0.685 (0.529- 0.004 0.672 (0.507- 0.006 0.735 (0.526- 0.07
0.886) 0.890) 1.025)
Serum albumin (=3.5 g/dL) 0.694 (0.523- 0.011 0.605 (0.428- 0.004
0.921) 0.855)
Total bilirubin (> 1.2 1.529 (1.153- 0.003 1.510 (1.096- 0.012 1.391 (0.998- 0.051
mg/dL) 2.027) 2.081) 1.938)
INR (> 1.2) 1.303 (0.982- 0.067 1.333 (0.904- 0.147
1.729) 1.967)
Child-Pugh score (> 7) 1.808 (1.187- 0.006 1.586 (0.994- 0.053
2.754) 2.530)
MELD score (> 9) 1.463 (1.112- 0.007 1.438 (1.035- 0.030
1.926) 1.998)
Alpha-fetoprotein (= 200 1.287 (0.993- 0.056 1.626 (1.196- 0.002 1.392 (1.001- 0.049
ng/mL) 1.668) 2.211) 1.936)
Numbers of tumor (> 3) 1.810 (1.419- <0.001 1.685 (1.293- <0.001 1.654 (1.219- 0.001 1.673 (1.178- 0.003
2.309) 2.196) 2.244) 2.275)
Maximum tumor diameter
(cm)
<2 Ref Ref
2-5 0.642 (0.409- 0.054 0.969 (0.608- 0.894 1.489 (0.807- 0.203 1.725 (0.908- 0.096
1.008) 1.545) 2.750) 3.276)
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5-10 1.061 (0.666- 0.803 1.862 (1.136- 0.0138 1.694 (0.912- 0.095 2.378 (1.228- 0.010
1.689) 3.055) 3.148) 4.603)

>10 2.511 (1.328- 0.005 4.377 (2.268- <0.001 4.023 (2.051- <0.001 4.358 (2.120- <0.001
4.748) 8.448) 7.892) 8.956)

Treatment

Guideline adherence Ref Ref

Upward 0.372 (0.263- <0.001 0.448 (0.310- <0.001 0.631 (0.426- 0.022 0.720 (0.478- 0.117
0.525) 0.647) 0.935) 1.086)

Downward 1.974 (1.362- <0.001 1.838 (1.257- 0.002

2.859) 2.687)

95%CI: 95%confidence interval; BMI: Body mass index; DM: Diabetes mellitus; EASL: European Association for the Study of the Liver; HCC:
Hepatocellular carcinoma; HR: Hazard ratio; INR: International normalized ratio; MELD: Mayo End-Stage Liver Disease.
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Figure 2 Changes in the rate of adherence to hepatocellular carcinoma guidelines over time. AASLD: American Association for the Study of Liver
Diseases; APASL: Asian Pacific Association for the Study of the Liver; EASL: European Association for the Study of the Liver; HCC: Hepatocellular carcinoma.
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Figure 3 Kaplan-Meier survival curves of hepatocellular carcinoma-related deaths for hepatocellular carcinoma patients according to
European Association for the Study of the Liver guideline. A: Kaplan-Meier curve of hepatocellular carcinoma (HCC)-related deaths between 2008 and

2012 according to the 2000 European Association for the Study of the Liver (EASL) guidelines; B: Kaplan-Meier curve of HCC-related deaths between 2013 and 2016
according to the 2012 EASL guidelines.
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Table 6 Univariate and multivariate Cox regression analysis for hepatocellular carcinoma-related death according to 2005 and 2010

American Association for the Study of Liver Diseases guidelines

2005 AASLD guidelines (HCC patients, 2008-2010) 2010 AASLD guidelines (HCC patients, 2011-2016)

Variables Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis
HR (95%Cl) Pvalue HR(95%CI)  Pvalue  HR (95%Cl) Pvalue  HR (95%Cl) Pvalue
Age (2 70 yr) 1.229 (0.809- 0.334 1.210 (0.896- 0.214 1.775 (1.376- <0.001 1.587 (1.206- 0.001
1.865) 1.635) 2.289) 2.089)
Male sex 1.237 (0.776- 0371 0.832 (0.602- 0.268
1.972) 1.152)
BMI (2 25 kg/m?) 1.164 (0.819- 0.397 0.827 (0.650- 0123
1.654) 1.053)
DM 0.990 (0.681- 0.958 1.236 (0.954- 0.109
1.438) 1.600)
Hypertension 1.129 (0.798- 0.493 1.101 (0.868- 0.428
1.596) 1.398)
Etiology
Hepatitis B 0.867 (0.608- 0.429 0.828 (0.652- 0.121
1.235) 1.051)
Hepatitis C 1.068 (0.633- 0.807 1.225 (0.884- 0.223
1.801) 1.698)
Alcohol 1.155 (0.815- 0.417 0.994 (0.785- 0.961
1.637) 1.259)
Ascites
Mild 1.984 (0.872- 0.102 1.907 (1.303- 0.001
4.516) 2.791)
Creatinine (> 1 mg/dL) 1.322 (0.901- 0.153 1.206 (0.919- 0.176
1.940) 1.582)
Sodium (2 135 mmol/L) 0.876 (0.445- 0.702 0.573 (0.407- 0.002
1.724) 0.807)
Alanine aminotransferase (> 1.021 (0.614- 0.937 0.968 (0.670- 0.865
80 IU/L) 1.699) 1.400)
Platelet count (> 10°/L) 0.590 (0.414- 0.003 0.684 (0.518- 0.008 0.736 (0.568- 0.020
0.839) 0.904) 0.952)
Serum albumin (23.5 g/dL) 0.865 (0.573- 0.491 0.533 (0.408- <0.001 0.596 (0.416- 0.005
1.306) 0.696) 0.855)
Total bilirubin (> 1.2 1.619 (1.102- 0.014 1.509 (1.162- 0.002
mg/dL) 2.378) 1.959)
INR (>1.2) 1.229 (0.838- 0.291 1.421 (1.054- 0.021
1.802) 1.915)
Child-Pugh score (> 7) 1.430 (0.667- 0.358 1.822 (1.288- 0.001 2.429 (1.434- 0.001
3.065) 2.577) 4.114)
MELD score (> 9) 1.465 (1.018- 0.040 1.521 (1.163- 0.002
2.108) 1.988)
Alpha-fetoprotein (= 200 1.436 (1.004- 0.048 1.319 (1.029- 0.029
ng/mL) 2.055) 1.692)
Numbers of tumor (> 3) 1.458 (1.036- 0.030 1.570 (1.208- 0.001 1.830 (1.443- <0.001 1.870 (1.426- <0.001
2.051) 2.040) 2.320) 2.452)

Maximum tumor diameter

<2 Ref Ref
2-5 0.767 (0.408- 0.411 0.967 (0.606- 0.889 0.974 (0.623- 0.908 1.294 (0.794- 0.310
1.442) 1.543) 1.522) 2.107)
5-10 0.925 (0.475- 0.818 1.792 (1.093- 0.021 1.459 (0.929- 0.101 2.210 (1.338- 0.002
1.800) 2.939) 2.291) 3.650)
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>10 4.267 (0.918- 0.064 3.437 (1.784- <0.001 2.692 (1.578- <0.001 3.261 (1.834- <0.001
19.839) 6.623) 4.594) 5.797)
Treatment
Guideline adherence Ref Ref
Upward 0.442 (0.283- <0.001 0.465 (0.322- <0.001 0.678 (0.524- 0.003 0.478 (0.333- <0.001
0.691) 0.670) 0.879) 0.685)

95%ClI: 95% confidence interval; AASLD: American Association for the Study of Liver Diseases; BMI: body mass index; DM: diabetes mellitus; HCC:
Hepatocellular carcinoma; HR: Hazard ratio; INR: International normalized ratio; MELD: Mayo End-Stage Liver Disease.
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Figure 4 Kaplan-Meier survival curves of hepatocellular carcinoma-related deaths for hepatocellular carcinoma patients according to
American Association for the Study of Liver Diseases guideline. A: Kaplan-Meier curve of hepatocellular carcinoma (HCC)-related deaths between 2008
and 2010 according to the 2000 American Association for the Study of Liver Diseases (AASLD) guidelines; B Kaplan-Meier curve of HCC-related deaths between
2011 and 2016 according to the 2010 AASLD guidelines.

These findings suggest that adherence to different guidelines and specific treatment choices played a crucial role in the
prognosis of patients with HCC, with common risk factors, including tumor characteristics, patient age, and liver
function influencing survival outcomes.

Comparison of PFS according to guideline adherence

For patients analyzed according to the 2000 EASL guidelines, there was no significant difference in PFS between the
guideline-adherent and upward treatment groups (Supplementary Figure 2A). However, with respect to the 2012 EASL
guidelines, the guideline-adherent group had markedly improved 1-year PFS compared with the upward treatment
group (60.5% vs 39.8%, log-rank P < 0.001, Supplementary Figure 2B). Between 2013 and 2016, upward treatment (HR
0.648, 95%ClI: 0.461-0.909, P = 0.012) and serum albumin levels > 3.5 g/dL (HR 0.74, 95%CI: 0.568-0.964, P = 0.026) were
associated with improved PFS (Supplementary Table 5).

For patients assessed under the 2005 AASLD guidelines, no significant difference in PFS was observed between
guideline-adherent and upward treatment groups (Supplementary Figure 3A). However, with respect to the 2010 AASLD
guidelines, upward treatment was associated with superior 1-year PFS than guideline adherence (58.6% vs 38.9%, log-
rank P < 0.001, Supplementary Figure 3B). Between 2011 and 2016, upward treatment (HR 0.556, 95%CI: 0.426-0.726, P <
0.001), and serum albumin levels > 3.5 g/dL (HR 0.689, 95%CI: 0.511-0.928, P = 0.014) were associated with improved PFS
(Supplementary Table 5).

With respect to the 2010 APASL guidelines, the upward treatment group exhibited the highest 1-year PFS rate (75%,
44.8%, and 31.3% in upward, guideline-adherent and downward treatment groups, respectively, log-rank P = 0.028,
Supplementary Figure 4). Risk factors for tumor progression included > 70 years of age, > 4 tumors, a maximum tumor
diameter > 5 cm, and downward treatment. Compared to guideline adherence, between 2010 and 2016, upward treatment
(HR 0.561, 95%ClI: 0.313-1.004, P = 0.052) and a platelet count > 10°/pL (HR 0.740, 95%CI: 0.587-0.932, P = 0.011) were
associated with a significant improvement in PFS (Supplementary Table 6).

In summary, regardless of the specific guidelines followed, factors such as adherence to guidelines, treatment choice
(especially upward treatment), serum albumin levels, and platelet count consistently played pivotal roles in determining
the prognosis of patients with HCC, particularly in terms of PFS.
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Subgroup analysis of the impact of guideline adherence on overall survival according to BCLC subclassification
Participants were categorized into BCLC stage B1 (40.6%, n = 263), B2 (55.1%, n = 357), and B3 (4.3%, n = 28). Among B1
and B2 patients (96.7% of the total), a significant portion received upward treatment (66.7% and 70%, respectively,
Supplementary Tables 7 and 10).

In the B1 group, patients who received upward treatment had a significantly higher 5-year survival rate compared
with those whose treatment adhered to guidelines (71.1% vs 41.4%, log-rank P < 0.001, Figure 5A). Upward treatment was
associated with a significant improvement in survival outcomes (HR 0.470, 95%ClI: 0.288-0.766, P = 0.002), even after PSM
at a 1:1 ratio for variables, such as platelet count, serum albumin level, MELD score, number of tumors, and maximum
tumor diameter (Supplementary Tables 8 and 9, Supplementary Figure 5). In the B2 group, a similar trend was observed,
with a higher 5-year survival rate in patients receiving upward treatment compared with those whose treatment adhered
to guidelines (51.2% vs 21.6%, log-rank P < 0.001, Figure 5B). Upward treatment remained a robust indicator of improved
survival (HR 0.553, 95%CI: 0.317-0.965, P = 0.037, Supplementary Tables 11 and 12, Supplementary Figure 6) after 1:1
PSM for variables, such as age, etiology, sodium level, platelet count, serum albumin level, MELD score, number of
tumors, and maximum tumor diameter.

