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Abstract
Follicular lymphoma (FL) is the most common low-grade lymphoma, and 
although nodal FL is highly responsive to treatment, the majority of patients 
relapse repeatedly, and the disease has been incurable with a poor prognosis. 
However, primary FL of the gastrointestinal tract has been increasingly detected 
in Japan, especially due to recent advances in small bowel endoscopy and 
increased opportunities for endoscopic examinations and endoscopic diagnosis. 
However, many cases are detected at an early stage, and the prognosis is good in 
many cases. In contrast, in Europe and the United States, gastrointestinal FL has 
long been considered to be present in 12%-24% of Stage-IV patients, and the 
number of advanced gastrointestinal cases is expected to increase. This editorial 
provides an overview of the recent therapeutic advances in nodal FL, including 
antibody-targeted therapy, bispecific antibody therapy, epigenetic modulation, 
and chimeric antigen receptor T-cell therapy, and reviews the latest therapeutic 
manuscripts published in the past year. Based on an understanding of the 
therapeutic advances in nodal FL, we also discuss future possibilities for gastroen-
terologists to treat gastrointestinal FL, especially in advanced cases.

Key Words: Nodal and gastrointestinal follicular lymphoma; Antibody-based therapy; 
Bispecific antibody therapy; Phosphatidylinositol-3 kinase inhibitor; Epigenetic 
modulator; Chimeric antigen receptor-T cell therapy
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Core Tip: Primary gastrointestinal follicular lymphomas (FLs) have been increasingly detected in Japan, 
especially due to recent advances in small bowel endoscopy and increased opportunities for endoscopic 
examination and endoscopic diagnosis. Previously, many gastrolienal FL cases are detected at an early 
stage, however, the number of advanced cases is expected to increase in the future. This editorial provides 
an overview of the recent therapeutic advances in nodal FL, including antibody-targeted therapy, 
bispecific antibody therapy, epigenetic mutations, and chimeric antigen receptor T-cell therapy, and we 
also discuss future possibilities for gastroenterologists to treat gastrointestinal FL, especially in advanced 
cases.

Citation: Watanabe T. Recent advances in treatment of nodal and gastrointestinal follicular lymphoma. World J 
Gastroenterol 2023; 29(23): 3574-3594
URL: https://www.wjgnet.com/1007-9327/full/v29/i23/3574.htm
DOI: https://dx.doi.org/10.3748/wjg.v29.i23.3574

INTRODUCTION
Follicular lymphoma (FL) is a typical indolent B-cell lymphoma that accounts for 10%-20% of all non-
Hodgkin lymphomas (NHLs)[1]. Its incidence is increasing rapidly in Western and Asian countries[2]. 
In particular, the number of FL cases in Japan has recently increased[3]. FL is histopathologically 
classified as grades 1, 2, 3a, or 3b, with grade 3b usually treated as aggressive (intermediate/high-grade) 
lymphoma. Most patients present with enlarged lymph nodes, and 70%-85% of patients have advanced 
clinical stage III or IV disease at diagnosis, with a high rate of bone marrow involvement. The 
gastrointestinal tract is the most common site of extranodal NHL, accounting for 30-40% of primary 
extranodal NHL cases[4,5]; however, gastrointestinal FL (GI-FL) is rare, with a frequency of approx-
imately 2% of GI-NHL[6-8]. However, in recent years, the number of patients with primary GI-FL has 
increased because capsule and double-balloon endoscopies of the small intestine have become common 
in Japan. Most GI-FL cases are stage I, but there are 3.4%-40.0% with metastasis or invasion to intra-
abdominal lymph nodes (stage II), extensive extranodal organ (stage IV) to extensive extranodal organs 
or beyond the diaphragm (12%-24%) have been reported[9], and the number of advanced cases of GI-FL 
(stage III, IV) is expected to increase in the future. Hiddemann et al[10] reported the efficacy and 
prolonged overall survival (OS) of rituximab, an anti-CD20 monoclonal antibody, in combination with 
cyclophosphamide, doxorubicin, vincristine, and prednisolone (CHOP) in patients with advanced FL. 
Prior to the introduction of rituximab, the 50% survival period for FL patients was 7-10 years, recent 
reports have indicated that the 50% survival period exceeds 20 years for patients under 40 years of age 
at diagnosis[11]. Furthermore, progress has been made in the studies and clinical trials of combination 
therapies using other monoclonal antibodies and conventional chemotherapy combinations. In the last 
decade, new therapeutic agents for nodal FL have been developed, including antibody-targeted therapy, 
bispecific antibody therapy, epigenetic mutation, and chimeric antigen receptor (CAR)-T cell therapy, 
and many clinical trials of monotherapy and various combinations of two or three of these agents have 
been conducted, showing high response rates, progression-free survival (PFS). Many clinical trials have 
been conducted to evaluate the efficacy of single agents and combinations of two or three of these 
drugs, and have shown high response rates, PFS, and OS. However, the large number of new drugs has 
led to the creation of many combinations of these drugs, so there is still no definitive conclusion as to 
which combination is the best in terms of efficacy and safety, and what the optimal order of these 
therapies should be. We reviewed and summarized the recently reported therapeutic advances in nodal 
FL, especially the most recent therapeutic publications during the past year. We then discuss the possib-
ilities and directions in which gastroenterologists should utilize and reflect on recent advances in the 
treatment of nodal FL in primary GI-FL.

Recent advances in the treatment of nodal FL
Radiation therapy used to be the first choice for the treatment of nodal FL when the lesions were 
localized or multiple but few in number, however, the choice of radiation therapy has been greatly 
reduced in recent years due to its strong adverse reactions, and chemotherapy, which has advanced 
significantly in the past 20 years, immunotherapy, which has fewer side effects, or their combination 
therapies have emerged.

This editorial describes recent advances in the treatment of advanced FL, primarily stage III or IV, 
with reference to tables summarizing them.

https://www.wjgnet.com/1007-9327/full/v29/i23/3574.htm
https://dx.doi.org/10.3748/wjg.v29.i23.3574
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ANTIBODY-BASED THERAPY
Monoclonal antibody-based therapy
Immunotherapy with rituximab and other anti-CD antibodies is highly effective in the treatment of FL 
and is superior and still central to current FL therapy. The objective response rate (ORR) with single-
agent rituximab was 67% in untreated FL patients and 46% in previously treated relapsed FL patients
[12].

A German Low-Grade Lymphoma Study Group conducted a randomized trial of CHOP alone vs 
rituximab plus CHOP (R-CHOP) in untreated advanced FLs. In a randomized comparison of CHOP 
monotherapy and R-CHOP combination therapy, the R-CHOP group significantly outperformed the 
CHOP group not only in time to failure but also in OS[13]. This evidence is important because it heralds 
the subsequent progress of combination therapy using anti-CD monoclonal antibody immunotherapy 
and other novel agents, in addition to conventional chemotherapy. Following rituximab administration, 
new antibody-based agents have been developed, including tafasitamab, an anti-CD19 antibody; 
polatuzumab vedotin, an anti-CD79b antibody-drug conjugate (ADC); loncastyximab tesirine, an ADC 
composed of a humanized antibody targeting the protein CD19; magrolimab, an anti-CD47 antibody; 
and obinutumab, a humanized anti-CD20 monoclonal antibody. Obinutumab, a humanized anti-CD20 
monoclonal antibody, has been developed (Table 1).

Tafasitamab plus lenalidomide, which enhances NK cell activity and antibody-dependent cytotoxicity 
(ADCC), has been shown to be superior to the monotherapy[14].

Polatuzumab vedotin is a CD79b-directed ADC. In the phase II ROMULUS trial of relapsed and 
refractory (r/r) FL and diffuse large B-cell lymphoma (DLBCL), patients with FL were treated with 
rituximab plus polatuzumab (CD79-directed ADC) or rituximab plus pinatuzumab (CD22-directed 
ADC), and their efficacy was compared[15].

Loncastuximab tesirineis (ADCT-402) is a noble antibody-drug conjugated to a cytotoxic dimer. After 
bindig to the tumor cells the antibody is internalized, the cytotoxic drug is released, and the cancer cells 
are killed. The ORR in patients with FL in a phase I study was 78.6%; phase II findings (LOTIS-2 study) 
of loncastaximab tecilin in r/r DLBCL patients showed a good and sustained antitumor effect with an 
ORR of 48.3% and complete response rate (CRR) of 24.2%[16]. Clinical trials are currently underway for 
other carcinomas; a phase II study in combination with rituximab for r/r FL patients is ongoing in 
Florida, United States.

Magrolimab is a CD47-directed antibody, and a phase I study of its combination with rituximab in r/
r lymphoma has been reported[17].

Obinutumab is a humanized anti-CD20 monoclonal antibody with low fucose content in the Fc region 
through glycosylation technology and the unique properties of a type-2 antibody. Phase 3 trials have 
shown improved efficacy in indolent non-NHL (iNHL) and chronic lymphocytic leukemia (CLL), and 
phase 2 trials of these therapeutic regimens have shown promising results in CLL, FL, and mantle cell 
lymphoma (MCL)[18].

Results of a phase I study of the combination of venetoclax plus obinutumab in previously untreated 
FL patients ORR and CRR were 87.5% and 25.0%, respectively, by CT evaluation; 84.2% and 68.4%, 
respectively, by PET/CT evaluation; 1-year PFS was 77.8% and 79%, respectively; 30-mo PFS was 73.2% 
and 79.0%, respectively and showed efficacy of the combination of venetoclax plus obinutumab[19]. 
However, in the GALLIUM trial, obinutuzumab had a better PFS than rituximab when combined with 
conventional chemotherapy as frontline therapy in previously untreated advanced FL patients[20]. 
Furthermore, transformed-FL (t-FL) patients with more aggressively transformed, more malignant 
potential had worse survival than r/r FL patients (2-year rate: 55.9% vs 83.1%). t-FL relapsed earlier than 
FL (median observation time: 0.8 years vs 2.3 years)[21].

Finally, we discuss the key points regarding recent rituximab biosimilars. In recent years, four 
rituximab biosimilars have been approved to date in Europe and the United States. CT-P10 is the first 
Rituximab biosimilar approved CT-P10 is as effective and safe as Rituximab in untreated FL with small 
tumor volume[22]. They also reported no statistically significant differences in efficacy and serious 
adverse events between the Rituximab biosimilar group and the reference drug, Mabusera[23]. The 
Japanese government’s policy for 2022 also states that biosimilar will be steadily promoted with a target 
value set by the end of 2022 based on the effect of medical cost optimization. It is expected that the use 
of rituximb biosimulators will be recommended and increased worldwide from the viewpoint of cost 
benefit in reducing the enormous medical costs in the future.

Antibody therapies against novel targets, such as CD19, CD79b, and CD47, as well as rituximab, an 
anti-CD20 monoclonal antibody and obinutumab, a humanized anti-CD20 monoclonal antibody, have 
been developed and have demonstrated efficacy in FL. Antibody targeted therapies to FL are innovative 
immunotherapy medication that offers great efficacy and safety for FL treatment. We have high expect-
ations for improved outcomes in the near future.

Bispecific T cell binding antibody = bispecific antibody therapy
Bispecific T-cell binding antibodies (BTEs) = bispecific antibodies are molecules designed to bind to two 
or more different antigens, a powerful therapy that allows T cells to more precisely target specific 
tissues and cells. Summary of clinical trials of BTE treatment for FL is shown in Table 2.
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Table 1 Summary of clinical trial results of monoclonal antibody-based therapies

Study Target 
disease

No. of 
patients

Objective 
response 
rate

Complete 
response 
rate

Median 
progression-free 
survival

Overall 
survival

Adverse events or 
other subjects Ref.

Tafasitamab plus 
lenalidomide phase-II 
L-MID

r/r DLBCL 
(no FL) > 35 
mo follow up

n = 80 57.5% (n = 
46/80)

40.0% (n = 
32/80)

11.6 mo 33.5 mo No unexpected 
toxicity

[14]

Phase-II ROMULUS, 
rituximab-
polatuzumab vs 
rituximab-
pinatuzumab

r/r FL n = 42, n = 
20, n = 21

70% (n = 
14/20); 62% (
n = 13/21)

45% (n = 
9/20); 5% (n 
= 1/21)

Unknown Unknown [15]

Loncastuximab 
tesirine (ADTC-402) 
frontline therapy

Untreated FL Total, 
DLBCL, 
MZL, FL

45.6%, 42.3%, 
46.7%, 78.6%

26.7% Unknown Unknown Median duration 
response: 5.4 mo

[16]

Magrolimab plus 
rituximab phase-Ib

r/r DLBCL; 
r/r FL

n = 22; 
DLBCL:15; 
FL: 7

50% (CR or 
PR); 40%, 
71% (n = 5/7)

33%, 43% (n 
= 3/7)

Unknown Unknown 90% response were on 
going, a median 
follow-up of 6.2 
(DLBCL)/8.1 (FL) mo

[17]

Venetoclax plus 
obinutumab phase-I

Untreated FL CT, PET/CT 87.5%, 84.2% 25.0%, 68.4% 77.8% (at one yr); 
79.0% (at one yr); 
73.2% (at 30 mo); 
79.0% (at 30 mo)

Unknown; 
unknown

[19]

GALLIUM trial 
obinutuzumab + CTx 
rituximab + CTx

Untreated FL n = 1202, n = 
601, n = 601

88.5%, 86.9% Unknown, 
unknown

80.0% (at 3 yr); 73.3% 
(at 3 yr)

Unknown, 
unknown

Obinutuzumab is 
better

[20,
21]

“Unknown” means data not shown, unknown information or not reached. r/r: Refractory and relapsed; FL: Follicular lymphoma; DLBCL: Diffuse large B-
cell lymphoma; MZL: Marginal zone lymphoma; (R-)CHOP: (Rituximab plus) cyclophosphamide, doxorubicin, vincristine, and prednisolone; CT: 
Computed tomography; PET/CT: Positron emission tomography/computed tomography; CTx: Traditional chemotherapy.

The BTEs most commonly used for FL treatment are CD3 and CD20, with Mosunetuzumab and 
Glofitamab being pioneering representative novel BTEs.

A phase I trial of single-agent mosunetuzumab in patients with r/r iNHL (including FL and t-FL) 
showed an ORR of 66% and a CRR of 49%, with grade 3 or higher adverse events in 71% of patients 
with low-grade lymphoma (r/r and t-FL, 96%)[24]. Mosnetuzumab, a CD20 × CD3 bispecific 
monoclonal antibody, showed a significantly higher CRR of 60% than that of the control group with 
copanlisib of 14%, when administered to patients with r/r FL, indicating high efficacy[25]. 
Mosunetuzumab was also studied in combination with lenaridomide; a phase I study of combination 
therapy in r/r FL patients showed an ORR of 92%, CR of 77%, and grade 3 or higher adverse events in 
30% of patients in the abstruct.

Glofitamab was observed to have a better response rate at higher dose levels in the r/r B-NHL 
(including indolent lymphoma of 25.7%) phase I trial, with an ORR of 65.7% and a CRR of 57.1%. CRS 
occurred in 50.3% of cases[26]. The results of a study comparing glofitamab with or without 
obinutuzumab in r/r FL showed an ORR of 81% and a CRR of 70% for glofitamab alone and 100% and 
74% for the combination group in the Abstruct.

The results of a phase I/II trial of epcoritamab, an anti-CD3 and anti-CD20 BTE, in r/r NHL patients 
showed an ORR of 90% and a CRR of 50% in FL patients[27]. The results of a phase I/II study of 
epcoritamab in combination with lenaridomide and rituximab in patients with r/r FL showed high 
efficacy, with an ORR of 100% and a CRR of 93%[28].

Odronextamab is a hinge-stabilized fully human IgG4-based CD20 × CD3 bispecificity antibody that 
binds to CD3 on T cells and CD20 on B cells. In the Odronextamab ELM-1 phase I study, patients with 
r/r FL who received 5 mg or more of odronextamab had an ORR of 91% and a CRR of 72%; 
Odronextamab monotherapy showed promising preliminary activity, especially in patients with long-
standing previously treated BCL with sustained response[29,30].

BTE is a novel immunotherapy agent that shows high efficacy and safety for FL treatment. We would 
like to greatly anticipate further improvements in outcomes through future clinical trials.

Anti-programmed death ligand 1 antibody
Programmed death ligand 1 (PD-1) blockade enhances anti-tumor T cell function and ADCC in NK 
cells. Recntly, the efficacy of the anti-PD-1 ligand (PD-L1) antibodies, atezolitumab and pembrolizumab, 
in FL has also attracted attention (Table 3).
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Table 2 Summary of clinical trial results of bispecific T cell binding antibody therapies

Study Target 
disease

No.of 
patients

Objective 
response rate

Complete 
response rate

Median 
progression-
free survival

Overall 
survival

Adverse 
events or 
other 
subjects

Ref.

Mosunetuzumab 
alone, phase-I

r/r NHL 
(including 
FL and t-FL)

n = 157 66.2% (i B-NHL) 48.5% (i B-NHL) Median duration 
of response 20.4 
mo (i B-NHL

Unknown G3 and higher 
in 71% of iNHL 
patients

[24]

Mosunetuzumab 
alone, phase-II

r/r FL 
(Grade 1-3a)

n = 90 
(median 
follow-up 
was 18.3 mo)

Unknown 60% (n = 54/90) 
(14% higher than 
CRR with 
copanlisib), high 
efficacy

Unknown Unknown High efficacy [25]

Mosunetuzumab 
with lenaridomide, 
phase-I

r/r FL Unknown 92% 77% Unknown Unknown G3 and higher 
in 30% of 
patients

In 
abstruct

Glofitamab alone, 
phase-I

r/r B-NHL 
(including 
r/r FL)

n = 155 65.7% (at the 
recommended 
phase-II dose)

57.1% (at the 
recommended 
phase-II dose)

Unknown Unknown CRS occurred 
in 50.3% of 
patients

[26]

Glofitamab alone vs 
glofitamab with 
obinutuzumab

r/r FL Unknown 81%, 100% 70%, 74% Unknown Unknown Combination 
has a better 
response rate

In 
Abstruct

Epcoritamab, phase-
I/II

r/r B-NHL n = 68 90% (full dose) 50% (full dose) Unknown Unknown Pyrexia 69%, 
CRS 59%

[27]

Epcoritamab with 
lenaridomide and 
rituximab

r/r FL Unknown 100% 93% Unknown Unknown High efficacy is 
revealed

[28]

Odronextamab 
alone phase-I ELM-1 
trial

r/r B-NHL 
(including 
r/r FL)

n = 145 91% (r/r FL) 72% (r/r FL) Unknown Unknown CRS 28% [29]

“Unknown” means data not shown, unknown information or not reached. r/r: Refractory and relapsed; (i)NHL: (Indolent) non-Hodgkin lymphoma; i B-
NHL: Indolent B-cell non-Hodgkin lymphoma; FL: Follicular lymphoma; t-FL: Transformed follicular lymphoma; G: Grade; CRS: Cytokine release 
syndrome.

Table 3 Summary of clinical trial results of anti-programmed death ligand 1 antibody-based therapies

Study Target 
disease

No. of 
patients

Objective 
response 
rate

Complete 
response 
rate

Median 
progression-free 
survival

Overall 
survival

Adverse events or 
other subjects Ref.

Atezolitumab (anti-PD-1 
antibody) plus obinutumab

Total n = 49

phase-I r/r FL n = 26 54% 23% 9 mo

r/r DLBCL n = 23 17% 4% 3 mo

Unknown [31]

Pembrolizumab(anti-PD-
1antibody) plus rituximab

r/r FL (one or 
more prior 
therapy)

n = 30 67% 50% 12.6 mo 97% (at 3 
yr)

23% in remission at 
medianfollow-up of 
35 mo

[32]

“Unknown” means data not shown, unknown information or not reached. r/r: Refractory and relapsed; FL: Follicular lymphoma; DLBCL: Diffuse large B-
cell lymphoma; PD-1: Programmed death ligand 1.

The results of a phase I study of the combination of atezolizumab, an anti-PD-L1 antibody, and 
obinutumab showed an ORR of 54% (CRR: 23%) for r/r FL and r/r DLBCL and 17% (CRR: 4%) for 
DLBCL; PFS was 9 mo in the FL group and 3 mo in the DLBCL group[31]. In addition, a clinical trial of 
pembrolizumab, an anti-PD-1 monoclonal antibody, in combination with rituximab, an anti-CD20 
monoclonal antibody, in r/r FL patients showed an ORR of 67% and CRR of 50%; median PFS was 12.6 
mo, 3-year OS was 97%, and at a median follow-up of 35 mo 23% of patients were in remission[32]. 
Pembrolizumab in combination with rituximab as a novel therapeutic agent for r/r FL showed high 
efficacy and remission maintenance.
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PD-1 blockade enhances anti-tumor T cell function and ADCC in NK cells, and its mechanism of 
action is more fundamental and makes more sense. We expect further improvement of the therapeutic 
effect of anti-PD-1 antibody therapy for FL patients.

IMMUNOMODULATORS
Lenaridomide is a typical oral immunomodulatory drug (IMiD) used to treat FL. Lenaridomide is a 
derivative of thalidomide with a similar structure. Lenaridomide is a derivative of thalidomide with a 
similar structure. It has both a “tumor-killing” effect by inhibiting the growth of hematological 
malignancies and inducing apoptosis, and an “immunomodulatory” effect by acting on immune cells 
and activating their immunity[33]. The combination of lenaridomide and CD20 antibody was initially 
tested as a salvage therapy for r/r FL in combination with an anti-CD20 antibody; however, owing to its 
high efficacy, it was recently tested as a frontline therapy for patients with advanced, untreated FL, with 
good results. Table 4 lists clinical trials in which lenaridomide was administered.

A phase II study comparing lenaridomide alone with R2 (lenaridomide plus rituximab) in patients 
with r/r FL showed an ORR favoring the R2 group (35% vs 24%), with a median follow-up of 2.5 years. 
The time to progression (median) was also superior in the R2 group (2.0 years vs 1.1 years), but there 
was no significant difference in OS[34].

The results of the phase III AUGMENT study evaluating R2 (lenaridomide plus rituximab) in r/r FL 
and marginal zone lymphoma (MZL) showed a median PFS of 39 mo in the R2 group compared to 14 
mo in the rituximab group, with no difference in OS[35].

The phase IIIb MAGNIFY trial investigated extended R2 treatment in patients with r/r FL and MZL. 
After 12 cycles of R2 treatment, patients were randomized to receive an additional 18 mo of R2 
treatment or rituximab maintenance therapy. The R2 cohort had ORR of 69% and CRR of 40%. The 
median PFS was 40 mo, similar to that observed in the AUGMENT trial[36].

In a single-arm phase II GALEN trial of patients with r/r FL, Obinutuzumab and lenaridomide were 
studied[37]. The patients received lenaridomide and obinutuzumab for 18 mo, followed by 1 year of 
obinutuzumab maintenance therapy[37]. After a median follow-up of 2.6 years, the ORR was 95%, 2-
year PFS was 65%, and OS was 87%. No clinical trials have directly compared rituximab and 
obinutuzumab in combination with lenaridomide, and it is unclear which combination is superior in 
efficacy.

The phase III RELEVANCE trial of R2 as frontline therapy for advanced FL was conducted[38]. 
Patients were randomized to receive 18 cycles of R2 therapy plus 6 cycles of rituximab maintenance 
therapy or a chemoimmunotherapy regimen including rituximab [R-CHOP, bendamustine plus 
rituximab (BR), or rituximab plus cyclophosphamide, vincristine, and prednisone (R-CVP)]. The 
primary endpoints of the CR rate (48%-53%) and 3-year PFS (77%-78%) at 120 wk were similar; no 
superiority of R2 over chemoimmunotherapy in the front-line treatment of FL has been demonstrated
[38].

The phase II E2408 trial randomized untreated FL patients into BR induction and R2 maintenance, BR 
induction and rituximab maintenance, or BR and the proteasome inhibitor boltezomib plus rituximab 
maintenance, and compared the efficacy among the three groups[39]. The three groups had similar 
(approximately 90%) and high CRRs, and the 1-year disease-free survival was higher in the rituximab 
maintenance group (85%) than in the R2 group (67%), possibly due to a higher discontinuation rate due 
to adverse events in the R2 group.

A clinical trial of lenaridomide plus obinutuzumab as frontline therapy for patients with advanced 
untreated FL showed very good results, with an ORR of 98%, CR of 92%, and 2-year PFS of 96% after a 
median follow-up of 22 mo[40]. In the future, the combination of lenalidomide and CD20 antibodies is 
expected to be the mainstay of front-line therapy for FL.

With the introduction of bendamustine, obinutuzumab, and lenalidomide, which have shown high 
efficacy in maintenance therapy, front-line treatment of FL has improved and developed. However, how 
they can be combined to provide the best treatment has recently been studied by network meta-analysis 
of randomized controlled trials to compare treatment efficacy[41].

With lenaridomide, a further improvement in the therapeutic effect in FL patients was obtained when 
used in combination with other main agents. As one of the important combination drugs, it is expected 
to improve treatment outcomes in the future.

MOLECULAR TARGETED THERAPIES (SMALL MOLECULE CONPOUNDS)
Bruton’s tyrosine kinase inhibitor
Bruton’s tyrosine kinase (BTK) is a type of protein kinase that exists in immune cells and regulates B cell 
differentiation and activation upon stimulation from the B cell receptor (BCR). Since BCR signaling 
plays an important role in blood cancers such as B-cell NHL and CLL, BTK inhibitors have been 
expected to have therapeutic effects in these blood cancers including FL. The results of the clinical trials 
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Table 4 Summary of clinical trial results of immunomodulator-based therapies

Study Target 
disease

No.of 
patients

Objective 
response 
rate

Complete 
response rate

Progression-free 
survival

Overall 
survival

Adverse 
events or 
other 
subjects

Ref.

Randomized phase-
II; lenaridomide 
alone (L) 
lenaridomide + 
rituximab (LR)

r/r FL n = 91, n = 45 
(L); n = 46 (LR)

53%, 76% 20%, 39% Median time to 
progression: 1.1 yr (at 2.5 
yr); 2.0 yr (at 2.5 yr)

Unknown [34]

Phase-III AUGMENT 
lenaridomide + R 
(R2) vs lenaridomide 
+ placebo 

r/r FL; r/r 
MZL

n = 358; n = 
180; n = 178

Unknown Unknown Median duration: 39.4 
mo; 14.1 mo

Unknown Grade 3 
neutropenia 
of R2 is higher 
than L

[35]

Phase-IIIb MAGNIFY 
trial; R maintain after 
R2 additional 
lenarimide + 
rituximab (R2) 18 mo 
after R2

r/r FL; r/r 
MZL

n = 393 69% (R2) 40% (R2) 40 mo (similar to 
AUGMENT trial)

Unknown [36]

Phase-II GALEN 
study; lenarimide + 
obinutuzumab (R2) 
18 mo followed by 
obinutuzumab alone 
maintenance therapy 
1 year

r/r FL n = 68; 
evaluable

95% (at 2.6 
yr)

38% (n = 33/86) 65% (at 2 yr) 87% (at 2 yr); 
81% (n = 
70/86); 84% (
n = 72/86)

[37]

Phase-III 
RELEVANCE study, 
lenaridomide + 
rituximab (R2) + 
Rituximab 
maintenance therapy 
vs CTx (R-CHOP, BR, 
or R-CVP)

Untreated 
advanced 
FL

n = 1030; R-
maintenance, n 
= 513; CTx, n = 
517

Unknown 48%-53%, about 
the same

3 years-PFS 77%-78%, 
almost equal to 
superiority of R2 in F2 
frontline not proven

Unknown [38]

Untreated 
advanced 
FL

Unknown All 3 groups 
approximately 
90%, about the 
same

3 yr PFS (5 yr median 
follow-up); -R 77%, BVR-
R 82%, BR-LR 76% 
(higher in the R- 
maintenance group than 
in the R2 group) because 
of more discontinuations 
in the R2 group)

3 yr PFS (5 yr 
median 
follow-up), 
BR-R 87%, 
BVR-R 90%, 
BR-LR 84%

[39]

Single center phase-II 
frontline therapy; 
lenaridomide plus 
obinutuzumab

Untreated 
advanced 
FL

n = 90 98% (after a 
median 
follow-up of 
22 mo)

92% (after a 
median follow-
up of 22 mo)

2 yr-PFS 96 (after a 
median follow-up of 22 
mo)

Unknown [40]

“Unknown” means data not shown, unknown information or not reached. r/r: Refractory and relapsed; FL: Follicular lymphoma; MZL: Marginal zone 
lymphoma; L: Lenaridomide; R: Rituximab; LR: Lenaridomide plus rituximab; R2: Lenaridomide plus rituximab; (R-)CHOP: (Rituximab plus) 
cyclophosphamide, doxorubicin, vincristine, and prednisolone; BR: Bendamustine plus rituximab; (R-)CVP: (Rituximab plus) cyclophosphamide, 
vincristine and prednisolone; BR-R: BR induction followed by 2-year rituximab maintenance; BVR-R: BR with bortezomib and rituximab maintenance; BB-
LR: BR followed by lenalidomide (1 year) with rituximab maintenance; CTx: Traditional chemotherapy.

of BTKi treatments for FL are listed in Table 5.
Representative BTKi include, in order of oldest to youngest, first-generation ibrutinib, second-

generation acalabrutinib and zanubrutinib, and third-generation piltobrutinib. These BTKi have shown 
high efficacy in B-cell NHL and CLL[42-46].

The efficacy of zanurutinib monotherapy in patients with r/r FL was sluggish, with an ORR of 36.4% 
and CR of 18.2%. After a median follow-up of 33.9 mo, the median PFS was 10.4 mo[42]. On the other 
hand, a phase II study in r/r MCL showed that after a median follow-up of 35.3 mo, the ORR was 
83.7%, the CRR was 79.9%, and the median PFS was 33.0 mo[43]. Zanurutinib alone was highly effective 
in r/r MCL, however, limited in r/r FL.