Interestingly, despite the Kinki criteria recommending TACE, hepatic arterial infusion chemotherapy, and systemic
chemotherapy as treatment options for patients with B2 HCC, liver resection, liver transplantation, or RFA resulted in
superior outcomes for over 70% of patients with B2 HCC compared with following the guidelines. These findings
highlight the potential benefits of individualized treatment approaches beyond guideline recommendations for certain
BCLC subgroups.

DISCUSSION

This large-scale, longitudinal study examined real-world data from patients with stage B HCC in South Korea over an 8-
year period. As this was a nationwide multicenter study using data from the KCCR, random and representative selection
of patients with HCC was performed. The adherence rate to guidelines for the treatment of stage B HCC has not
increased over time, highlighting a gap between official recommendations and clinical practice. This study examines the
implications of treatment decisions for patients with stage B HCC.

Notably, the present study revealed that liver resection is a common treatment option for stage B HCC in South Korea,
deviating from EASL and AASLD guidelines. This reflects the tendency of Asian countries to adopt more aggressive HCC
treatment strategies than Western countries[18-20]. Furthermore, curative treatments, including liver resection, yield
better survival outcomes than TACE in certain patients. Prognostic factors for patients with stage B HCC after curative
treatment included age, tumor number, maximum tumor diameter, and underlying liver function, aligning with prior
large-scale studies[22-24]. Overall, these findings suggest that curative treatments may significantly improve the
prognosis of patients with stage B HCC, even after accounting for potential selection bias.

Achieving significant increases in EASL and AASLD guideline adherence rates over time remains elusive in East Asian
countries. One plausible explanation for this lies in the complex and multifaceted nature of HCC, which often requires
tailored treatment strategies that may not always align with the standard guidelines. Moreover, the preference for
curative or aggressive treatments for stage B HCC in East Asian countries may be attributed to the higher incidence of
HCC in these countries compared with that in Western countries, largely due to a higher prevalence of chronic hepatitis
B. This has necessitated the development of specialized treatment approaches. The establishment of specialized liver
centers and multidisciplinary teams has resulted in the cultivation of expertise in various treatment modalities. Over
time, the tradition of aggressive HCC treatment, including liver resection and transplantation, has become ingrained
based on continuous research and clinical trials, leading to innovative strategies. Moreover, variations in healthcare
infrastructure, clinical practice, demographics and differences in treatment preferences could all fundamentally make the
differences for guideline non-adherence across regions in different countries.

In 2022, the BCLC group updated their recommendations for HCC treatment, sub-classifying stage B HCC patients into
three groups based on tumor characteristics and potential treatment responses; those eligible for extended liver
transplantation criteria despite multiple HCCs, those suitable for TACE due to well-defined HCC nodules and preserved
portal flow, and those with diffuse, infiltrative, and extensive HCC that may benefit from systemic therapy[25]. However,
the updated BCLC staging system still does not recommend liver resection as a feasible therapy for stage B HCC due to
the lack of prospective studies. Notably, a Chinese randomized controlled trial and a South Korean retrospective cohort
study have demonstrated potential survival benefits of liver resection over TACE in selected patients with multiple HCCs
[26]. In a South Korean retrospective cohort study, two periods (2003-2005 and 2008-2010) were compared to assess
changing treatment trends. The results indicated that patients with stage 0-C HCC who underwent curative treatments in
the later cohort achieved superior 5-year survival outcomes to those who received non-curative therapy[27]. The potential
survival benefits of liver resection over TACE in selected patients with stage B HCC have been verified through
systematic reviews and meta-analyses[28,30-33]. Considering real-world scenarios [21-24,29] that demonstrate superior
outcomes with liver resection can provide robust evidence for the adoption of curative treatments in patients with more
advanced HCC. However, careful patient selection is required, considering individual patient characteristics and institu-
tional expertise, to maximize the survival benefit.

Patients with chronic liver disease are at an increased risk of post-hepatectomy liver failure; however, advances in
preoperative assessments such as portal hypertension evaluation, future liver remnant volume or function prediction,
portal vein embolization, surgical techniques, and postoperative management have expanded the possibilities of liver
resection even in more advanced stages of HCC. As a result, portal hypertension, multifocal HCCs, and portal vein
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Figure 5 Kaplan-Meier survival curves of hepatocellular carcinoma-related deaths for hepatocellular carcinoma patients according to
Barcelona clinic liver cancer subclassification. A: Kaplan-Meier curve of hepatocellular carcinoma (HCC)-related deaths between 2008 and 2016 in
substage B1 HCC patients according to the European Association for the Study of the Liver (EASL) guidelines; B: Kaplan-Meier curve of HCC-related deaths
between 2008 and 2016 in substage B2 HCC patients according to the EASL guidelines.

thrombosis are now recognized as manageable challenges in HCC treatment. Overall, the importance of multidisciplinary
evaluation and meticulous planning in the selection of treatment strategies for stage B HCC cannot be overstated; where
technically feasible, surgical resection remains a vital option.

Our study has several limitations that warrant consideration when interpreting the results. First, given its retrospective
nature, there is a possibility that treatment strategies were influenced by physician or patient preferences, introducing
inherent bias. To establish the safety and effectiveness of curative treatments for stage B HCC, well-designed prospective
studies are essential. Second, our study excluded certain patients with stage B HCC who may benefit from alternative
treatments or systemic therapy according to the 2022 BCLC staging system, due to the limited number of participants.
This exclusion could impact the generalizability of our findings. Third, we were unable to account for potential
confounding factors such as tumor location, pathology, degree of differentiation, and imaging characteristics, as these
data were not available in the KCCR. These factors can influence treatment choices and prognosis, potentially affecting
our results. Lastly, due to the small sample size, we did not conduct a survival analysis comparing the B3 group with the
B1 and B2 groups. While our study offers valuable insights into stage B HCC treatment and prognosis, well-designed
prospective studies that overcome these limitations are necessary for a more comprehensive understanding of HCC and
its management.

We propose that the eligibility criteria for liver resection be expanded to patients with stage B HCC in selected patients
aged < 70 years, with platelet counts > 10°/pL, and serum albumin levels > 3.5 g/dL, even in cases where the liver
function corresponds to CPS B7 or the HCC status is beyond the Milan criteria and outside the up-to-7 criteria. However,
careful patient selection by considering liver function, tumor location, and tumor burden is crucial.

CONCLUSION

The present study verified the discrepancy between guideline recommendations and real-world clinical practice in the
treatment of stage B HCC, with liver resection often chosen against guideline recommendations, resulting in improved
survival for selected patients. Multidisciplinary evaluation is crucial for the selection of appropriate curative treatments in
patients with stage B HCC, considering patient characteristics and institutional expertise. Prospective studies are required
to further assess the clinical implications of curative treatments in stage B HCC.

ARTICLE HIGHLIGHTS

Research background

Hepatocellular carcinoma (HCC) is a major global health concern, and the second leading cause of cancer mortality
worldwide. Treatment guidelines are based on the Barcelona Clinic Liver Cancer staging system, but in East Asian
countries, liver resection is often preferred to transarterial chemoembolization for stage B HCC due to better survival
outcomes.

Research motivation
The need for regional adaptations in HCC treatment guidelines to improve the prognosis of patients with stage B HCC.
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Research objectives

This study aims to evaluate adherence to international HCC guidelines in South Korea using data from 2008-2016,
investigate the treatment strategies for stage B HCC, analyze the impact of guideline non-adherence on survival, and
identify patient subgroups who may benefit from guideline deviation to improve real-world management.

Research methods

In this retrospective analysis, data from the Korea Central Cancer Registry from 2008 to 2016 were utilized. Patients with
stage B HCC were categorized into groups based on treatment adherence to HCC guidelines from Asian Pacific,
European, and American associations for the study of liver diseases. The primary outcome was HCC-related deaths, with
tumor recurrence as a secondary outcome; statistical analysis was performed using Kaplan-Meier curves with log-rank
tests and multivariable Cox regression analysis to analyze survival outcomes and predictors.

Research results

The adherence to European Association for the Study of the Liver and American Association for the Study of Liver
Diseases HCC treatment guidelines exhibit a declining trend over time in South Korea. Curative treatments, which were a
deviation from guideline recommendations, led to significantly improved survival rates. Patients receiving upward
treatments were < 70 years of age, and had platelet counts > 10°/pL and serum albumin levels > 3.5 g/dL.

Research conclusions

This study, based on real-world data in South Korea, revealed a persistent gap between treatment guideline recommend-
ations and real clinical practice for patients with stage B HCC; liver resection, which was often chosen against guideline
recommendations, resulted in improved survival for selected patients.

Research perspectives

These findings suggest that expanding the eligibility criteria for liver resection in specific patient groups may be
beneficial. The study also highlights the need for careful patient selection through a multidisciplinary approach when
considering curative treatments for stage B HCC. However, prospective studies are needed to further evaluate the clinical
implications of curative treatments in stage B HCC.
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To analyze risk factors for LNM and develop a nomogram to predict LNM risk in

superficial ESCC patients.
METHODS

Clinical and pathological data of superficial ESCC patients undergoing

esophagectomy from January 1, 2009 to January 31, 2016 were collected. Logistic
regression analysis was used to predict LNM risk factors, and a nomogram was
developed based on risk factors derived from multivariate logistic regression
analysis. The receiver operating characteristic (ROC) curve was used to obtain the

accuracy of the nomogram model.
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RESULTS

A total of 4660 patients with esophageal cancer underwent esophagectomy. Of these, 474 superficial ESCC patients
were enrolled in the final analysis, with 322 patients in the training set and 142 patients in the validation set. The
prevalence of LNM was 3.29% (5/152) for intramucosal cancer and increased to 26.40% (85/322) for submucosal
cancer. Multivariate logistic analysis showed that tumor size, invasive depth, tumor differentiation, infiltrative
growth pattern, tumor budding, and lymphovascular invasion were significantly correlated with LNM. A
nomogram using these six variables showed good discrimination with an area under the ROC curve of 0.789
(95%ClI: 0.737-0.841) in the training set and 0.827 (95%Cl: 0.755-0.899) in the validation set.

CONCLUSION
We developed a useful nomogram model to predict LNM risk for superficial ESCC patients which will facilitate
additional decision-making in treating patients who undergo endoscopic resection.

Key Words: Superficial esophageal squamous cell carcinoma; Lymph node metastasis; Risk factors; Nomogram; Predictive
model

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

Core Tip: This is a retrospective study to identify risk factors for lymph node metastasis (LNM) in superficial esophageal
squamous cell carcinoma (ESCC) and to develop a nomogram model for predicting LNM. A total of 474 superficial ESCC
patients who underwent esophagectomy were enrolled. Multivariate logistic analysis showed that tumor size, invasive depth,
tumor differentiation, infiltrative growth pattern, tumor budding, and lymphovascular invasion were significantly correlated
with LNM. A predictive nomogram using these six variables showed good performance and will facilitate the treatment
choice for superficial ESCC patients.

Citation: Wang J, Zhang X, Gan T, Rao NN, Deng K, Yang JL. Risk factors and a predictive nomogram for lymph node metastasis in
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INTRODUCTION

Superficial esophageal squamous cell carcinoma (ESCC) is defined as esophageal cancerous lesions infiltrating the
mucosa and submucosa, regardless of lymph node metastasis (LNM)[1]. Endoscopic resection has been the first treatment
choice for superficial ESCC patients with no or low risk of LNM and has an en bloc rate of more than 90%[2,3]. However,
additional treatment is recommended for patients with high risk of LNM, especially for patients with positive
lymphovascular invasion (LVI) and positive vertical margins[4]. Assessing pathological characteristics after endoscopic
resection and predicting the risk of LNM is critical for additional treatment strategies.

Recent studies have established several predictive models to identify LNM risk for superficial ESCC patients[5-8].
However, some limitations existed in these models. For example, some studies did not incorporate critical factors, such as
tumor budding and tumor infiltrative growth (INF) pattern, into LNM risk prediction. In some studies, the submucosa
was considered as an entire layer[5,6] and the depth was not classified as submucosa 1 (SM1), SM2 or more[7,8].
Therefore, we aimed to establish a nomogram predictive model based on comprehensive pathological features obtained
from esophagectomy to improve the predictive performance of such models.

MATERIALS AND METHODS

Patients

Patients who underwent esophagectomy at West China Hospital of Sichuan University from January 1, 2009, to January
31, 2016, were enrolled. The inclusion criteria were as follows: (1) Histopathological diagnosis of esophageal cancer; and
(2) patients who received esophagectomy. The exclusion criteria were as follows: (1) Not pT1 stage tumor; (2) the
histologic type was not squamous cell carcinoma; (3) number of dissected lymph nodes < 12; (4) history of previous
malignancies; (5) incomplete clinical data; and (6) lesions with low-grade intraepithelial neoplasia or high-grade intrae-
pithelial neoplasia. This retrospective study was approved by the Institutional Review Board of West China Hospital of
Sichuan University (No. 2015-159). Informed consent was signed before the surgery.
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Data collection

General clinical and endoscopic features, such as age, sex, tumor location, and endoscopic type, were retrospectively
collected. Tumor location was defined as: (1) Upper: 15 to 24 cm from the incisors; (2) middle: 24 to 32 cm from the
incisors; and (3) lower: 32 cm from the incisors to the cardia. Endoscopic types were identified according to the Paris
classification criteria for superficial tumors[9]. The pathologic diagnosis was independently confirmed by two
experienced pathologists. If the diagnosis is inconsistent, a third expert pathologist will re-examine the specimen, and the
final diagnosis will be made when two or more pathologists agree on the diagnosis.

Data regarding pathological characteristics of specimens, such as tumor size, invasion depth, differentiation grade, INF
pattern, tumor budding, LVI, and number of dissected lymph nodes, were collected. The vertical invasion depth of
submucosal invasion was measured from the muscularis mucosae according to the Japanese guidelines[10]. The invasion
depth was classified into four layers: Muscularis mucosae (MM), upper third of submucosa (SM1), middle third of
submucosa (SM2) and lower third of submucosa (SM3) according to the Japanese Classification of Esophageal Cancer
[10]. The differentiation grade was grouped as well differentiated (G1), moderately differentiated (G2), and poorly differ-
entiated (G3)[11]. The tumor INF pattern was carefully observed and classified into three groups according to previous
reports[10,12]: INF-a (expansive type, expansive growth of tumor nests downward continuously from the epithelium as a
whole), INF-b (intermediate type between INF-a and INF-c), and INF-c (infiltrative type, tumor infiltrates with a way of
single cell or small tumor nests, or trabecular arrangement of tumor cells on the leading edge of the tumor). Tumor
budding is defined as a single tumor cell or a small tumor nest consisting of up to 4 cells at the front of the tumor invasion
[13]. In this study, tumor budding was assessed on hematoxylin and eosin-stained slides at the front of tumor invasion.
Tumor budding was categorized into three types: No budding, low-grade tumor budding (1 to 4 budding foci at a 20 x
objective lens) and high-grade tumor budding (= 5 budding foci at a 20 x objective lens) according to a previous study
[14]. For LVI, two experienced pathologists observed the same specimen to improve diagnostic accuracy.

Statistical analysis

Continuous variables are presented as mean * SD and are compared with a t test in the case of a normal distribution.
Categorical data are presented as percentages and are compared with the chi-square test or Fisher’s exact test. All
variables associated with LNM at a significant level were enrolled in the stepwise multivariate logistic analysis. All data
were statistically analyzed by SPSS 22.0 software (IBM SPSS, Chicago, IL, United States). P values < 0.05 were considered
statistically significant.

R software (version 4.1.3) with the rms package was used to formulate a predictive nomogram using variables derived
from multivariate logistic analysis. The pROC package was used to formulate the receiver operating characteristic (ROC)
curve, and the area under the curve (AUC) was used to evaluate the predictive performance of this nomogram as
previously reported[15]. The nomogram can convert each regression variable to a scale of 0-100 points based on the
regression coefficient. Finally, the predicted probabilities were derived from the total points obtained from each
independent variable.

RESULTS

Clinicopathologic characteristics

In total, 4660 esophageal cancer patients underwent esophagectomy from January 1, 2009 to January 31, 2016 of which,
474 superficial ESCC patients were enrolled in the final analysis (Figure 1). The clinicopathologic characteristics of
enrolled patients are presented in Table 1. Most of the superficial ESCC patients were male (77.4%), the average age was
60 (range, 38-84) years, and the average tumor size was 23 (range, 3-73) mm. Most tumors (63.9%) were located in the
middle third of the esophagus. According to the endoscopic appearance, 309 (65.2%) tumors presented as flat lesions.
Regarding invasion depth, 152 (32.1%) patients had intramucosal cancer, 80 (16.9%) patients had SM1 cancer, and 242
(51.0%) patients had tumors deeper than SM1. Regarding tumor differentiation, 103 (21.7%) patients, 279 (58.9%) patients,
and 92 (19.4%) patients had well differentiated, moderately differentiated, and poorly differentiated tumors, respectively.
INF-b was the most common INF pattern, with 232 (48.9%) cases reported as such. The total tumor budding rate was
13.5% (64/474), and the LVI rate was 5.7% (27/474). Overall, 90 of the 474 (16.48%) patients had lymph node metastasis
(LNM), and the LNM rate was 3.29% (5/152) in T1a tumors and 26.40% (85/322) in T1b tumors. The average number of
dissected lymph nodes was 18.0 (range, 12-53) (Table 1).

Risk factors for LNM

The 474 enrolled patients were randomly grouped into a training set and a validation set at a ratio of 7:3. Comparisons of
clinicopathological characteristics between the LNM+ and LNM- groups are presented in Table 2. Variables such as
tumor size, invasion depth, tumor differentiation, INF pattern, tumor budding and LVI were significantly associated with
LNM in both the training set and validation set according to the univariate analysis (Table 2). Furthermore, multivariate
logistic regression analysis also showed that tumor size, invasion depth, tumor differentiation, INF pattern, tumor
budding, and LVI were independent risk factors for LNM (Table 3).

Development and validation of the nomogram
Subsequently, a nomogram was developed based on six independent risk factors derived from the multivariate analysis
(Figure 2). The point of each factor was proportional to its own B-coefficient resulted from logistic regression. Finally, the
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Table 1 Patient clinicopathologic characteristics

Characteristics No. of patients, n (%)
Gender
Male 367 (77.4)
Female 107 (22.6)
Age (yr), median (range) 60 (38-84)
Tumor size (mm), median (range) 23 (3-73)

Tumor location

Upper third 28 (5.9)
Middle third 303 (63.9)
Lower third 143 (30.2)

Paris classification

0-1 95 (20.0)
0-11 309 (65.2)
0-IIT 70 (14.8)

Depth of invasion

MM 152 (32.1)

SM1 80 (16.9)

SM2 106 (22.3)

SM3 136 (28.7)
Differentiation

Well 103 (21.7)

Moderate 279 (58.9)

Poor 92 (19.4)
INF pattern

INF-a 196 (41.4)

INF-b 232 (48.9)

INF-c 46 (9.7)
Tumor budding 64 (13.5)
LVI 27 (5.7)
LNM

Yes 90 (19.0)

No 384 (81.0)
Dissected LN, median (range) 18.0 (12-53)

MM: Muscularis mucosae; SM1: Upper third of submucosa; SM2: Middle third of submucosa; SM3: Lower third of submucosa; INF pattern: Infiltrative
growth pattern; LVI: Lymphovascular invasion; LNM: Lymph node metastasis; LN: Lymph node.

total points of each factor were added and visually corresponded to a predictive value for LNM. The ROC curve showed
that this nomogram had good predictive performance both in the training set and in the validation set, with AUCs of
0.789 (95%CI: 0.737-0.841) and 0.827 (95%CI: 0.755-0.899), respectively (Figure 3).

DISCUSSION

Endoscopic resection has become one of the preferred treatment methods for superficial ESCC. Compared to surgery, it
has fewer complications and a shorter recovery time[16]. Guidelines and studies have indicated that endoscopic
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Table 2 Comparisons of clinicopathological characteristics between lymph node metastasis positive and lymph node metastasis

negative group

Training set (n = 332) Validation set (n = 142)
Variable P value Pvalue
LNM(-) LNM(+) LNM(-) LNM(+)
Gender 0.298 0.913
Male 201 51 84 20
Female 68 12 31 7
Age (yr), median (range) 60 (42-80) 60 (45-84) 0.204 60 (38-78) 58 (47-76) 0.522
Tumor size, (cm), mean + SD 2.23+1.21 2.65 +0.99 0.008 2.07 £0.97 2.61+0.86 0.008
Tumor location, 1 (%) 0.095 0.702
Upper third 14 6 7 1
Middle third 181 47 62 13
Lower third 74 10 46 13
Paris classification, 1 (%) 0.282 0.158
0-I 46 14 26 9
0-1T 186 37 74 12
0-IIT 37 12 15 6
Depth of invasion, n (%) <0.001 <0.001
MM 100 3] 47 2
SM1 53 6 19 2
> SM1 116 54 49 23
Differentiation, 1 (%) 0.015 0.029
Well 77 8 15 3
Moderate 148 38 80 13
Poor 44 17 20 11
INF pattern, n (%) 0.001 0.014
INF-a 125 13 58 5
INF-b 123 41 52 16
INF-c 21 9 10 6
Tumor budding, n (%) 0.009 0.009
No 241 48 103 18
Low 19 8 8 5
High 9 7 4 4
LVI, n (%) 0.005 0.004
Yes 10 8 4 5
No 259 55) 111 22

LNM: Lymph node metastasis; MM: Muscularis mucosae; SM1: Upper third of submucosa; INF pattern: Infiltrative growth pattern; LVI: Lymphovascular

invasion.

submucosal dissection (ESD) and endoscopic submucosal tunnel dissection (ESTD) can be used to treat lesions limited to
the muscularis mucosa and submucosal lesions with invasion depths < 200 pm, which have no or an extremely low risk of
lymph node metastasis[2,17-19]. The en bloc resection rate of ESD for superficial ESCC is 98.2%-100%, and the curative
resection rate is 78.2%-96.1%[17-19]. However, patients with a high risk of LNM or noncurative endoscopic resection
always need further treatment[4]. Therefore, summarizing post-ESD pathological characteristics and identifying risk
factors for predicting LNM are critical to guide post-ESD treatment. In this study, we enrolled superficial ESCC patients
who underwent esophagectomy and lymph node dissection and collected detailed pathological information, such as
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Table 3 Multivariate logistic analysis of risk factors for lymph node metastasis in superficial esophageal squamous cell carcinoma

Training set Validation set
Factors
OR 95%Cl P value OR 95%Cl P value

Tumor size (cm) 1.365 1.081-1.723 0.009 1.750 1.139-2.688 0.011
Invasive depth

MM Reference Reference

SM1 3.774 0.907-15.696 0.068 2474 0.325-18.856 0.382

>SM1 15.517 4.707-51.158 0.001 11.031 2.463-49.401 0.002
Tumor differentiation

Well or cis Reference Reference

Moderate 2423 0.807-9.451 0.072 0.715 0.179-2.856 0.635

Poor 3.670 1.465-9.198 0.006 4.078 0.977-17.026 0.054
INF pattern

INF-a Reference Reference

INF-b 3.205 1.637-6.274 0.001 3.262 1.114-9.552 0.031

INF-c 4121 1.566-10.843 0.004 6.360 1.623-24.922 0.008
Tumor budding

Low 2114 0.875-5.108 0.096 3.815 0.978-14.813 0.054

High 3.905 1.387-10.995 0.010 4.769 1.315-17.290 0.017

No Reference Reference
LVI

No Reference Reference

Yes 3.767 1.422-9.979 0.008 4.408 1.346-14.438 0.014

MM: Muscularis mucosae; SM1: Upper third of submucosa; INF pattern: Infiltrative growth pattern; LVI: Lymphovascular invasion.

Patients accepted

esophagectomy (n = 4660)
: Advanced esophageal

‘ cancer (n = 3927)

Superficial esophageal
cancer (n = 733) Adenocarcinoma (n = 47)

Neuroendocrine carcinoma (n = 22)

Basaloid squamous cell carcinoma (n = 15)

Malignant melanoma (n = 3)

Carcinoma sareomatodes (n = 2)

Superficial esophageal squamous Adenosquamous carcinoma (n = 3)

cell carcinoma (n = 641)

\
; Dissected lymph node number < 12 (n = 73)

Incomplete clinical data (n = 22)
Low-grade intraepithelial neoplasia (n = 8)
High-grade intraepithelial neoplasia (n = 64)

Finally enrolled
patients (n = 474)

/\

Training set (n = 322) ‘ Validation set (n = 142) ‘

DOI: 10.3748/wjg.v29.i37.6138 Copyright ©The Author(s) 2023.