The phase II DAWN trial evaluated the therapeutic efficacy of single-agent ibrutinib in patients with 
r/r FL; the ORR was 21% and did not meet the primary endpoint[47]. Frontline therapy was 
administered to investigate a combination of Ibrutinib and Rituximab. This phase II trial included two 
arms, both with ibrutinib 560 mg/d, with Rituximab in arm-1 starting at week 1 for four cycles per 
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Table 5 Summary of Clinical Trial Results of Bruton’s Tyrosine Kinase inhibitors

Study Target 
disease

No. of 
patients

Objective 
response rate

Complete 
response rate

Progression-free 
survival

Overall 
survival

Adverse 
events or 
others

Ref.

Zanubrutinib (other 
BTKi) alone

r/r FL 36.4% 18.2% Median PFS 10.4 mo 
(median follow-up 33.9 mo)

Unknown [42]

Zanubrutinib phase-
II

r/r MCL 83.7% 77.9% Unknown 33.0 mo Unknown [43]

r/r FL n = 100 21.0% (poor) Unknown Unknown Unknown [47]

Ibrutinib with 
rituximab phase-II 
trial

Untreated 
FL, r/r FL

n = 13, n = 
27

85% (arm-1), 
75% (arm-2)

Unknown 62% of untreated FL, 26% of 
r/r FL, continued treatment

Unknown [48]

“Unknown” means data not shown, unknown information or not reached. r/r: Refractory and relapsed; FL: Follicular lymphoma; MCL: Mantle cell 
lymphoma; PFS: Progression-free survival.

week, and Rituximab in arm-2 starting at week 9. The ORR was 85% in arm-1 and 75% in arm-2[48].
Acalabrutinib is an effective BTKi for r/r MCL Results of a phase I trial comparing acalabrutinib with 

or without rituximab as frontline therapy for untreated FL and salvage therapy for r/r FL, after a 
median follow-up of 22 mo, 62% of untreated FL patients and 26% of r/r FL patients remained on 
therapy and showed high tolerability[49].

Results of the randomized phase II ROSEWOOD trial in patients with r/r FL showed that 
combination therapy with zanubrutinib had better PFS than obinutuzumab alone. Zanubrutinib 
suggested to be more effective against r/r FL when used in combination with Obinutuzumab[50].

Although the single-agent activity of BTKis in FL is modest, their activity may be demonstrated when 
used in combination, and there is hope for their efficacy. We will keep a close eye on the future 
improvements in combination therapy with various combinations of new BTKs and other drugs in 
patients with FL.

Pro-apoptotic pathway inhibitors (BCL2 inhibitor)
Venetoclax selectively binds with strong affinity to BCL2, an anti-apoptotic protein involved in many 
blood cancers, and liberates apoptosis-promoting proteins, thus rapidly and irreversibly promoting 
apoptosis of blood cancer cells because BCL2 is overexpressed in FL, Venetoclax, a BCL2 inhibitor, has 
shown great promise. A phase I trial of venetoclax monotherapy was conducted in patients with FL, 
with an ORR of 38% and a median PFS of 11 mo[51]. The phase II CONTRALTO trial compared three 
groups of patients with r/r FL: Venetoclax plus rituximab, venetoclax plus BR, and BR in combination 
with venetoclax[52]. The CRR were 17%, 75%, and 69%, respectively; grade 3 or higher adverse events 
were extremely common in the venetoclax plus BR group (94%). r/r FL was included. In addition, 
combination therapy with ibrutinib was tested in a phase I/II study of venetolax plus ibrutinib with an 
ORR of 69% and a CRR of 25%[53].

Since BCL2 is overexpressed in FL, BCL2 inhibitors are expected to have a fundamental antitumor 
effect on FL tumor cells in terms of their mechanism of action. We look forward to improving the 
therapeutic outcome of BCL2 inhibitors for FL patients in the near future.

Epigenetic regulator
Progress has been made in drug development that is active against blood cancers through the epigenetic 
regulation of gene expression, such as DNA methylation. The results of clinical trials of EZH2 
treatments in patients with FL are listed in Table 6.

Tazemetostat is a small molecule that inhibits the activity of enhancer of zeste homolog 2 (EZH2), a 
methyltransferase of histones, etc. Tazemetostat inhibits the methylation activity of mutant EZH2, 
thereby inhibiting the methylation of lysine residue 27 of histone H3 and other methyltransferases. A 
phase II study of tazemetostat in EZH2-mutant and wild-type r/r FL patients showed a higher ORR in 
the EZH2-mutant cohort (69% vs 35%)[54]. It is important to note that higher activity was observed in 
patients with FL with high-risk characteristics. Currently, combination therapy for r/r FL with 
tazemetostat is under investigation in the phase II SYMPHONY-2 trial in combination with rituximab 
and in the phase Ib/III trial in combination with R2. Tazemetostat as a third, fourth, and subsequent 
treatment for FL and DLBCL patients, especially r/r FL, has a reduced risk of adverse events compared 
to the PI3K inhibitors ideralisib, duvelisib, copanlisib, and umbralisib, while the therapeutic efficacy and 
benefit were comparable[55-57].

More than 10 EZH2 inhibitors have recently entered clinical trials, including tazemetostat[56], and we 
look forward to improved outcomes in the future.
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Table 6 Summary of clinical trial results of epigenetic regulators

Study Targeted 
disease

No. of 
patients

Objective response 
rate

Complete 
response 
rate

Progression-free 
survival

Overall 
survival

Adverse events 
or others Ref.

Tazemetostat alone, 
phase-II

r/r FL, EZH2-
mut; FL, 
EZH2-wt. FL

n = 99, mut 
FL n = 45; 
wt FL n = 
54

69% (EZH2 mut); 35% 
(EZH2 wt)

Unknown; 
unknown

Median PFS: 13.8 
mo (EZH2 mut); 
13.1 mo (EZH2 wt) 

Unknown G3 or higher 27%+, 
treatment discon-
tinued at 8%

[54]

Tazemetostat (first 
EZH2 inhibitor) vs 
inderalisib, 
duvelisib, 
copanlishib, 
umbralisib

r/r FL, 
systematic 
literature 
review

Tazemetostat vs 
inderalisib 43% vs 56; 
duvelisib 48% vs 47; 
Kopanlisib 49% vs 61; 
umbralisib 57% vs 47; no 
significant difference in 
either case

Unknown Unknown Unknown Predominantly 
reduced risk of 
adverse events 
compared to PI3Ki

[57]

Vorinostat 
(HDACi), phase-II

r/r Inhl + 
MCL, median 
with one or 
more prior 
treatment

n = 39 (r/r 
FL)

49% Unknown Median PFS, 20 mo Unknown G3 or higher 8% [58]

Vorinostat + 
rituximab, phase-II

Untreated and 
r/r FL (4 or 
less prior 
treatment)

n = 22 46% (all patients); 67% 
(untreated pts); 41% (r/r 
FL)

Unknown Median PFS, 29.2 
mo (all patients); 
not reached 
(untreated pts); 18.8 
mo (r/r FL)

Unknown [59]

Mocetinostat, 
phase-II

r/r DLBCL, 
r/r FL

n = 41, n = 
31

18.9% (r/r DLBCL), 
11.5% (r/r FL)

Unknown 1.8-22.8 mo 
(DLBCL); 11.8-26.3 
mo (FL)

Unknown Fatigue (75.0%); 
nausea (69.4%); 
diarrhea (61.1%)

[60]

“Unknown” means data not shown, unknown information or not reached. r/r: Refractory and relapsed; FL: Follicular lymphoma; EZH2: Enhancer of zeste 
homolog 2; mt: Mutant; wt: Wild type; (i)NHL: (Indolent) non-Hodgkin lymphoma; DLBCL: Diffuse large B-cell lymphoma; MZL: Marginal zone 
lymphoma; MCL: Mantle cell lymphoma; G: Grade; PI3Ki: Phosphoinositide 3 kinase inhibitor.

Vorinostat is a histone deacetylase inhibitor (HDACi). A phase II study of vorinostat in patients with 
r/r FL reported an ORR of 49%, with a median PFS of 20 mo. Grade 3 or greater adverse events were 
observed in 80% of the patients, mostly cytopenia[58]. Vorinostat was also evaluated in combination 
with rituximab, with an ORR of 50% and a CR of 41% in a phase II study of 22 untreated and r/r FL 
patients[59]. Another HDACi, mocetinostat, has shown poor efficacy, with an ORR of only 12% in 
patients with FL (n = 31) evaluated in a phase II trial of patients with r/r FL[60].

EZH2 inhibitors demonstrate effectiveness as an epigenetic regulator by the mechanism that inhibits 
the activity of methyltransferase of histones, etc. These agents are expected to further improve their 
therapeutic outcomes in the future, especially as a treatment for t-FL.

Phosphatidylinositol-3 kinase inhibitor
The BCR-mediated signaling pathway has been found to be permanently activated in B cell tumor cells, 
and inhibitors targeting molecules in the BCR signaling pathway are being developed.

Phosphatidylinositol-3 kinaseb (PI3K) is a lipid kinase that mediates the phosphorylation of the 
inositol ring 3 of inositol phospholipids, a membrane component[61]. Class I PI3Ks are heterologous. 
Class I PI3Ks are heterodimers that play important roles in signal transduction. Class 1 kinases are 
further divided into α, β, ϒ, and δ isoforms. For example, p110α and β are expressed in all cells, their 
knock out mouse is embryonic lethal[62]. p110γ is involved in neutrophil and macrophage migration
[63] and mast cell degranulation[64]. This pathway is important in cancer, including B cell malignancies, 
and several small-molecule PI3K inhibitors (PI3Ki) have been developed for its treatment. The results of 
clinical trials of PI3K inhibitors in patients with r/r FL are listed in Table 7.

Idelalisib, a selective inhibitor of the delta isoform, was the first PI3Ki developed for the treatment of 
FL. In the European phase II DELTA study, idelalisib demonstrated the highest efficacy to date in r/r/ 
FL patients, with a median treatment duration of 10 mo (range 1-43) and an overall response rate of 73%
[65].

In addition, a phase II open-label study of idelalisib in r/r iNHL, including FL, in the United.States. 
confirmed a response rate of 57% and a median PFS of 11 mo[66]. While idelalisib showed high efficacy 
against r/r FL, grade 3 or higher adverse events were observed in most participants (54%). Higher rates 
of adverse events have been observed in relatively young patients with less severe prior therapy, fewer 
complications, and stronger immune responses[67,68]. Fatal adverse events complicate the use of PI3K 
inhibitors.
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Table 7 Summary of Clinical Trial Results of phosphoinositide 3 kinase inhibitors

Study Target 
disease

No. of 
patients

Objective 
response rate

Complete 
response rate

Progression-
free survival

Overall 
survival

Adverse events 
or others Ref.

Indelalisib, 
phase-II 
DELTA trial

r/r FL n = 55 73% (highest 
ever reported)

Unknown 72% disease-
free after 12 mo

80% alive after 
12 months

54% of G3 or 
higher

[65]

Indelalisib 
phase-II open-
labeled trial

r/r NHL 
(including FL), 
median of 4 
lines prior 
therapy

iNHL, n = 
72; FL, n = 
42)

57% Unknown 11 mo Unknown 54% of G3 or 
higher

[66]

Duvelisib iNHL 
(including FL)

n = 187 70% good Unknown Unknown Unknown 63% of G3 or 
higher

[63,
69] 

Conpalisib, 
phase-II 
CHRONOS-1 
trial

r/r FL, median 
3-lines of prior 
therapy

n = 142 59% 12% 11 mo (median) 43 mo (median) G3 84%, 6 cases of 
G5 events

[70,
71]

Umbralisib, 
phase-II trial

iNHL 
(including FL) 
median 3-lines 
or more of prior 
therapy

n = 208 (FL 
= 117)

47.1% of (after a 
median follow-
up of 27.7 mo)

Unknown 10.6 mo 
(median PFS)

Unknown [74]

Parsaclisib, 
phase-Ib, 
CITADEL-111 
trial

Japanease: r/r 
FL; r/r MZL; 
r/r DLBCL

n = 9; n = 2; 
n = 6

9 cases (= 100%); 
2 cases (= 100%); 
1 case (= 16.7%)

22.2% (n = 2/9); 
100% (n = 2/2); 
16.7% (n = 1/6)

Unknown High incidence 
of adverse 
events-need to 
carefully select 
target patients

Neutropenia above 
G3 interrupted in 
58.8% and reduced 
in 29.4%

[75]

Parsaclisib, 
phase-I/II 
(phase-II trial is 
ongoing)

r/r B-NHL n = 72 71% (r/r FL); 
78% (r/r MZL); 
67% (r/r MCL); 
30% (r/r 
DLBCL)

Unknown Unknown Unknown G3/4 neutropenia 
occurred in 19%

[76]

Zandelisib (ME-
401), phase-I 
trial

Japanese, r/r 
iNHL

n = 9 100% (n = 9/9) 22% (n = 2/9), 
median duration 
of response 7.9 
mo; median time 
to response 1.9 mo

Unknown G3 or higher 
neutropenia 6/9 
(55.6%) diarrhea 
3/9 (33.3%) and 
many events

[77]

Zandelisib 
alone vs 
zandelisib + 
rituximab

r/r FL n = 12 92% (n = 11/12) 
in the 60 mg 
group; 83% (n = 
5/6) in the 180 
mg group

Unknown Unknown Unknown [78]

r/r iNHL, 
median 3-lines 
of prior therapy

n = 30 + BR (
n = 19) vs + 
R-CHOP (n 
= 11)

90% (+ BR) vs 
100% (+ R-
CHOP)

Unknown Unknown Unknown G3 or higher, high 
rate of 70% (BR), 
91% (R-CHOP)

[79]

“Unknown” means data not shown, unknown information or not reached. r/r: Refractory and relapsed; FL: Follicular Lymphoma; B-NHL: B-cell non-
Hodgkin lymphoma; (i)NHL: (Indolent) non-Hodgkin lymphoma; DLBCL: Diffuse large B-cell lymphoma; MZL: Marginal zone lymphoma; MCL: Mantle 
cell lymphoma.

Duvelisib is the first FDA-approved oral dual inhibitor of PI3K-δ and PI3K-γ. Wang et al[69] reported 
on the safety and efficacy of duvelisib, a dual PI3K-δ and γ inhibitor, in patients with relapsed and 
refractory lymphoid neoplasms in a systematic prospective clinical trial reviews and meta-analyses have 
been reported[63,69]. Although the ORR of 187 patients with iNHL including FL showed a good efficacy 
of 70%, the relatively high rate of grade 3 or higher adverse events (63%) is still a safety concern[63,69].

The high rate of adverse events associated with these two drugs has made it difficult to gain general 
acceptance for FL treatment. In such a situation, only conpalisib has been approved for r/r FL after 
more than two lines of therapy. The phase II CHRONOS-1 study[70,71] of copanlisib in patients with r/
r iNHL showed an ORR of 59%, CR of 12%, median PFS of 11 mo, and median OS of 43 mo. There was 
no increase in serious adverse events during the long-term follow-up period, although the rate of grade 
3 or higher adverse events was as high as 84%, including 6 grade 5 events[70,71].

Umbralisib (TGR-1202) is an orally available, effective, potent and selective PI3-K δ and casein kinase-
1-ε (CK1ε) inhibitor[72]. Umbralisib is a fourth-generation, late-stage PI3Ki that may play an important 
role in therapeutic algorithms[73]. The results of a phase II trial of r/r iNHL showed an ORR of 45% and 
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median PFS of 10.6 mo in a cohort of patients with FL after a median follow-up period of 27 mo[74]. 
Most recently, a phase II trial of Frontline with umbralisib and ubrituximab in untreated advanced FL 
patients was completed in Florida, the United States.

Parsaclisib is a potent δ isoform of the PI3Ki. The results of CITADEL-111, a phase Ib study in 
Japanese patients with relapsed/refractory B-cell lymphoma, showed an ORR of 100% in r/r FL and CR 
in two patients (22.2%), indicating efficacy. The results for MZL and DLBCL are shown in Table 7. 
Although potent, adverse events were frequent, requiring careful patient selection and implementation
[75]. The Phase I/II trial of parsaclisib in patients with r/r FL showed an ORR of 71%. Grade 3 or higher 
adverse events were observed in 19% of all participants, and phase II trial is ongoing[76].

Zandelisib (ME-401) is a novel PI3-Kδ inhibitor, and phase I trials have recently been reported in 
Japanese patients with r/r iNHL. ORR was 100% and CR was 22% in 9 Japanese patients with r/r iNHL, 
and the median duration of response, progression-free survival, and time to response were 7.9 mo, 11.1 
mo, and 1.9 mo, respectively. Neutropenia was the most common adverse event, with 55.6% (6/9) of the 
patients having neutropenia, and thrombocytopenia was the most common adverse event. In Japanese 
patients with r/r iNHL, zandelisib showed good antitumor efficacy[77]. The results of a study 
comparing zandelisib monotherapy with zandelisib plus rituximab combination therapy for r/r FL 
showed an ORR of 92% in the 60 mg group and 83% in the 180 mg group. Serious adverse events 
occurred in 21% and 8% of patients in the continuous- and intermittent-dose groups, respectively. There 
were no treatment-related deaths. The 60 mg once-daily intermittent dose was safe, with a low incidence 
of grade 3 or higher adverse events[78].

PI3Ki has also been considered in combination with conventional chemotherapy, immunotherapy, 
and other targeted therapies to achieve more potent therapeutic effects. Results of the phase III 
CHRONOS-4 trial comparing the efficacy and safety of Conpalisib in combination with BR or R-CHOP 
in patients with r/riNHL showed an ORR of 90% in the BR group and 100% in the R-CHOP group, with 
grade 3 or higher adverse events occurring in 70% of the BR group and 91% of the R-CHOP group[79]. 
Early clinical trials of PI3Ki in combination with other immune checkpoint inhibitors and IMiDs are 
currently underway.

Inderalisib-induced acute liver injury has also been reported and has been noted to be severe and 
potentially fatal[80]. In a phase I trial in patients with FL or MCL, the triple combination of inderalisib 
with lenaridomide and rituximab was discontinued early because of the excessive toxicity of all three 
drugs[81]. Combination therapy with other drugs, including inderalisib, is complicated for future 
treatment because of significant safety concerns owing to overtoxicity.

PI3K inhibitors were initially expected to have therapeutic effects, and various types of agents were 
developed, but due to the large number of adverse reactions, only zandelisib remains in Japan, for 
example, and clinical trials are continuing. We hope that the treatment effect for FL patients will 
improve in the future.

PI3K/mechanistic target of rapamycin inhibitor
Numerous studies have shown that somatic mutations in PI3K/Akt/mechanistic target of rapamycin 
(mTOR)-related genes may induce homeostatic activation of various types of cancer pathways, leading 
to dysregulation of tumor cell growth, growth, differentiation, metabolism, apoptosis, and other 
functions supporting tumor cell survival It has been shown[82].

Recently, dual inhibitors targeting two targets of the PI3K/PKB/mTOR signaling pathway have been 
developed and investigated for their therapeutic effects; PI3K/mTOR inhibitors not only inhibit cell 
proliferation but also promote cell apoptosis. They are also expected to be promising anticancer agents 
because of their high efficacy at low doses and low drug resistance[83].

The TOR inhibitors, temisirolimusm (TEM) and lenaridomide (LEN) combination therapy, 
overlapped within the PAM axis and were expected to have synergistic effects. the FL cohort was 
discontinued early due to low case numbers. the ORR and CRR of the DLBCL and exploratory cohorts 
were 26% and 13%, 64% and 18%, respectively. The ORR and CRR of the exploratory cohort for classical 
Hodgkin lymphoma (CHL) patients were 80% and 35%, respectively. Forty percent of CHL patients 
could be transferred to allogeneic transplant after TEM/LEN therapy. Grade 3 or higher hematologic 
adverse events were common, and three grade 5 adverse events occurred; TEM/LEN combination 
therapy was highly effective in advanced untreated lymphomas and especially in r/r CHL[84].

We look forward to the further development of new PI3K/Akt/mTOR dual inhibitors, and to the 
improvement of therapeutic results and progress as FL treatment agents through the accumulation of 
clinical trials.

CELL THERAPY
CAR-T cell therapy uses autologous T cells genetically engineered to attack cancer and other cells by 
introducing CARs.

CAR-T cell therapy is a highly effective, innovative, and revolutionary treatment for patients with r/r 
hematologic malignancies and shows great promise. When reinjected into the same patient, these CAR-
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T cells trigger a T-cell-mediated immune response against the antigen-expressing malignancy and 
induce cell death. CAR-T cell therapy has recently been used in the treatment of iNHL such as FL and 
MCL. However, CAR T-cell therapy has a unique hematological toxicity, and post-treatment cytopenia 
is a major side effect[85,86].

Recent clinical trials have compared the efficacy and safety of three cell therapy modalities 
(autologous transplantation, allogeneic transplantation, and CAR-T with respect to their validity and 
rationale as therapeutic modalities[87]. In addition, there are various issues and barriers to the 
realization of CAR-T therapy, including complex logistics, manufacturing limitations, toxicity concerns, 
and economic burdens, which must be addressed and remedy[88]. The results of clinical trials on CAR-T 
cell therapy are summarized in Table 8.

Clinical trials of the autologous anti-CD19 CART agents axicabtagene ciloleucel (Axi-cell), tisagenle-
cleucel (Tisa-cell), and lisocabtagene maraleucel (Liso-cell) for r/r DLBCL containing approximately 
20% transformed FL (Liso-cell) have shown high efficacy, with ORRs ranging from 52% to 82%[89-91]. 
Long-term follow-up has shown sustained remission in approximately 40% of the patients and high 
remission maintenance against t-FL[92]. The results of the Phase II ZUMA-5 trial showed that Axi-cells 
in r/r FL had a median follow-up of 18 mo, with an ORR of 94%, a CRR of 79%, and an estimated PFS of 
66% at 18 mo, although the median PFS and OS were not reached. Grade 3 or higher adverse events 
were observed in 86%, with Grade-5 adverse events in 3%[93,94].

The results of the phase II ELARA trial showed an ORR of 86% and a CR of 69% after a median 
follow-up of 17 mo for Tisa-cell r/r FL. The results of the Phase II ELARA trial of Tisa-cell therapy for r/
r FL showed an ORR of 86% and CR of 69% at a median follow-up of 17 mo[95-97]. It is important to 
note that the results of these trials showed that Tisa-cells had a higher sustained response in higher-risk 
patients with refractory, relapsed, and heavily pretreated FL[98].

Liso-cells are autologous anti-CD19 CAR-T cells. The results of a clinical trial as a second-line therapy 
for patients with r/r DLBCL not scheduled for hematopoietic stem cell transplantation showed high 
efficacy, with a median follow-up of 12.3 mo and an ORR of 80%. Grade 3 or higher adverse events 
ranged from 20%-48% for thrombocytopenia and 21% for serious adverse events[99]. Based on these 
results, Liso cells have the potential for future use in patients with r/r FL.

The TRANSFORM and PILOT trials demonstrated the high efficacy of Liso-cell in the second-line 
treatment of r/r large B-cell lymphoma. As a result, Liso-cell was approved as a third-line agent for 
aggresive B-cell lymphoma[100].

Expectations are high for the future development of CAR-T cell therapy as a fundamental therapeutic 
tool for FL.

MOLECULAR RESPONSE ADAPTIVE THERAPY RESPONSE-ADOPTED POST-
INDUCTION STRATEGY
The FOLL12 study compared a standard 2-year rituximab maintain therapy arm with an experimental 
post-remission induction arm in patients with FL who responded to induction immunochemotherapy. 
In the experimental arm, post-induction treatment consisted of observation for patients with complete 
metabolic response (CMR) and minimal residual disease (MRD)-negative disease, four doses of 
rituximab for patients with CMR and MRD-positive disease until MRD-negative, and one dose of 
ibritumomab tixetan for non-CMR patients, followed by three standard treatments with RM. Results 
showed that After a median follow-up of 53 mo, patients in the standard arm had significantly better 
PFS than those in the experimental arm (3-year PFS, 86% vs 72%; P < 0.001). All subgroups except non-
CMR patients confirmed the superior PFS of the standard group vs the experimental group, with 3-year 
OS rates of 98% and 97% (95%CI, 95-99) in the reference and experimental groups, respectively[101]. In 
FL patients who benefited from induction therapy, standard 2-year rituximab maintenance therapy 
prolonged PFS after the induction of remission.

Future prospects for nodal FL treatment
Although FL progresses slowly and can be effective if treated, it is prone to recurrence and has been 
considered an incurable disease. Recently, however, research and progress in various new treatment 
modalities have been remarkable, and improvements in treatment outcomes have been confirmed. In 
addition, the direction of research is beginning to turn toward how to combine two or more of these 
anticancer agents, immune agents, immunomodulators, and CAR-T cell therapy, which have different 
mechanisms of action, and how to arrange the order of treatment in such combinations to obtain the 
best results. After discussing this important topic, I will conclude this section with the hope that the era 
of complete cure of FL will arrive in the future.

Prospects for GI-FL treatment
Based on an understanding of the recent advances in the treatment of nodal FL that have been 
discussed, the current status and future of GI-FL treatment and how gastroenterologists should treat 
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Table 8 Summary of clinical trials results of chimeric antigen receptor T-cell therapies

Study Target disease No. of 
patients

Objective 
response 
rate

Complete 
response 
rate

Progression-
free survival

Overall 
survival

Adverse events and 
others Ref.

Axicabtagene 
ciloleucel (Axi-cell), 
phase-II

r/r DLBCL, t-FL n = 101 82% 40% Unknown 52% (overall 
survival rate 
at 18.8 mo)

Neutropenia 78%; 
anemia 43%; thrombo-
cytopenia 38%

[90]

Tisagenlecleucel 
(Tisa-cell), phase-II 
JULIET trial

r/r DLBCL n = 93 52% 40% 65% (relapse-free 
survival rate)

Unknown CRS 22%; neurologic 
events 12%; infections 
20%

[91]

Axicabtagene 
ciloleucel (Axi-cell), 
phase-II

r/r iNHL (FL 
and MZL) after 2 
or more 
treatment

n = 148, n = 
124 (FL), n = 
24 (MZL)

92% 74% Unknown Unknown Serious adverse events 
(any grade) occurred in 
50% of all

[93]

Tisagenlecleucel 
(Tisa-cell), phase-II 
ELARA trial

r/r FL (with 2 
and more prior 
treatments)

n = 97 86.2% 69.1% Unknown Unknown CRS 48.5% (> G3) 
neurological events 
37.1% (> G3)

[96]

Lisocabtagene 
maraleucel (Liso-
cell), phase-II

r/r large BCL n = 61 80% (median 
follow-up 
12.3 mo)

Unknown Unknown Unknown Neutropenia 48%, 
thrombocytopenia 20%, 
CRS 38%

[99]

“Unknown” means data not shown, unknown information or not reached. r/r: Refractory and relapsed; FL: Follicular lymphoma; t-FL: Transformed 
follicular lymphoma; (i)NHL: (Indolent) non-Hodgkin lymphoma; DLBCL: Diffuse large B-cell lymphoma; BCL: B-cell lymphoma; MZL: Marginal zone 
lymphoma; CRS: Cytokine release syndrome.

gastrointestinal FL in the future will be discussed.
FL is the most common low-grade lymphoma, and although nodal FL is highly responsive to 

treatment, the majority of patients relapse repeatedly, and the disease has been said to be incurable with 
a poor prognosis. In contrast, primary GI-FL has been detected and treated in a larger number of cases 
in Japan, especially due to recent advances in small bowel endoscopy and increased opportunities for 
endoscopic examinations, such as health checkups, diagnostic imaging equipment, endoscopist 
examination techniques, and endoscopic diagnostic procedures. However, many cases are detected at an 
early stage, and many of them are at a later stage than those detected at an early stage, owing to the bias 
of reported cases, and the prognosis is excellent. Therefore, there is still a mainstream view that “watch 
and wait” is preferable, taking into account the adverse effects of treatment and the decline in patient 
quality of life. Schmatz et al[102] compared the progression of 63 stage I GI-FLs in the treatment, watch, 
and wait groups and reported no significant difference in PFS or OS. Tari et al[103] also reported no 
difference in prognosis in a study of GI-FL patients with low tumor volume divided between the “watch 
and wait” groups and the rituximab combination chemotherapy group. GI-FL is considered a potential 
candidate for “watch and wait” in many cases because of its pathological characteristics: The lesions are 
widely distributed and not amenable to local therapy, many patients are asymptomatic in the localized 
stage, and the degree of tumor extension and invasion is lower than that of nodal FL. The number of 
patients with nodal FL was high, and the degree of tumor progression and invasiveness was low. 
Yamamoto et al[104] have reported that 128 (66.3%) of 193 cases of GI-FL in Japan were stage I and 52 
(26.9%) were stage II. The authors attribute this to the higher frequency of grade 1 lymphoma. However, 
we think that the reported cases may not necessarily represent the overall picture of GI-FL cases in 
Japan due to a large bias arising when they selected. In a Japanese multicenter study by Takata et al[105] 
in 125 patients with localized GI-FL, CR was observed in 61 (49%) out of 125 patients treated with Watch 
and Wait (33 patients), combination chemotherapy including rituximab (42 patients), rituximab alone 
(29 patients), surgical resection (4 patients), radiation therapy (1 patient), and Helicobacter pylori (H. 
pylori) eradication therapy (3 patients). pylori eradication therapy in three cases, 61 cases (49%) achieved 
CR, and by treatment method, 39/42 cases (93%) were treated with multi-agent chemotherapy including 
rituximab, 20/29 (69%) with rituximab alone, 1/4 (25%) with surgical resection, 0/1 case (0%) with 
radiation therapy, H. pylori eradication in 1/3 (33%), and Watch and Wait 1/33 (3%). The median 
follow-up was 40 mo (6-148 mo), with no primary deaths, a 5-year survival rate of 100%, a progression-
free survival rate of 93 %, and very good results[105]. It should be noted that the Watch and Wait group 
had a CR rate of 3%, which was lower than the CR rate in the treatment group, excluding radiotherapy. 
Damaj et al[9] reported that most GI-FL are Stage I, but metastasis or invasion of intra-abdominal lymph 
nodes (Stage II) is 3.4%-40.0%, and extensive extranodal dissemination or transdiaphragmatic invasion 
(Stage IV) is reported in 12%-24% of GI-FL cases. The number of reports of advanced GI-FL cases (stages 
III and IV) is expected to increase further in the future. To understand the recent advances in the 
treatment of nodal FL, how should gastroenterologists treat gastrointestinal FL in the future? In early 
stage I cases, endoscopic resection of the gastrointestinal tract or surgical resection plus R-CHOP is the 
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standard of care. The prognosis was good and the PFS and OS were excellent. The number of refractory 
and advanced GI-FL cases, grade 3b or higher at the cellular level, and stage II or higher are expected to 
increase in the future. These cases will likely be treated with the same advanced and recent therapeutic 
modalities for nodal FL, such as antibody-targeted therapy, bispecific antibody therapy, epigenetic 
mutation, and CAR T-cell therapy, as described previously. The importance of nodal and 
Gastrointestinal-FL treatments is expected to increase. The difference is that when GI-FL is treated, the 
risk of perforation of the gastrointestinal tract must always be considered because if perforation 
develops due to a decrease in tumor volume, subsequent peritonitis may develop, making the disease 
more severe, and subsequent treatment impossible to continue. After careful consideration of the risk of 
gastrointestinal perforation, surgical resection of the gastrointestinal lesion should be performed first, 
followed by adjuvant therapy. For postoperative recurrence, lymph node metastases outside the 
gastrointestinal tract, and other distant metastases, it is necessary to collaborate with hematology and 
gastrointestinal surgery departments to predict possible complications and changes in disease status 
due to treatment, such as in the treatment of nodal and r/r-FL, and to discuss a royal policy in collab-
oration with these departments. We look forward to the future development and progress of GI-FL 
treatment.

Differences in treatment strategies between nodal FL and GI-FL
Staging of nodal FL is determined using the Ann-Arbor clinical staging classification, while GI-FL is 
classified according to the Lugano staging classification[106], a modified version of the Ann-Arbor 
staging classification. Basically, the Lugano staging classification[106] should be followed to determine a 
treatment strategy similar to that for nodal FL. However, due to the characteristics of the gast-
rointestinal tract, a treatment strategy specific to gastrointestinal FL may be considered in the following 
cases, which differ from nodal FL.

First, and most importantly, one must be very mindful of gastrointestinal perforation due to the loss 
of tumor tissue associated with the mass reduction effect of treatment. Careful consideration should be 
given to the risk of gastrointestinal tract perforation before initiating any type of treatment.

In GI-FL cases, whether the distribution of lesions is unifocal or multifocal is important in the choice 
of treatment; Yamamoto et al[104] reported that in more than 70% of GI-FL patients with lesions in the 
gastrointestinal tract other than the small bowel, new secondary lesions were found in the small bowel. 
If the disease is found to be multifocal, immunochemotherapy may be the treatment of choice.

Primary FL in the gastrointestinal tract should be treated with surgical resection first, followed by 
postoperative chemotherapy (or combination chemotherapy and immunotherapy), depending on the 
extent of extension and invasion, if the lesions arise from deep submucosal layers and are localized 
within the wall, lumen, or regional lymph nodes. However, if the disease has invaded or spread beyond 
the gastrointestinal tract or has distant metastasis beyond the diaphragm, it is stage-4 according to the 
Lugano classification, and if there is no or little deterioration in quality of life due to gastrointestinal 
obstruction, local surgical resection is of course not indicated, and combination chemotherapy plus 
immunotherapy or immunomodulators is the chemotherapy plus immunotherapy or immunomodu-
lators is the first choice.

In cases of extra-gastrointestinal primary disease with gastrointestinal involvement, surgical resection 
or radiotherapy should be considered if the disease is localized. If there are metastases in multiple 
organs or bone marrow, the disease is basically stage-4, and chemotherapy (plus immunotherapy) is the 
first choice.

In addition, other factors such as age, gender, site of disease, and extent of spread should determine 
the best overall treatment for each case of gastrointestinal FL that is most appropriate for the patient and 
that offers a better prognosis, especially longer treatment-free period and improved patient quality of 
life. Because gastrointestinal FL is an organ with “gastrointestinal” characteristics, the treatment 
strategy is often more controversial than that for nodal FL, and in a sense, the range of treatment options 
is wider.

In addition, the underlying nature of FL itself, which as a tumor is indolent in its extension, growth, 
and invasion, responds well to chemotherapy, but is prone to relapse and is currently incurable, further 
complicates and complicates the treatment options for gastrointestinal FL. The differences in treatment 
strategy between nodal FL and gastrointestinal FL are described in the author’s previous review[107], 
which should also be consulted.

In the future, the number of advanced-stage, multifocal GI-FL cases will increase more and more, and 
the treatment strategy should be carefully determined by cooperating multiple physicians in each 
department, including gastroenterology, surgery, hematology, and radiology.

CONCLUSION
Treatment with Nodal-FL improved the ORR, CRR, PFS, and OS with the addition of rituximab, an anti-
CD20 monoclonal antibody, to CHOP therapy, which was the standard chemotherapy regimen for 
malignant lymphomas 20 years ago. Maintenance therapy with an anti-CD20 antibody prolongs 
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remission. The last decade has seen remarkable progress with the addition of new therapeutic 
modalities such as antibody-targeted therapy, bispecific antibody therapy, epigenetic modulator 
therapy, CAR-T cell therapy, and conventional chemotherapy. The combination of lenaridomide and 
anti-CD20 antibodies was effective in r/r FL treatment. In contrast, lenaridomide shows good results as 
frontline therapy for untreated patients with advanced FL and may become a mainstay treatment 
modality. Antibody therapies against novel targets, such as CD19, CD79b, and CD47, as well as 
obinutumab, a humanized anti-CD20 monoclonal antibody, have been developed and have 
demonstrated efficacy in FL. More recently, anti-PD-L1 antibodies such as atezolitumab and pembrol-
izumab have also demonstrated efficacy in relapsed FL. PI3Kinase inhibitors are effective for treating FL 
and multiple relapsed lesions. However, the high number of adverse events associated with its toxicity 
complicates its future use as a combination therapy. As an epigenetic modulator treatment, tazemetostat 
showed more activity in r/r FL patients with higher risk characteristics. Vorinostat, a histone deace-
tylase inhibitor HDACi, is also a potential treatment for r/r FL patients. CAR-T cell therapy for FL and 
T-cell immune attack with bispecific antibodies have shown remarkable efficacy and are expected to 
become a fundamental therapy, as evidenced by the current approval of CAR-T cell therapy for relapsed 
and refractory FL in the United States. In Europe and the United States, Damaj et al[9] have reported 
that most GI-FL cases are stage I, but metastasis or invasion of intra-abdominal lymph nodes (stage-II) is 
present in 3.4%-40.0% and extensive extranodal organ dissemination or involvement beyond the 
diaphragm (stage-IV) in 12%-24%. The number of advanced GI-FL cases (stages III and IV) is expected 
to increase further in the future. The number of refractory and advanced GI-FL cases, grade 3b or higher 
at the cellular level, and stage II or higher are expected to increase in the future. For these cases, recent 
advances in nodal FL, such as antibody-targeted therapy, bispecific antibody therapy, epigenetic 
mutation, and CAR-T cell therapy, as described above, should be considered as treatment options, but 
with careful attention to gastrointestinal perforation and cooperation among the departments of 
gastroenterology, hematology, and gastroenterological surgery need to work together.
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Abstract
The majority of patients affected by Crohn’s disease (CD) develop a chronic 
condition with persistent inflammation and relapses that may cause progressive 
and irreversible damage to the bowel, resulting in stricturing or penetrating 
complications in around 50% of patients during the natural history of the disease. 
Surgery is frequently needed to treat complicated disease when pharmacological 
therapy failes, with a high risk of repeated operations in time. Intestinal ultra-
sound (IUS), a non-invasive, cost-effective, radiation free and reproducible 
method for the diagnosis and follow-up of CD, in expert hands, allow a precise 
assessment of all the disease manifestations: Bowel characteristics, retrodilation, 
wrapping fat, fistulas and abscesses. Moreover, IUS is able to assess bowel wall 
thickness, bowel wall stratification (echo-pattern), vascularization and elasticity, 
as well as mesenteric hypertrophy, lymph-nodes and mesenteric blood flow. Its 
role in the disease evaluation and behaviour description is well assessed in 
literature, but less is known about the potential space of IUS as predictor of 
prognostic factors suggesting response to a medical treatment or postoperative 
recurrence. The availability of a low cost exam as IUS, able to recognize which 
patients are more likely to respond to a specific therapy and which patients are at 
high risk of surgery or complications, could be a very useful instrument in the 
hands of IBD physician. The aim of this review is to present current evidence 
about the prognostic role that IUS can show in predicting response to treatment, 
disease progression, risk of surgery and risk of post-surgical recurrence in CD.

Key Words: Intestinal ultrasound; Crohn’s disease; Postoperative recurrence; Bowel wall 
thickness; Remission; Intestinal surgery
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Core Tip: Intestinal ultrasound (IUS) and magnetic resonance enterography are better tolerated and safer 
than endoscopy, with IUS more easily available and less expensive than magnetic resonance imaging. 
Moreover, IUS allows complete visualization of the small-bowel even in patients with stenoses and/or 
severe inflammation, and can assess for extraintestinal disease. In addition, IUS may predict outcomes 
better than endoscopic mucosal assessment, possibly identifying more relevant therapeutic targets. This 
review discusses the role of IUS in Crohn’s disease not only as first line investigation but as an extremely 
useful instrument in predicting response to medical treatment, disease evolution and risk of recurrence 
before and after surgery.

Citation: Manzotti C, Colombo F, Zurleni T, Danelli P, Maconi G. Prognostic role of intestinal ultrasound in 
Crohn’s disease. World J Gastroenterol 2023; 29(23): 3595-3605
URL: https://www.wjgnet.com/1007-9327/full/v29/i23/3595.htm
DOI: https://dx.doi.org/10.3748/wjg.v29.i23.3595

INTRODUCTION
Crohn’s disease (CD) is a chronic inflammatory condition that can affect the whole gastrointestinal tract, 
more frequently involving the ileum and colon, usually presenting in its active phases with abdominal 
pain, diarrhoea (bloody or non-bloody), urgency, fatigue and weight loss[1]. The majority of patients 
affected by CD show chronic relapsing disease with potential chronic continuous abdominal symptoms 
after diagnosis[2].

The available treatments often fail to achieve disease remission or lose their efficacy over time. 
Moreover, in CD, chronic inflammation and relapses may cause progressive and irreversible damage to 
the bowel[3], which results in stricturing or penetrating complications in approximately 50% of patients 
during the natural history of the disease, with a high risk of surgery or repeated surgery[4].

It has been realized that patients’ symptoms in CD do not necessarily reflect the underlying inflam-
matory burden of the disease and that, independent of clinical symptoms, patients can have different 
rates of disease progression and outcomes[2]. Most CD patients at the time of diagnosis have a disease 
with inflammatory features, but in some patients, it can evolve to a stenosing or penetrating pattern 
during follow-up[5]. Therefore, the possibility of identifying which patients are nonresponsive to 
medical treatment and prone to develop stricturing and penetrating CD would be very important to 
properly address the treatment. Prognostic factors for favourable or unfavourable outcomes of CD have 
been extensively researched and assessed with both invasive and noninvasive methods.

Intestinal ultrasound (IUS) is a non-invasive, cost-effective, radiation free and reproducible method 
for the diagnosis and follow-up of CD, with an accuracy comparable to magnetic resonance imaging 
and computed tomography[6,7]. IUS can assess several features of the bowel wall and surrounding 
tissue: Bowel wall thickness (BWT) (Figure 1A), bowel wall stratification (echo-pattern) (Figure 1B), 
vascularization (Figure 1C) and elasticity, as well as mesenteric hypertrophy (Figure 1D), lymph-nodes 
(Figure 1E) and mesenteric blood flow. IUS is also able to assess complications such as stenosis, 
dilations, fistulas and abscesses[8]. During the follow-up of CD patients undergoing biological therapy, 
IUS features have been correlated with clinical activity, endoscopic activity, laboratory markers (faecal 
calprotectin and C-reactive protein) and drug serum levels[9-13]. However, IUS specific features have 
also been suggested as predictive factors for evaluating the response to medical treatment, the risk of 
clinical relapse or surgery, and the risk of postoperative recurrence[14-17]. We present the current 
evidence on the prognostic value of IUS and especially the IUS features of the bowel wall in predicting 
response to treatment and risk of relapse in CD.

LITERATURE REVIEW
Search strategy and selection criteria
Two authors (Manzotti C and Maconi G) searched the literature using the PubMed database from 
January 2000 to January 2022. The search used the following terms in different combinations: “intestinal 
ultrasound”, “bowel ultrasound”, “transabdominal ultrasound”, “IUS”, “bowel wall thickness”, 
“Doppler”, “CEUS”, “transmural healing”, “Crohn”, “Crohn’s disease”, “IBD”, “inflammatory bowel 
disease”, “surgery”, “clinical remission”, “remission”, “predictive value”, “outcome”, and “post-
surgical recurrence”. In particular, the following string was used: [(ultrasound OR sonography) AND 
(bowel OR intestinal) AND (Crohn’s disease OR IBD) AND (remission OR response OR transmural OR 
outcome OR predictive)].

https://www.wjgnet.com/1007-9327/full/v29/i23/3595.htm
https://dx.doi.org/10.3748/wjg.v29.i23.3595
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Figure 1 Intestinal ultrasound assess several features of the bowel wall and surrounding tissue. A: Bowel wall thickness should be measured 
perpendicular to the anterior wall of the bowel (or where it is better visible) avoiding haustrations and mucosal folds. The cursor/calipers should be placed at the end 
of the interface echo between the serosa and the proper muscle to the start of the interface echo between the lumen and the mucosa; B: Bowel wall stratification. The 
wall layers in case of active disease may appear focally or extensively disrupted (disrupted or hypoechoic echo pattern); C: Bowel wall vascularity. Bowel wall 
vascularity can be determined both by colour Doppler or power Doppler signal at the level of the most thickened segments, using special presets optimized for slow 
flow detection; D: Mesenteric hypertrophy. Mesenteric hypertrophy also called fat wrapping or creeping fat appears on ultrasound (US) as hyperechoic tissue or 
“mass effect” encircling the diseased bowel; E: Lymphnodes. Enlarged inflammatory mesenteric lymph nodes related to Crohn’s disease are usually described at US 
as oval or elongated with lesser diameter > 5 mm and seem to be correlated with young age, early disease, or disease with shorter duration, and with the presence of 
fistulae and abscesses.

Additional potentially eligible articles were manually searched through the bibliography of relevant 
articles. Eligible articles were randomized controlled trials, prospective or retrospective cohort studies, 
reviews, and systematic reviews with a meta-analysis; duplications and studies in languages other than 
English were excluded. In each eligible paper, we searched for information on the predictive value of 
IUS for patients affected by active or quiescent CD in terms of response to treatment, disease course, 
transmural healing, risk of surgery, and risk of postsurgical recurrence. Two authors (Manzotti C and 
Maconi G) screened the title and abstract of potentially eligible papers, followed by a full-text analysis 
of relevant articles. Starting from a total of 1040 articles, 49 were considered suitable and were included 
in this review.

DISCUSSION
Active disease
Intestinal US, before and early after the start of biologic treatment, showed high accuracy in predicting 
long-term clinical and endoscopic remission and response[17,18]. Although few data have shown that 
pretreatment IUS features may predict the outcome and somewhat drive the choice of treatment, much 
more data have shown that sonographic improvement of BWT, echopattern and vascularization as early 
as weeks 2-4 of biologic treatment may predict a better long-term response compared to those of 
patients without an early treatment response[19]. Studies considering predictive value of IUS 
parameters for response to treatment and course of CD are shown in Table 1.

Intestinal US to predict response to treatment and disease course
Increased BWT and bowel wall vascularity assessed by colour Doppler or IV contrast-enhanced 
ultrasound (CEUS), variably powered in bowel US scores, was identified as an independent predictor of 
a negative disease course, namely, the need for steroids, change of therapy, treatment intensification, 
hospitalization, or need for surgery through 6-12 mo[20,14]. In addition, increased echopatterns coupled 
with disrupted echopatterns of the bowel wall or lack of bowel wall stratification were independent 
predictors for the need for subsequent therapeutic optimization[20].

Sonographic response and clinical response
It seems that sonographic response after 12 or 14 wk of therapy with anti-tumor necrosis factor (TNF) 
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Table 1 Predictive value of intestinal ultrasound parameters for response to treatment and course of Crohn’s disease

Ref. Treatment
Timing of IUS 
after start of 
treatment

IUS parameter Predictive value for

BWT > 4 mm Treatment failureAlbshesh et 
al[18], 2020

Anti-TNF > 14 wk

BWT < 4 mm Duration of failure-free response

“Higher BWT” Low risk of TRCalabrese et 
al[52], 2022

Anti-TNF, 
vedolizumab, 
ustekinumab

Baseline

Colonic localization High risk of TR

Chen et al
[19], 2022

Anti-TNF Baseline-2 wk Reduction in BWT, vascularization, SWE Response to treatment

De Voogd et 
al[17], 2022

Anti-TNF Baseline-4/8 wk BWT reduction > 18% Endoscopic response and remission 
at 12-34 wk

Helwig et al
[32], 2022

All available 
biological therapies

Baseline-12 wk BWT reduction > 25% Clinical remission and no therapy 
change at 52 wk

Les et al[20], 
2021

5-ASA, budesonide, 
AZA, anti TNF

Worsened BWT, echopattern, vascularization Need for treatment escalation, 
negative disease course

Orlando et al
[29], 2018

Anti-TNF Baseline SWE strain ratio > 2 Surgery

Paredes et al
[53], 2019

Anti-TNF 12 wk BWT ≤ 3 mm “Good outcome” (no treatment 
intensification, no surgery) at 1 yr

Ripollés et al
[21], 2016

Anti-TNF Baseline-12 wk Sonographic response (BWT decrease > 2 mm, 
diminution of one grade of ECD, decrease > 20% of 
mural enhancement, disappearance of transmural 
complications or stenosi

1-yr sonographic response and 
further 1-yr clinical response and 
treatment efficacy

Smith et al
[22], 2022

All available 
biological therapies 
and thiopurines

Baseline-14 wk Sonographic response (BWT decreasing > 0.5 mm and 
vascularity improvement by ≥ one grade)

Treatment response at 46 wk

Zorzi et al
[23], 2020

Anti-TNF, 
budesonide, 
thiopurines

Baseline-18 mo Normalization of SICUS (BWT, disease extension, 
complications)

Long term lower cumulative 
probability of need for surgery, 
hospitalization, and need for 
steroids

Laterza et al
[54], 2021

Anti-TNF 12 wk CEUS increased PI and Pw Clinical relapse within 6 mo

Ungar et al
[55], 2020

Adalimumab NA Terminal ileum BWT < 4 mm Therapy retention

Quaia et al
[56], 2019

Anti-TNF Baseline-6 wk CEUS pretreatment values and % variations of peak 
enhancement, AUC, AUC during wash-in, AUC during 
wash-out

Long term response to therapy

IUS: Intestinal ultrasound; BWT: Bowel wall thickness; ECD: Eco-color-doppler; SWE: Shear wave elastography; UEI: Ultrasound elastography imaging; 
TR: Transmural remission; CEUS: Contrast enhanced ultrasound; AUC: Area under the curve; TNF: Tumor necrosis factor; NA: Not available; 5-ASA: 5-
aminosalicylic acid; AZA: Azacitidine.

drugs predicts the 1-year sonographic response, which in turn correlates with the 1-year clinical 
response, predicts efficacy of further treatment and inversely correlated with the need for surgery. 
Stricturing behaviour, namely, the detection of strictures with prestenotic dilatation, seems to be the 
only sonographic feature associated with a long-term negative predictive value of clinical response[21,
22].

Similar results were demonstrated by using small intestinal contrast US (SICUS), which is used to 
monitor patients undergoing anti-TNF therapy. An improvement in BWT, a reduction of disease 
extension, or the absence of intestinal complications as detected by SICUS predicted a better response 
after 1 year of therapy, as well as a reduction in steroid therapy and hospital admissions[23].

Monitoring BWT with IUS also showed predictive value for patients starting therapy with 
ustekinumab. A decrease in BWT > 1 mm at week 8 after the start of therapy was a helpful parameter 
for selecting patients with an early response to ustekinumab and for providing assistance in terms of 
further treatment intervals[24]. The thickening of each single layer of the bowel wall and its clinical 
significance in CD have been poorly investigated thusfar. It seems that the thickening of the proper 
muscle layer in active CD patients is correlated with poor clinical and sonographic responses to 
vedolizumab treatment[25]. In this regard, smooth muscle hyperplasia has been underlined as a central 
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contributor to the stricturing phenotype, whereas fibrosis is less significant, and the ‘inflammation-
smooth muscle hyperplasia axis’ seems to be the most important step in the pathogenesis of Crohn’s 
strictures[26].

Additionally, the assessment of bowel wall vascularity by CEUS seems to provide relevant prognostic 
information regarding treatment efficacy in patients with CD. The improvement of several perfusion 
parameters, such as peak contrast enhancement, rate of wash-in and wash-out and the area under the 
time intensity curve of the intestinal wall 4-6 wk after starting anti-inflammatory treatment (anti-TNF-
alpha), were correlated with a favourable response[25,27,28]. Finally, the evaluation of ultrasound 
elasticity of the bowel wall may have a predictive role as well, correlating with therapeutic outcomes for 
CD patients treated with anti-TNF[29].

With regard to extra bowel findings, especially mesenteric lymphadenopathy and mesenteric fat 
hypertrophy, their prognostic role in response to treatment remains controversial. Regional mesenteric 
lymphadenopathy detected by IUS is a common but nonspecific sonographic finding in early CD and 
could be linked to young age, early disease, and the presence of abscesses or fistulae[30]. However, its 
prognostic significance remains poorly investigated. Mesenteric fat hypertrophy is associated with 
clinical and biochemical disease activity, and it may disappear or improve in patients who have 
responded to medical treatment[31]. However, its prognostic value in predicting response to therapy 
and risk of relapse is debatable[16,31].

IUS to predict transmural remission
Transmural remission (TR) or transmural healing with different definitions in literature, is now 
considered as an objective and relevant target in CD. It may be assessed by IUS taking into account BWT 
normalization (≤ 3 mm) with or without normalization of Doppler vascular signs and peri-intestinal 
inflammatory signs[32]. It is correlated with improved clinical outcome, such as a reduced demand of 
medication escalation, corticosteroid use, hospitalization and CD-related surgery.

The rate of TR, with more or less extensive definitions, in patients undergoing biological therapy was 
obtained from 12% to 46.2% of patients after 12 wk to 2 years of therapy (see Table 2). TR was strictly 
correlated with time, being higher at later assessments compared with early assessments. Moreover, it is 
more prevalent in colic CD than in ileal CD and it is associated with lower BWT and lower shear wave 
elastography strain ratio at baseline (see Table 2). However, a few studies have evaluated baseline or 
early IUS factors predictive of TR. Further prospective trials are needed to reach more consistent 
evidence on IUS predictive value, to help in properly selecting the right treatment for the right CD 
patient and plain maintenance therapy.

IUS to predict the risk of surgery
The ileal localization and stricturing and perforating behaviour of CD are well-known risk factors for 
surgery both in children and in adults. Children with ileal CD requiring surgical resection may have 
more severe IUS manifestations (such as loss of mural stratification and severe fibrofatty proliferation) 
associated with both active inflammation and chronic fibrosis than those managed medically[33].

Even in adults, the routine use of IUS in CD patients may identify a subgroup at high risk of surgery, 
taking into account that nearly half of patients with CD may require surgery within 10 years of 
diagnosis[1]. Irrespective of the treatment performed, BWT > 7 mm at IUS, altered bowel wall 
echopattern, and the presence of complications such as fistulas or stenosis are risk factors for intestinal 
resection over a short period of time[34-36]. In particular, the presence of strictures, fistulae, and 
abscesses at baseline bowel US seems to predict the need for surgery through 12 mo[14].

The assessment of fibrosis by means of strain elastography may identify patients who are 
nonresponsive to anti-TNF and need surgery. Orlando et al[29] in a small series of patients, showed that 
the strain ratio of the thickened bowel wall may predict surgery much better than the degree of its 
thickening and vascularization and that a strain ratio ≥ 2 before starting anti-TNF was the cut-off value 
correlated with poor lack of improvement, surgery and worst outcome. Likewise, the lack of improve-
ment or the increase in BWT after the start of treatment is correlated with a high risk of surgery[21,34]. It 
is debatable whether in selected populations at high risk of surgery, such as CD patients with well-
known strictures and fistulas, the features of BWT may suggest the response to treatment and ultimately 
surgery. In the STRIDENT study, 77 CD patients with a de novo or postoperative anastomotic intestinal 
stricture with symptoms consistent with chronic or subacute intestinal obstruction were randomly 
assigned to receive adalimumab alone or combined with thiopurines. IUS at 12 mo showed 
improvement (> 25%) in BWT in 45% of patients, with no significant difference between the two groups 
of patients and an overall low risk of surgery, but no predictors of improvement were given[10].

IUS to predict post-surgical recurrence
Several studies and systematic reviews have assessed the role of IUS in postoperative follow-up, 
showing that a BWT > 3 mm of the anastomosis or neoterminal ileum is an accurate indicator for 
recurrence[11]. In this regard, prospective studies have shown that the use of PEG solution (SICUS)[37] 
and colour Doppler or CEUS[38] can increase the sensitivity, albeit with a decrease in specificity in 
detecting postoperative recurrence at 1 year after surgery. Moreover, both IUS and SICUS, adopting 
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Table 2 Rate of transmural remission and intestinal ultrasound parameters predictive of transmural remission in Crohn’s disease 
patients treated with biologics

Ref. Patients, 
n TR definition Study drug Treatment 

duration Rate of TR
IUS parameters 
predictive of 
TR

Calabrese et 
al[52], 2022

188 Normalization of BWT, no ECD, no extra 
bowel signs of inflammation

Adalimumab, 
infliximab, 
vedolizumab, 
ustekinumab

52 wk 27.5% (26.8% 
adalimumab; 37% 
infliximab; 27.2% 
vedolizumab; 20% 
ustekinumab

Colonic 
localization, 
lower BWT at 
baseline

66 Anti-TNF 25%Castiglione 
et al[57], 2013

67

NA

Thiopurines

2 yr

4%

Castiglione 
et al[58], 2017

40 BWT ≤ 3 mm Anti-TNF 2 yr 25%

Castiglione 
et al[59], 2019

218 BWT ≤ 3 mm Anti-TNF 12 wk 31.2%

180 12 wk 33.3%; 38.5%; 24.4% 
(18.4% I; 29% C)

Helwig et al
[32], 2022

78

BWT ≤ 2 mm terminal ileum or ≤ 3 mm 
colon; BWT ≤ 2 mm terminal ileum or ≤ 3 
mm colon + two factors among no ECD, no 
fibrofatty proliferation, normal strati-
fication; normalization of all parameters

All available 
biologics

46 wk 46.2%; NA; NA

Kucharzik et 
al[60], 2023

77 Normalization of all IUS parameters Ustekinumab 48 wk 24.1% (13.2% I; 50.0% C)

Miranda et al
[61], 2021

35 BWT ≤ 3 mm Ustekinumab 52 wk 31.4%

14 wk 29% UEI strain ratioOrlando et al
[29], 2018

30 BWT ≤ 3 mm Anti-TNF

52 wk 30%

Paredes et al
[53], 2019

36 BWT ≤ 3 mm Anti-TNF 52 wk 39%

12 wk 14%Ripollés et al
[21], 2016

51 BWT ≤ 3 mm, no ECD, absence of complic-
ations

Anti-TNF

52 wk 29.5%

Civitelli et al
[62], 2016

32 BWT < 3 mm, no ECD, normal strati-
fication, absence of strictures and dilatation

Anti-TNF 9-12 mo 14%

Paredes et al
[63], 2010

24 BWT < 3 mm, no increased ECD Anti-TNF 2 wk 20.8%

Vaughan et 
al[64], 2022

79 BWT ≤ 3 mm, no increased ECD Infliximab 12 wk 41%

14 wk 12%Han et al
[65], 2022

92 BWT ≤ 3 mm, no increased ECD Anti-TNF

52 wk (only 
22 patients)

22.7%

Dolinger et al
[66], 2021

13 BWT ≤ 3 mm Infliximab 14 wk 23%

Zorzi et al
[23], 2020

80 SICUS normal value for BWT, absence of 
any length of disease, and absence of 
perienteric inflammation, fistulas, 
phlegmon, or abscess)

Anti-TNF, 
budesonide, 
thiopurines

18 mo 41%

TR: Transmural remission; BWT: Bowel wall thickness; ECD: Eco-color-doppler vascular signal; I: Ileal Crohn’s disease; C: Colonic Crohn’s disease; UEI: 
Ultrasound elastography imaging; SICUS: Small intestine contrast ultrasonography; IUS: Intestinal ultrasound; TNF: Tumor necrosis factor; NA: Not 
available.

different cut-off levels for bowel thickness (> 5 mm for conventional sonography and > 4 mm for 
SICUS), can suggest severe endoscopic postoperative recurrence and could accordingly replace 
endoscopy in postsurgical follow-up[37] (for detection of recurrence).

IUS is accurate not only in detecting postoperative clinical recurrence but also in predicting 
endoscopic and surgical recurrence. IUS assessment 3 mo after surgery showed high sensitivity in 
predicting postoperative recurrence at 12 mo, with lower sensitivity[38] but higher specificity than 
calprotectin[39]. A retrospective study showed that in postoperative CD patients, independent of the 
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time elapsed from earlier surgery, patients with BWT > 3 mm had a doubled risk of surgical recurrence 
compared with patients with BWT < 3 mm, and that the absolute incidence of new surgical 
interventions positively correlated with increased BWT[40]. In this respect, the prognostic value of 
increased BWT, as assessed by IUS several years after surgery, needs further confirmation, and in 
particular, the usefulness of therapy escalation for these patients remains unconfirmed[12].

Additionally, in CD patients treated with conservative surgery (e.g., strictureplasty or minimal bowel 
resections), IUS is useful for monitoring the postoperative behaviour of BWT and can provide 
prognostic information: US detection of unchanged or worsened wall thickness 6 mo after surgery or 
the postoperative persistence of wall thickness > 6 mm is predictive of a high risk of recurrence[41].