Figure 1 Flowchart of enroliment process.
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Figure 2 Nomogram for predicting the probability of lymph node metastasis in superficial esophageal squamous cell carcinoma patients.
Calculate the total points of different characteristics, and drop a vertical line from the total points row to obtain the probability of lymph node metastasis. MM:
Muscularis mucosae; SM1: Upper third of submucosa; SM2: Middle third of submucosa; SM3: Lower third of submucosa; INF pattern: Infiltrative growth pattern; LVI:
Lymphovascular invasion; LNM: Lymph node metastasis.
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Figure 3 Receiver operating characteristics curve of the nomogram for predicting lymph node metastasis. A: Receiver operating characteristics
(ROC) curve in the training set; B: ROC curve in the validation set. AUC: Area under the curve.

tumor budding and tumor infiltrative growth pattern, to comprehensively analyze and identify the risk factors for LNM,
providing favorable evidence for post-ESD treatment decisions.

Our findings in this study indicated that superficial ESCC patients with positive LNM were more likely to have larger
tumors, deeper invasion, poorer differentiation, more INF-c infiltrative patterns, more high-grade tumor budding, and
more positive LVI both in both the training and validation sets. Some previous studies have likewise indicated that tumor
size is positively correlated with LNM risk[5-8]. Ruan et al[8] found that tumor size > 2 cm was an independent risk factor
for LNM in superficial ESCC. Our results showed that patients with tumor size > 3 cm had a higher risk of LNM
(Figure 2). In another study, it was reported that a 1-cm increase in esophageal tumor length increased the LNM risk by
3.55 times[20]. Therefore, it is necessary to measure the area of cancer cells after the ESD procedure. If possible,
pathological recovery should be performed to determine tumor size after the ESD procedure since it is crucial for
predicting LNM risk.

In addition, we found that tumor invasion depth is associated with LNM risk. It was reported that the LNM rates of
T1a and T1b superficial ESCC were 6.2%-8.0% and 20.0%-29.3%, respectively[21-23]. Similarly, in our study, the LNM rate
in Tla tumor was 3.29% (5/152) and increased to 26.40% (85/322) in T1b tumor. Further multivariate analysis showed
that an invasion depth deeper than SM1 (OR: 15.517, 95%CI: 4.707-51.158) is an independent risk factor for LNM, which
has been confirmed by other studies[5,6]. The esophageal submucosa is an area rich in lymphovascular network, and
once intruded into the submucosa, tumor cells are more likely to infiltrate vasculature[24,25]. In our study, LVI positivity
(OR: 3.767, 95%CI: 1.422-9.979) was also an independent risk factor for LNM. Therefore, additional treatment, such as
surgery or chemoradiotherapy, should be recommended for post-ESD patients with submucosal invasion deeper than 200
pm and positive LVI.
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It has been well established that the grade of tumor budding is positively correlated with the rate of LNM in solid
cancers, including gastrointestinal cancers[26-28]. We found that high-grade tumor budding (OR: 3.905, 95%CI: 1.387-
10.995) was positively correlated with LNM risk in superficial ESCC. Similarly, Li et al[29] checked tumor budding in
pT1b ESCC by using Pan-CK immunohistochemical (IHC) staining and found that the tumor budding level is an excellent
predictor of LNM and patient survival time. However, there is no gold standard for differentiating the threshold value of
tumor budding in superficial ESCC specimens, and a clear and standardized method for distinguishing and reporting
tumor budding in superficial ESCC is urgently needed. In addition, tumor budding status in post-ESD specimens should
be carefully assessed and reported.

The Japanese guidelines recommend that tumor infiltrative growth patterns should be reported in esophageal cancer
[10]. Some studies have identified infiltrative type ¢ (INF-c) as associated with deep tumor invasion, poor tumor differen-
tiation, and a high risk of LNM[12,30,31]. In our study, multivariate logistic regression identified INF-b (OR: 3.205;
95%CI: 1.637-6.274), INF-c (OR: 4.121, 95%CI: 1.566-10.843) and poor differentiation (OR: 3.670, 95%CI: 1.465-9.198) as
independent risk factors for LNM. Invasion of surrounding tissue by cancer cells is a key step in tumor progression and
metastasis[32]. As the tumor grows, the morphology and behaviour of cancer cells at the tumor front undergo epithelial
mesenchymal transition, detaching from the tumor body and infiltrating deep into the submucosa or even deeper[30].
Poorly differentiated tumors are more likely to have LVI and LNM in superficial ESCC, as previously reported[6,8].
Therefore, a detailed assessment of tumor differentiation, INF pattern, tumor budding, and LVI is critical for predicting
LNM risk in post-ESD patients.

Overall, we analyzed the risk factors for LNM in superficial ESCC patients by evaluating detailed pathological charac-
teristics and developed a nomogram by incorporating six variables, including tumor size, invasion depth, tumor differen-
tiation, tumor budding, tumor infiltrative growth pattern and LVI. This nomogram showed good predictive performance,
with an AUC of 0.789 (95%CI: 0.737-0.841) in the training set and 0.827 (95%CI: 0.755-0.899) in the validation set.
Although the data for this nomogram come from surgical specimens, we believe it is also applicable to post-ESD patients,
as all six enrolled predictors can be easily obtained from post-ESD specimens. The use of this predictive nomogram will
facilitate the assessment of LNM, thus providing references for guiding post-ESD treatment. However, this is a single-
center retrospective study. More multicenter studies are needed to further confirm the reliability of the nomogram.

In addition, this study has some limitations. First, this is a retrospective study, and bias in case selection cannot be
avoided. Second, differences in surgical procedures and chronological differences in pathological diagnostic criteria may
affect the consistency of the results. D2-40 and CD34 IHC staining were not used in LVI diagnoses in this study, which
would lead to underestimating the positivity of LVI. Finally, the LNM rate of superficial ESCC in this study cannot
accurately represent the overall LNM rate because patients who underwent ESD were excluded because their
postoperative LNM rate could not be calculated.

CONCLUSION

In conclusion, we identified the risk factors for LNM in superficial ESCC patients and developed a useful nomogram for
predicting LNM risk by integrating all significant risk factors. This nomogram model will facilitate decision-making
regarding additional treatment options in post-ESD patients.

ARTICLE HIGHLIGHTS

Research background

Endoscopic resection of superficial esophageal squamous cell carcinoma (ESCC) is limited to lesions that have no or low
risk of lymph node metastasis (LNM). Patients with a high risk of LNM always need further treatment after endoscopic
resection.

Research motivation
Accurately assessing the LNM risk is critical for additional treatment choices for superficial ESCC patients who
underwent endoscopic resection.

Research objectives
This study aimed to analyze the risk factors for LNM and develop a LNM predictive nomogram for superficial ESCC
patients.

Research methods
Clinical and pathological data from superficial ESCC patients underwent esopha-gectomy from January 1, 2009, to

January 31, 2016, were collected and analyzed. A nomogram was performed using R software (version 4.1.3) based on six
risk factors of LNM.

Research results
A total of 474 superficial ESCC patients were enrolled. The prevalence of LNM was 3.29% for intramucosal cancer and
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increased to 26.40% for submucosal cancer. A nomogram incorporating six variables, including tumor size, invasion
depth, tumor differentiation, tumor budding, tumor infiltrative growth pattern, and lymphovascular invasion, was
successfully developed.

Research conclusions
We developed a useful nomogram model to predict LNM risk for superficial ESCC patients, which will facilitate
additional treatment decisions for patients who underwent endoscopic resection.

Research perspectives
The nomogram model is a simple and useful tool to facilitate the prediction of LNM risk for superficial ESCC patients.
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Abstract

BACKGROUND

Colorectal cancer (CRC) is a highly prevalent malignancy worldwide, and new
therapeutic targets urgently need to be found to prolong patient survival. 5-
methoxytryptophan (5-MTP) is a tryptophan metabolite found in animals and
humans. However, the effects of 5-MTP on proliferation and apoptosis of CRC
cells are currently unknown.

AIM

To investigate the effects of 5-MTP on the proliferation, migration, invasion, and
apoptosis abilities of CRC cells. Additionally, we seek to explore whether 5-MTP
has the potential to be utilized as a drug for the treatment of CRC.

METHODS

In order to evaluate the effect of 5-MTP on CRC cells, a series of experiments were
conducted for evaluation. Colony formation assay and Cell Counting Kit 8 assays
were used to investigate the impact of 5-MTP on the proliferation of CRC cell
lines. Cell cycle assays were employed to examine the effect of 5-MTP on cellular
growth. In addition, we investigated the effects of 5-MTP on apoptosis and
reactive oxygen species in HCT-116 cells. To obtain a deeper understanding of
how 5-MTP affects CRC, we conducted a study to examine its influence on the
PI3K/ Akt signaling pathway in CRC cells.

RESULTS

This article showed that 5-MTP promoted apoptosis and cell cycle arrest and
inhibited cell proliferation in CRC cells. In many articles, it has been reported that
PIBK/ Akt/FoxO3a signaling pathway is one of the most important signaling
pathways involved in internal regulating cell proliferation and differentiation.
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Nevertheless, 5-MTP combined with PI3K/Akt/FoxO3a signaling pathway inhibitors significantly promoted
apoptosis and cell cycle arrest and inhibited cell proliferation in CRC cells compared with 5-MTP alone in our
study.

CONCLUSION
Therefore, there is strong evidence that 5-MTP can be used as an effective medicine for CRC treatment.

Key Words: Colorectal cancer; 5-methoxytryptophan; Apoptosis; Cell cycle arrest; PI3K/Akt signaling pathway

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

Core Tip: Colorectal cancer (CRC) is insensitive to radiotherapy and has poor therapeutic efficacy, and there is an urgent
need to find new therapeutic targets to prolong patient survival. 5-methoxytryptophan (5-MTP) is a tryptophan metabolite
present in both animals and humans. 5-MTP has a wide range of physiological functions such as stabilizing endothelial
function, anti-inflammation, and antioxidant to prevent cellular damage. Our study found that 5-MTP combined with an
inhibitor of the PI3K/Akt/FoxO3a signaling pathway significantly promoted apoptosis and cell cycle arrest and inhibited cell
proliferation in CRC cells compared with 5-MTP alone.
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INTRODUCTION

The incidence and mortality of colorectal cancer (CRC) have declined over the past 30 years[1]. However, CRC morbidity
and mortality are rising among young adults[2,3]. Patients with advanced CRC have a poor prognosis. Pathologic classi-
fication is used to assess prognosis and inform the treatment of CRC[4]. Great efforts have been made to develop
noninvasive biomarkers to detect early cancers and/or reflect individual cancer risk, which is critical for reducing CRC
mortality[5,6]. However, little progress has been made in improving disease-free survival in CRC patients. Because the
pathomechanism of CRC progression is not fully understood, more studies are needed to discover and develop effective
medicines for CRC treatment.

Traditional Chinese medicine (TCM) has a long history of treating malignant tumors and is of great significance in
reducing the recurrence and metastasis rate, reducing adverse reactions to chemotherapy, prolonging survival, and
improving quality of life[7,8]. Also, some previous study demonstrate the significant change of tryptophan after TCM
treatment in cancer patients[9,10]. However, the potential anti-cancer role of tryptophan-related metabolites is still yet to
be elucidated. 5-methoxytryptophan (5-MTP) is a tryptophan metabolite found in animals and humans[11]. Tryptophan
is first hydroxylated by tryptophan type 1 or type 2 hydroxylases (TPH-1, TPH-2) to generate 5-hydroxytryptophan, then
methylase hydroxyindole-O-methyltransferase further methylates 5-hydroxytryptophan to 5-MTP[12]. 5-MTP has anti-
inflammatory and anti-fibrotic effects and has become an indispensable therapeutic factor in diseases such as myocardial
infarction and renal fibrosis[11,12]. However, there have not been any reports of CRC, so more specific roles need to be
further teased out.

In addition, 5-MTP was demonstrated for the first time to inhibit proliferation, invasion, and migration at the CRC cell
level; promote apoptosis, reactive oxygen species (ROS) levels, and cell cycle arrest; and combined with PI3K/Akt/p-
FoxO3a signaling pathway to play a stronger therapeutic role. Therefore, 5-MTP may be used as an adjuvant new strategy
for treating CRC.