In this subset of patients, the estimated 5-year survival probability of symptomatic CD recurrence 
was 90% and 33%, respectively, for unchanged/worsened BWT vs improved BWT at 12 mo after 
surgery. A BWT > 6.0 mm at 12 mo after surgery was directly associated with the risk of CD recurrence. 
Hence, systematic IUS follow-up of diseased bowel walls after conservative surgery seems to allow the 
early identification of patients at high risk of clinical/surgical recurrence[42].

Clinical remission
In CD patients, bowel wall changes such as increased BWT and vascularization may persist after 
therapy and despite clinical remission. The meaning and prognostic significance of these IUS findings 
have been widely investigated. In quiescent CD, increased vascularity, detected either by colour 
Doppler or CEUS, after treatment may suggest an increased risk of relapse[21,43,44].

Vascularization and BWT currently represent the main features of sonographic activity scores, and 
the investigation on prognostic significance of these scores in clinical studies is still ongoing. However, 
it is clear that normalization of the bowel wall (the so-called TR), namely, a BWT < 3 mm[45] or a more 
stringent definition such as the combination of BWT < 3 mm, normalization of vascularity and wall 
stratification, absence of mesenteric fat hypertrophy, node enlargement, or disease complications (i.e., 
strictures, fistulas)[46,47], is associated with favourable prognostic long-term outcomes[40,43,46,48,49].

Indeed, it has been demonstrated that sonographic remission evaluated after one year of anti-TNF 
therapy is associated with a longer remission without the need for a therapy change and a reduced need 
for surgery[21]. In patients with CD in clinical remission, achieving TR is associated with reduced 
clinical complications, including medication escalation, corticosteroid use, hospitalization, and surgery. 
When examining clinical complications occurring more than 90 d following IUS, sonographic inflam-
mation remains associated with an increased risk of clinical complications such asmedication escalation, 
hospitalization, and surgery[46,50,51].

CONCLUSION
IUS is a useful imaging method to assess CD disease activity and can have a prognostic role in 
predicting response to treatment, disease progression, risk of surgery and risk of postsurgical 
recurrence. Response to treatment may be predicted by increased BWT and vascularization, reduced 
elasticity and absence of CD complications. Disease progression or risk of surgery may be predicted by 
increased BWT, loss of bowel stratification and the presence of CD complications. Postoperative clinical 
and surgical relapse may be predicted by increased BWT. As more biological therapies become available 
in the coming years, further prospective trials will be needed to reach definite evidence on IUS 
predictive value at baseline, to recognize which patients are more likely to respond to a specific therapy 
and which patients are at high risk of surgery or complications, needing early intensive treatment.
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Abstract
BACKGROUND 
Activated hepatic stellate cells (aHSCs) are the major source of cancer-associated 
fibroblasts in the liver. Although the crosstalk between aHSCs and colorectal 
cancer (CRC) cells supports liver metastasis (LM), the mechanisms are largely 
unknown.

AIM 
To explore the role of BMI-1, a polycomb group protein family member, which is 
highly expressed in LM, and the interaction between aHSCs and CRC cells in 
promoting CRC liver metastasis (CRLM).

METHODS 
Immunohistochemistry was carried out to examine BMI-1 expression in LM and 
matched liver specimens of CRC. The expression levels of BMI-1 in mouse liver 
during CRLM (0, 7, 14, 21, and 28 d) were detected by Western blotting (WB) and 
the quantitative polymerase chain reaction (qPCR) assay. We overexpressed BMI-
1 in HSCs (LX2) by lentivirus infection and tested the molecular markers of aHSCs 
by WB, qPCR, and the immunofluorescence assay. CRC cells (HCT116 and DLD1) 
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were cultured in HSC-conditioned medium (LX2 NC CM or LX2 BMI-1 CM). CM-induced CRC 
cell proliferation, migration, epithelial-mesenchymal transition (EMT) phenotype, and 
transforming growth factor beta (TGF-β)/SMAD pathway changes were investigated in vitro. A 
mouse subcutaneous xenotransplantation tumor model was established by co-implantation of 
HSCs (LX2 NC or LX2 BMI-1) and CRC cells to investigate the effects of HSCs on tumor growth 
and the EMT phenotype in vivo.

RESULTS 
Positive of BMI-1 expression in the liver of CRLM patients was 77.8%. The expression level of BMI-
1 continued to increase during CRLM in mouse liver cells. LX2 overexpressed BMI-1 was 
activated, accompanied by increased expression level of alpha smooth muscle actin, fibronectin, 
TGF-β1, matrix metalloproteinases, and interleukin 6. CRC cells cultured in BMI-1 CM exhibited 
enhanced proliferation and migration ability, EMT phenotype and activation of the TGF-β/SMAD 
pathway. In addition, the TGF-βR inhibitor SB-505124 diminished the effect of BMI-1 CM on 
SMAD2/3 phosphorylation in CRC cells. Furthermore, BMI-1 overexpressed LX2 HSCs promoted 
tumor growth and the EMT phenotype in vivo.

CONCLUSION 
High expression of BMI-1 in liver cells is associated with CRLM progression. BMI-1 activates HSCs 
to secrete factors to form a prometastatic environment in the liver, and aHSCs promote prolif-
eration, migration, and the EMT in CRC cells partially through the TGF-β/SMAD pathway.

Key Words: BMI-1; Hepatic stellate cells; Colorectal cancer; Liver metastasis; Epithelial-mesenchymal 
transition

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

Core Tip: This study revealed that BMI-1 was upregulated in liver cells during colorectal cancer (CRC) 
liver metastasis. BMI-1-activated LX2 hepatic stellate cells (HSCs) promoted CRC cell proliferation, 
migration, and the epithelial-mesenchymal transition both in vitro and in vivo. Mechanistically, 
transforming growth factor beta 1 was increased in BMI-1 overexpressed LX2 HSCs, and triggered the 
phosphorylation of downstream SMAD2/3 in CRC cells and the interaction of activated HSCs and CRC 
cells, thereby further promoting CRC progression.

Citation: Jiang ZY, Ma XM, Luan XH, Liuyang ZY, Hong YY, Dai Y, Dong QH, Wang GY. BMI-1 activates 
hepatic stellate cells to promote the epithelial-mesenchymal transition of colorectal cancer cells. World J 
Gastroenterol 2023; 29(23): 3606-3621
URL: https://www.wjgnet.com/1007-9327/full/v29/i23/3606.htm
DOI: https://dx.doi.org/10.3748/wjg.v29.i23.3606

INTRODUCTION
Colorectal cancer (CRC) is the third most common cancer and ranks second in terms of cancer mortality 
worldwide[1,2]. Liver metastasis (LM) is the primary cause of death in CRC patients, and the liver plays 
a major role in survival as it is often the only site of metastasis. In CRC patients, approximately 14%-35% 
have LM at diagnosis, and about 70% have LM in the late stage of the disease[3]. In colorectal cancer 
(CRC) liver metastasis (CRLM) patients, liver resection is the primary curative treatment option, with a 
5-year survival rate of 20%-50%[4]. Although treatments have advanced in recent years, the rate of 
intrahepatic recurrence is still high.

During CRLM, CRC cells can orchestrate a premetastatic niche by changing the tumor microenvir-
onment[5,6]. For example, tumor cells secrete cytokines and extracellular vesicles containing micro-
RNAs (miRNAs), integrins, and cytokines, which can modulate distant niches[7]. Zhao et al[8] found 
that CRC-derived miRNA-181a-5p-rich extracellular vesicles induced the activation of hepatic stellate 
cells (HSCs)[8]. The hepatic microenvironment has numerous signaling factors in liver cells, which 
consist of parenchymal and nonparenchymal cells, and the interaction between cancer cells and stromal 
cells facilitates the development of LM[9,10]. Cancer-associated fibroblasts (CAFs), comprising the major 
stromal cell type, are fibroblast populations found in primary and metastatic cancers and are related to 
tumor initiation, progression, and metastasis by regulating extracellular matrix (ECM) remodeling and 
the immune response[11-13]. HSCs are the major nonparenchymal liver cells, which store retinol and 
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play a role in liver repair, liver fibrosis, and hepatocellular carcinoma (HCC)[14-17]. HSCs contribute 
85%–95% of fibroblasts in the liver[18]. HSCs are activated to CAFs by cancer cells to support tumor 
growth and metastasis[8,19]. Hepatic CAFs are thought to come primarily from HSCs and to a lesser 
extent from bone marrow-derived precursors, portal fibroblasts, and endothelial cells[20]. In 
intrahepatic cholangiocarcinoma, HSC-derived CAFs are the main tumor-interacting population[21]. 
Although CRC is the most common primary cancer that metastasizes to the liver, the mechanisms by 
which HSCs interact with CRC cells to promote LM are largely unclear.

BMI-1, one of the polycomb group protein family members, plays a critical role in negatively 
regulating the Ink4a/Arf locus which encodes p16INK4a and p19ARF[22]. BMI-1 regulates self-renewal of 
stem cells and participates in the carcinogenesis of human cancers including CRC[23-25]. We previously 
reported that BMI-1 was overexpressed in CRLM and contributes to LM by regulating the epithelial-
mesenchymal transition (EMT) of CRC cells in vitro and in vivo[26]. Interestingly, we observed BMI-1-
positive staining in liver cells both in human and mouse specimens of CRLM. Studies have shown that 
quiescent HSCs can be activated by cancer cells and transformed into CAFs, and in turn activated HSCs 
(aHSCs) promote cancer cell invasion and the EMT[8,19]. Thus, we speculated that BMI-1 plays a role in 
the crosstalk between HSCs and CRC cells during LM.

In this study, both CRLM patients and mice showed increased BMI-1 expression in liver cells. BMI-1 
overexpressed HSCs were activated and transformed into CAFs. CRC cells cultured in conditioned 
medium (CM) from BMI-1 overexpressed HSCs showed enhanced proliferation, migration, and EMT 
ability. The experimental in vivo subcutaneous xenotransplantation tumor model also showed increased 
tumor proliferation and EMT of CRC cells cocultured with BMI-1 overexpressed HSCs. These findings 
may provide a potential new target for the treatment of CRLM.

MATERIALS AND METHODS
Immunohistochemistry analysis of CRLM patients
LM and adjacent normal liver tissues from 18 clinically diagnosed patients with CRLM were collected 
from the Pathology Department (from 2013 to 2020), Sir Run Run Shaw Hospital, Hangzhou, China. The 
expression of BMI-1 was investigated by immunohistochemistry (IHC) staining. Anti-BMI-1 (1:100; Cell 
Signaling Technology, Danvers, MA, United States) was used as the primary antibody before secondary 
antibody incubation.

Cell culture and treatment
The high metastatic human CRC cell line (HCT116), low metastatic human CRC cell line (DLD1), mouse 
CRC cell line (CT26), and human HSC line (LX2) were purchased from the American Type Culture 
Collection (Manassas, VA, United States). Cells were cultured in Dulbecco’s Modified Eagle’s Medium 
(Gibco, Waltham, MA, United States) with 10% fetal bovine serum and 1% penicillin/streptomycin in a 
5% carbon dioxide humidified incubator at 37 °C. The BMI-1 overexpressed lentiviral construct (pGC-
FU-GFP-BMI-1) and negative control (pGC-FU-GFP) were obtained from Genechem (Shanghai, China). 
The control (LX2 NC) and stable BMI-1 overexpressed LX2 (LX2 BMI-1) cells were established by 
lentivirus transfection following the manufacturer’s instructions. In addition, to prepare the CM, we 
first cultured transfected LX2 cells in a 10 cm plate at a density of 1 × 106 cells. We then used 6 mL 
serum-free DMEM to culture the cells for 24 h. The supernatants were collected, centrifuged at 1000 × g 
for 10 min, and filtered through a 0.22 mm filter unit (Millex, Duluth, GA, United States). CM from NC 
LX2 (NC CM) and BMI-1 LX2 (BMI-1 CM) was prepared by mixing the different supernatant with 
complete medium (1:1). Then the CRC cells were cultured in CM for 24 h. All CM was used within 2 d. 
CRC cells were pretreated with SB-505124 (0.05 μM) for 1 h to inhibit SMAD2 phosphorylation, and 
then the cells were incubated with BMI-1 CM for 24 h.

Western blotting
Whole proteins from the tissue and cell samples were extracted using RIPA buffer with a 1% protease/
phosphatase inhibitor. After centrifugation of the extraction solutions, the BCA Protein Concentration 
Assay Kit (Solarbio, Beijing, China) was used to quantify the proteins. Following sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis, the proteins were electrotransferred to polyvinylidene 
fluoride membranes. Antibodies against BMI-1, glyceraldehyde-3-phosphate dehydrogenase, β-actin, 
vimentin, SMAD2/3, phosphorylated SMAD3 (1:1000; Cell Signaling Technology), alpha smooth muscle 
actin (α-SMA), transforming growth factor beta 1 (TGF-β1), phosphorylated SMAD2 (1:1000; Abcam, 
Cambridge, MA, United States), fibronectin (1:1000; BD Biosciences, San Jose, CA, United States), E-
cadherin, zinc finger E-box-binding homeobox 1 (ZEB-1), Twist-1 (1:1000; Novus Biologicals, 
Centennial, CO, United States), and Snail (1:1000; Proteintech Group, Rosemont, IL, United States) were 
used as primary antibodies. After washing with Tris-buffered saline with 0.1% Tween 20 three times 
every 10 min, goat anti-rabbit/mouse immunoglobulin G (Abcam) was used as the secondary antibody. 
The Bio-Rad CD Touch Detection System (Hercules, CA, United States) with enhanced chemilumin-
escence detection reagents was used to detect protein bands.
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Quantitative polymerase chain reaction
Whole RNAs from the tissue and cell samples were extracted using Trizol reagent (Cwbio, Dalian, 
China). HiScript II Q RT SuperMix (Vazyme Biotech, Nanjing, China) was subsequently used for reverse 
transcription. ChamQ Universal SYBR quantitative polymerase chain reaction (qPCR) Master Mix 
(Vazyme Biotech) was used for qPCR. The Bio-Rad CFX-96 Real-Time PCR System was utilized to 
analyze the results. The sequences of all primers are listed in Supplementary Table 1.

Immunofluorescence staining
Immunofluorescence staining was performed in 96-well plates. Cells were fixed in paraformaldehyde 
and permeabilized with Triton X-100. Before incubation with secondary antibody, antibodies against 
vimentin (1:100; Cell Signaling Technology) and Snail (1:100; Proteintech Group) were used as primary 
antibodies. The Zeiss AXIO Observer A1 inverted fluorescence microscope system (Jena, Germany) was 
used to obtain images.

Cell viability assay
Cells were cultured in CM separately for 24, 48, 72, and 96 h. After treatment, Cell Counting Kit-8 (CCK-
8) reagent (Yeasen Biotechnology, Shanghai, China) was added and incubated for 2 h. A spectropho-
tometer (Thermo Fisher Scientific, Waltham, MA, United States) was used to detect the optical density 
value (450 nm).

Colony formation assay
CRC cells were cultured in CM for 2 wk. Cells were fixed in paraformaldehyde and stained with crystal 
violet. Colonies were viewed with the Olympus CKK53 microscope (Tokyo, Japan), and photos were 
taken. ImageJ software was utilized to measure the number of colonies.

Wound healing assay
CRC cells were cultured until they reached 90% confluence. Following the creation of a linear wound, 
cells were cultured in CM for 48 h. Wounds were viewed with the Olympus CKK53 microscope, and 
photos were taken at 0, 24, and 48 h. ImageJ software was used to measure the migration rate.

Transwell migration assay
Transwell chambers were purchased from Corning Inc. (Corning, NY, United States). CRC cells were 
plated in the upper chambers with serum-free DMEM, while CM was placed in the lower chambers. 
After 48 h, cells in the upper chambers were removed, and cells on the lower membrane surface were 
fixed and stained. The migrated cells were viewed with the Olympus CKK53 microscope, and photos 
were taken. ImageJ software was used to measure the number of cells.

IHC
Tissue samples were fixed, dehydrated, paraffin-embedded, and sectioned. After deparaffinization, the 
sections were blocked in goat serum and incubated with primary antibodies for 24 h. The sections were 
incubated with secondary antibody for 30 min, followed by counterstaining with Mayer’s hematoxylin. 
The Olympus CKK53 microscope was used to view and photograph the stained sections.

Animal experiments
All animal experimental procedures were approved by the Committee on the Ethics of Animal 
Experiments of Zhejiang University (No. ZJU20220447; Hangzhou, China).

Treatment protocol 1
Five-week-old male BALB/c mice (19-20 g) were randomly divided into five groups (n = 3). Isoflurane 
(inhalation) was utilized to anesthetize the mice. The spleen was then exteriorized through a left flank 
incision. CT26 cells (2 × 106) were injected intrasplenically to establish the tumor, and then the injection 
site was pressed for 5 min. Surgical thread was used to close the peritoneum and skin. The mice were 
sacrificed at 0, 7, 14, 21, and 28 d after inoculation of CT26 cells. Resected liver tissues were collected for 
qPCR, Western blotting (WB), and the IHC assay.

Treatment protocol 2
Five-week-old male BALB/c nude mice (17-18 g) were randomly divided into four groups (n = 5): (1) 
HCT116 cells (5 × 106) were mixed with LX2 NC cells (1 × 106); (2) HCT116 cells (5 × 106) were mixed 
with LX2 BMI-1 cells (1 × 106); (3) DLD1 cells (5 × 106) were mixed with LX2 NC cells (1 × 106); and (4) 
DLD1 cells (5 × 106) were mixed with LX2 BMI-1 cells (1 × 106). The mixed cells were subcutaneously 
injected into mouse flanks to establish the tumors. When measurable, tumor sizes were estimated every 
2 d. The mice were killed 28 d after cell inoculation. Resected tumor tissues were collected for qPCR, 
WB, and the IHC assay. Total tumor volume (mm3) = L × W2/2 (L = length and W = width).

https://f6publishing.blob.core.windows.net/c311428f-e91d-4f3a-842f-519b16a351fb/WJG-29-3606-supplementary-material.pdf
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Table 1 Correlation between clinicopathological characteristics of colorectal cancer patients and BMI-1 expression in the liver

BMI-1 expression
Characteristics Cases, n = 18

Negative, n = 4 Positive, n = 14
P value

Age in yr 0.051

< 60 12 4 8

≥ 60 6 0 6

Sex 0.509

Male 11 3 8

Female 7 1 6

Primary tumor site 0.018a

Colon 10 4 6

Rectum 8 0 8

Tumor size in the liver in mm 0.278

< 30 8 3 5

30-50 3 0 3

≥ 50 5 1 5

Tumor numbers in the liver 0.432

1-2 12 2 10

≥ 3 6 2 4

Differentiation degree 0.881

Low 4 1 3

Middle-high 14 3 11

T stage 1

III 18 4 14

N stage 0.248

N0 9 3 6

N1 + N2 7 1 8

aP < 0.05.

Statistical analyses
In all experiments, the data are shown as the mean ± standard deviation based on three independent 
experiments. The difference between the groups was analyzed by the χ2 test, Fisher’s exact probability, 
Student’s t-test, or one-way analysis of variance using GraphPad Prism 8 software or SPSS 25.0. P < 0.05 
was considered statistically significant.

RESULTS
BMI-1 expression is upregulated in liver cells during CRLM
In our previous research, it was found that BMI-1 was overexpressed in LM of human CRC[26]. 
Interestingly, although normal liver cells were BMI-1-negative, 77.8% of liver cells from CRLM patients 
(14 of 18 samples; Figure 1A) were BMI-1-positive. The positive expression of BMI-1 was not strongly 
related to the clinical pathological characteristics (including tumor size and tumor number in the liver, 
differentiation degree, T stage, N stage) except the tumor site (Table 1). Positive BMI-1 expression in the 
liver cells of patients with rectal cancer LM was significantly higher (100%) than in patients with CRLM 
(60%). To investigate BMI-1 expression level in liver cells during CRLM, we measured BMI-1 expression 
at 0, 7, 14, 21, and 28 d following intrasplenic injection of CT26 cells in mice (Figure 1B). As shown in 
Figure 1C, small LM had formed by day 7. Compared with healthy control mice, the protein expression 
level of BMI-1 did not significantly change at 7 and 14 d, but markedly increased 4.58-fold at 21 d and 
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Figure 1 BMI-1 expression increases in liver cells during colorectal cancer liver metastasis. A: Immunohistochemistry analysis of BMI-1 in liver 
metastasis and paired liver tissues of colorectal cancer liver metastasis (CRLM) patients; B: Spleens and livers of mice were photographed after intrasplenic injection 
of CT26 cells at the indicated times; C: Western blot analysis of BMI-1 expression in mouse livers (n = 3); D: Quantitative protein expression of BMI-1 normalized to 
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) in mouse livers (n = 3); E: Quantitative polymerase chain reaction detection of BMI-1 expression in mouse 
livers (n = 3); cP < 0.001 vs D0; F: Immunohistochemistry confirmed that BMI-1 expression was increased in mouse livers during CRLM.

continued increasing up to 7.29-fold at 28 d (Figure 1D). The mRNA expression level of BMI-1 
accordingly increased 2.92-fold at 21 d and 6.71-fold at 28 d (Figure 1E). The IHC results also showed 
that few nuclei in liver cells were BMI-1-positive in CRLM mice from 14 d, but the BMI-1-positive rate 
and intensity increased markedly at 21 and 28 d (Figure 1F). These results suggest that BMI-1 was 
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Figure 2 BMI-1 activates LX2 hepatic stellate cells. A: Western blot analysis of BMI-1 and activated hepatic stellate cell (aHSC)-related markers (alpha 
smooth muscle actin [α-SMA], fibronectin and transforming growth factor beta 1) in control (LX2 NC) and LX2 BMI-1 HSCs; B: Quantitative polymerase chain reaction 
detection of matrix metalloproteinases (MMPs) and cytokines in LX2 HSCs, cP < 0.001; C: Immunofluorescence analysis showed that α-SMA and fibronectin 
expression levels were increased in LX2 BMI-1 HSCs. DAPI: 4',6-diamidino-2-phenylindole; IL: Interleukin; NC: Negative control.

upregulated in liver cells after CRC cells metastasized to the liver, and may play a role in CRLM.

BMI-1 activates HSCs
To investigate the effects of BMI-1 on liver cells, we overexpressed BMI-1 in LX2 HSCs and confirmed 
the overexpression by WB (Figure 2A). High expression of α-SMA, a myofibroblast marker, is a key 
marker of aHSCs. aHSCs highly secrete the key cytokine TGF-β1 and promote hepatic fibrosis with 
fibronectin expression[27]. Compared with control quiescent HSCs, BMI-1 overexpressed LX2 HSCs 
showed a significant increase in α-SMA expression. Fibronectin and TGF-β1 expression were also 
markedly increased in BMI-1 overexpressed LX2 HSCs. Immunofluorescence staining also confirmed 
that the expression of α-SMA and fibronectin was significantly increased in LX2 cells overexpressing 
BMI-1 (Figure 2B). It was also observed that the transcript levels of matrix metalloproteinases (MMP1, 
MMP2, MMP3, MMP7, MMP9) and inflammatory cytokines (TGF-β1 and interleukin 6 [IL-6]) were 
markedly increased (Figure 2C). Thus, LX2 HSCs were activated by the overexpression of BMI-1.

BMI-1 overexpressed HSC CM enhances CRC cell proliferation and migration
To examine the effect of BMI-1 on the interaction between HSCs and CRC cells, CRC cells (HCT116 and 
DLD1) were cultured in control LX2 CM (NC CM) or BMI-1 overexpressed LX2 CM (BMI-1 CM). We 
first measured cell proliferation using the CCK-8 assay. Compared with cells cultured in NC CM, the 
proliferation of CRC cells cultured in BMI-1 CM was markedly enhanced on day 4 (Figure 3A), and the 
colony formation ability of CRC cells cultured in BMI-1 CM also significantly increased (Figure 3B). In 
addition, CRC cells cultured in BMI-1 CM showed higher wound healing rates (Figure 3C). Transwell 
migration assays showed the same results (Figure 3D). Then we investigated EMT-related molecular 
changes. Consistent with the above results, the mRNA and protein expression levels of ZEB-1, Twist-1, 
vimentin, and Snail in CRC cells cultured in BMI-1 CM were significantly increased while E-cadherin 
was decreased (Figure 3E and F). Immunofluorescence staining further demonstrated that Snail and 
vimentin expression was obviously increased in CRC cells cultured in BMI-1 CM (Figure 3G). Therefore, 
BMI-1 may be an important regulator in aHSCs, which promoted the malignant phenotype of CRC cells.
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Figure 3 Effects of BMI-1 overexpressed hepatic stellate cell conditioned medium on cell proliferation and migration of colorectal cancer 
cells. A: Viability of HCT116 and DLD-1 cells cultured in conditioned medium (CM) from negative control (NC) LX2 (NC CM) or CM from BMI-1 overexpressed LX2 
(BMI-1 CM) was confirmed by the Cell Counting Kit-8 assay; B: Colony formation assay of colorectal cancer (CRC) cells cultured in NC CM or BMI-1 CM; C: Wound 
healing assay of CRC cells cultured in NC CM or BMI-1 CM, the healing percentages were calculated at 24 h and 48 h; D: Transwell migration assay of CRC cells 
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cultured in NC CM or BMI-1 CM, the numbers of cells which migrated were counted; E: Quantitative polymerase chain reaction assay of the expression of epithelial-
mesenchymal transition (EMT)-related markers in CRC cells cultured in NC CM or BMI-1 CM; F: Western blot assays of the expression of EMT-related markers in 
CRC cells cultured in NC CM or BMI-1 CM; G: Immunofluorescence analysis showed that vimentin and Snail expression levels were increased in CRC cells cultured 
in BMI-1 CM. bP < 0.01, cP < 0.001 vs NC CM. DAPI: 4',6-diamidino-2-phenylindole.

BMI-1 overexpressed HSC CM promotes CRC cell EMT by activating the Smad2/3 pathway
As previously mentioned, TGF-β1 was upregulated in BMI-1 overexpressed LX2 HSCs (Figure 2A). The 
TGF-β/SMAD signal pathway plays an important role in metastasis by modulating the EMT process[28,
29]; therefore, we hypothesized that BMI-1 CM induces EMT in CRC cells by activating SMADs. We first 
determined the expression levels of SMAD2/3. As shown in Figure 4A and B, although the mRNA and 
protein expression levels of SMAD2 and SMAD3 showed no changes in CRC cells cultured in BMI-1 
CM, SMAD2 and SMAD3 phosphorylation was significantly increased compared with CRC cells 
cultured in NC CM. We then used SB-505124 (a TGF-β receptor [TGF-βR] inhibitor, which inhibits 
SMAD2 phosphorylation) to further confirm the involvement of SMADs in the pro-EMT effects of BMI-
1 CM. SB-505124 markedly decreased BMI-1 CM-induced SMAD2 and SMAD3 phosphorylation in CRC 
cells (Figure 4C and D). In addition, the downstream target proteins (Snail and vimentin) of the TGF-β/
SMAD pathway accordingly decreased in SB-505124-treated CRC cells cultured in BMI-1 CM (Figure 4C 
and D). These results confirmed that BMI-1 CM induces EMT in CRC cells partially by activating 
SMAD2/3.

BMI-1 overexpressed HSCs promotes tumor growth in vivo
We further evaluated the effects of BMI-1 overexpressed LX2 HSCs on CRC cell growth in vivo. A 
subcutaneous xenotransplantation tumor model was established by co-implantation of HSCs (LX2 NC 
or LX2 BMI-1) and CRC cells (Figure 5A). Compared with mice co-implanted with LX2 NC, tumors 
grew faster and larger in mice co-implanted with LX2 BMI-1 HSCs and CRC cells as shown by increased 
tumor volume and weight (Figure 5B and C). Moreover, consistent with the in vitro results, we found 
that Snail and vimentin were upregulated in mice co-implanted with LX2 BMI-1 HSCs and CRC cells as 
shown by the qPCR and WB results (Figure 5D and E). Furthermore, the increased expression of Snail 
and vimentin in mouse liver co-implanted with LX2 BMI-1 HSCs and CRC cells was confirmed by IHC 
(Figure 5F). These results showed that LX2 BMI-1 HSCs promoted CRC tumor growth and EMT in the 
mouse model.

DISCUSSION
The liver is the most common target organ in terms of CRC metastases. Accumulating evidence suggests 
that the interactions between cancer cells and the liver microenvironment promote the progression of 
LM. In the liver microenvironment, HSC-derived CAFs are the main tumor-interacting population and 
play a vital role in cancer cell metastasis[8,30]. During the development of CRLM, HSC activation was 
found to be the most common biological process. Tumor-derived factors such as TGF-β and platelet-
derived growth factor can activate HSCs[31]. BMI-1 has been proved to promote tumorigenesis and 
tumor progression in different types of cancers including CRC and HCC[24,26,32-34]. We previously 
reported that BMI-1 was abnormally highly expressed in CRLM and inhibition of BMI-1 in CRC cells 
dramatically reduced LM in vivo[26]. Normal liver cells were BMI-1-negative, and we observed that 
BMI-1-positive liver cells were common in CRLM samples from humans and mice. In particular, the 
mRNA and protein expression levels of BMI-1 in liver cells gradually increased during the development 
of CRLM in mice, suggesting that BMI-1 also participates in regulating liver cells during the course of 
CRLM. In this study, we found that BMI-1 had a novel function as a regulator in activating HSCs and 
plays an important role in the crosstalk between HSCs and CRC cells.