MATERIALS AND METHODS

Cell culture

The three major kinds of human colon cancer cell lines, including HCT-116, HCT15, and SW480, were purchased from
American Type Culture Collection (https://www.atcc.org/) and cultured in McCoy’s 5A (Gibco, United States), RPMI-
1640 (Gibco, United States) and DMEM medium (Gibco, United States), respectively, supplemented with 10% fetal bovine
serum (Gibco, United States) and 1% penicillin/streptomycin (Sangon Biotech, China). The colon cancer cell lines were
incubated in incubator (Thermo Scientific, United States) with 5% CO, at 37 °C. We added 5-MTP (MedChemExpress,
United States) in different concentrations during cell culture.
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Cell cycle assays

Cells were digested to make single-cell suspensions at logarithmic phase and uniformly seeded in 12-well plates at 1 x 10°
cells per well. After 48 h, cells were collected and washed with 1 mL of precooled phosphate buffered saline (PBS). The
cell pellet was resuspended with 1 mL of precooled 70% ethanol and fixed overnight at 4 °C. On the second day, 70%
ethanol was discarded by centrifugation at 1000 x g for 5 min at 4 °C, washed with 1 mL of precooled PBS. Each sample
was added with 500 pL propyl iodide (PI) staining solution, gently mixed, incubated at 37 °C in the dark for 30 min, and
the cells were filtered with a 400-mesh cell strainer to detect the cell cycle of each group by flow cytometry.

Apoptosis assays

Colon cancer cells in the logarithmic growth phase were seeded in 6-well plates, and 5-MTP-treated cells were added
after the cells attached. Cells in each group were digested with ethylene diamine tetraacetic acid-free trypsin, washed
with PBS, and collected at 1000 x g for 5 min. Binding buffer 100 pL was used to resuspend cells, and fluorescein
isothiocyanate staining solution 5 pL and PI staining solution 10 pL were added. They were blown and mixed well by the
pipette. The cells were allowed to stand at room temperature for 15 min. Before loading the machine, 400 puL of binding
buffer solution was added to each tube and mixed well so that the final system was 500 pL. Apoptosis of cells in each
group was detected by flow cytometry.

ROS assays

To test the ROS level in each group of cells, the colon cancer cells were inoculated into 6-well plates at logarithmic growth
phase. The 2',7'-dichlorofluorescin diacetate (Sangon Biotech, China) was added, incubated in a cell culture incubator at
37 °C for 20 minutes, and observed under a confocal microscope. Similarly, Hoechst 33342 Viable Cell Staining Solution
(Sangon Biotech, China) was added and incubated in a 37 °C cell culture incubator for 10 min and observed under a
confocal microscope.

JC-10 assays

Cells were treated with 5-MTP at various concentrations for 48 h at 12-well plate. Before incubation, 25 pL of 200X JC-10
concentrate (Sangon Biotech, China) was added to a 5 mL assay buffer to dilute JC-10. 500 pL of JC-1 solution was added
to each well and incubated at 37 °C for 20 min. After incubated, washed twice with staining buffer, added 500 pL cell
culture medium, and observed under an inverted fluorescence microscope.

Western blot assays

CRC cell lines were treated with 5-MTP for 48 h at logarithmic growth phase before protein extraction. Then, cells were
washed with precooled PBS, 500 pL of RIPA buffer (Beyotime, China) was added to each dish, scraped by cell scraper,
and transferred to a new centrifuge tube, lysed on ice for 30 min and centrifuged (12000 x g, 15 min, centrifugation radius
30 cm) to collect the supernatant. After adjusting the protein concentration, 4 x loading buffer was added and placed in a
metal bath for heating denaturation (95 °C, 10 min). Sodium-dodecyl sulfate gel electrophoresis electrophoresis was
performed to separate proteins (80 V), transferred by wet membranes (300 mA, 90 min), and blocked with 5% skimmed
milk overnight (4 °C). Primary antibodies were used to incubate overnight (4 °C), including anti-AKT (1:1000, Cell
Signaling Technology, #4685), anti-p-AKT (1:1000, Cell Signaling Technology, #13038), anti-FoxO3a (1:1000, Cell
Signaling Technology, #12829), anti-p-FoxO3a (1:1000, Cell Signaling Technology, #9466), anti-p-actin (1:1000, Cell
Signaling Technology, #4970), anti-Bax (1:1000, Cell Signaling Technology, #41162), anti-Bcl2 (1:1000, Cell Signaling
Technology, #15071), anti-PARP (1:1000, Cell Signaling Technology, #9532), anti-Caspase3 (1:1000, Cell Signaling
Technology, #9662), anti-Bim (1:1000, Cell Signaling Technology, #2933), anti-P27 (1:1000, Cell Signaling Technology,
#3688) and anti-Cyclin D1 (1:1000, Cell Signaling Technology, #55506). Membranes were washed, incubated with
secondary antibodies (1:10000) for 1 h at room temperature, and finally developed with ECL (Jiapeng Biotech, China),
cassette luminescence, and band data analysis was performed by Image]J software.

Colony formation assay

Cells were seeded in six-well plates at 800 cells/well in cell suspension, and 5-MTP was added when the cells were
completely attached and cultured in an incubator for about 10 d, and > 50 cells/colony were considered as one clone,
stained with crystal violet, photographed and counted.

Cell Counting Kit 8 assays

After adjusting the cell density of each group to 1 x 10* cells/mL, 200 pL of cell suspension was added to a 96-well plate
and cultured at 37 °C for 0, 24, 48, and 72 h. Following this, 10 uL of Cell Counting Kit 8 (CCK-8) solution was added to
each well. After incubation at 37 °C for 2 h, absorbance values were measured using a microplate reader (Flash Biotech,
China) at 450 nm.

Migration and invasion assays

Invasion assays were performed at 37 °C using transwell chambers coated with matrigel. The cell density was adjusted to
4 x 10° cells/mL, 100 pL was added to the upper transwell chamber, and then 600 pL of medium containing 10% foetal
bovine serum was added to the lower chamber. After incubation at 37 °C for 24 h, the cells on the lower surface of the
membrane were fixed with 4% paraformaldehyde (Sangon Biotech, China) for 20 min and stained with 500 pL, 1% crystal
violet (Sangon Biotech, China) for 30 min. Five fields were randomly selected to observe the number of cells in invasion

WJG | https://www.wjgnet.com 6150 December 21,2023 | Volume?29 | Issue47 |

Jaishideng®



Pu YB et al. Apoptosis CRC induced 5-MTP

using an inverted light microscope and photographed.

Statistical analysis

GraphPad Prism (v9.0.0) software was used for data processing. Measurement data were expressed as mean * SD. An
independent sample ¢-test was performed between two groups. A one-way analysis of variance was used to compare the
means between multiple groups. P < 0.05 was considered with statistically significant.

RESULTS
5-MTP inhibited human CRC cell proliferation

ATL was selected for further analysis, and its structure is shown in Figure 1A. To validate the role of 5-MTP in CRC, we
selected HCT116, HCT15, and SW480 for subsequent experiments. In HCT116, HCT15, and SW480 cells, the results of
CCK8 and colony formation assay showed that 5-MTP inhibited CRC cell proliferation gradually with increasing drug
concentration (Figures 1B-]). These data suggested that 5-MTP inhibited human CRC cell proliferation.

5-MTP induced apoptosis and ROS in HCT-116 cells

Next, we examined the effects of 5-MTP on CRC cell apoptosis by measuring levels of JC-1 and ROS, among others. In
HCT-116 cells, Hoechst staining showed that 5-MTP inhibited CRC cell activity progressively (Figures 2A and B). Flow
cytometry results showed that 5-MTP significantly inhibited JC-1 levels and promoted the apoptosis rate and ROS levels
(Figures 2C-H).

5-MTP induced cell cycle arrest in HCT-116 cells
Flow cytometry results showed that the peak value became higher in the G2/M phase, that is, 5-MTP-induced HCT116
cell cycle arrest (Figures 3A and B). These results demonstrated that 5-MTP induced cell cycle arrest in HCT-116 cells.

5-MTP inhibited migration and invasion in HCT-116 cells

To further investigate the effect of 5-MTP on CRC cells, invasion and migration assays showed that 5-MTP inhibited CRC
cell invasion and migration (Figures 4A-C). Ly294002 (PI3K) inhibitors have been shown to play a role in various tumors,
including proliferation, metastasis, and apoptosis[13-15]. However, the effects of 5-MTP combined with 1y294002 on
invasion and migration in CRC cells are further enhanced is unknown. It was found that 5-MTP combined with 1y294002
resulted in significantly less cell invasion and migration than 5-MTP (Figures 4D and F).

5-MTP induced dose-response and time course inhibition of PI3K/Akt/FoxO3a signaling pathway in HCT-116 cells

The PI3K/ Akt/FoxO3a signaling pathwa plays an important role in various pathological processes in various tumors,
including proliferation, metastasis, and apoptosis[16-18]. However, Figure 4 confirmed that 5-MTP combined with
1y294002 inhibited CRC cell invasion and migration. The next experimental results showed that 5-MTP inhibited the
relative protein levels of p-Akt/t-AKT and p-FoxO3a/t-FoxO3a with increasing drug concentration in HCT116 cells
(Figures 5A-D). It was further found that the relative protein levels of p-Akt/t-AKT and p-FoxO3a/t-FoxO3a were also
inhibited over time when the 5-MTP concentration was fixed, confirming the previous conclusions (Figures 5E-H).
Meanwhile, western blot results showed that Caspase3, PARP, and BAX protein levels were increased, while Bcl2 protein
levels were significantly decreased (Figures 6A-D). These results are the same as those in the Figure 1. Overall, our data
indicated that 5-MTP induced dose-response and time course inhibition of PI3K/ Akt/FoxO3a signaling pathway in HCT-
116 cells.

Apparent correlations between 5-MTP-induced cell cycle and apoptosis-associated proteins or inhibition of

PI3K/Akt/Fox03a signaling pathway in HCT-116 cells

To further verify that 5-MTP combined with PI3K/Akt/p-FoxO3a signaling pathway inhibitors played a better
therapeutic effect, 1y294002 (PI3K) inhibitor and AKT small interfering RNA (siRNA) were transfected into HCT116 cells.
The results showed that the relative protein levels of p-Akt/ AKT and p-FoxO3a/FoxO3a were significantly decreased in
the 5-MTP combined with the 1y294002 group compared with the 5-MTP group. At the same time, we also found that
Cyclin D1 and P27 protein levels were significantly decreased while Bim was significantly increased in the 5-MTP
combined 1y294002 group compared with the 5-MTP group, suggesting that 5>-MTP-induced cell cycle-related proteins are
associated with the PI3K/Akt/p-FoxO3a signaling pathway (Figures 7A-D). It was further found that the 5-MTP
combined with the AKT siRNA group came to the same conclusion as the 5-MTP group (Figures 7E-H).

DISCUSSION

CRC is a highly prevalent disease in countries around the world, and the incidence increases with age, accounting for
nearly one-third of patients over 75 years of age[19,20]. The number of patients with early-onset CRC no more than 50
years of age also cannot be ignored[3,21]. The main treatments for CRC are surgery, radiotherapy, and chemotherapy
[22]. However, 35% of patients are found to be in the advanced stage and lose the chance of radical surgery[23]. With the
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Figure 1 5-methoxytryptophan inhibited human colorectal cancer cell proliferation. A: The structure of 5-methoxytryptophan (5-MTP) is shown; B-D:
The Cell Counting Kit 8 assays were used to measure the viability of the colorectal cancer cells treated with 5-MTP at the dose of 5, 25 and 100 uM; E-J: Colony
formation assay were used to measure the viability of the HCT-116 (E and F), HCT-15 (G and H), SW480 (I and J) cells treated with 5-MTP at the dose of 5, 25 and
100 uM. 2P < 0.05, °P < 0.01, ° P < 0.001. 5-MTP: 5-Methoxytryptophan.

in-depth study of the formation, development, and treatment of CRC from the molecular and genetic levels, adjuvant
therapy with TCM monomers optimizes the balance between tumor cell killing and non-targeted effects with the
advantage of specific selection combined with oncogenic sites[24,25].