Quiescent HSCs normally resident in the space of Disse become activated with a myofibroblast-like 
phenotype (α-SMA+) in response to inflammatory stimuli and liver damage[27]. Studies have shown 
that cancer cells can also activate HSCs to release cytokines and chemokines to promote LM[8,35]. 
aHSCs reportedly orchestrate a premetastatic and prometastatic niche, which accelerate CRLM[5,6,36]. 
In this study, we found that BMI-1-positive liver cells appeared on day 14 and increased on days 21 and 
28 after injection of CT26 cells, while small LM had formed on day 7. We further confirmed that BMI-1 
overexpressed HSCs were activated to α-SMA+ myofibroblasts with increased expression of fibronectin, 
TGF-β1, MMPs, and IL-6. These secreted components can maintain the activated status of HSCs by 
enhancing the autocrine signaling loop[37]. aHSCs are the major source of ECM, and aHSC-secreted 
factors play a pivotal role in remodeling the ECM during tumor invasion and metastasis[38]. TGF-β1 is 
the most potent fibrogenic cytokine and is a fibrotic marker[39,40]. Fibronectin and MMPs are important 
ECM regulators in the liver fibrosis process[41]. ECM deposition by aHSCs provides a prometastatic 
environment. Thus, BMI-1 activates HSCs to secrete factors to form a prometastatic environment in the 
liver.
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Figure 4 BMI-1 conditioned medium induces activation of the transforming growth factor beta/SMAD pathway in colorectal cancer cells. 
A: Quantitative polymerase chain reaction analysis showed no difference in the expression of SMAD2 and SMAD3 in colorectal cancer (CRC) cells cultured in 
conditioned medium (CM) from negative control NC) (NC CM) or CM from BMI-1 overexpressed LX2 (BMI-1 CM); B: Western blot assays of SMAD2, SMAD3, 
phosphorylated (p)-SMAD2, and p-SMAD3 expression levels in CRC cells cultured in NC CM or BMI-1 CM; C and D: Western blot analysis of the expression of 
SMAD pathway members and epithelial-mesenchymal transition-related proteins (Snail and vimentin) in CRC cells cultured in NC CM or BMI-1 CM with/without 0.5 
μM SB-505124 treatment, the relative expression levels of the proteins were calculated and are shown in D. cP < 0.001.
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Figure 5 BMI-1 overexpressed LX2 promotes tumor growth of colorectal cancer in vivo. A: Colorectal cancer cells (HCT116 or DLD-1) and LX2 cells 
(negative control [NC] or BMI-1 overexpressed) were co-implanted subcutaneously into the flanks of nude mice. After 7 d, tumor volume was measured every 2 d 
from 8 d to 28 d; B: Tumors were photographed at 28 d; C: Tumors were weighed (n = 5); D: Western blot assay of vimentin and Snail expression in mouse tumors in 
the different groups, and the fold changes were calculated; E: Quantitative polymerase chain reaction assay of the expression of epithelial-mesenchymal transition-
related markers in mouse tumors in the different groups; F: Immunohistochemistry analysis of vimentin and Snail expression in mouse tumors. aP < 0.05, bP < 0.01, 
cP < 0.001 vs LX2 NC. GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.
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Figure 6 Schematic summary of BMI-1-activated hepatic stellate cells, which promote colorectal cancer cell epithelial-mesenchymal 
transition and liver metastasis. CRC: Colorectal cancer; HSC: Hepatic stellate cell; TGF-β1: Transforming growth factor beta 1.

The interactions between cancer cells and aHSCs promote tumor growth and metastasis. CRC cells 
can stimulate aHSCs to release cytokines and chemokines, which in turn promote CRC growth and 
invasion[8,35]. In addition, aHSCs can secrete ECM components, induce angiogenesis, and modulate 
immunity to facilitate tumor growth and metastasis[31]. We found that high-metastatic HCT116 and 
low-metastatic DLD1 CRC cells cultured in CM from BMI-1 overexpressed HSCs showed the same 
enhanced proliferation and migration ability, and both HCT116 and DLD1 cells co-implanted with BMI-
1 overexpressed HSCs showed increased tumor growth in vivo. These results demonstrated that BMI-1 
aHSCs promote CRC cell proliferation and migration regardless of their ability to metastasize.

TGF-β signaling is important in tumor-stroma crosstalk. The TGF-β/SMAD pathway can act as both a 
tumor suppressor and promoter in CRLM[42,43]. The effect of the TGF-β/SMAD pathway in most 
malignant tumors is toward migration, the EMT or stemness, thereby promoting LM[44-46]. CRC cells 
are able to recruit and activate HSCs into CAFs by secreting TGF-β, and aHSCs lead to secretion of TGF-
β which influences CRC cells[7]. LM has been found to be dependent on TGF-β signaling in liver stroma
[47-50]. TGF-β1 is a key inducer of EMT transcription factors, which can promote EMT through the TGF-
β/SMAD pathway[28,29]. The markers of EMT, including vimentin, Snail, ZEB-1, and Twist-1, were 
upregulated in CRC cells cultured in CM from BMI-1 overexpressed HSCs. The TGF-β/SMAD signaling 
pathway was activated and the phosphorylation of SMAD2/3 was induced in CRC cells cultured in CM 
from BMI-1 overexpressed HSCs, and treatment with the TGF-βR inhibitor SB-505124 attenuated the 
effect of BMI-1. Moreover, CRC cells co-implanted with BMI-1 overexpressed HSCs showed increased 
expression of EMT markers in vivo. Taken together, these findings indicate that BMI-1 overexpressed 
HSCs promote CRC cell growth and migration partly by activating the TGF-β/SMAD pathway and 
enhancing the EMT.

CONCLUSION
We propose a novel mechanism for BMI-1 involvement in promoting CRLM. BMI-1 was upregulated in 
liver cells during CRLM. BMI-1 aHSCs released cytokines and chemokines (fibronectin, TGF-β, MMPs, 
etc) to form a prometastatic environment in the liver, and promoted CRC cell proliferation, migration, 
and the EMT partially by activating the TGF-β/SMAD pathway (Figure 6). These ndings provide a 
potential target for the treatment of CRLM.

ARTICLE HIGHLIGHTS
Research background
Hepatic stellate cells (HSCs) are an important component of liver tissue and are a major source of 
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cancer-associated fibroblasts. Cancer cells can activate HSCs, and in turn activated HSCs (aHSCs) 
promote tumor growth and metastasis. However, the mechanisms by which HSCs interact with 
colorectal cancer (CRC) cells to promote liver metastases (LM) are largely unknown.

Research motivation
We previously discovered that the expression of BMI-1 was abnormally high in LM of CRC. We 
speculated that BMI-1 plays an important role in the interaction between HSCs and CRC cells.

Research objectives
To examine the role of BMI-1 in HSC activation, and investigate the potential mechanisms of BMI-1 in 
the interaction between HSCs and CRC cells.

Research methods
The expression of BMI-1 in liver tissue of patients with CRC liver metastasis (CRLM) was determined by 
immunohistochemistry analysis. We established a mouse LM model to assess the expression of BMI-1 
during CRLM. We used lentiviral vectors to overexpress BMI-1 in LX2 HSCs (LX2 BMI-1) and evaluated 
the molecular markers of aHSCs. The proliferation and mobility of CRC cells in LX2 BMI-1 conditioned 
medium (CM) was detected. The epithelial-mesenchymal transition (EMT) and transforming growth 
factor beta (TGF-β)/SMAD pathway in CRC cells treated with LX2 BMI-1 CM were investigated by 
Western blot analysis and quantitative polymerase chain reaction. A mouse xenograft model was 
established to investigate the effects of co-implantation of LX2 BMI-1 and CRC cells on tumor growth, 
and the EMT phenotype of CRC.

Research results
BMI-1 expression was upregulated in liver cells during CRLM. Overexpression of BMI-1 induced the 
activation of LX2 HSCs. CRC cells cultured in LX2 BMI-1 CM showed higher proliferation, migration, 
and EMT ability compared with cells cultured in NC CM. LX2 BMI-1 CM induced activation of the TGF-
β/SMAD pathway in CRC cells, and the TGF-βR inhibitor SB-505124 diminished the effect of BMI-1 CM. 
In addition, LX2 BMI-1 HSCs promoted CRC tumor growth and EMT in the mouse model.

Research conclusions
BMI-1 aHSCs promoted the proliferation and migration of CRC partly via the TGF-β/SMAD pathway.

Research perspectives
Targeting BMI-1 in liver tissues may have potential therapeutic implications for the treatment of CRLM.
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Abstract
BACKGROUND 
Gastric cancer (GC) is a common gastrointestinal malignancy worldwide. Based 
on cancer-related mortality, the current prevention and treatment strategies for 
GC still show poor clinical results. Therefore, it is important to find effective drug 
treatment targets.

AIM 
To explore the molecular mechanism of 18β-glycyrrhetinic acid (18β-GRA) 
regulating the miR-345-5p/TGM2 signaling pathway to inhibit the proliferation of 
GC cells.

METHODS 
CCK-8 assay was used to determine the effect of 18β-GRA on the survival rate of 
GES-1 cells and AGS and HGC-27 cells. Cell cycle and apoptosis were detected by 
flow cytometry, cell migration was detected by a wound healing assay, the effect 
of 18β-GRA on subcutaneous tumor growth in BALB/c nude mice was inves-
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tigated, and the cell autophagy level was determined by MDC staining. TMT proteomic analysis 
was used to detect the differentially expressed autophagy-related proteins in GC cells after 18β-
GRA intervention, and then the protein-protein interaction was predicted using STRING (
https://string-db.org/). MicroRNAs (miRNAs) transcriptome analysis was used to detect the 
miRNA differential expression profile, and use miRBase (https://www.mirbase/) and TargetScan 
(https://www.targetscan.org/) to predict the miRNA and complementary binding sites. 
Quantitative real-time polymerase chain reaction was used to detect the expression level of 
miRNA in 18β-GRA treated cells, and western blot was used to detect the expression of autophagy 
related proteins. Finally, the effect of miR-345-5p on GC cells was verified by mir-345-5p overex-
pression.

RESULTS 
18β-GRA could inhibit GC cells viability, promote cell apoptosis, block cell cycle, reduce cell 
wound healing ability, and inhibit the GC cells growth in vivo. MDC staining results showed that 
18β-GRA could promote autophagy in GC cells. By TMT proteomic analysis and miRNAs 
transcriptome analysis, it was concluded that 18β-GRA could down-regulate TGM2 expression 
and up-regulate miR-345-5p expression in GC cells. Subsequently, we verified that TGM2 is the 
target of miR-345-5p, and that overexpression of miR-345-5p significantly inhibited the protein 
expression level of TGM2. Western blot showed that the expression of autophagy-related proteins 
of TGM2 and p62 was significantly reduced, and LC3II, ULK1 and AMPK expression was 
significantly increased in GC cells treated with 18β-GRA. Overexpression of miR-345-5p not only 
inhibited the expression of TGM2, but also inhibited the proliferation of GC cells by promoting cell 
apoptosis and arresting cell cycle.

CONCLUSION 
18β-GRA inhibits the proliferation of GC cells and promotes autophagy by regulating the miR-345-
5p/TGM2 signaling pathway.
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Core Tip: Gastric cancer (GC) is a global health problem that seriously endangers human life, so it is 
urgent to find drugs to treat it. 18β-glycyrrhetinic acid (18β-GRA), as one of the main components of 
glycyrrhiza, has a strong antitumor effect. In this paper, the inhibitory effect of 18β-GRA on GC was 
verified by in vitro and in vivo experiments. In addition, it was found that 18β-GRA promoted autophagy 
and inhibited the proliferation of GC cells through the miR-345-5p/TGM2 signaling pathway. These 
findings provide the theoretical basis for the GC clinical treatment of 18β-GRA.

Citation: Li X, Ma XL, Nan Y, Du YH, Yang Y, Lu DD, Zhang JF, Chen Y, Zhang L, Niu Y, Yuan L. 18β-
glycyrrhetinic acid inhibits proliferation of gastric cancer cells through regulating the miR-345-5p/TGM2 signaling 
pathway. World J Gastroenterol 2023; 29(23): 3622-3644
URL: https://www.wjgnet.com/1007-9327/full/v29/i23/3622.htm
DOI: https://dx.doi.org/10.3748/wjg.v29.i23.3622

INTRODUCTION
The fourth most common cause of cancer-related death worldwide is gastric cancer (GC)[1]. Envi-
ronment, diet, genetic factors, and Helicobacter pylori infection are the main causes of GC. Because there 
are no specific diagnostic indicators, the majority of patients ignore their early symptoms because they 
are inconspicuous. By the time the body shows obvious discomfort, the disease has progressed to 
intermediate or advanced cancer, and the disease has worsened significantly, allowing the best 
opportunity for treatment to pass. The existing treatment methods for GC are mainly drug therapy, 
chemotherapy and surgery[2,3]. But the drug resistance and toxic side effects of anticancer drugs, the 
low compliance of patients during chemotherapy and the low survival rate after surgery all suggest that 
we can find a natural, effective and low-toxic active ingredient to treat GC.

18β-glycyrrhetinic acid (18β-GRA) is a compound extracted from licorice[4]. Studies have revealed 
that 18β-GRA has multiple pharmacological effects, like anti-inflammatory, anti-viral, anti-tumor, liver 
protection and so on[5-9]. In recent years, the therapeutic effect of 18β-GRA on lung cancer[7], breast 

https://string-db.org/
https://www.mirbase/
https://www.targetscan.org/
https://www.wjgnet.com/1007-9327/full/v29/i23/3622.htm
https://dx.doi.org/10.3748/wjg.v29.i23.3622
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cancer[10], ovarian cancer[11], prostate cancer[12] and other cancers has been confirmed. Cao et al[13] 
revealed that 18β-GRA inhibited GC cells proliferation, energy metabolism and carcinogenesis by down-
regulating toll-like receptor 2. Through reactive oxygen species/protein kinase C-α/extracellular signal-
regulated kinase pathway, as well as matrix metalloproteinase MMP2 and MMP9 activity, 18β-GRA 
inhibited GC cells migration and invasion[14]. And our previous study found that 18β-GRA inhibited 
GC cells proliferation by regulating MRPL35[15]. These results indicated that 18β-GRA may be a useful 
drug for the prevention and treatment of GC.

MicroRNAs (miRNAs) are highly conserved non-coding RNA molecules, that take part in the 
occurrence and development of cancer[16]. Many sequences of human miRNAs associated with cancer 
mechanisms have been identified. They regulate protein expression levels by their target mRNA, and 
participate in vital cellular processes and pathways[17]. There is growing evidence that the difference in 
miRNAs expression exists not only between normal and cancer tissues and between different cancer 
types and subtypes, but also between early and advanced cancers[18,19]. Komatsu et al[20] found that 
up-regulation of miR-148a inhibited the GC cells proliferation, invasion and EMT. The researchers 
revealed that Helicobacter pylori infection reduced miR-1298-5p expression in GC cells, while low-
expressed miR-1298-5p could promote GC cells proliferation, migration and invasion[21].

Autophagy is a biological process that occurs in cells[22]. A lot of research has found that it plays a 
key role in physiological processes and disease occurrences, including development, metabolism, 
inflammation and cancer[23]. Dysfunctional autophagy results in incorrect organelles and protein 
breakdown, which kill autophagic cells and affect tumor cell survival. Wei et al[24] revealed that miR-
183 induced GC cells autophagy and inhibited proliferation via targeted inhibition of mechanistic target 
of rapamycin (mTOR) expression.

In our study, we revealed 18β-GRA’s effect on GC cells phenotype and tumor formation in nude 
mice, and 18β-GRA’s effect on GC cells autophagy. We used TMT proteomic analysis and the STRING 
database to predict the differentially expressed autophagy-related proteins and their interactions. The 
differentially expressed miRNAs were analyzed using miRNAs transcriptome analysis, and the corres-
ponding miRNAs and complementary binding sites of autophagy-related proteins were predicted using 
the miRBase and TargetScan databases. Later, we verified the link between miR-345-5p and TGM2 using 
a dual-luciferase reporter assay. Quantitative real-time polymerase chain reaction (qRT-PCR) was used 
to detect expression of miR-345-5p, western blot was used to detect autophagy-related proteins, and 
lentivirus transfection technique verified the effect of miR-345-5p on TGM2. We concluded that 18β-
GRA can inhibit GC cells proliferation and promote autophagy via regulating the miR-345-5p/TGM2 
signaling pathway, which may afford a theoretical basis for GC treatment with 18β-GRA. The research 
idea is shown in Figure 1.

MATERIALS AND METHODS
Experimental materials
Human gastric epithelial cell GES-1 was purchased from BNCC (Cat. No. BNCC353464, Beijing, China). 
Human GC cell lines AGS, HGC-27 and MKN-45 were purchased from Procell (Cat. No. CL-0022/CL-
0107/CL-0292, Wuhan, China). Fetal bovine serum (FBS) was purchased from Corning (Cat. No. 35-076-
CV, United States). DMEM, DMEM/F-12 and RPIM-1640 mediums were purchased from Gibco. The 
dual-luciferase reporter assay system was purchased from Promega (United States). Shanghai Gene 
Biotechnology Co., Ltd. (China) provided the plasmid and lentiviral expression vector. The MDC kit, 
cell apoptosis kit and cell cycle kit (Cat. No. KGATG001/KGA1026/KGA512, Jiangsu, China) were 
purchased from Jiangsu KeyGEN Bio TECH Corp., Ltd. TaKaRa provided the PrimeScriptTM RT reagent 
kit and TB Green Premix Ex Taq II (Cat. No. RR047A/RR82LR, Japan). Thermofisher provided Trizol. 
MedChemExpress provided cisplatin (DDP) and 18β-GRA (Cat. No. HY17394/HY-N0180, United 
States). Immunoway provided TGM2, AMPK, p62, ULK1, LC3I/II, GAPDH and β-actin antibodies, 
while CST provided anti-mouse/rabbit immunoglobulin G antibodies.

BABL/c nude mice (male, 18-22g, SPF) were provided by the Animal Laboratory Center of Ningxia 
Medical University. All animals were fed standard laboratory feed and water in 12 h light/dark cycle 
environment. The animal protocols (IACUC-NYLAC-2022-108) were approved by the Institutional 
Animal Care and Use Committee of Ningxia Medical University. All animals were euthanized by CO2.

Cell culture and cell transfection
GES-1 cells were cultured in DMEM medium, HGC-27 cells were cultured in RPIM-1640 medium, and 
AGS and MKN-45 cells were cultured in DMEM/F-12 medium, and 10% FBS and 1% penicillin-
streptomycin liquid were added into all mediums to. The cell culture flask was placed in an incubator 
with a constant temperature of 37 °C and 5% CO2. The GFP-labeled miR-345-5p overexpression 
lentiviral vector (LV-miR-345-5p) and empty lentiviral vector (LV-NC) were then transfected into HGC-
27 and AGS cells using the tool virus user manual as a guide.
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Figure 1 Flow chart. In this study, we revealed 18β-glycyrrhetinic acid (18β-GRA)’s effect on gastric cancer (GC) cells phenotype and tumor formation in nude 
mice, and 18β-GRA’s effect on GC cells autophagy. We used TMT proteomic analysis and the STRING database to predict the differentially expressed autophagy-
related proteins and their interactions. Later, we verified the link between miR-345-5p and TGM2 using a dual-luciferase reporter assay. Quantitative real-time 
polymerase chain reaction was used to detect expression of miR-345-5p, western blot was used to detect autophagy-related proteins, and lentivirus transfection 
technique verified the effect of miR-345-5p on TGM2. LV-NC: Empty lentiviral vector.

Cell viability assay
The cells were inoculated into 96-well plates at 4000 cells per well and treated with 18β-GRA (12.5 
μmol/L-200 μmol/L) for 24 h, 48 h and 72 h. Next, 10 μL CCK-8 was added to each well, and the 
absorbance was detected at 450 nm.

Cell cycle and cell apoptosis assay
The cells were treated with 18β-GRA at concentrations of 30, 60 and 120 μmol/L or 45, 90 and 135 
μmol/L for 48 h, respectively. Next, the cells were collected and fixed with 70% pre-cooled ethanol. The 
fixative solution was washed off with PBS. 500 μL pre-configured working solution (RNase A:PI = 1:9) 
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was added. The percentage of cell cycle was determined by flow cytometry after 30 min. The cells in 
each group were collected, 500 μL binding buffer, 5 μL Annexin V-FITC and 5 μL PI or 500 μL binding 
buffer, 5 μL Annexin V-APC and 5 μL 7-AAD were added and mixed. Cell apoptosis was determined 
after 15 min using flow cytometry.

Wound healing assay
The cells were inoculated into the 6-well plates at the appropriate concentration and cultured for 24 h. 
Next, we made a scratch in the central part of each hole, and 18β-GRA at concentrations of 30, 60, 120 
μmol/L or 45, 90, 135 μmol/L was added for 48 h. Finally, the cells were washed and photographed 
with a microscope. Cell migration area was calculated by Image J.

MDC staining assay
The cells were treated with 18β-GRA at concentrations of 30, 60 and 120 μmol/L or 45, 90 and 135 
μmol/L for 48 h, respectively. Next, the cells were gently washed twice with a wash buffer, stained with 
MDC and incubated away from light for 15-45 min. Photographs were taken under a fluorescence 
microscope after washing twice with 1 × wash buffer.

Tumor formation experiment in BALB/c nude mice
The BALB/c nude mice were fed for 1 wk, then 200 μL MKN-45 cells suspension containing 4 × 106 cells 
were inoculated subcutaneously into nude mice using a microsyringe. The experiment was divided into 
three groups: Control, cisplatin group (DDP) and 18β-GRA groups. After 5 d of subcutaneous 
inoculation, the 18β-GRA group was intraperitoneally injected with 50 mg/kg[13,25], the DDP group 
with 2 mg/kg[26], and the control group was given normal saline. V = (L × W2)/2 was used to calculate 
tumor volumes (V, volume; W, width; L, length). After 14 d of continuous administration, all nude mice 
were killed by CO2 inhalation and photographed.

TMT proteomic analysis
GC cells were treated with 18β-GRA, and differentially expressed proteins were detected and analyzed 
by China Gene Biotechnology Co., Ltd. All the obtained original data files were processed by Proteome 
Discoverer 2.2 (Thermo Fisher, United States) software. Proteins with expression ratio > 1.2 and P < 0.05 
were considered as differentially expressed proteins.

Cellular processes, biological processes, and molecular functions of differentially expressed proteins 
were analyzed using Metascape (https://metascape.org/gp/index.html#/main/step1). Gene Ontology 
annotation, Kyoto Encyclopedia of Genes and Genomes pathway, and InterPro domain enrichment 
analysis were performed using Fisher accuracy test. WoLFPSOR was used to locate and predict the 
differentially expressed proteins. The protein expression levels are classified by Matplotlib to form 
hierarchical clustering heatmaps.

miRNAs transcriptome analysis
GC cells were treated with 18β-GRA at concentrations of 60 μmol/L and total RNA was extracted from 
it. Agarose gel electrophoresis, Nanodrop, Qubit 2.0, and Agilent 2100 were used to ensure that the 
quality of the collected RNA met the requirements of subsequent experiments. A small RNA Sample Pre 
kit was used to construct the library, and specific enzymes were used to connect the PCR primer 
connectors at the 3’ and 5’ ends. Then the cDNA synthesis can be completed efficiently and rapidly by 
reverse transcription. The single strand of DNA is combined with the primer and the PCR amplification 
stage begins. After PAGE electrophoresis, a cDNA library (effective concentration > 2 nM) was 
obtained. Qubit 2.0 and Agilent 2100 were combined with qPCR to ensure the quality of the library. The 
optical signal was transformed into a sequence by computer analysis. The original sequencing data was 
further assessed for quality with P < 0.05 and |Log2 (fold change)| > 1 as a filter condition, with a 
certain number of differential expressions of miRNAs eventually selected.

Target prediction analysis
We predicted protein-protein interaction (PPI) networks from the STRING database (https://string-
db.org/). The miRBase website (http://www.mirbase.org/) was used to predict the corresponding 
miRNAs of autophagy-related proteins and the TargetScan database (https://www.targetscan.org/) 
was used to predict the binding sites of miRNA and mRNA.

Dual-luciferase reporter assay
TargetScan predicted the binding sites for miR-345-5p and TGM2. The fragments, including the wild 
3’UTR regions or mutant 3’UTR regions of TGM2, were inserted into GV716 with a firefly and renilla 
luciferase reporter gene. The overexpressed miR-345-5p plasmid was then individually transfected into 
AGS cells. After 48 h of transfection, the relative luciferase activity was detected using a dual-luciferase 
reporter assay system.

https://metascape.org/gp/index.html#/main/step1
https://string-db.org/
https://string-db.org/
http://www.mirbase.org/
https://www.targetscan.org/
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Figure 2 Effect of 18β-glycyrrhetinic acid on cell viability of GES-1, AGS and HGC-27 cells were detected by CCK-8 assay. A: Effect of 18β-
glycyrrhetinic acid (18β-GRA) on cell viability of AGS cells; B: Effect of 18β-GRA on cell viability of HGC-27 cells; C: IC50 value of AGS and HGC-27 cells were treated 
with 18β-GRA for 24, 48 and 72 h; D: Effect of low, medium and high doses of 18β-GRA on cell viability of AGS cells; E: Effect of low, medium and high doses of 18β
-GRA on cell viability of HGC-27 cells; F: Effect of 18β-GRA on cell viability of GES-1 cells. All data are from three independent samples. The data is represented as 
the mean ± SD. aP < 0.05, bP < 0.01, cP < 0.001. 18β-GRA: 18β-glycyrrhetinic acid.

qRT-PCR
The cells were cultured and treated 18β-GRA at concentrations of 30, 60 and 120 μmol/L or 45, 90 and 
135 μmol/L for 48 h, respectively. Total RNA was extracted using Trizol, and cDNA was synthesized 
using PrimeScript™ RT reagent kit. The expression level was detected with TB Green Premix Ex Taq II. 
The primer sequences are as follows: miR-345-5p, forward, 5’-GCTGACTCCTAGTCCAGGGCTC-3’ and 
reverse, 5’-GGCCAACCGCGAGAAGATG-3’; U6, forward, 5’-CTGCGCAAGGATGACACGCAAATT-
3’ and reverse, 5’-GGCCAACCGCGAGAAGATG-3’. U6 as a housekeeping gene. The relative expre-
ssion was calculated by the 2-ΔΔCt method.

Western blot
The cells were cultured and treated 18β-GRA at concentrations of 60 μmol/L or 90 μmol/L for 48 h, 
respectively. The cells were collected and the total protein was extracted, the protein content was 
detected with BCA method. The protein was isolated and transferred onto a PVDF membrane, which is 
then sealed with 5% skim milk powder, soaked in primary antibodies and incubated overnight. The 
next day, the PVDF membrane was cleaned with TBST and soaked in secondary antibodies for 2 h. The 
protein was detected using an ECL solution, and ultimately the grey values were measured using 
ImageJ.

Statistical analysis
The statistical methods of this study were reviewed by Li-Qun Wang, Department of Epidemiology and 
Medical Statistics, Institute of Public Health and Management, Ningxia Medical University. All data 
were statistically analyzed using GraphPad Prism 7. All data were shown as mean ± SD, and the 
differences between different groups were analyzed using a one-way ANOVA or t-test. The significance 
level was set at P < 0.05.

RESULTS
18β-GRA reduced the GC cells viability
The results demonstrated that when the 18β-GRA concentration was 12.5 μmol/L-200 μmol/L, the 
inhibitory effect of 18β-GRA on AGS and HGC-27 cells viability was enhanced as the 18β-GRA dose was 
increased (Figures 2A and B). Next, 18β-GRA treated AGS and HGC-27 cells for 24 h, 48 h and 72 h, IC50 
value was shown in Figure 2C. Therefore, we determined that the low, medium and high concentrations 
of 18β-GRA treated AGS cells for 48 h were 30, 60 and 120 μmol /L, and the low, medium and high 
concentrations of 18β-GRA treated HGC-27 cells for 48 h were 45, 90 and 135 μmol/L. AGS and HGC-27 
cells viability was inhibited at low, medium and high doses of 18β-GRA when compared with the 
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control group (0 μmol/L) (P < 0.01) (Figures 2D and E).

18β-GRA had slight effect on normal gastric epithelial GES-1 cells
Subsequently, we investigated 18β-GRA’s effect on GES-1 cells viability. The results demonstrated that 
GES-1 cells viability was slightly affected when 18β-GRA concentration was 12.5 μmol/L-100 μmol/L 
(Figure 2F). When the 18β-GRA concentration was less than 150 μmol/L, the GES-1 cells viability 
remained above 71% at 48 h.

18β-GRA arrested GC cells cycle
18β-GRA’s effect on GC cells cycle results demonstrated that the percentage of G0/G1 phase (49.15%, 
56.23% and 73.07%) in AGS cells treated with low, medium and high doses of 18β-GRA was higher than 
the control group (33.71%) (Figures 3A and B). The percentage of G0/G1 phase (46.58%, 51.69% and 
77.11%) in HGC-27 cells treated with low, medium and high doses of 18β-GRA was higher than the 
control group (41.67%) (Figures 3C and D).

18β-GRA promoted GC cells apoptosis
18β-GRA’s effect on GC cells apoptosis results demonstrated that the apoptosis rates of AGS cells 
treated with low, medium and high doses of 18β-GRA were 7.50%, 19.80% and 72. 00%, which were 
obviously higher than the control group (4. 80%) (P < 0.01) (Figures 3E and F). The apoptosis rates of 
HGC-27 cells treated with low, medium and high doses of 18β-GRA were 6.50%, 8.10% and 15.40%, 
which were obviously higher than the control group (6.40%) (P < 0.05) (Figures 3G-H).

18β-GRA inhibited the GC cells wound healing
The wound healing assay revealed that both high and medium doses of 18β-GRA can inhibit AGS and 
HGC-27 cells’ wound healing abilities (P < 0.001) (Figures 4A-D). The inhibitory effect of 18β-GRA on 
wound healing ability was gradually enhanced as the 18β-GRA dose was increased in AGS and HGC-27 
cells.

18β-GRA inhibited subcutaneous tumor growth in BALB/c nude mice
Through the subcutaneous tumor formation experiment in BALB/c nude mice, we observed that the 
back tumors in the control group were larger than those in the DDP and 18β-GRA groups (P < 0.01) 
(Figures 5A and B). The tumor volume was measured every 3 d and the tumor growth curve was 
plotted. In comparison to the control group, tumor size and growth rate were slower in the 18β-GRA 
and DDP groups (P < 0.001) (Figure 5C). Additionally, the body weight of DDP group was lower than 
the control and 18β-GRA groups. Diet and water intake were lower in the 18β-GRA and DDP groups 
when compared with the control group (P < 0.05) (Figures 5D-F).

Identification of autophagy-related proteins by TMT proteomic analysis and MDC staining assay
Part of the data of TMT proteomics analysis comes from the previous research of our team (Figures 
6A-F)[15]. Cluster analysis was performed for differential proteins and heat map was drawn 
(Figure 6G), and the expression of TGM2 was down-regulated (P = 0.01593178). We used the STRING 
database to construct the PPI network, and the interaction diagram between the differentially expressed 
autophagy-related protein TGM2 and the autophagy marker proteins ULK1, p62 (SQSTM1), LC3I/II 
(MAPILC3) and AMPK (PRKAB1) was shown in Figure 6H, which indicated TGM2 was closely related 
to autophagy marker proteins. The results of MDC staining showed that AGS and HGC-27 cells 
displayed various degrees of autophagy after 18β-GRA intervention, and the number of autophagy cells 
increased as the dose of 18β-GRA was increased (P < 0.05) (Figures 6I-L).

Effect of 18β-GRA on the expression of autophagy-related proteins
Western blot analysis was used to determine 18β-GRA’s influence on autophagy-related proteins in the 
AGS and HGC-27 cells. The findings demonstrated that, in contrast to the control group, the 18β-GRA 
group’s protein expressions of TGM2 and p62 were lowered, whereas LC3II, ULK1 and AMPK were 
elevated (P < 0.01) (Figures 7A-E).

MiR-345-5p is a drug target of 18β-GRA
283 miRNAs were identified as differentially expressed by miRNAs transcriptome analysis, of which 
163 miRNAs were down-regulated and 120 miRNAs were up-regulated, and the selection criteria for 
|Log2 (fold change)| > 1, P < 0.05. Among them, the expression of miR-345-5p was up-regulated (P = 
5.68E-08) (Figure 8A). The miRBase website was used to predict the corresponding miRNAs of 
autophagy-related proteins, and then we intersected the miRNAs corresponding to autophagy-related 
proteins with the differentially expressed miRNAs screened by miRNA transcriptome. Among the 
obtained miRNAs, miR-345-5p was expressed most significantly.

We used qRT-PCR to determine the expression changes of miR-345-5p in AGS and HGC-27 cells 
treated with 18β-GRA. The outcomes demonstrated that miR-345-5p was highly up-regulated in AGS 
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Figure 3 Effect of 18β-glycyrrhetinic acid on cell cycle and cell apoptosis of AGS and HGC-27 cells. A: Effect of 18β-glycyrrhetinic acid (18β-
GRA) on AGS cells cycle; B: Statistical results of AGS cell cycle; C: Effect of 18β-GRA on HGC-27 cells cycle; D: Statistical results of HGC-27 cells cycle; E: Effect of 
18β-GRA on AGS cells apoptosis; F: Statistical results of AGS cells apoptosis; G: Effect of 18β-GRA on HGC-27 cells apoptosis; H: Statistical results of HGC-27 cells 
apoptosis. All data are from three independent samples. The data is represented as the mean ± SD. aP < 0.05, bP < 0.01, cP < 0.001. 18β-GRA: 18β-glycyrrhetinic 
acid.

and HGC-27 cells after 18β-GRA treatment (P < 0.01) (Figures B and 8C). This verified the results of 
miRNAs transcriptome.

MiR-345-5p could target TGM2 directly
We utilized TargetScan database to identify complementary binding sites between miR-345-5p and 
TGM2 (Figure 8D). According to dual-luciferase reporter analyses, overexpression of miR-345-5p 
reduced luciferase expression in the TGM2-wild-type reporter but not in the mutant reporter (P < 0.05) 
(Figure 8E). These results suggest that miR-345-5p can regulate the expression of TGM2.

Overexpression of miR-345-5p can inhibit TGM2
Lentivirus transfection technique caused miR-345-5p overexpression on AGS and HGC-27 cells, and the 
transfection rate reached about 90% after 72 h (Figure 9A). Then, qRT-PCR discovered that miR-345-5p 
expression in the LV-miR-345-5p group was higher compared to the LV-NC group on AGS and HGC-27 
cells (P < 0.001) (Figure 9B). Meanwhile, overexpression of miR-345-5p inhibited the protein expression 
of TGM2 (P < 0.01) (Figures 9C and D).
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Figure 4 Effect of 18β-glycyrrhetinic acid on cell wound healing of AGS and HGC-27 cells. A: Effect of 18β-glycyrrhetinic acid (18β-GRA) on the 
wound healing of AGS cells; B: Statistical results of the wound healing in AGS cells; C: Effect of 18β-GRA on wound healing of HGC-27 cells; D: Statistical results of 
the wound healing in HGC-27 cells. All data are from three independent samples. The data is represented as the mean ± SD. cP < 0.001. 18β-GRA: 18β-
glycyrrhetinic acid.

Overexpression of miR-345-5p inhibit GC cells proliferation by promoting cell apoptosis and 
arresting cell cycle
Some researchers found that the expression of miR-345-5p in GC tissues was significantly lower than 
that in para-carcinoma tissue. which was correlated with aggressive stage and grade[27]. We evaluated 
the impact of miR-345-5p overexpression on cell viability in GC cells through CCK-8 assay. Our findings 
indicated that miR-345-5p overexpression resulted in a significant inhibition of the cell viability on AGS 
and HGC-27 cells (P < 0.01) (Figures 10A and B).

In order to further investigate the impart of miR-345-5p overexpression on GC cells, we conducted 
flow cytometry analysis to examine its effect on cell apoptosis and cell cycle. Our results showed the cell 
apoptosis rates in the miR-345-5p overexpression group were significantly higher than that in the LV-
NC group on AGS and HGC-27 cells (P < 0.001) (Figures 10C and D). Moreover, the cell cycle 
experiment revealed that miR-345-5p overexpression caused cell cycle arrest in the G0/G1 phase on 
AGS and HGC-27 cells (P < 0.001) (Figures 10E and F). These results suggested that miR-345-5p overex-
pression could inhibit GC cells proliferation by promoting cell apoptosis and arresting cell cycle.

DISCUSSION
In this study, 18β-GRA treated GC cells phenotypic alterations were identified in vitro. The findings 
demonstrated that 18β-GRA had a minimal effect on the survival rate of normal gastric epithelial GES-1 
cells, but dramatically reduced the AGS and HGC-27 cells viability. Next, we found that 18β-GRA could 
block the AGS and HGC-27 cells in G0/G1 phase and promote cell apoptosis. Both DNA replication and 
mitosis crucially depend on the G0/G1 phase. According to studies, after drug intervention, cells can 
either irreversibly end the cell cycle through senescence or apoptosis[28], or they can reversibly exit the 
cell cycle by beginning immobilization. We looked at how 18β-GRA affected the GC cells apoptosis and 
verified the results of cell cycle, which led us to conclude that 18β-GRA made GC cells exit the cell cycle 
selectively. It has been demonstrated that cells can exit the cell cycle reversibly by initiating immobil-
ization, or irreversibly by senescence or apoptosis. Our findings confirmed the conclusion that 18β-GRA 
can induce GC cells to exit the cell cycle selectively.

18β-GRA decreased the migration ability of AGS and HGC-27 cells, according to a wound healing 
assay. At the same time, we also performed cell invasion experiments, but the results were not statist-
ically significant. Studies have shown that TGM2 could promote GC cells’ proliferation, migration and 
invasion by activating extracellular signal-regulated kinase 1/2[29]. In addition, TGM2 was thought to 
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Figure 5 Effect of 18β-glycyrrhetinic acid on subcutaneous tumor growth in BALB/c nude mice. A: Comparison of back tumor in the cisplatin 
(DDP), 18β-glycyrrhetinic acid (18β-GRA) and control groups; B: Comparison of back tumor volume in the DDP, 18β-GRA and control groups; C: Effect of tumor 
volume growth in the DDP, 18β-GRA and control groups; D: Effect of body weight in the DDP, 18β-GRA and control groups; E: Effect of water-intake in the DDP, 18β
-GRA and control groups; F: Effect of food-intake in the DDP, 18β-GRA and control groups. The data is represented as the mean ± SD. aP < 0.05, bP < 0.01, cP < 
0.001. 18β-GRA: 18β-glycyrrhetinic acid; DDP: Cisplatin.

be involved in EMT processes in breast cancer[30], colorectal cancer[31], and hepatocellular carcinoma
[32], which are highly correlated with invasion phenotypes. These findings imply that TGM2 is involved 
in cancer cell invasion. In contrast, 18β-GRA had no impact on AGS and HGC-27 cells invasion during 
our studies.

In vivo tumorigenesis experiment was performed on immunodeficient nude mice. The results showed 
that 18β-GRA and DDP significantly inhibited the subcutaneous tumor volume in nude mice. At the 
same time, we monitored the body weight, diet and water intake of nude mice during the experiment. It 
was found that the body weight of nude mice in the DDP group was lighter than that in 18β-GRA and 
control groups, showing obvious adverse reactions. On the contrary, the body weight of nude mice in 18
β-GRA group was slightly higher than that in the control group and the nude mice were in good health 
during the experiment. In terms of diet and water intake, nude mice administered with 18β-GRA and 
DDP had reduced diet and water intake. Overall, the experimental results demonstrated 18β-GRA had 
fewer side effects.

We further investigated the mechanism of GC treatment with 18β-GRA. MDC staining results 
showed that 18β-GRA can promote autophagy of AGS and HGC-27 cells. TMT proteomic analysis and 
miRNAs transcriptome analysis revealed that TGM2 was the target of miR-345-5p, which was verified 
by a dual-luciferase reporter assay. The STRING database was used to build the PPI network, and it was 
found that TGM2 was closely related to autophagy marker proteins ULK1, p62, LC3I/II and AMPK. 
TGM2 induces autophagy, differentiation and inhibition of angiogenesis, and its role in cancer is very 
complex. In fact, it has been proven that TGM2 participates in all aspects of cancer progression by 
activating mTOR[33]. At the beginning phase of autophagy, AMPK promotes autophagy occurrence by 
directly activating ULK1 or by negatively regulating mTOR to block its inhibition of ULK1[34,35]. After 
the formation of pre-autophage, it enters the second stage, which is the stage of autophagy extending 
into nucleus. ULK1 activates p62 and promotes the binding of p62 mediated substrate proteins to 
autophagic bodies[36]. At the same time, the substrate protein passes through the LC3 domain of p62 
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Figure 6 The results of TMT proteomic analysis and MDC staining assay. A: TMT proteomic analysis of differentially expressed proteins (DEPs) 
volcano map; B: Gene Ontology (GO) enrichment analysis of DEPs. The Y axis denotes the GO functional classification enriched of DEPs, and the X axis denotes the 
-Log10 of the P value of Fisher’s exact test of the significance of the enrichment; C: Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment 
analysis. The Y axis denotes the categories of KEGG pathways. The X axis is the -Log10 of the p value of Fisher’s exact test of the significance of enrichment; D: GO 
annotation analysis of DEPs; E: Subcellular localization analysis; F: Protein domain enrichment analysis; G: Proteins cluster analysis; H: Protein-protein interaction 
network diagram of TGM2 and autophagy marker proteins; I: The MDC staining results of AGS cells treated with different concentrations of 18β-glycyrrhetinic acid (18
β-GRA); J: Statistical results of the MDC staining in AGS cells; K: The MDC staining results of HGC-27 cells treated with different concentrations of 18β-GRA; L: 
Statistical results of the MDC staining in HGC-27 cells. All data are from three independent samples. The data is represented as the mean ± SD. aP < 0.05, bP < 0.01, 
cP < 0.001. DEPs: Differentially expressed proteins; GO: Gene Ontology; KEGG: Kyoto Encyclopedia of Genes and Genomes; 18β-GRA: 18β-glycyrrhetinic acid.

into the degradation phase of the autophagic vesicle, where it interacts with LC3, which is the third 
stage of autophagy. Thus, when the p62 content decreases, it indicates that autophagic lysosomal 
degradation is inhibited[37,38]. Therefore, when the content of p62 decreases, it indicates that 
autophagic lysosome degradation is inhibited. LC3I/II, one of the homologues of ATG8, is located in the 
cytoplasm. LC3I is formed after exposure to glycine at the carboxyl terminal, which is catalyzed to 
combine with phosphatidyl ethanolamine to form LC3II. The increased amount of LC3II can reflect the 
increased number of autophagosomes caused by enhanced autophagy activity[39] (Figure 11). Western 
blot results proved that TGM2 and p62 were reduced, while AMPK, ULK1, and LC3II were increased in 
AGS and HGC-27 cells treated with 18β-GRA. Additionally, we employed a lentiviral vector to miR-345-
5p overexpress in GC cells and observed the expression of TGM2. Our findings indicate that miR-345-5p 
overexpression significantly reduced the protein expression of TGM2. At the same time, we also found 
that miR-345-5p overexpression could inhibit GC cells proliferation by promoting cell apoptosis and 
arresting cell cycle. Based on the aforementioned findings, we draw the conclusion that 18β-GRA may 
play a role in the occurrence and progression of GC via the miR-345-5p/TGM2 signaling pathway.

CONCLUSION
To sum up, this study proved that 18β-GRA can inhibit GC cells viability, induce cells apoptosis, block 
cell cycle, inhibit cell wound healing ability, and induce cell autophagy by regulating the miR-345-5p/
TGM2 signaling pathway, thereby inhibiting the GC cells proliferation, which could provide theoretical 
basis for the research of 18β-GRA in GC treatment. However, our study has some limitations and more 
experiments are needed to support our future research. Hence, we will carry on exploring the 
relationship between 18β-GRA and GC in the future. First, GC cells were infected with RFP-GFP-LC3 
double-labeled adenoviruses to research 18β-GRA’s effect on the autophagic. Secondly, 18β-GRA’s effect 
when combined with chemotherapeutic drugs on chemotherapeutic drug sensitivity will be invest-
igated. Thirdly, the molecular mechanism of 18β-GRA treatment for GC was further studied by gene 
overexpression, CO-IP and other methods.
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Figure 7 Effect of 18β-glycyrrhetinic acid on the protein expression levels of TGM2, p62, LC3II, ULK1 and AMPK in AGS and HGC-27 
cells. All data are from three independent samples. The data is represented as the mean ± SD. bP < 0.01 cP < 0.001. 18β-GRA: 18β-glycyrrhetinic acid.
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Figure 8 MicroRNAs transcriptomic analysis and dual-luciferase reporter assay. A: MicroRNAs (miRNAs) transcriptomics analysis of differentially 
expressed miRNAs; B: Effect of 18β-glycyrrhetinic acid (18β-GRA) with different concentrations of miR-345-5p expression level in AGS cells; C: Effect of 18β-GRA 
with different concentrations of miR-345-5p expression level in HGC-27 cells; D: Complementary binding sites of miR-345-5p and TGM2; E: Elevated expression of 
miR-345-5p suppressed the luciferase value of the TGM2-wild-type reporter but not that under the mutant reporter. All data are from three independent samples. The 
data is represented as the mean ± SD. aP < 0.05, bP < 0.01, cP < 0.001. 18β-GRA: 18β-glycyrrhetinic acid; WUT: Mutant; WT: Wild type; NC: Empty lentiviral vector.

Figure 9 Overexpression of miR-345-5p can inhibit TGM2. A: Transfection efficiency of lentiviral vector; B: The expression level of miR-345-5p in lentivirus 
transfected AGS and HGC-27 cells; C: Effect of miR-345-5p overexpression on TGM2; D: Statistical results of the effect of miR-345-5p overexpression on TGM2. All 
data are from three independent samples. The data is represented as the mean ± SD. bP < 0.01, cP < 0.001. LV-NC: Empty lentiviral vector.
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Figure 10  Effect of miR-345-5p overexpression on AGS and HGC-27 cells. A: Effect of miR-345-5p overexpression on AGS cells viability; B: Effect of 
miR-345-5p overexpression on HGC-27 cells viability; C: Effect of miR-345-5p overexpression on cell apoptosis in AGS and HGC-27 cells; D: Statistical results of cell 
apoptosis; E: Effect of miR-345-5p overexpression on cell cycle in AGS and HGC-27 cells; F: Statistical results of cell cycle. All data are from three independent 
samples. The data is represented as the mean ± SD. aP < 0.05, bP < 0.01, cP < 0.001. LV-NC: Empty lentiviral vector.
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Figure 11  Diagram of the mechanism of 18β-glycyrrhetinic acid therapy for gastric cancer cells. 18β-GRA: 18β-glycyrrhetinic acid; mTOR: 
Mammalian target of rapamycin; Bcl-2: B-cell lymphoma 2; NBR1: Neighbor of BRCA1 gene 1; PE:  Phosphatidylethanolamine.

ARTICLE HIGHLIGHTS
Research background
Gastric cancer (GC) is a common gastrointestinal malignancy worldwide. Based on the cancer-related 
mortality, the current prevention and treatment strategies for GC still show poor clinical results. 
Therefore, it is important to find effective drug treatment targets.

Research motivation
At present, the treatment of GC is mainly surgery, chemotherapy and radiotherapy, and the first-line 
treatment drugs are harmful to side effects.

Research objectives
The purpose of this study was to explore the molecular mechanism of 18β-glycyrrhetinic acid (18β-GRA) 
regulating the miR-345-5p/TGM2 signaling pathway to inhibit the proliferation of GC cells.

Research methods
The effects of 18β-GRA on GC cell phenotype and tumor growth in vivo were studied. TMT proteomic 
analysis and microRNAs (miRNAs) transcriptome analysis were used to screen for targets, and targeted 
connections were validated using a dual-luciferase report assay. Finally, the prediction was confirmed 
by experiment in vitro.

Research results
Our experiment confirmed that 18β-GRA inhibited GC cells growth both in vitro and in vivo, and MDC 
staining showed that 18β-GRA promoted GC cell autophagy. By TMT proteomic analysis and miRNAs 
transcriptomic analysis, we found that 18β-GRA down-regulates TGM2 expression and up-regulates 
miR-345-5p expression in GC cells. Subsequently, TGM2 was verified as the target of miR-345-5p by a 
dual-luciferase report assay. In 18β-GRA treated GC cells, the expressions of autophagy-related proteins 
TGM2 and p62 were significantly decreased, while the expressions of LC3II, ULK1 and AMPK were 
significantly increased. In addition, overexpression of miR-345-5p not only inhibited TGM2 expression, 
but also inhibited GC cell proliferation by promoting apoptosis and blocking cell cycle.
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Research conclusions
These observations indicate that 18β-GRA can promote autophagy and inhibit GC cells proliferation via 
regulating the miR-345-5p/TGM2 signaling pathway.

Research perspectives
MiR-345-5p can be used for targeted therapy of GC, and can also be used as a new biomarker for GC.
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Abstract
BACKGROUND 
The prognostic assessment of patients after surgical resection of gastric cancer 
(GC) patients is critical. However, the role of the circadian clock gene NPAS2 
expression in GC remains unknown.

AIM 
To explore the relationship between NPAS2 and the survival prognosis of GC 
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patients and clarify its role in evaluating GC prognosis.

METHODS 
The tumor tissues and clinical data of 101 patients with GC were collected retrospectively. 
Immunohistochemical staining (IHC) was used to detect the expression of NPAS2 protein in GC 
and adjacent tissues. Univariate and multivariate Cox regression analysis was used to determine 
the independent prognostic factors of GC, and a nomogram prediction model was established. The 
receiver operating characteristic (ROC) curve, the ROC area under the curve, the calibration curve, 
and C-index were used to evaluate the predictive effectiveness of the model. Kaplan Meier 
analysis was used to compare the risk stratification of subgroups according to the median score in 
the nomogram model of each patient.

RESULTS 
Microarray IHC analysis showed that the positive rate of NPAS2 protein expression in GC tissues 
was 65.35%, which was significantly higher than 30.69% in adjacent tissues. The high expression of 
NPAS2 was correlated with tumor-node-metastasis (TNM) stage (P < 0.05), pN stage (P < 0.05), 
metastasis (P < 0.05), venous invasion (P < 0.05), lymphatic invasion (P < 0.05), and lymph node 
positive (P < 0.05) of GC. Kaplan Meier survival analysis showed that the 3-year overall survival 
(OS) of patients with high NPAS2 expression was significantly shortened (P < 0.0001). Univariate 
and multivariate COX regression analysis showed that TNM stage (P = 0.009), metastasis (P = 
0.009), and NPAS2 expression (P = 0.020) were independent prognostic factors of OS in GC 
patients for 3 years. The nomogram prediction model based on independent prognostic factors has 
a C-Index of 0.740 (95%CI: 0.713-0.767). Furthermore, subgroup analysis showed that the 3-year OS 
time of the high-risk group was significantly lower than that of the low-risk group (P < 0.0001).

CONCLUSION 
NPAS2 is highly expressed in GC tissues and is closely related to worse OS in patients. Therefore, 
the evaluation of NPAS2 expression may be a potential marker for GC prognosis evaluation. 
Notably, the nomogram model based on NPAS2 can improve the accuracy of GC prognosis 
prediction and assist clinicians in postoperative patient management and decision-making.

Key Words: NPAS2; Gastric cancer; Tissue microarray; Survival analysis; Prediction model; Nomogram

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

Core Tip: The prognostic assessment of patients after surgical resection of gastric cancer (GC) is critical. 
However, the role of NPAS2 expression in GC remains unknown. Our study identified for the first time 
that high NPAS2 protein expression was associated with poor overall survival prognosis in GC patients 
and was an independent risk factor for patients after radical resection of GC. We constructed a nomogram 
prediction model by combining NPAS2 and other clinically independent risk factors, thus improving the 
predictive accuracy of GC prognosis.

Citation: Cao XM, Kang WD, Xia TH, Yuan SB, Guo CA, Wang WJ, Liu HB. High expression of the circadian 
clock gene NPAS2 is associated with progression and poor prognosis of gastric cancer: A single-center study. 
World J Gastroenterol 2023; 29(23): 3645-3657
URL: https://www.wjgnet.com/1007-9327/full/v29/i23/3645.htm
DOI: https://dx.doi.org/10.3748/wjg.v29.i23.3645

INTRODUCTION
Gastric cancer (GC) ranks fifth and fourth in the incidence and mortality of global cancer, respectively, 
and is more likely to occur in men[1,2]. The etiology of GC remains unclear, involving multiple cell 
types and complex molecular mechanisms[3]. Despite recent improvements in the diagnosis and 
treatment of GC, the overall treatment outcome remains poor[4]. Notably, radical gastrectomy is the 
primary treatment method for GC. However, postoperative recurrence rates and mortality remain high, 
and their mortality rates are closely associated with peritoneal, hematologic, and lymph node 
metastases in GC[5]. Therefore, there is an urgent need to identify new markers to predict the malignant 
biological behavior and prognosis of GC to guide the treatment strategy and improve the clinical 
outcome of GC.
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Biological rhythm is a regulatory system in almost all living things. It produces 24-h periodic rhythm 
changes in many essential behaviors and physiological processes[6], including the sleep-wake cycle, 
body temperature cycle, hormone secretion, heart rate, blood pressure, excretion, etc.[7,8]. The 
destruction of normal biological rhythm adversely affects mammalian physiology[9]. The role and 
mechanism of biological rhythm-related genes in tumors, and the design of tumor treatment methods 
targeting biological rhythm genes, are one of the hot spots in the current cancer research field[10]. 
NPAS2, also known as MOP4, is the largest core circadian gene found so far, with a length of about 
176.68Kb, located on human chromosome 2 (2q11.2), encoding proteins belonging to the basic helix loop 
helix PAS domain of transcription factors[11]. NPAS2 is mainly present in the forebrain of mammals 
and is also expressed in some peripheral organs such as the liver and skin[12]. Additionally, it is an 
important part of the positive circadian rhythm feedback circuit[8]. Furthermore, Studies have 
confirmed that NPAS2 is associated with various rhythm-related diseases, such as cancer, diabetes, 
depression, sleep disorders, obesity, etc.[13].

Recent studies have shown that low expression of NPAS2 accelerates cell growth and tumor cell cycle 
progression and plays a unique and critical role in cancer progression[14]. The low expression of NPAS2 
promotes the proliferation and invasion of colorectal cancer cells. Additionally, it increases the wound-
healing ability of colorectal cancer cells, indicating that NPAS2 has a key tumor inhibitory effect. 
Additionally, its high expression is positively correlated with overall survival (OS)[15]. However, some 
studies have found that NPAS2, as an oncogene, promotes the proliferation of hepatocellular carcinoma 
(HCC) cells and participates in the critical process of hepatocellular carcinogenesis. Its high expression 
is related to the invasive clinical characteristics and low OS of HCC patients[16]. It promotes the 
survival of HCC cells by up-regulating the expression of mitotic cycle 25A and inhibiting mitochondrial-
dependent intrinsic apoptosis[16]. These results have also been observed in acute myeloid leukemia
[17]. In contrast, there are few studies on the expression and role of NPAS2 in GC at home and abroad, 
and there is a significant lack of experimental research. Therefore, the expression level of NPAS2 in GC 
and its role in the occurrence and development of GC in different signal pathways are controversial and 
need to be further studied.

This study intends to detect the expression level of NPAS2 in GC and paraneoplastic tissues by using 
tissue microarray immunohistochemical staining to establish a nomogram prediction model based on 
NPAS2 and other clinicopathologically independent risk factors. Furthermore, we aim to investigate the 
effect of NPAS2 on the prognosis of GC and its value in the prognosis prediction of GC patients.

MATERIALS AND METHODS
This study was approved by the Medical Ethics Committee of the Second Hospital of Lanzhou 
University. Informed consent was obtained from all patients, and all specimens were pseudonymous. 
The tumor tissues, precancerous tissues, and clinical data of 101 patients with primary GC resected by 
surgery from July to October 2019 in the second Hospital of Lanzhou University were collected and 
followed up by standard outpatient clinic and telephone. The inclusion criteria of the study were as 
follows: (1) Histopathological diagnosis of gastric adenocarcinoma; (2) age ≥ 18 years old; (3) patients 
with primary GC underwent surgical resection; (4) complete pathological, treatment, surgical and 
follow-up data; and (5) the patient gave written informed consent. Exclusion criteria: (1) Death before 
discharge; (2) preoperative radiotherapy and chemotherapy or neoadjuvant chemotherapy; (3) multiple 
cancers; and (4) gastric stump cancer. 10% neutral formalin fixation and routine paraffin-embedded GC 
and paraffin-embedded tissues were confirmed by pathology, and all pathology was independently 
reviewed by two pathologists. The patients were followed up every 3 mo in the first 2 years and every 6 
mo in the third year. Follow-up included laboratory examination, chest X-ray examination, and 
abdominal computed tomography (CT) examination. The follow-up period was 36 mo, and OS was 
defined as from the date of the first operation to the end of follow-up or the time of death.

Construction of tissue microarray and immunohistochemical staining
One hundred one paraffin-embedded primary GC tissues and adjacent tissues were fixed with formalin 
and then serially sectioned on a microtome with a thickness of 4 μm. After drying, hematoxylin and 
eosin staining (HE) were performed. A professional pathologist selected and marked the representative 
positions of HE-stained pathological sections and corresponding wax blocks according to the view 
under the light microscope. The tissue chip wax blocks were made by a drilling mechanism and sliced 
with a thickness of 4μm. After being dewaxed in xylene and washed in gradient ethanol, the slices were 
immersed in a pressure tank containing 800 mL of 0.1% sodium citrate buffer solution (pH 6.0) and 
boiled for 3 min, followed by cooling. Following the manufacturer's instructions, we then conducted a 
streptavidin-Biotin Complex assay (Fuzhou Maxin Biotechnology Development Company). The slides 
were then incubated overnight with the primary antibody against NPAS2 at 4 ℃ (diluted, 1:200, rabbit 
anti-human NPAS2 polyclonal antibody, Biossantibodies, China). Color development, hematoxylin re-
staining, differentiation, blueing, and dehydration were performed prior to sealing.
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Evaluation of immunostaining
The complete immunohistochemical sections of 101 cases were observed under the microscope. NPAS2 
was mainly expressed in the cytoplasm and nucleus, and the positive cells were yellow and brown 
granular. Two professional pathologists scored the section staining and did not know the clinicopatho-
logical factors and clinical outcome of the patient. The positive results were judged by the semi-
quantitative integration method. Five high-power visual fields (400 ×) were selected for each chip on 
each slide under the microscope, and cells' positive rate and staining intensity were observed. (1) The 
score of cell positive rate: 0 indicates that the proportion of positive cells is less than 5%. The score of 
5%-25% is 1, 26%-50% is 2, 51%-75% is 3, and more than 75% is 4; and (2) Staining intensity score: 0 = no 
coloring, 1 = light yellow, 2 = brown, 3 = brown. The immunostaining score was obtained by 
multiplying the positive rate of cells with the result of staining intensity. 0 was negative, 1 to 4 was 
weakly positive, 5 to 8 was moderately positive, and 9 to 12 was strongly positive. In this study, 
negative and weak positive was defined as low expression of NPAS2, while medium positive and 
strong positive was defined as high expression.

Statistical analysis
All data were analyzed using R software (Version 4.1.1, http://www.r-project.org) and SPSS (Version 
26). Classification variables are represented by percentage (%), chi-square test, and continuity 
correction. Pearson's chi-squared test was used to evaluate the correlation between NPAS2 expression 
and clinicopathological factors. Survival analysis was performed by Kaplan-Meier curve and log-rank 
test. Univariate and multivariate Cox analysis determined the independent prognostic factors of OS and 
established the Cox proportional hazards model, and the hazard ratios (HRs) and 95% confidence 
intervals (CIs) were subsequently calculated. "Survival" and "surminer" R package were used for 
survival and Cox analysis. The "rms" package drew a nomogram model based on independent risk 
factors to predict OS. Furthermore, the receiver operating characteristic (ROC) curve, aera under the 
curve (AUC), calibration curve, and C-index were used to evaluate its prediction performance. In this 
study, P < 0.05 was considered to be statistically significant.

RESULTS
High expression of NPAS2 in human GC tissues
To explore the prognostic value of NPAS2 in GC, we performed immunohistochemical staining on 101 
GC tissues collected. Strong or moderate positive immunostaining of NPAS2 protein was observed in 
the nucleus and cytoplasm of tumor cells in GC tissues. In contrast, weak positive or negative immunos-
taining was mainly detected in adjacent tissues. Representative positive staining results of NPAS2 
showed that the positive rate of NPAS2 expression in GC tissues was 65.35% (66/101) (Figure 1), while 
the positive rate in corresponding adjacent tissues was 30.69% (31/101).