5-MTP, with a molecular formula of C,,H,,N,O, and a molecular weight of 234.251, is a newly identified tryptophan
metabolite produced by cells, such as fibroblasts, renal epithelial, smooth muscle and vascular endothelial cells[11,26,27].
Current studies have shown that 5-MTP has various physiological functions, such as stabilizing endothelial function, anti-
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Figure 2 5-methoxytryptophan induced apoptosis and reactive oxygen species in HCT-116 cells. A and B: The Hoechst staining was used to
measure the viability of HCT-116 cells treated with 5-methoxytryptophan (5-MTP) at the dose of 5, 25 and 100 uM; C and D: Apoptosis was detected by flow
cytometry by double staining with Pl and Annexin V of HCT-116 cells treated with 5-MTP at the dose of 5, 25 and 100 uM; E and F: Flow cytometry were used to
analyses the JC-1 level of HCT-116 cells treated with 5-MTP at the dose of 5, 25 and 100 uM; G and H: 2',7’-dichlorofluorescin diacetate assays were used to test the
reactive oxygen species production of HCT-116 cells treated with 5-MTP at the dose of 5, 25 and 100 pM. 2P < 0.05, ®P < 0.01, °P < 0.001. 5-MTP: 5-
Methoxytryptophan; ROS: Reactive oxygen species; PI: Propyl iodide.
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Figure 3 5-methoxytryptophan induced cell cycle arrest in HCT-116 cells. A and B: The HCT-116 cells were treated with 5-methoxytryptophan at the
dose of 5, 25, and 100 uM. The cycle arrest was detected by flow cytometry.

inflammation, and anti-oxidation[11,28]. 5-MTP has been shown to be involved in regulating inflammatory responses and
can maintain endothelial cell tight junctions to some extent[29]. Proinflammatory factors inhibit the expression of TPH-1,
a key enzyme in 5-MTP synthesis in endothelial cells, reducing 5-MTP production, which leads to endothelial barrier
disruption[30]. In addition, 5-MTP plays an important vaso-protective function by regulating vascular permeability,
controlling systemic inflammation, and defending against systemic inflammation and multiple organ failure[31]. It has
been found that 5-MTP may regulate cardiomyocyte growth-associated proteins, cytoskeleton, redox, and protein folding,
thereby promoting wound healing, and preventing damaged cell death by maintaining redox balance and reducing
endoplasmic reticulum stress[32].

PI3K/ Akt signaling pathway is one of the most important signaling pathways involved in internal regulating cell
proliferation and differentiation[33]. Akt is essential for the regulation of cell migration and growth[34]. P-Akt is the
active form of Akt and is closely associated with CRC[35]. P-Akt plays an important role in CRC progression[36]. FOXO
family members are major effector proteins of the PI3K/ Akt signaling pathway[37]. The FOXO family is a subclass of the
FOX family that contains four isoforms (FOXO1, FOXO3, FOXO4, and FOXO6), all of which structurally contain a
Forkhead DNA-binding domain that binds to the same DAF-16-binding element binding site within the target gene
promoter through a DNA domain, and thus regulates target gene expression[38]. FOXO3a has been found to be an
important transcription factor for genes involved in cell cycle progression, apoptosis, metabolism, differentiation, and
autophagy[39]. PI3K/ Akt regulates the expression of a series of genes related to cell proliferation, apoptosis, and cycle
arrest downstream of FOXO by working on phosphorylation sites on FOXO protein[40]. FOXO3A is involved in the
biological effects of CRC, and this process may be related to cell proliferation and apoptosis[18]. For example, many
FOXO factors are phosphorylated by Akt in the presence of growth factors, resulting in their translocation from the
nucleus to the cytoplasm; PI3K/AKT pathway mediates hyperglycemia-induced apoptosis in ventricular myocytes of
neonatal rats through translocation of FOXO3a to the nucleus[17,41].

In this study, the efficacy of 5-MTP in the treatment of CRC by in vitro cell experiments was investigated, and the
effects of 5-MTP on CRC cells under different conditions were examined using CCK-8, colony formation, apoptosis rate
detection, JC-1 level, ROS level and cell cycle detection. The results showed that 5-MTP promoted apoptosis and cell cycle
arrest and inhibited cell proliferation in CRC cells. In subsequent experiments, the effect of 5-MTP combined with PI3K/
Akt/p-FoxO3a signaling pathway inhibitors in the treatment of CRC was focused, confirming that combined PI3K/Akt/
p-FoxOB3a signaling pathway inhibitors played a more effective role in the treatment of CRC. There was a correlation
between 5-MTP-induced cyclin-related proteins and PI3K/ Akt/p-FoxO3a signaling pathway.

CONCLUSION

In summary, 5-MTP could inhibit proliferation and promote apoptosis of CRC cells, and combined 1y294002 or AKT
inhibitors played a more effective role in treating CRC. This study provided theoretical guidance for the clinical treatment
of CRC with 5-MTP. However, there were some limitations, and in vivo experiments such as mice are still needed for
further validation in the future.
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Figure 4 5-methoxytryptophan inhibited migration and invasion in HCT-116 cells. A-C: Detection of migration and invasion in HCT-116 cells were
treated with 5-methoxytryptophan (5-MTP) at the dose of 5, 25 and 100 uM by transwell test; D-F: The HCT-116 cells were treated with 5-MTP and/or LY294002.
Detection of migration and invasion in HCT-116 cells by transwell test. 2P < 0.05, °P < 0.01, °P < 0.001. 5-MTP: 5-Methoxytryptophan.
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Figure 5 5-methoxytryptophan induced dose-response and time course inhibition of PI3K/Akt/FoxO3a signaling pathway in HCT-116
cells. A-D: The HCT-116 cells were treated with 5-methoxytryptophan (5-MTP) at the dose of 0, 1, 5, 25, 50 and 100 uM. The expression of PI3K/Akt/FoxO3a
signaling pathway protein was detected by western blotting; E-H: The HCT-116 cells were treated with the dose of 25 uM of 5-MTP at the time of 0, 3, 6, 12, 24 and
72 h. The expression of p-Akt, t-AKT, p-FoxO3a and t-FoxO3a was detected by western blotting. 2P < 0.05, °P < 0.01, °P < 0.001. 5-MTP: 5-Methoxytryptophan.
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Figure 6 5-methoxytryptophan induced apoptosis in HCT-116 cells. A-D: The expression of apoptosis-associated protein was detected by western
blotting. 2P < 0.05, °P < 0.01, °P < 0.001. 5-MTP: 5-Methoxytryptophan; Bcl2: B-cell lymphoma-2.
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Figure 7 Apparent correlations between 5-methoxytryptophan-induced cell cycle and apoptosis-associated proteins or inhibition of
PI3K/Akt/FoxO3a signaling pathway in HCT-116 cells. A-D: The HCT-116 cells were treated with 5-methoxytryptophan (5-MTP) and/or LY294002. The
expression of PI3K/Akt/FoxO3a signaling pathway and cycle arrest protein was detected by Western blotting; E-H: The HCT-116 cells were treated with the dose of
25 uM of 5-MTP and/or AKT siRNA. The expression of p-Akt, t-AKT, p-FoxO3a, t-FoxO3a, Bim, Cyclin D1 and P27 was detected by western blotting. 2P < 0.05, °P <
0.01, °P < 0.001. 5-MTP: 5-Methoxytryptophan; NC: Normal control; siRNA: Small interfering RNA.

ARTICLE HIGHLIGHTS

Research background

Colorectal cancer (CRC) is a highly prevalent malignant tumor. Research is needed to find and develop effective drugs for
the treatment of CRC. 5-methoxytryptophan (5-MTP) is a tryptophan metabolite found in animals and humans. The effect
of 5-MTP on the proliferation and apoptosis of CRC cells is still unclear.

Research motivation
Our work explored the effects of 5-MTP on the proliferation, migration, invasion and apoptosis of CRC cells. We tried to
explore the potential of 5-MTP as a drug for the treatment of CRC.

Research objectives

Here, we studied that 5-MTP combined with PI3K/Akt/FOXO3a signaling pathway inhibitor can significantly promote
apoptosis and cell cycle arrest of CRC cells, and inhibit cell proliferation. 5-MTP can be used as an effective drug in the
treatment of CRC.

Research methods

In this study, a series of experiments were carried out. Colony forming assay and Cell Counting Kit were used to detect
the effect of 5-MTP on the proliferation of CRC cell lines. The effect of 5-MTP on cell growth was detected by cell cycle
analysis. In addition, the effects of 5-MTP on apoptosis and reactive oxygen species of HCT-116 cells were studied. In
order to further explore the effect of 5-MTP on CRC, we studied the effect of 5-MTP on PI3K/ Akt signaling pathway in
CRC cells.

WJG | https://www.wjgnet.com 6157 December 21,2023 | Volume?29 | Issued7 |

Jaishideng®



Pu YB et al. Apoptosis CRC induced 5-MTP

Research results

5-MTP can promote apoptosis and cell cycle arrest of CRC cells, and inhibit cell proliferation. However, compared with 5-
MTP alone, 5-MTP combined with PI3K/Akt/FOXO3a signaling pathway inhibitors significantly promoted apoptosis
and cell cycle arrest of CRC cells, and inhibited cell proliferation. It provides new insights into the mechanism of drug
action.

Research conclusions
5-MTP combined with PI3K/Akt/FOXO3a signaling pathway inhibitor significantly promoted apoptosis and cell cycle
arrest of CRC cells, and inhibited cell proliferation.

Research perspectives

This study confirmed that 5-MTP combined with PI3K/Akt/FOXO3a signaling pathway inhibitor could significantly
promote the apoptosis and cell cycle arrest of CRC cells, and inhibit cell proliferation. These results provide a new
direction for the drug treatment of CRC. However, the study of mechanism in this study is relatively limited. Therefore,
further analysis, nude mouse experiments and more cell experiments are needed to explore its mechanism.
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Abstract

Autoimmune pancreatitis (AIP) is a complex, poorly understood disease gaining
increasing attention. "Clinical Characteristics and Outcome of AIP Based on
Serum IgG4 levels," investigated AIP with a focus on serum immunoglobulin (Ig)
G4 levels. The 213 patients with AIP were classified according to serum IgG4
levels: Abnormal (elevated) and normal. Patients with higher IgG4 levels
exhibited a more active immune system and increased relapse rates. Beyond IgG4,
the IgA levels and age independently contributed to relapse risk, guiding risk
assessment and tailored treatments for better outcomes. However, limitations
persist, such as no IgA correlation with IgG4 levels, absent data on autoantibody-
positive AIP cases critical for Asian diagnostic criteria, and unexplored relapse
rates in high serum IgG AIP by subtype. Genetic factors and family histories were
not addressed. As the understanding and referral of seronegative AIPs increase,
there's a growing need for commercially available, highly sensitive, and specific
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autoantibodies to aid in diagnosing individuals with low or absent serum IgG4 levels.
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Core Tip: The study on autoimmune pancreatitis (AIP) based on serum immunoglobulin (Ig) G4 levels offers valuable
insights into this complex condition. Elevated IgG4 and IgA levels in patients with AIP were associated with more active
immune system and higher relapse rates, highlighting the potential of I[gG4 as a biomarker. However, limitations include the
lack of analysis on IgA levels in relation to IgG4 levels, the absence of data on autoantibodies, and the lack of reporting on
family history and genetic factors. As awareness of AIP grows, there is a need for highly sensitive and specific
autoantibodies to aid in diagnosis, especially for [gG4-negative AIP patients.

Citation: Jaber F, Elfert K, Alsakarneh S, Beran A, Jaber M, Gangwani MK, Abboud Y. Clinical characteristics and outcomes of
autoimmune pancreatitis based on serum immunoglobulin G4 levels: A single-center, retrospective cohort study. World J
Gastroenterol 2023; 29(47): 6161-6164
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TO THE EDITOR

We read with great interest a recent article published in your esteemed journal, titled "Clinical Characteristics and
Outcome of Autoimmune Pancreatitis Based on Serum IgG4 levels" by Zhou et al[1]. Autoimmune pancreatitis (AIP) is a
complex and poorly understood condition that has garnered considerable attention in recent years. This study by Zhou et
al offers valuable insights into the characteristics and outcomes of AIP, focusing on the role of serum immunoglobulin (Ig)
G4 levels[1]. We believe that the findings presented in this research hold significant clinical implications and merit further
discussion and dissemination.

The authors meticulously investigated a cohort of 213 patients with AIP, and their decision to categorize them into two
groups based on serum IgG4 levels, the abnormal group with high IgG4 levels and the normal group, is particularly
noteworthy[1]. By comparing these groups, the study reveals several compelling findings that deserve attention from the
medical community.