High expression of NPAS2 correlates with clinicopathological factors in GC patients
Of the 101 patients with GC, 65 (64.36%) died during follow-up. Table 1 summarizes the correlation 
between clinicopathological characteristics and NPAS2, showing that high expression of NPAS2 is 
associated with clinical progression in GC patients. The high expression of NPAS2 was significantly 
correlated with tumor-node-metastasis (TNM) stage (P = 0.001), pN stage (P = 0.009), metastasis (P = 
0.032), venous invasion (P = 0.012), lymphatic invasion (P = 0.001) and lymph node positivity (P = 
0.001).

The high expression of NPAS2 is associated with the prognosis of GC patients
The prognostic value of NPAS2 expression in GC was further investigated by Kaplan-Meier analysis 
and log-rank test. The results demonstrated that GC patients with high NPAS2 expression were 
significantly associated with shorter OS (P < 0.001) (Figure 2). Univariate Cox regression analysis 
showed that the TNM stage of GC patients (HR = 7.07, 95%CI: 3.47-14.41, P < 0.001), pN stage (HR = 
1.72, 95%CI: 1.38-2.15, P < 0.001), metastasis (HR = 4.85, 95%CI: 2.24-10.46, P < 0.001), venous invasion 
(HR = 5.01, 95%CI: 1.57-15.98, P = 0.007), neural invasion (HR = 1.73, 95%CI: 1.03-2.9, P = 0.037), 
lymphatic invasion (HR = 3.53, 95%CI: 1.88-6.64, P < 0.001), lymph node positivity (HR = 3.35, 95%CI: 
1.82-6.18, P < 0.001), and high expression of NPAS2 (HR = 5.13, 95%CI: 2.6-10.13, P < 0.001) were 
significantly correlated with OS. Multivariate Cox regression analysis showed that the TNM stage (HR = 
3.61, 95%CI: 1.37-9.49, P = 0.009), metastasis (HR = 3.07, 95%CI: 1.33-7.1, P = 0.009), and high expression 
of NPAS2 (HR = 2.43, 95%CI: 1.15-5.13, P = 0.020) were independent risk factors for predicting OS 
(Table 2). Therefore, these collective data suggest that the expression level of NPAS2 has a good 
predictive value in the prognosis of GC patients.

Construction and evaluation of the prediction model
To obtain the best prediction model, TNM stage and metastasis were determined as independent 

http://www.r-project.org
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Table 1 Correlation between clinicopathological characteristic and NPAS2 in gastric cancer

Characteristic Low expression of NPAS2 High expression of NPAS2 P value

Number 35 66

Age, n (%) 0.599

< 60 21 (60.0) 36 (54.5)

≥ 60 14 (40.0) 30 (45.5)

Sex, n (%) 0.626

Female 7 (20.0) 16 (24.2)

Male 28 (80.0) 51 (75.8)

TNM stage, n (%) 0.001

I-II 25 (71.4) 11 (16.7)

III-IV 10 (28.6) 55 (83.3)

pT stage, n (%) 0.351

T1-T2 6 (17.1) 29 (82.9)

T3-T4 7 (10.6) 59 (89.4)

pN stage, n (%) 0.009

N0 16 (45.7) 12 (18.2)

N1-N3 19 (54.3) 54 (81.8)

Metastasis, n (%) 0.032

M0 35 (100.0) 58 (87.9)

M1 0 (0.0) 8 (12.1)

Tumor size, n (%) 0.626

< 5 15 (42.9) 25 (37.9)

≥ 5 20 (57.1) 41 (62.1)

Tumor location, n (%) 0.611

Antrum 14 (40.0) 33 (50.0)

Body 9 (25.7) 13 (19.7)

Cardia 12 (34.3) 20 (30.3)

Venous invasion, n (%) 0.012

Negative 9 (25.7) 5 (7.6)

Positive 26 (74.3) 61 (92.4)

Neural invasion, n (%) 0.736

Negative 15 (42.9) 26 (39.4)

Positive 20 (57.1) 40 (60.6)

Lymphatic invasion, n (%) 0.001

Negative 22 (62.9) 12 (18.2)

Positive 13 (37.1) 54 (81.8)

Positive lymph node, n (%) 0.001

Negative 22 (62.9) 14 (21.2)

Positive 13 (37.1) 52 (78.8)

Differentiated degree, n (%) 0.16

Poorly 27 (77.1) 58 (87.9)

Moderately and highly 8 (22.9) 8 (12.1)
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Lauren’s Classification, n (%) 0.569

Intestinal 23 (65.7) 47 (71.2)

Diffuse 12 (34.3) 19 (28.8)

pT stage: Pathological assessment of primary tumor; pN stage: Pathological assessment of regional lymph nodes; TNM: Tumor-node-metastasis.

Figure 1 Expression of NPAS2 in gastric cancer. The expression of NPAS2 in tumor tissues of gastric cancer was detected by immunohistochemical 
staining and compared with adjacent normal tissues. High expression of NPAS2 in gastric cancer and low expression in adjacent non-cancerous tissue.

prognostic factors for GC according to multivariate Cox regression analysis and combined with NAPS2 
high expression. Together, these were used as a combined prediction model for predicting OS at 1, 2, 
and 3 years after GC resection was constructed. The prediction model was visualized by nomogram 
(Figure 3). The 1-year, 2-year, and 3-year ROC curves of the Nomogram prediction model and other 
independent factors (Figure 4A) and the Time-dependent ROC curve were used to show the model's 
prediction performance (Figure 4C). The AUC of the nomogram prediction model for 1, 2, and 3 years is 
0.763, 0.800, and 0.848, respectively (Figure 4B). Additionally, the C-index of each model shows the 
prediction performance of different models (Figure 4D), and the nomogram has the best prediction 
performance with a C-index of 0.740 (95%CI: 0.713-0.767). Finally, the prediction accuracy of the 
nomogram was verified by calibration curves, and the results showed that the combined nomogram 
model's 1-year, 2-year, and 3-year survival rates based on NPAS2 were in good agreement with the 
actual survival probability (Figure 5).

Risk stratification of OS by the nomogram model
To evaluate the positive effect of the nomogram prediction model in different subgroups, we divided all 
patients into a low-risk subgroup (score < 158) and a high-risk subgroup (score ≥ 158) according to the 
median nomogram score. Our results showed that patients in the high-risk group had significantly 
lower OS than those in the low-risk group (P < 0.0001) (Figure 6).

DISCUSSION
Epidemiological studies have shown that the disruption of normal circadian rhythm may increase the 
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Table 2 Univariate and multivariate Cox analysis of clinicopathological factors associated with the overall survival of gastric cancers

Univariate analysis Multivariate analysis
Characteristics

Hazard ratio (95%CI) P value Hazard ratio (95%CI) P value

Age

< 60 1

≥ 60 1.33 (0.82-2.17) 0.25

Gender

Female 1

Male 1.13 (0.63-2.05) 0.679

TNM stage

I-II 1

III-IV 7.07 (3.47-14.41) < 0.001 3.61 (1.37-9.49) 0.009

pT stage

T1-T2 1

T3-T4 1.87 (0.81-4.35) 0.143

pN stage

N0 1

N1-N3 1.72 (1.38-2.15) < 0.001 1.66 (0.68-4.07) 0.265

Metastasis

M0 1

M1 4.85 (2.24-10.46) < 0.001 3.07 (1.33-7.1) 0.009

Tumor size

< 5 1

≥ 5 1.63 (0.97-2.72) 0.063

Tumor location

Antrum 1

Body 0.92 (0.53-1.60) 0.76

Cardia 1.13 (0.58-2.23) 0.72

Venous invasion

Negative 1

Positive 5.01 (1.57-15.98) 0.007 1.69 (0.49-5.84) 0.409

Neural invasion

Negative 1

Positive 1.73 (1.03-2.9) 0.037 1.71 (0.98-3) 0.06

Lymphatic invasion

Negative 1

Positive 3.53 (1.88-6.64) < 0.001 0.39 (0.09-1.77) 0.225

Positive lymph node

Negative

Positive 3.35 (1.82-6.18) < 0.001 2.23 (0.58-8.49) 0.241

Differentiated degree

Moderately and highly 1

Poorly 0.62 (0.29-1.30) 0.203
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Lauren’s Classification

Diffuse type 1

Intestinal type 0.97 (0.57-1.64) 0.908

0.97 (0.57-1.64)

NPAS2 expression

Low 1

High 5.13 (2.6-10.13) < 0.001 2.43 (1.15-5.13) 0.020

pT stage: Pathological assessment of primary tumor; pN stage: Pathological assessment of regional lymph nodes; TNM: Tumor-node-metastasis.

Figure 2 Kaplan–Meier curves for NPAS2 expression in gastric cancer. Gastric cancer patients with high NPAS2 expression were significantly 
associated with shorter overall survival.

risk of a variety of cancers[18], such as breast cancer[19], lung cancer[20], bladder cancer[21], prostate 
cancer[22], and liver cancer[23]. Notably, women on night shifts have a higher risk of breast cancer[19]. 
Likewise, breast cancer patients with irregular circadian rhythms have a worse prognosis because of 
changes in the expression of NPAS2 in breast cancer tissues[19]. Additionally, the disruption of 
biorhythm can promote the occurrence of lung cancer, which is a promising diagnostic marker for 
patients with lung adenocarcinoma and an independent prognostic marker for non-small cell lung 
cancer[24]. Notably, NPAS2 regulates the expression of several genes as markers of bladder cancer and 
further reduces the migration ability of bladder cancer cells[21]. The development of prostate cancer 
depends on androgen levels, and NPAS2 may interact with dihydrotestosterone, thus affecting the 
androgen receptor-dependent signaling pathway leading to prostate cancer[25]. Importantly, NPAS2 
plays a role in reprogramming glucose metabolism and the progression of liver cancer, suggesting that 
NPAS2 may be an important therapeutic target to normalize the abnormal glucose metabolism that 
leads to the advancement of HCC[23]. Furthermore, NPAS2 plays different roles in different tumors, 
which can be understood that the expression level and function of NPAS2 are tumor-specific. The exact 
molecular mechanism of the change of NPAS2 expression in GC remains unclear. Moreso, there are no 
reports on the correlation between NPAS2 expression and clinicopathological data of GC patients.
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Figure 3 Nomogram prediction of 1-, 2-and 3-year overall survival rate in patients with gastric cancer. The total points is calculated by adding up 
the points of each factor. The total points corresponds to the 1-year, 2-year and 3-year survival probability of the patients. OS: Overall survival; TNM: Tumor-node-
metastasis.

The tissue microarray results in this study showed that NPAS2 was expressed in GC and precan-
cerous tissues and was primarily located in the nucleus and cytoplasm. The results showed that the 
expression was high in 65.35% of GC tissues and low in 34.65% of GC tissues. To the best of our 
knowledge, our experimental data demonstrate the role of NPAS2 in the diagnosis and prognosis of GC 
for the first time. The survival analysis showed that the high expression of NPAS2 in GC was 
significantly correlated with the shorter OS (P < 0.001). Univariate and multivariate Cox analysis also 
showed that the high expression of NPAS2 was an independent risk factor for GC. Furthermore, the 
ROC curve shows that NPAS2 is valuable in predicting the prognosis of GC. Therefore, the expression 
level of NPAS2 in GC tissue directly affects the OS of GC patients and may be used as a tumor-
promoting factor to affect the occurrence and development of GC, which is a new prognostic biomarker. 
Various animal and in vitro studies have found that NPAS2 can regulate the expression of oncogenes 
(such as c-myc), tumor suppressor genes (such as P53 and P21), and transcription factors[26], thereby 
regulating cell cycle, apoptosis, DNA damage and repair systems, invasion, metastasis, carcinogen 
metabolism, and detoxification[27]. Notably, DNA repair maintains genetic stability and protects DNA 
from internal and external stimuli. Once human biorhythm genes are mutated (due to spontaneous 
mutations, prolonged late nights, or other environmental factors), it may lead to irreversible disorders 
and loss of DNA repair capacity[27].

The American Joint Commission on the Cancer TNM staging system is widely used to monitor the 
prognosis of patients with GC[28]. Our study analyzed the clinicopathological factors affecting OS in 
patients with GC, and our results showed that TNM stage and metastasis were independent risk factors 
for poor survival outcomes. Although the TNM stage and metastasis of GC patients have been widely 
used in the formulation of the treatment plan and the evaluation of prognosis, with the increasing 
number of GC patients, more studies and related factors are needed to evaluate the survival and 
prognosis of these patients more accurately and individually. Our study combined three independent 
risk factors of NPAS2 and TNM stage and metastasis to establish a Cox regression model for predicting 
3-year OS in patients with GC. Compared with the TNM stage alone, it has more predictive power and 
can be used as a more convenient and accurate tool to predict the prognosis of patients with GC 
following gastrectomy. Therefore, the accurate prognosis prediction by nomogram score is of great 
significance for postoperative management and diagnosis and treatment of patients.

However, we can not solve the causal relationship in this study. Therefore, further basic and clinical 
research is needed to explore these aspects. Our advantage is that this is the first study to show that the 
increased expression of NPAS2 may be related to the malignant biological behavior and poor prognosis 
of patients with GC. Of course, our research has the following noted limitations. First, the sample size of 
our study is small, and there may be selection bias. Secondly, this study is a single-center retrospective 
study, so it is necessary to conduct a multicenter prospective study to verify it further. Finally, we used 
immunohistochemical staining to detect the expression of NPAS2 in the center and periphery of each 
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Figure 4 Construction of prognostic nomogram in gastric cancer. A: NPAS2, tumor-node-metastasis (TNM) stage, metastasis, and nomogram predict 
the receiver operating characteristic (ROC) curves of 1-year, 2-year and 3-year overall survival (OS) in gastric cancer patients; B: Nomogram predict the ROC curve 
of 1-year, 2-year and 3-year OS in gastric cancer patients; C: Comparison of time-dependent ROC curves between nomogram and NPAS2; D: C-index for 
nomogram, NPAS2, TNM stage, metastasis. ROC: Receiver operating characteristic; OS: Overall survival; TNM: Tumor-node-metastasis; AUC: Area under the 
curve.

Figure 5 Nomogram calibration plots to predict 1-, 2-, and 3-year overall survival in gastric cancer patients. OS: Overall survival.

GC tissue. However, considering the heterogeneity, the expression level of NPAS2 in the sampling site 
may not represent whole tumor regions.

Based on these investigations, further exploration of the molecular mechanism and influence of 
NPAS2 in the occurrence and development of GC will help to promote its clinical application. The 
established nomogram prediction model provides a potential objective clinical prediction tool to assist 
clinicians in predicting the prognosis of GC patients and making postoperative management and 
clinical decisions.

CONCLUSION
In conclusion, our study found that high expression of NAPS2 is associated with poor prognosis of OS 
in patients with GC and is an independent risk factor for patients after radical resection of GC. We 
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Figure 6 Overall survival Kaplan-Meier curves for patients in the low- and high-risk groups.

further constructed a nomogram model by combining NAPS2 and other independent risk factors, thus 
improving the accuracy of predicting the prognosis of GC.

ARTICLE HIGHLIGHTS
Research background
The circadian clock gene NPAS2 expression is associated with multiple tumor prognosis, its role in 
gastric cancer (GC) is unknown.

Research motivation
NPAS2 can improve the accuracy of GC prognosis prediction and assist clinicians in postoperative 
patient management and decision-making.

Research objectives
This study aimed to explore the relationship between the circadian clock gene NPAS2 and the survival 
prognosis of GC patients and clarify its role in evaluating GC prognosis.

Research methods
Immunohistochemical staining was used to detect the expression of NPAS2 protein in GC and adjacent 
tissues. Univariate and multivariate Cox regression analysis was used to determine the independent 
prognostic factors of GC, and a nomogram prediction model was established. The receiver operating 
characteristic curve and area under the curve, the calibration curve, and C-index were used to evaluate 
the predictive effectiveness of the model.

Research results
The NPAS2 expression were independent prognostic factors of overall survival in GC patients for 3 
years.

Research conclusions
NPAS2 is highly expressed in GC and is closely related to worse overall survival in patients. Therefore, 
the evaluation of NPAS2 expression may be a potential marker for GC prognosis evaluation.
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Research perspectives
Based on NPAS2 expression, clinicians can predict patient prognosis and guide clinical decision making 
and follow up.
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Abstract
BACKGROUND 
The expression status of serum and glucocorticoid-induced protein kinase 3 
(SGK3) in superficial esophageal squamous cell neoplasia (ESCN) remains 
unknown.

AIM 
To evaluate the SGK3 overexpression rate in ESCN and its influence on the 
prognosis and outcomes of patients with endoscopic resection.

METHODS 
A total of 92 patients who had undergone endoscopic resection for ESCN with 
more than 8 years of follow-up were enrolled. Immunohistochemistry was used to 
evaluate SGK3 expression.

RESULTS 
SGK3 was overexpressed in 55 (59.8%) patients with ESCN. SGK3 overexpression 
showed a significant correlation with death (P = 0.031). Overall survival and 
disease-free survival rates were higher in the normal SGK3 expression group than 
in the SGK3 overexpression group (P = 0.013 and P = 0.004, respectively). Cox 
regression analysis models demonstrated that SGK3 overexpression was an 
independent predictor of poor prognosis in ESCN patients (hazard ratio 4.729; 
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95% confidence interval: 1.042-21.458).

CONCLUSION 
SGK3 overexpression was detected in the majority of patients with endoscopically resected ESCN 
and was significantly associated with shortened survival. Thus, it might be a new prognostic factor 
for ESCN.

Key Words: Superficial esophageal squamous cell neoplasia; Serum and glucocorticoid-induced protein 
kinase; Endoscopic submucosal dissection; Immunohistochemistry; Overall survival

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

Core Tip: This study demonstrated that the expression status of serum and glucocorticoid-induced protein 
kinase 3 (SGK3) was high in the majority of patients with superficial esophageal squamous cell neoplasia 
(ESCN) and that high expression of SGK3 predicts a poor prognosis. These findings provide a new 
prognostic factor for ESCN.
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INTRODUCTION
Esophageal cancer remains a leading cause of cancer-related death, and the incidence rates of 
esophageal cancer worldwide are increasing[1]. Esophageal squamous cell carcinoma (ESCC) accounts 
for the majority of esophageal cancer cases[2]. It is usually detected at an advanced stage after the 
symptoms of dysphagia appear[3]. Thus, its prognosis is the worst among digestive carcinomas[4]. 
Early detection of the malignant epithelium at an early stage followed by endoscopic resection has 
become the most effective way to improve clinical outcomes[5]. However, the prognosis of patients with 
superficial esophageal squamous cell neoplasia (ESCN) remains poor[6,7].

The serum and glucocorticoid-induced protein kinase (SGK) family consists of three isoforms (SGK1, 
SGK2 and SGK3), and they regulate a range of fundamental cellular processes, such as tumor growth, 
metastasis, autophagy and survival[8]. SGK is a ubiquitously expressed serine/threonine kinase and 
plays an active role in a multitude of pathophysiological conditions[9]. It is activated by insulin and 
growth factors via phosphatidylinositol 3-kinase (PI3K) and is frequently altered in human cancers, 
including breast cancer and hepatocellular carcinoma[10,11]. Although SGK1, SGK2 and SGK3 share a 
highly similar domain, the lack of a plasma membrane-targeting domain indicates nonoverlapping 
functions[12].

Previous studies have shown that SGK3 is expressed in all tissues tested thus far and is especially 
highly expressed in the heart and spleen[13]. Encoded by chromosome 8q12.2, SGK3 is known as a 
downstream factor of PI3K signaling and has been reported to play a pivotal role in the development 
and progression of diverse cancers[14]. Therefore, it has been regarded as a potential target for cancer 
intervention[15]. However, a minority of studies have evaluated the impact of SGK3 expression on 
clinical outcomes, and the expression of SGK3 in ESCN has not been investigated[16]. Whether SGK3 is 
associated with the prognosis of ESCN remains unknown. Herein, we assessed the SGK3 expression 
levels of patients with ESCN via immunohistochemistry (IHC) to investigate the possible role of SGK3 
as a prognostic factor.

MATERIALS AND METHODS
Patients
Patients who underwent gastrointestinal endoscopy followed by endoscopic submucosal dissection 
(ESD) between November 2009 and July 2011 at the First Medical Center of PLA General Hospital were 
included. The inclusion criteria were as follows: (1) Patients were diagnosed with primary ESCN; (2) the 
histological type of tumor was ESCN; and (3) the tumor penetrated the submucosal layer < 200 μm or 
200 μm from the muscularis mucosa. The exclusion criteria were as follows: (1) ESCN was previously 

https://www.wjgnet.com/1007-9327/full/v29/i23/3658.htm
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Figure 1 Study flow chart. ESD: Endoscopic submucosal dissection; LIN: Low-grade intraepithelial neoplasia; SM2: Penetration of the submucosal layer > 200 
μm from the muscularis mucosa; ESCN: Esophageal squamous cell neoplasia; ESCC: Esophageal squamous cell carcinoma; EP: Epithelium; SM1: Penetration of 
the submucosal layer < 200 μm or 200 μm from the muscularis mucosa; SGK3: Serum and glucocorticoid-induced protein kinase 3.

treated with surgery or chemoradiotherapy ESCN; (2) pathological evaluation post-ESD indicated 
noncurative resection; (3) patients received additional treatment immediately after ESD; and (4) 
incomplete follow-up. All follow-up data were obtained at least 8 years after the first detection of the 
tumor. Eventually, 92 patients with complete follow-up data were included in the analysis (Figure 1). 
This study was approved by the Ethics Board of the First Medical Center of PLA General Hospital 
(approval No. S2020-251-01).

ESD procedure
All procedures were performed under general anesthesia by experienced endoscopists. A single-channel 
upper gastrointestinal endoscope (GIF-Q230; Olympus, Tokyo, Japan) was used during the procedure. 
The standard ESD is described as follows: the lesions were detected on endoscopy under white light or 
narrow band imaging, lesion margins were shown by iodine staining, argon plasma coagulation (ERBE 
Elektromedizin GmbH) was used to mark 5 mm outside the boundary of the lesion, submucosal circum-
ferential injection was performed to lift the lesions, and submucosal dissection followed by a circumfer-
ential mucosal incision was performed to remove the lesion.

Pathological examination
Tissue specimens were fixed in formalin. All samples were subjected to histological analysis of differen-
tiation type, depth of invasion, and lymphovascular invasion. Lymphovascular invasion was recognized 
as any invasion using hematoxylin and eosin staining. Curative resection was defined as complete 
resection of a mucosal lesion with no lymphovascular invasion, and noncurative resection implied a 
pathologically positive margin or clinically incomplete resection.

IHC
For IHC, we used a rabbit anti-human SGK3 antibody (Roche Diagnostics Japan. Tokyo, Japan) and 4-
µm-thick sections. All sections were deparaffinized in xylene 3 times and rehydrated in a graded series 
of ethanol with decreasing concentrations. Then, we used Tris-buffered saline (pH 7.4) for rinsing. Heat-
induced epitope retrieval was conducted by immersing the slides in Coplin jars filled with 10 mmol/L 
citrate buffer (pH 6.0) and microwaving the buffer for 25 min. The jars were then cooled for 20 min. The 
reaction products were visualized with diaminobenzidine and counterstained with hematoxylin. Two 
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Figure 2 Serum and glucocorticoid-induced protein kinase 3 protein expression in superficial esophageal squamous cell neoplasia 
(magnification: × 400). A: No serum and glucocorticoid-induced protein kinase 3 (SGK3) expression in esophageal squamous cell neoplasia (ESCN) samples 
(normal for SGK3 overexpression; 0); B: Weak SGK3 expression in ESCN samples (normal for SGK3 overexpression; 1+); C: Moderate SGK3 expression in ESCN 
samples (positive for SGK3 overexpression; 2+); D: Strong SGK3 expression in ESCN samples (positive for SGK3 overexpression; 3+).

experienced pathologists independently judged the immunostaining intensity. The staining intensity 
was graded based on the American Society of Clinical Oncology/College of American Pathology 
guidelines[17]. The criteria were as follows: 0 = no nuclear staining in tumor cells; 1+ = weak (staining in 
less than 10% of cells); 2+ = intense complete staining (up to 30% of tumor cells); and 3+ = uniform 
intense staining (more than 30% of tumor cells). The expression status of SGK3 was classified into 2 
groups: normal (0 and 1+) and overexpression (2+ and 3+) (Figure 2).

Clinicopathologic parameters and definitions
In each case, clinicopathologic parameters were retrospectively obtained from the pathological results of 
our hospital. Basic clinical parameters included age, sex, smoking history and family history of cancer. 
The longest diameter of the lesion in the specimen was defined as the tumor size. Tumor location was 
categorized as upper thoracic, middle thoracic and lower thoracic. Based on the histological outcome, 
tumors were characterized into low-grade intraepithelial neoplasia, high-grade intraepithelial neoplasia, 
well-differentiated squamous cell carcinoma, intermediate differentiated squamous cell carcinoma, and 
poorly differentiated squamous cell carcinoma. The T stage of the tumor was categorized based on the 
11th Japanese classification of esophageal cancer[18]. Tumors limited to the epithelium and tumors that 
invaded into the submucosa ≤ 200 or > 200 μm from the muscularis mucosae were classified as EP, 
submucosa 1 (SM1) or submucosa 2 (SM2), respectively. The two recurrence patterns, metachronous 
recurrence and metastatic recurrence, were both included in this study, and tumor recurrence was 
identified using endoscopy and histological biopsy. Tumor recurrence was defined as an ESCN or 
cancerous lesion detected on the esophagus during the follow-up period. Lymph node or distant 
metastasis was evaluated by contrast-enhanced computed tomography scan or magnetic resonance 
imaging and verified via histological examination of the biopsy.

Prognostic outcomes
The follow-up of patient survival status and cancer recurrence was completed in July 2022. Prognostic 
outcomes were obtained by calling patients themselves or asking the family members for the recorded 
death certificate of the patients. Two main variables were assessed: Overall survival (OS) and disease-
free survival (DFS). OS was defined as the time that elapsed from the date of endoscopic treatment to 
the date of death from any cause. DFS was defined as the duration between the endoscopic treatment 
and any disease recurrence or any cause of death, whichever occurred first.



Xu N et al. SGK3 overexpression correlates with poor prognosis

WJG https://www.wjgnet.com 3662 June 21, 2023 Volume 29 Issue 23

Statistical analysis
Continuous variables are expressed as the mean ± SD or median (interquartile range) and were 
compared using Student’s t test. Categorical variables are expressed as percentages and were compared 
using the chi-square test or Fisher’s exact test. Multivariate Cox regression was used to further analyze 
the relationship between SGK3 overexpression and clinical outcomes, and the covariates were screened 
using stepwise regression. The extended-model method was used to conduct covariate correction: 
Model 1 was corrected based on SGK3 expression status; Model 2 = model 1 + (age and gender); Model 
3 = model 2 + (smoking history + family history of cancer); and Model 4 = model 3 + (tumor location + 
tumor size + T stage + differentiated types). Multicollinearity was tested using the variance inflation 
factor (VIF) method, and a VIF ≥ 10 was considered to indicate severe multicollinearity. Kaplan-Meier 
analysis was used to establish the survival curves based on each prognostic outcome. Survival curves 
were graphed using GraphPad Prism 8. A P value < 0.05 in the two-tailed tests was considered to 
indicate statistical significance. All statistical analyses were performed using SPSS 26.0 (SPSS, Inc., 
Chicago, IL, United States).

RESULTS
Baseline characteristics of patients with ESCN
A total of 92 patients aged 43 to 80 years were finally included in our study. Table 1 lists the baseline 
characteristics of the normal SGK3 expression group and the SGK3 overexpression group. The normal 
SGK3 expression group included 37 patients and consisted of 27 males and 10 females. There were 55 
patients (36 males and 19 females) in the SGK3 overexpression group. No significant differences were 
observed in the baseline indicators (age, sex, tumor location, tumor size, T stage, differentiated types, 
smoking history, lymphovascular infiltration and family history of cancer) between the normal 
expression and overexpression groups.

Prognostic outcomes
Table 2 summarizes the prognostic outcomes in each group. Tumor recurrence occurred in 10 patients. 
Of these patients, 2 (5.4%) were in the normal SGK3 expression group, and 8 (14.5%) were in the SGK3 
overexpression group. Metastasis was detected in only 1 patient in the normal SGK3 expression group 
during the follow-up period. No significant associations were observed between SGK3 expression and 
tumor recurrence and metastasis. Death occurred in 3 (8.1%) patients in the normal SGK3 expression 
group and 15 (27.3%) patients in the SGK3 overexpression group. A significant correlation was observed 
between SGK3 expression status and death (P = 0.031).

SGK3 expression is related to prognostic outcomes
To evaluate the association between SGK3 overexpression and OS, a multivariate Cox regression model 
was performed (Table 3): Model 1 [hazard ratio (HR) 4.243; 95% confidence interval (CI): 1.219-14.773], 
Model 2 (HR 3.648; 95%CI: 1.030-12.917), Model 3 (HR 3.637; 95%CI: 1.028-12.866), and Model 4 (HR 
4.729; 95%CI: 1.042-21.458). The P value of all four models was less than 0.05. The results of the multicol-
linearity test showed an average VIF of 1.525 (all VIF < 10). Figure 3 show the Kaplan-Meier curves of 
the relationship between SGK3 expression status and OS and DFS, respectively. The OS and DFS rates 
of patients were higher in the normal SGK3 expression group than in the SGK3 overexpression group 
during the follow-up period (P = 0.013 and P = 0.004, respectively).

DISCUSSION
The SGK family is widely dysregulated in numerous human cancers and plays a vital role in tumor 
development and progression[19]. Among the three members of this family, SGK1 has been well 
researched, and its correlation with clinical outcomes has been reported in some cancers[20]. It has been 
suggested that low SGK1 expression in some tumors might induce feedback inhibition by activating the 
AKT pathway and might result in high SGK3 expression[21]. However, due to the later detection of 
SGK3, its relationship with tumors or other diseases has been revealed in only a few studies[22,23]. For 
instance, SGK3, as a novel regulator of renal phosphate transport, is associated with autosomal 
dominant hypophosphatemic rickets[24,25]. Its relationship with the clinical prognosis of tumors has 
rarely been reported thus far.