Firstly, in line with other studies[2-4], this study highlights that patients with AIP and elevated IgG4 levels have
distinct clinical features, such as a higher relapse rate[1]. This observation contributes to our understanding of the hetero-
geneity within the population of patients with AIP and highlights the potential importance of serum IgG4 levels as a
biomarker of disease activity.

Furthermore, identifying factors associated with AIP relapse is of utmost importance for clinical management. The
multivariate analyses performed in this study suggest that not only serum IgG4 levels but also IgA levels and patient age
play independent roles in predicting relapse[1]. This information could help physicians stratify risks and adjust treatment
strategies for patients, ultimately improving their long-term outcomes.

However, a few limitations are worth mentioning. While the study found an association between IgA levels and higher
relapse rates[1], no further analysis of IgA levels relative to serum IgG4 levels was performed. One study mentioned that
serum IgA and IgM levels were lower in patients with high-level serum IgG4 AIP than in patients with normal serum
level IgG4 AIP[5], while another study reported an inverse correlation between serum I1gG4 and IgM or IgA in 20 cases of
AIP[6]. Further stratification based on IgA levels could expand our knowledge of the association between IgG4 and IgA
in AIP.

Furthermore, the proportion of patients with AIP with positive autoantibodies was not discussed in this study[1].
While serum IgG levels and anti-nuclear antibody positivity were previously part of the classical criteria for AIP[7],
neither the current international consensus diagnostic criteria for AIP[8] nor the Japanese revised clinical diagnostic
criteria for AIP[9] included these two elements. Nonetheless, some studies have reported lower IgG4 levels in patients
with positive serum autoantibodies compared to patients without autoantibodies. This finding may contribute to
demonstrating the presence of AIP with an association of autoantibodies alone in a subset of patients. Furthermore, in
one study, higher serum IgM and IgA levels were observed in serum autoantibody-positive (+) patients with AIP
compared to serum autoantibody-negative (-) patients with AIP, suggesting that examining the properties of high serum
IgG4 AIP and serum autoantibodies could provide valuable insights[5]. With increasing understanding and prevalence of
seronegative AIP among general clinicians, there is a growing demand for commercially available autoantibodies with
superior sensitivity and specificity to aid in the identification and diagnosis of AIP in individuals with low or absent
serum IgG4 levels.

Another limitation to consider is that the study did not examine relapse rates in patients with high serum IgG levels
based on the type of AIP[1]. Previous research has suggested different relapse rates, with type 1 AIP in patients with high
serum IgG4 having higher rates (20%-40%) compared to type 2 AIP[5,10,11]. The lack of this information limits our
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understanding of how serum IgG levels may impact relapse risk in different AIP subtypes.

Finally, Zhou et al[1] reported neither family history nor genetic factors. It is important to note that HLA-DRB1
haplotypes are associated with AIP susceptibility[12] as well as other diseases, such as rheumatoid arthritis[13]. This
genetic aspect requires further study to better understand the complex interplay between genetics and AIP.

In conclusion, the research conducted by Zhou et al[1] sheds light on the clinical aspects of AIP and highlights the
importance of serum IgG4 levels as a prognostic indicator. It also provides valuable insights into risk factors for relapse,
which can serve as a basis for more targeted therapeutic interventions. As AIP continues to be a challenge for physicians
worldwide, studies such as these contribute significantly to our knowledge and have the potential to improve patient
care.

FOOTNOTES

Author contributions: Jaber F conceived the research; Jaber F, Alsakarneh S, Elfert K designed the research workflow; Jaber F, Alsakarneh
S, Abboud Y, and Jaber M wrote the final manuscript; Beran A and Gangwani MK supervised the project; all authors have read and
agreed to the final version of the manuscript.

Conflict-of-interest statement: All authors declare no conflict of interest.

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

Country/Territory of origin: United States
ORCID number: Fouad Jaber 0000-0003-4176-0332; Khaled Elfert 0000-0001-5554-6252; Manesh Kumar Gangwani 0000-0002-3931-6163.

Corresponding Author's Membership in Professional Societies: American College of Gastroenterology; American Association for the Study of
Liver Diseases.

S-Editor: Qu XL
L-Editor: A
P-Editor: Cai YX

REFERENCES

1 Zhou GZ, Zeng JQ, Wang L, Liu M, Meng K, Wang ZK, Zhang XL, Peng LH, Yan B, Pan F. Clinical characteristics and outcome of
autoimmune pancreatitis based on serum immunoglobulin G4 level: A single-center, retrospective cohort study. World J Gastroenterol 2023;
29: 5125-5137 [PMID: 37744294 DOI: 10.3748/wjg.v29.135.5125]

Culver EL, Sadler R, Simpson D, Cargill T, Makuch M, Bateman AC, Ellis AJ, Collier J, Chapman RW, Klenerman P, Barnes E, Ferry B.

Elevated Serum IgG4 Levels in Diagnosis, Treatment Response, Organ Involvement, and Relapse in a Prospective [gG4-Related Disease UK

Cohort. Am J Gastroenterol 2016; 111: 733-743 [PMID: 27091321 DOI: 10.1038/ajg.2016.40]

3 Pelkmans LG, Hendriksz TR, Westenend PJ, Vermeer HJ, van Bommel EFH. Elevated serum IgG4 levels in diagnosis and treatment response
in patients with idiopathic retroperitoneal fibrosis. Clin Rheumatol 2017; 36: 903-912 [PMID: 28105551 DOI: 10.1007/s10067-017-3542-8]

4 Kubota K, Watanabe S, Uchiyama T, Kato S, Sekino Y, Suzuki K, Mawatari H, lida H, Endo H, Fujita K, Yoneda M, Takahashi H, Kirikoshi

H, Kobayashi N, Saito S, Sugimori K, Hisatomi K, Matsuhashi N, Sato H, Tanida E, Sakaguchi T, Fujisawa N, Nakajima A. Factors predictive

of relapse and spontaneous remission of autoimmune pancreatitis patients treated/not treated with corticosteroids. J Gastroenterol 2011; 46:

834-842 [PMID: 21491208 DOI: 10.1007/s00535-011-0393-y]

Matsubayashi H, Sawai H, Kimura H, Yamaguchi Y, Tanaka M, Kakushima N, Takizawa K, Kadooka M, Takao T, Hebbar S, Ono H.

Characteristics of autoimmune pancreatitis based on serum IgG4 level. Dig Liver Dis 2011; 43: 731-735 [PMID: 21515099 DOI:

10.1016/5.d1d.2011.03.006]

6 Taguchi M, Kihara Y, Nagashio Y, Yamamoto M, Otsuki M, Harada M. Decreased production of immunoglobulin M and A in autoimmune
pancreatitis. J Gastroenterol 2009; 44: 1133-1139 [PMID: 19626266 DOI: 10.1007/s00535-009-0106-y]

7 Kim MH, Kwon S. Diagnostic criteria for autoimmune chronic pancreatitis. J Gastroenterol 2007; 42 Suppl 18: 42-49 [PMID: 17520223 DOI:
10.1007/s00535-007-2050-z]

8 Shimosegawa T, Chari ST, Frulloni L, Kamisawa T, Kawa S, Mino-Kenudson M, Kim MH, Kl6ppel G, Lerch MM, Lohr M, Notohara K,
Okazaki K, Schneider A, Zhang L; International Association of Pancreatology. International consensus diagnostic criteria for autoimmune
pancreatitis: guidelines of the International Association of Pancreatology. Pancreas 2011; 40: 352-358 [PMID: 21412117 DOI:
10.1097/MPA.0b013e3182142fd2]

9 Kawa S, Kamisawa T, Notohara K, Fujinaga Y, Inoue D, Koyama T, Okazaki K. Japanese Clinical Diagnostic Criteria for Autoimmune
Pancreatitis, 2018: Revision of Japanese Clinical Diagnostic Criteria for Autoimmune Pancreatitis, 2011. Pancreas 2020; 49: e13-e14 [PMID:
31856100 DOI: 10.1097/MPA.0000000000001443]

10 Kamisawa T, Notohara K, Shimosegawa T. Two clinicopathologic subtypes of autoimmune pancreatitis: LPSP and IDCP. Gastroenterology
2010; 139: 22-25 [PMID: 20639082 DOI: 10.1053/j.gastro.2010.05.019]

11 Maire F, Le Baleur Y, Rebours V, Vullierme MP, Couvelard A, Voitot H, Sauvanet A, Hentic O, Lévy P, Ruszniewski P, Hammel P. Outcome

8}

W

WJG | https://www.wjgnet.com 6163 December 21,2023 | Volume?29 | Issue4d7 |

Jaishideng®


https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0003-4176-0332
http://orcid.org/0000-0003-4176-0332
http://orcid.org/0000-0001-5554-6252
http://orcid.org/0000-0001-5554-6252
http://orcid.org/0000-0002-3931-6163
http://orcid.org/0000-0002-3931-6163
http://www.ncbi.nlm.nih.gov/pubmed/37744294
https://dx.doi.org/10.3748/wjg.v29.i35.5125
http://www.ncbi.nlm.nih.gov/pubmed/27091321
https://dx.doi.org/10.1038/ajg.2016.40
http://www.ncbi.nlm.nih.gov/pubmed/28105551
https://dx.doi.org/10.1007/s10067-017-3542-8
http://www.ncbi.nlm.nih.gov/pubmed/21491208
https://dx.doi.org/10.1007/s00535-011-0393-y
http://www.ncbi.nlm.nih.gov/pubmed/21515099
https://dx.doi.org/10.1016/j.dld.2011.03.006
http://www.ncbi.nlm.nih.gov/pubmed/19626266
https://dx.doi.org/10.1007/s00535-009-0106-y
http://www.ncbi.nlm.nih.gov/pubmed/17520223
https://dx.doi.org/10.1007/s00535-007-2050-z
http://www.ncbi.nlm.nih.gov/pubmed/21412117
https://dx.doi.org/10.1097/MPA.0b013e3182142fd2
http://www.ncbi.nlm.nih.gov/pubmed/31856100
https://dx.doi.org/10.1097/MPA.0000000000001443
http://www.ncbi.nlm.nih.gov/pubmed/20639082
https://dx.doi.org/10.1053/j.gastro.2010.05.019

Jaber F et al. AIP based on serum immunoglobulin G4 level

of patients with type 1 or 2 autoimmune pancreatitis. Am J Gastroenterol 2011; 106: 151-156 [PMID: 20736934 DOI: 10.1038/aj2.2010.314]
12 Ota M, Katsuyama Y, Hamano H, Umemura T, Kimura A, Yoshizawa K, Kiyosawa K, Fukushima H, Bahram S, Inoko H, Kawa S. Two
critical genes (HLA-DRBI1 and ABCF1)in the HLA region are associated with the susceptibility to autoimmune pancreatitis. [mmunogenetics
2007; 59: 45-52 [PMID: 17119950 DOI: 10.1007/500251-006-0178-2]
13 Gonzalez-Gay MA, Garcia-Porrua C, Hajeer AH. Influence of human leukocyte antigen-DRB1 on the susceptibility and severity of
rheumatoid arthritis. Semin Arthritis Rheum 2002; 31: 355-360 [PMID: 12077707 DOI: 10.1053/sarh.2002.32552]

WJG | https://www.wjgnet.com 6164 December 21,2023 | Volume?29 | Issue4d7 |

Jaishideng®


http://www.ncbi.nlm.nih.gov/pubmed/20736934
https://dx.doi.org/10.1038/ajg.2010.314
http://www.ncbi.nlm.nih.gov/pubmed/17119950
https://dx.doi.org/10.1007/s00251-006-0178-2
http://www.ncbi.nlm.nih.gov/pubmed/12077707
https://dx.doi.org/10.1053/sarh.2002.32552

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.3748 / wjg.v29.i47.6165

World Journal of
Gastroenterology

World | Gastroenterol 2023 December 21; 29(47): 6165-6167

ISSN 1007-9327 (print) ISSN 2219-2840 (online)

LETTER TO THE EDITOR,

Liver decompensation after rapid weight loss from semaglutide in a
patient with non-alcoholic steatohepatitis -associated cirrhosis

Matthew Peverelle, Jonathan Ng, James Peverelle, Ryan D. Hirsch, Adam Testro

Specialty type: Gastroenterology
and hepatology

Provenance and peer review:

Unsolicited article; Externally peer

reviewed.
Peer-review model: Single blind

Peer-review report’s scientific
quality classification

Grade A (Excellent): A

Grade B (Very good): B
Grade C (Good): C

Grade D (Fair): 0

Grade E (Poor): 0

P-Reviewer: Barone M, Italy;
Morozov S, Russia

Received: October 17, 2023
Peer-review started: October 17,
2023

First decision: October 31, 2023
Revised: November 10, 2023
Accepted: December 2, 2023

Article in press: December 2, 2023

Published online: December 21,
2023

Jaishideng®

WJG | https://www.wjgnet.com 6165

Matthew Peverelle, Jonathan Ng, James Peverelle, Ryan D. Hirsch, Liver transplant unit, Austin
Health, Melbourne 3084, Australia

Adam Testro, Liver transplant unit, Austin Health, Heidelberg 3084, Victoria, Australia

Corresponding author: Matthew Peverelle, MD, Doctor, Liver transplant unit, Austin Health,
145 Studley Rd, Heidelberg VIC 3084, Melbourne 3084, Australia.
matthewpeverelle@gmail.com

Abstract

There is rapidly increasing uptake of GLP-1 (glucagon-like peptide-1) agonists
such as semaglutide worldwide for weight loss and management of non-alcoholic
steatohepatitis (NASH). remains a paucity of safety data in the vulnerable NASH
cirrhotic population. We report herein the first documented case of liver decom-
pensation and need for liver transplant waitlisting in a patient with NASH-
cirrhosis treated with semaglutide. Rapid weight loss led to the development of
ascites and hepatic encephalopathy and an increase in the patients Model for
Endstage Liver Disease-Na (MELD-Na) score from 11 to 22. Aggressive nutri-
tional supplementation was commenced and the semaglutide was stopped. Over
the following months she regained her weight and her liver recompensated and
her MELD-Na decreased to 13, allowing her to be delisted from the transplant
waitlist. This case serves as a cautionary tale to clinicians using semaglutide in the
cirrhotic population and highlights the need for more safety data in this patient
group.

Key Words: Semaglutide; Non-alcoholic steatohepatitis; Cirrhosis; Non-alcoholic
steatohepatitis cirrhosis; Glucagon-like peptide 1 agonists; Weight loss
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Core Tip: Patients with NASH cirrhosis who lose weight rapidly with semaglutide are at risk of liver decompensation. This
complication requires the immediate cessation of semaglutide and aggressive nutritional rehabilitation with supplemental
protein feeds and micronutrients. Restoration of lost weight can lead to liver recompensation; however, consideration of liver
transplantation should be given to patients who fail to respond to treatment.

Citation: Peverelle M, Ng J, Peverelle J, Hirsch RD, Testro A. Liver decompensation after rapid weight loss from semaglutide in a
patient with non-alcoholic steatohepatitis -associated cirrhosis. World J Gastroenterol 2023; 29(47): 6165-6167
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TO THE EDITOR

We read with interest the systematic review and meta-analysis by Zhu et al[1] reporting on the efficacy and safety of
semaglutide in patients with non-alcoholic fatty liver disease (NAFLD). Analyzing three randomized control trials
involving 458 patients, they found that semaglutide was effective at improving histologic and radiologic markers of non-
alcoholic steatohepatitis (NASH) activity but not histologic fibrosis. The risk of serious adverse events was similar
compared to placebo, and importantly, no cases of hepatic decompensation occurred.

We herein present a case of liver decompensation in a patient with NASH cirrhosis after the use of semaglutide. A 68-
year-old female with compensated NASH cirrhosis [Model for Endstage Liver Disease-Na (MELD-Na) score 11] was
prescribed semaglutide 2.4 mg once weekly to manage her diabetes and obesity. Her other medications at the time
included salbutamol for asthma. The semaglutide led to 10 kg weight loss (11% body weight) within 8 wk of treatment
before it was stopped. After approximately 8% body weight loss she developed new onset hepatic encephalopathy (HE)
requiring the use of lactulose and rifaximin. She also developed ascites requiring diuretic therapy (spironolactone 100 mg
and frusemide 40 mg; further increases limited by postural hypotension) and two large-volume paracenteses. Patient
adherence to prescribed medications was confirmed by her family during this time. Due to her rapid weight loss, her
semaglutide was stopped. Despite stabilization of her weight, she continued to decompensate and her MELD-Na con-
tinued to rise (Figure 1). On referral to our service her MELD-Na was 22 (bilirubin 40 pmol/L, creatinine 44, international
normalized ratio 1.6, Na 128). Investigations for alternate causes of decompensation including infection, alcohol
consumption, hepatocellular carcinoma and portal vein thrombosis were negative. We concluded her liver decom-
pensation was most likely secondary to semaglutide-induced rapid weight loss and malnutrition. She was commenced on
high energy and high protein supplementation consisting of 60 g Sustagen twice-daily and micronutrient replacement
with thiamine. She also underwent assessment for liver transplantation. Over the following 3 mo, she was reviewed each
month by a transplant hepatologist and dietitian to assess her clinical progress, nutritional intake and adherence to
treatment. Over this period, she managed to regain 5 kg (6%) of her ideal body weight, and this was associated with an
improvement in her ascites and HE and a reduction in MELD-Na to 19 (Figure 1). By 6 mo her weight had returned to
baseline, she no longer required abdominal paracentesis and her MELD-Na was 13. She was de-listed from the transplant
waitlist and remains compensated at last follow-up.

Our case highlights the potential risk of rapid weight loss with semaglutide in the vulnerable NASH cirrhosis
population. In our case, the rapidity of weight loss was significantly greater compared to the studies included in Zhu
et al’s[1] meta-analysis (10 kg after 8 wk vs 6.5 kg after 48-72 wk). Loomba et al’s[2] study, included within the meta-
analysis, involved patients with NASH cirrhosis and did not report any cases of hepatic decompensation. Of note, our
patients pre-semaglutide MELD-Na score was higher (11 for our patient vs. 7.6 in the study group), potentially conferring
a greater predisposition to decompensation. It is interesting to note that despite stabilization of her weight after stopping
se-maglutide, our patient continued to decompensate until she was reviewed at our tertiary centre, as illustrated in
Figure 1. Rapid weight loss is an established precipitant of hepatic decompensation in the post bariatric surgery po-
pulation[3], with pathophysiological mechanisms thought to involve endogenous free-fatty acid oxidative damage,
mitochondrial dysfunction and gut dysbiosis leading to hepatic inflammation and fibrosis[4-6]. However, it should be
noted that decompensation has generally occurred later (up to 5 years post-surgery) and degree of excess weight loss (i.e.
the amount of weight above the ideal body weight) was up to 110%[7]. Furthermore, the use of glucagon-like peptide 1
agonists such a semaglutide causes delayed gastric emptying, which may impact the absorption of concomitantly
administered oral medications and therefore their efficacy. This may have contributed to our patients’ diuretic-refractory
ascites. In patients with liver cirrhosis, it is therefore important to consider inadequate absorption of medical therapies as
a contributor to failure to respond to standard treatment.

Clinicians should consider the use of semaglutide cautiously in patients with underlying NASH cirrhosis and should
strictly adhere to the prescribing information and dose escalation protocols as recommended and consider using a lower
dose of the drug. Failure to follow strict dose escalation protocol may lead to significant gastrointestinal side effects in-
cluding nausea and vomiting, which may precipitate weight loss and decompensation. Furthermore, clinicians must
exercise a low threshold for cessation should weight loss occur rapidly (= 1% of body weight/week) or signs of liver
decompensation develop.
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Figure 1 Patient’s weight change with semaglutide use and MELD-Na score over time.

FOOTNOTES

Author contributions: Peverelle M, Ng J and Peverelle ] designed research and collected data; Hirsch RD analyzed data and designed
figures; Testro A analyzed and interpreted data; All authors contributed to the drafting of the manuscript and all authors have given
final approval for its submission.

Conflict-of-interest statement: Dr. Peverelle has nothing to disclose.

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

Country/Territory of origin: Australia
ORCID number: Matthew Peverelle 0000-0003-0136-6699; Adam Testro 0000-0001-6776-3115.

S-Editor: Lin C
L-Editor: A
P-Editor: Xu ZH

REFERENCES

1 Zhu K, Kakkar R, Chahal D, Yoshida EM, Hussaini T. Efficacy and safety of semaglutide in non-alcoholic fatty liver disease. World J
Gastroenterol 2023; 29: 5327-5338 [PMID: 37899788 DOI: 10.3748/wjg.v29.137.5327]

2 Loomba R, Abdelmalek MF, Armstrong MJ, Jara M, Kjeer MS, Krarup N, Lawitz E, Ratziu V, Sanyal AJ, Schattenberg JM, Newsome PN;

NN9931-4492 investigators. Semaglutide 2-4 mg once weekly in patients with non-alcoholic steatohepatitis-related cirrhosis: a randomised,

placebo-controlled phase 2 trial. Lancet Gastroenterol Hepatol 2023; 8: 511-522 [PMID: 36934740 DOI: 10.1016/52468-1253(23)00068-7]

Eilenberg M, Langer FB, Beer A, Trauner M, Prager G, Staufer K. Significant Liver-Related Morbidity After Bariatric Surgery and Its

Reversal-a Case Series. Obes Surg 2018; 28: 812-819 [PMID: 28965313 DOI: 10.1007/s11695-017-2925-x]

4 Verna EC, Berk PD. Role of fatty acids in the pathogenesis of obesity and fatty liver: impact of bariatric surgery. Semin Liver Dis 2008; 28:

407-426 [PMID: 18956297 DOI: 10.1055/5-0028-1091985]

van Zutphen T, Ciapaite J, Bloks VW, Ackereley C, Gerding A, Jurdzinski A, de Moraes RA, Zhang L, Wolters JC, Bischoff R, Wanders RJ,

Houten SM, Bronte-Tinkew D, Shatseva T, Lewis GF, Groen AK, Reijngoud DJ, Bakker BM, Jonker JW, Kim PK, Bandsma RH.

Malnutrition-associated liver steatosis and ATP depletion is caused by peroxisomal and mitochondrial dysfunction. J Hepatol 2016; 65: 1198-

1208 [PMID: 27312946 DOI: 10.1016/j.jhep.2016.05.046]

6 Drenick EJ, Fisler J, Johnson D. Hepatic steatosis after intestinal bypass--prevention and reversal by metronidazole, irrespective of protein-
calorie malnutrition. Gastroenterology 1982; 82: 535-548 [PMID: 6797866]

7 Moolenaar LR, de Waard NE, Heger M, de Haan LR, Slootmaekers CPJ, Nijboer WN, Tushuizen ME, van Golen RF. Liver Injury and Acute
Liver Failure After Bariatric Surgery: An Overview of Potential Injury Mechanisms. J Clin Gastroenterol 2022; 56: 311-323 [PMID: 35180151
DOI: 10.1097/MCG.0000000000001662]

W

W

WJG | https://www.wjgnet.com 6167 December 21,2023 | Volume?29 | Issue4d7 |

Jaishideng®


https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0003-0136-6699
http://orcid.org/0000-0003-0136-6699
http://orcid.org/0000-0001-6776-3115
http://orcid.org/0000-0001-6776-3115
http://www.ncbi.nlm.nih.gov/pubmed/37899788
https://dx.doi.org/10.3748/wjg.v29.i37.5327
http://www.ncbi.nlm.nih.gov/pubmed/36934740
https://dx.doi.org/10.1016/S2468-1253(23)00068-7
http://www.ncbi.nlm.nih.gov/pubmed/28965313
https://dx.doi.org/10.1007/s11695-017-2925-x
http://www.ncbi.nlm.nih.gov/pubmed/18956297
https://dx.doi.org/10.1055/s-0028-1091985
http://www.ncbi.nlm.nih.gov/pubmed/27312946
https://dx.doi.org/10.1016/j.jhep.2016.05.046
http://www.ncbi.nlm.nih.gov/pubmed/6797866
http://www.ncbi.nlm.nih.gov/pubmed/35180151
https://dx.doi.org/10.1097/MCG.0000000000001662

JRnishideng®

Published by Baishideng Publishing Group Inc
7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA
Telephone: +1-925-3991568
E-mail: bpgoffice@wjgnet.com
Help Desk: https://www.t6publishing.com/helpdesk

https:/ /www.wjgnet.com

© 2023 Baishideng Publishing Group Inc. All rights reserved.


mailto:bpgoffice@wjgnet.com
https://www.f6publishing.com/helpdesk
https://www.wjgnet.com