SGK3 exhibits structural and sequence similarity to the AKT family[26]. Its activation is mediated by 
the PI3K pathway and requires phosphorylation at two regulatory sites, Thr-320 and Ser-486[27]. 
Deletion of Thr-320 of SGK3 or disruption of the SGK3 protein tertiary structure yields nonfunctional 
proteins. To our knowledge, the SGK3 expression status of ESCN has not been illustrated. Our analysis 
of the expression of SGK3 in 92 ESCN tissues identified the expression status of SGK3 in ESCN tissues. 
Among the 92 tissue samples, the overexpression rate of SGK3 was close to 60%, confirming its high 
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Table 1 Basic characteristics according to serum and glucocorticoid-induced protein kinase 3 expression status

Characteristics SGK3 normal, n = 37 SGK3 overexpression, n = 55 P value

Age (yr, mean ± SD) 58.73 ± 6.81 61.21 ± 8.05 0.118

Sex (male), n (%) 27 (73.0) 36 (65.5) 0.447

Tumor location, n (%)1 0.560

    Upper esophagus 4 (10.8) 7 (12.7)

    Middle esophagus 14 (37.8) 26 (47.)

    Lower esophagus 19 (51.4) 22 (40.0)

Tumor size (cm, mean ± SD) 3.16 ± 1.94 3.30 ± 1.89 0.742

Tumor stage, n (%) 0.720

    Tis 25 (67.6) 38 (69.1)

    T1a 6 (16.2) 11 (20.0)

    T1b 6 (16.2) 6 (10.9)

Differentiated types1, n (%) 0.487

    HIN 25 (67.6) 39 (70.9)

    Well-differentiation 7 (18.9) 13 (23.6)

    Intermediate differentiation 2 (5.4) 2 (3.6)

    Poor differentiation 3 (8.1) 1 (1.8)

Smoking history, n (%) 0.313

    Yes 10 (27.0) 10 (18.2)

    No 27 (73.0) 45 (81.8)

Lymphovascular infiltration, n (%)1 0.402

    Present 1 (2.7) 0 (0)

    Absent 36 (97.3) 55 (100)

Family history of cancer1, n (%) 0.698

    Yes 2 (5.4) 5 (9.1)

    No 35 (94.6) 50 (90.9)

1Tested by Fisher exact test.
SGK3: Serum and glucocorticoid-induced protein kinase 3; HIN: High-grade intraepithelial neoplasia.

Figure 3 Kaplan-Meier curves for overall survival and disease-free survival. A: Overall survival; B: Disease-free survival.
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Table 2 Prognosis outcomes in the serum and glucocorticoid-induced protein kinase 3 normal and overexpression groups

Prognosis factors, n (%) SGK3 normal, n = 37 SGK3 overexpression, n = 55 P value

Tumor recurrence1, n (%) 0.306

    Present 2 (5.4) 8 (14.5)

    Absent 35 (94.6) 47 (85.5)

Metastasis1, n (%) 0.402

    Present 1 (2.7) 0 (0)

    Absent 36 (97.3) 55 (100)

Death1, n (%) 0.031

    Yes 3 (8.1) 15 (27.3)

    No 34 (91.9) 40 (72.7)

1Tested by Fisher exact test.
SGK3: Serum and glucocorticoid-induced protein kinase 3.

Table 3 Hazard ratio (95% confidence interval) for all-cause mortality between serum and glucocorticoid-induced protein kinase 3 
normal and serum and glucocorticoid-induced protein kinase 3 overexpression

Model HR (95%CI) P value

Model 1 4.243 (1.219-14.773) 0.023

Model 2 3.648 (1.030-12.917) 0.045

Model 3 3.637 (1.028-12.866) 0.045

Model 4 4.729 (1.042-21.458) 0.044

Adjusted covariates: Model 1 = serum and glucocorticoid-induced protein kinase 3; Model 2 = model 1 + (age + sex); Model 3 = model 2 + (smoking history 
+ family history of cancer); Model 4 = model 3 + (tumor location + tumor size + T stage + differentiated types). HR: Hazard ratio; CI: Confidence interval.

expression in esophageal neoplasia tissues. However, the defined functions of SGK3 in the growth or 
progression of ESCN have not been clarified.

ESCC is the most common pathological type of esophageal cancer and has a high incidence in some 
districts of China. It is difficult to detect at the early stage because its symptoms are insidious, and the 
majority of patients seek medical help when advanced symptoms of significant dysphagia occur. As a 
consequence, the traditional treatment of ESCN is mainly based on a combination of open surgery and 
chemotherapy/radiotherapy. Progress in imaging modalities and multidisciplinary comprehensive 
treatment has improved early diagnosis and clinical outcomes, respectively. However, the 5-year 
survival rate for ESCC is still lower than 30% because of its invasiveness and metastatic ability[28,29]. 
Recently, the development of endoscopy techniques has transformed the early diagnosis and treatment 
of diseases of the entire digestive system. In particular, the introduction of amplification techniques and 
narrow band imaging enables endoscopists to detect neoplasia at an early stage or in an asymptomatic 
period. In addition, the minimally invasive removal of lesions by ESD improves the clinical prognosis 
and even the quality of life. Although the 5-year survival rate of patients who undergo ESD is higher 
than that of patients who undergo open surgery, death caused by tumor recurrence or other reasons still 
occurs in some patients during the follow-up period[30]. This research focused on further exploration of 
ways to improve the survival rates of these patients.

The integration of small datasets in the present study demonstrated the high expression level of SGK3 
in ESCN, as well as a significant relationship between its overexpression and OS. Furthermore, the 4 
regression models showed that after adjusting for confounding factors, only the expression status of 
SGK3 was significantly associated with increased mortality. All these results indicate that the overex-
pression of SGK3 is correlated with the occurrence of death in ESCN patients. However, the influence of 
SGK3 on the occurrence and development of ESCN or cell cycle pathways has not yet been determined. 
Based on the results of our study, we speculate that SGK3 can be used as a prognostic indicator to assist 
in the outcome assessment of ESCN patients.

At present, follow-up of post-ESD patients with ESCN is generally performed via endoscopy as well 
as biopsy. The application of a standard follow-up method might aid endoscopists in identifying tumor 
recurrence in time, but this is only effective when endoscopists can detect the recurrence of cancerous 
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lesions followed by accurate biopsy sampling. Otherwise, no further action could be taken to intervene. 
As the overexpression of SGK3 is an independent factor in prognosis, IHC staining of SGK3 could be 
used to identify the population with a high mortality risk. Thus, active measures, including shortening 
the follow-up intervals and using moderate radiotherapy or chemotherapy, can be taken to improve 
survival.

However, our current study has several limitations. First, the sample size of our study was small, and 
all the included patients came from one hospital. Thus, these results need to be validated by expanding 
the sample size and performing a multicenter study. Second, this was a retrospective study. Therefore, 
we could not collect information without data bias. Thus, a prospective study, similar to this study, is 
needed in the future to verify the relationship between SGK3 overexpression and mortality.

CONCLUSION
In conclusion, SGK3 overexpression is significantly correlated with shortened survival in patients with 
endoscopic resection of superficial ESCN, and SGK3 might be a useful indicator for prognosis 
evaluation. Further studies are warranted to determine its mechanisms of action in the growth or 
progression of ESCN.

ARTICLE HIGHLIGHTS
Research background
Serum and glucocorticoid-induced protein kinase 3 (SGK3) regulate a range of fundamental cellular 
processes, such as tumor growth, metastasis, autophagy and survival, but SGK3 expression levels in 
patients with esophageal squamous cell neoplasia (ESCN) and their relationship with the prognosis of 
ESCN remain unknown.

Research motivation
SGK3 expression levels in patients with ESCN were assessed by immunohistochemistry to investigate 
the possible role of SGK3 as a prognostic factor.

Research objectives
Ninety-two patients who underwent gastrointestinal endoscopy followed by endoscopic submucosal 
dissection with complete follow-up data between November 2009 and July 2011 were included.

Research methods
A total of 92 patients who had undergone endoscopic resection for ESCN with more than 8 years of 
follow-up were enrolled. Immunohistochemistry was used to evaluate SGK3 expression.

Research results
Death occurred in 3 (8.1%) patients in the normal SGK3 expression group and 15 (27.3%) patients in the 
SGK3 overexpression group. A significant correlation was observed between SGK3 status and death (P 
= 0.031). The overall survival and disease-free survival rates of patients were higher in the normal SGK3 
expression group than in the SGK3 overexpression group during the follow-up period.

Research conclusions
All these results indicate that the overexpression of SGK3 is correlated with the occurrence of death in 
ESCN patients and that SGK3 might be a useful indicator for prognosis evaluation.

Research perspectives
The sample size of this study was small, and the subjects both came from one hospital. Thus, the results 
need to be validated by expanding the sample size and performing a multicenter study. A prospective 
study, similar to this study, is needed in the future to verify the relationship between SGK3 overex-
pression and mortality.
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Abstract
BACKGROUND 
Endoscopic resection (ER) with bipolar snare, in which the electric current only 
passes through the tissue between the device’s two electrodes, is a prominent 
method used to prevent perforation due to electricity potentially. ER using bipolar 
snare with or without submucosal injection enabled safe resection of colorectal 
lesions measuring 10–15 mm in an ex vivo porcine model. ER with bipolar snare is 
expected to have good treatment outcomes in 10–15 mm colorectal lesions, with 
high safety even without submucosal injection. However, no clinical reports have 
compared treatment outcomes with and without submucosal injection.

AIM 
To compare the treatment outcomes of bipolar polypectomy with hot snare 
polypectomy (HSP) to those with endoscopic mucosal resection (EMR).

METHODS 
In this single-centre retrospective study, we enrolled 10–15 mm nonpedunculated 
colorectal lesions (565 Lesions in 463 patients) diagnosed as type 2A based on the 
Japan Narrow-band Imaging Expert Team classification, resected by either HSP or 
EMR between January 2018 and June 2021 at the National Cancer Center Hospital 
East. Lesions were divided into HSP and EMR groups, and propensity score 
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https://dx.doi.org/10.3748/wjg.v29.i23.3668
mailto:tatmuran@east.ncc.go.jp


Minakata N et al. Treatment outcome of bipolar polypectomy

WJG https://www.wjgnet.com 3669 June 21, 2023 Volume 29 Issue 23

matching was performed. In the matched cohort, en bloc and R0 resection rates and adverse events 
were compared between the two groups.

RESULTS 
Of the 565 lesions in 463 patients, 117 lesions each in the HSP and EMR groups were selected after 
propensity score matching. In the original cohort, there was a significant difference in antith-
rombotic drug use (P < 0.05), lesion size (P < 0.01), location (P < 0.01), and macroscopic type (P < 
0.05) between the HSP and EMR groups. In the matched cohort, the en bloc resection rates were 
comparable between both groups [93.2% (109/117) vs 92.3% (108/117), P = 0.81], and there was no 
significant difference in the R0 resection rate [77.8% (91/117) vs 80.3% (94/117), P = 0.64]. The 
incidence of delayed bleeding was similar in both groups [1.7% (2/117)]. Perforation occurred in 
the EMR group [0.9% (1/117)] but not in the HSP group.

CONCLUSION 
Using bipolar snare, ER of nonpedunculated 10–15 mm colorectal lesions may be performed safely 
and effectively, even without submucosal injection.

Key Words: Adenoma; Cohort studies; Colonoscopy; Colorectal cancer; Endoscopic mucosal resection; 
Treatment outcome

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

Core Tip: This study is the first to compare treatment outcomes between hot snare polypectomy (HSP) and 
endoscopic mucosal resection (EMR) using a bipolar snare for nonpedunculated colorectal lesions 
measuring 10–15 mm. First, there was no significant difference in en bloc and R0 resection rates between 
the HSP and EMR groups. Second, the incidence of adverse events was similar in both groups, but 
perforation occurred only in the EMR group. These results suggest that comparable treatment efficiency 
and safety may be obtained even without submucosal injection when resecting nonpedunculated colorectal 
lesions measuring 10–15 mm using a bipolar snare.

Citation: Minakata N, Murano T, Wakabayashi M, Sasabe M, Watanabe T, Mitsui T, Yamashita H, Inaba A, 
Sunakawa H, Nakajo K, Kadota T, Shinmura K, Ikematsu H, Yano T. Hot snare polypectomy vs endoscopic 
mucosal resection using bipolar snare for intermediate size colorectal lesions: Propensity score matching. World J 
Gastroenterol 2023; 29(23): 3668-3677
URL: https://www.wjgnet.com/1007-9327/full/v29/i23/3668.htm
DOI: https://dx.doi.org/10.3748/wjg.v29.i23.3668

INTRODUCTION
Colorectal cancer (CRC) is the leading cause of morbidity and mortality worldwide[1]. Detection and 
resection of colorectal lesions via colonoscopy reduce CRC-related mortality[2,3]. However, complic-
ations associated with endoscopic resection (ER), such as post-procedural bleeding and perforation, are 
concerning[4,5]. Perforation, although infrequent, is the most serious complication that may result in 
hospitalization, stoma formation, and mortality[6]. Various devices and techniques related to ER have 
been developed to reduce the risk of complications.

ER using a bipolar snare, wherein the electric current only passes through the tissue between the two 
electrodes of the device, may potentially prevent perforation due to electricity. Apart from reducing 
electric damage to tissues, using a bipolar snare does not require a counter electrode, carries a lower risk 
of burns, and can be used even when a metal, such as a pacemaker, is present inside the patient’s body
[7]. In an ex vivo porcine model, using a bipolar snare for intramucosal lesions measuring 10–15 mm did 
not cause thermal damage to the muscularis propria. However, perforation occurred with a monopolar 
snare. Furthermore, thermal damage to the muscularis propria was not observed in bipolar 
polypectomy, regardless of whether a submucosal injection was performed before resection[8].

An ER with a bipolar snare for 10–15 mm colorectal lesions could result in favourable outcomes even 
without submucosal injection. However, no reports have compared bipolar polypectomy with and 
without submucosal injection in clinical practice. Hence, using a bipolar snare for colorectal lesions 
measuring 10–15 mm, this study aimed to compare the safety and efficiency of hot snare polypectomy 
(HSP), which involves resection without submucosal injection, to those of endoscopic mucosal resection 
(EMR), which involves resection with submucosal injection.

https://www.wjgnet.com/1007-9327/full/v29/i23/3668.htm
https://dx.doi.org/10.3748/wjg.v29.i23.3668
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MATERIALS AND METHODS
Patients
We retrospectively enrolled 10–15-mm nonpedunculated colorectal lesions diagnosed as type 2A based 
on the Japan Narrow-band Imaging Expert Team (JNET) classification, resected by either HSP or EMR 
using a bipolar snare between January 2018 and June 2021 at the National Cancer Center Hospital East. 
The exclusion criteria were: (1) History of inflammatory bowel disease and familial adenomatous 
polyposis; (2) Pedunculated type lesions; (3) Residual lesions after previous ER; and (4) Lesions patholo-
gically diagnosed as inflammatory or hyperplastic polyps.

HSP and EMR
Before the colonoscopy, a polyethylene glycol electrolyte solution with ascorbic acid (MobiPrep, EA 
Pharma, Tokyo, Japan) or magnesium citrate (Magcorol P, Horii Pharmaceutical Industries, Osaka, 
Japan) was administered to all patients according to the manufacturer’s instructions. The examinations 
were performed using a magnifying endoscope (PCF-H290ZI, CF-HQ290, CF-H290ECI, CF-EZ1500DI, 
CF-XZ1200I colonoscope, Olympus, Tokyo, Japan; EC-L590ZP, EC-L600ZP, Fujifilm Co., Tokyo, Japan), 
light source, and video processor (EVIS LUCERAELITE, EVIS X1, Olympus; LASEREO, Fujifilm Co.).

All procedures were performed by either four experts (≥ 2000 colonoscopies performed) or 18 
nonexperts (< 2000 colonoscopies performed) endoscopists. The treatment choice (HSP or EMR) was at 
the endoscopist’s discretion. For EMR, a submucosal injection was performed using saline solution 
alone or combined with sodium hyaluronate acid. A bipolar snare (Dragonare® Xemex Co. Ltd., Tokyo, 
Japan) was used in both HSP and EMR. An electrosurgery generator unit (ICC200, VIO300D, VIO3; 
ERBE Elektromedizin GmbH Co. Ltd., Tubingen, Germany; ESG100, Olympus) was used for all ERs. 
The cutting mode in the forced coagulation mode was used for resection. Subsequently, resection 
margins were evaluated endoscopically to confirm the absence of remnants. Prophylactic clipping after 
resection was performed at the endoscopist’s discretion. Resected lesions were retrieved by suctioning 
through the endoscope into a trap, using pentapod-type grasping forceps or a retrieval net. The 
endocopists recorded the size, location, and macroscopic type of the lesions, diagnosis according to the 
JNET classification, and en bloc or piecemeal resection. The location was recorded as right colon if the 
lesion was in the caecum, ascending, or transverse colon, and as left colon if it was in the descending or 
sigmoid colon. Once removed, the lesions were fixed in formalin, embedded in paraffin, sectioned into 
2–3 mm slices, stained with hematoxylin-eosin, and evaluated by two experienced pathologists blinded 
to the patient’s clinical information. Pathological results were described according to World Health 
Organization criteria[9].

Outcomes
Study outcomes were en bloc and R0 resection rates, and adverse events, including delayed bleeding and 
perforation. En bloc resection was defined as ER with the entire lesion resected in a single piece. Upon 
histological evaluation of the horizontal and vertical margins of specimens, R0 resection was defined as 
negative margins both horizontally and vertically; RX resection, as unclear resection margins either 
horizontally or vertically; and R1 resection, as positive resection margins either horizontally or vertically
[10]. Delayed bleeding was defined as haemorrhage requiring endoscopic intervention within 2 wk after 
polypectomy. Perforation was defined as any organ or fat outside the muscularis layer visualized on 
endoscopy during the procedure or free air observed on computed tomography after the procedure. For 
subgroup analysis, the R0 resection rate according to each clinical characteristic related to lesions was 
assessed.

Ethical considerations
This was a single-centre retrospective study, and the protocol was approved by the Institutional Review 
Board of the National Cancer Center (2017-434). All data were collected from the medical records. All 
procedures were performed after written informed consent was obtained.

Statistical analysis
Propensity score matching was applied at a 1:1 HSP-to-EMR ratio using greedy matching with a calliper 
width of 0.20 of the standard deviation of the logit transformation for the estimated propensity score[11,
12]. The propensity score was estimated using the multivariate logistic regression model, which 
included the following: age (continuous), sex (male/female), antithrombotic drug use (no/yes), size 
(continuous), location (right-sided colon/Left-sided colon/rectum), macroscopic type (0-Is/0-Isp/0-IIa), 
and endoscopist experience (expert/nonexpert) as explanatory variables without considering outcome 
variables. To evaluate the balance of patient characteristics between the HSP and EMR groups, we 
calculated standardized differences and created histograms and box plots. The chi-square and 
Mann–Whitney U tests were used to compare patient characteristics between groups. For treatment 
outcomes, univariable analyses were performed using the χ2 test in all enrolled lesions and the 
McNemar test in pair-matched lesions. All P values were two-sided with a significance level of 0.05. All 
statistical analyses were performed using EZR (Saitama Medical Center, Jichi Medical University, 
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Saitama, Japan) and SAS (version 9.4) graphical user interface for R 4.1.0 (R Foundation for Statistical 
Computing, Vienna, Austria). EZR is a modified version of R commander (version 2.7-0), designed to 
add statistical functions frequently used in biostatistics[13]. The statistical methods of this study were 
reviewed by Masashi Wakabayashi from the Biostatistics Division of Center for Research Adminis-
tration and Support at National Cancer Center.

RESULTS
Background characteristics of patients
Of the 711 consecutive lesions in 602 patients, 463 patients were enrolled, and 565 Lesions in them were 
analysed in the present study. Of the 565 Lesions, 440 in 346 patients were resected via HSP; 125 in 117 
patients were resected via EMR. A flowchart of patient enrolment is shown in Figure 1. Patient charac-
teristics before and after propensity score matching are shown in Table 1. There was a significant 
difference in antithrombotic drug use (P < 0.05), lesion size (P < 0.01), location (P < 0.01), and 
macroscopic type (P < 0.05) between the HSP and EMR groups in the original cohort. After propensity 
score matching, 117/440 Lesions in the HSP group and 117/125 in the EMR group were selected. Nearly 
all baseline characteristics were balanced (Table 1; standardized differences < 0.1 between HSP and 
EMR).

En bloc and R0 resection rates
In the original cohort, the en bloc and R0 resection rates between the HSP and EMR groups were similar 
[94.8% (417/440) vs 92.8% (116/125), P = 0.40; 81.6% (359/440) vs 80.8% (101/125), P = 0.84, respectively] 
(Table 2). In the propensity score-matched cohort, the en bloc resection rate remained similar between 
the HSP and EMR groups [93.2% (109/117) vs 92.3% (108/117), P = 0.81]. Furthermore, there was no 
significant difference between the HSP and EMR groups in the R0 resection rate [77.8% (91/117) vs 
80.3% (94/117), P = 0.64] (Table 2). All patients who underwent RX/R1 resection were classified as 
HMX/HM1, and there were no patients with VMX/VM1. There was no significant difference in the R0 
resection rate between the HSP and EMR groups according to size, macroscopic type, and endoscopist 
experience. However, in terms of rectal location, the R0 resection rate was significantly higher in the 
EMR group than in the HSP group [75.0% (18/24) vs 100% (22/22), P = 0.022] (Table 3).

Adverse events
In the original cohort, there was no significant difference in the incidence of delayed bleeding between 
the HSP and EMR groups [1.1% (5/440) vs 1.7% (2/125), P = 0.68]. Perforation occurred in the EMR 
group [0.9% (1/125); P = 0.060] but not in the HSP group (Table 2). In the propensity score-matched 
cohort, the incidence of delayed bleeding was similar in both groups [1.7% (2/117)]. Perforation 
occurred in the EMR group [0.9% (1/117)] but not in the HSP group. One case of perforation in the EMR 
group occurred intraoperatively.

DISCUSSION
This study is the first to compare treatment outcomes between HSP and EMR using a bipolar snare for 
nonpedunculated colorectal lesions measuring 10–15 mm in clinical practice. Two important results 
were obtained in this study. First, there was no significant difference in en bloc and R0 resection rates 
between the HSP and EMR groups. Second, the incidence of adverse events was similar in both groups; 
however, perforation occurred only in the EMR group. These results suggest that comparable treatment 
efficiency and safety may be obtained when resecting nonpedunculated colorectal lesions measuring 
10–15 mm using a bipolar snare and even without submucosal injection.

Several ER methods have been widely adopted for colorectal lesions, including cold snare 
polypectomy (CSP), HSP, and EMR. The European Society of Gastrointestinal Endoscopy clinical 
guidelines proposed selecting ER methods according to the size and macroscopic type of lesions. For 
nonpedunculated lesions, CSP is recommended for lesions ≤ 9 mm, HSP or EMR for lesions 10–19 mm, 
and EMR or piecemeal EMR for lesions ≥ 20 mm[14,15]. For HSP and EMR, electrosurgical resection 
with a monopolar snare is generally performed. However, there is a risk of thermal damage because 
high-frequency current derived from the monopolar snare flows to the patient’s plate through the deep 
part of the patient’s living tissue[7]. In fact, in treatment outcomes of ER using a monopolar snare, 
perforation occurs in approximately 1.3%–2.8% of cases[16,17]. Therefore, when using a monopolar 
snare during ER for 10–19 mm colorectal lesions, EMR is recommended instead of HSP as it can reduce 
the risk of deep thermal damage[14].

We recently reported on endoscopic procedures using either a monopolar or bipolar snare in an ex 
vivo porcine model[8]. When 10–15-mm lesions were resected by HSP, the muscularis propria was 
thermally damaged when a monopolar snare was used but not when a bipolar snare was used. 
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Table 1 Patient and lesion characteristics

Original cohort Propensity score-matched cohort

HSP EMR P value Standardized 
difference HSP EMR P value Standardized 

difference

No. of lesions 440 125 117 117

Age (yr), mean ± SD 
(range)

69.7 ± 9.47 
(36–90)

69.8 ± 8.36 
(46–89)

0.53 0.013 69.5 ± 8.34 
(43–85)

70.1 ± 8.78 
(46–89)

0.67 0.072

Sex, n (%) 0.83 0.022 1.00 0

Male 328 (74.6) 92 (73.6) 87 (74.4) 87 (74.4)

Female 112 (25.5) 33 (26.4) 30 (25.6) 30 (25.6)

Antithrombotic drugs 
use, n (%)

0.031 0.21 0.87 0.021

Yes 66 (15.0) 29 (23.2) 25 (21.4) 26 (22.2)

No 374 (85.0) 96 (76.8) 92 (78.6) 91 (77.8)

Size (mm), mean ± SD 
(range)

11.2 ± 1.76 
(10–15)

12.7 ± 2.02 
(10–15)

< 0.01 0.77 12.4 ± 2.08 
(10–15)

12.5 ± 2.01 
(10–15)

0.72 0.054

Location, n (%) < 0.01 0.38 0.94 0.054

Right-sided colon 240 (54.6) 63 (50.4) 61 (52.1) 63 (53.9)

Left-sided colon 155 (35.2) 36 (28.8) 32 (27.4) 32 (27.4)

Rectum 45 (10.2) 26 (20.8) 24 (20.5) 22 (18.8)

Histological findings, 
n (%)

0.087 0.26 0.081 0.23

SSL 5 (1.1) 0 (0) 3 (2.6) 0 (0)

LGD/HGD 434 (98.6) 123 (98.4) 114 (97.4) 117 (100)

T1a/T1b 1 (0.2) 2 (1.6) 0 (0) 0 (0)

Macroscopic type, n 
(%)

0.011 0.3 0.79 0.034

Type 0–Is, 0–Isp 176 (40.0) 66 (52.8) 62 (53.0) 60 (51.3)

Type 0–IIa 264 (60.0) 59 (47.2) 55 (47.0) 57 (48.7)

Endoscopist, n (%) 0.053 0.2 0.51 0.086

Expert 186 (42.3) 65 (52.0) 63 (53.9) 58 (49.6)

Non-expert 254 (57.7) 60 (48.0) 54 (46.2) 59 (50.4)

HSP: Hot snare polypectomy; EMR: Endoscopic mucosal resection; right-sided colon: Caecum to transverse colon; left-sided colon: Descending colon to 
sigmoid colon; SSL: Sessile serrated lesion; LGD: Low-grade dysplasia; HGD: High-grade dysplasia; T1a: Shallow submucosal invasive cancer; T1b: Deep 
submucosal invasive cancer; SD: Standard deviation.

Therefore, greater safety can be expected even without submucosal injection when a bipolar snare is 
used. However, no studies compared the safety and effectivity between HSP and EMR using a bipolar 
snare in clinical practice. This study revealed that HSP had a similar complication rate as EMR when a 
bipolar snare was used for 10–15-mm nonpedunculated colorectal lesions. Notably, perforation did not 
occur following HSP, suggesting a better safety profile when using a bipolar snare over a monopolar 
snare. The delayed bleeding rate was also reported to be 1.4%–3.1% for EMR[16,17] and 5.3% for HSP
[18] when a monopolar snare was used. However, in this study, the delayed bleeding rate for both HSP 
and EMR when a bipolar snare was used was 1.7%, which is relatively lower than previously reported 
values. Saraya et al[19] also reported that HSP and EMR using a bipolar snare had a similar or lower risk 
of delayed bleeding and perforation than EMR using a monopolar snare[19]. Although the present 
study had a small number of cases, HSP did not cause perforation and resulted in less delayed bleeding, 
suggesting that HSP using a bipolar snare might be an option that results in fewer complications than 
EMR using a monopolar or bipolar snare.

For ER of medium-sized lesions ≥ 10 mm, determining whether en bloc or R0 resection is possible is 
important for ER method selection. Piecemeal ER and RX/R1 resection are known risk factors for local 
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Table 2 Comparison of outcomes between the hot snare polypectomy and endoscopic mucosal resection groups

Original cohort Propensity score-matched cohort

HSP EMR P value HSP EMR P value

No. of lesions 440 125 117 117

En bloc resection, n, % 
(95%CI)

417, 94.8 (92.3-96.7) 116, 92.8 (86.8-96.7) 0.4 109, 93.2 (87.0-97.0) 108, 92.3 (85.9-96.4) 0.81

Piecemeal resection, n, % 
(95%CI)

23, 5.2 (3.3-7.7) 9, 7.2 (3.3-13.2) 8, 6.8 (3.0-13.0) 9, 7.7 (3.6-14.1)

R0 resection, n, % (95%CI) 359, 81.6 (77.6-85.1) 101, 80.8 (72.8-87.3) 0.84 91, 77.8 (69.2-84.9) 94, 80.3 (72.0-87.1) 0.64

RX/R1 resection, n, % 
(95%CI)

81, 18.4 (14.9-22.4) 24, 19.2 (12.7-27.2) 26, 22.2 (15.1-30.8) 23, 19.7 (12.9-28.0)

Delayed bleeding, n, % 
(95%CI)

5, 1.1 (0.4-2.6) 2, 1.6 (0.2-5.7) 0.68 2, 1.7 (0.2-6.0) 2, 1.7 (0.2-6.0) 1.00

Perforation, n, % (95%CI) 0, 0 (0-0.8) 1, 0.8 (0.0-4.4) 0.06 0, 0 (0-3.1) 1, 0.9 (0-4.7) N/A

HSP: Hot snare polypectomy; EMR: Endoscopic mucosal resection; R0: Negative margin both horizontally and vertically; RX: Unclear resection margin 
either horizontally or vertically; R1: Positive resection margin either horizontally or vertically; CI: Confidence interval; N/A: Not applicable.

Table 3 Comparison of negative margin both horizontally and vertically resection rates between the hot snare polypectomy group and 
endoscopic mucosal resection groups

R0 resection rate, %, n/n (95%CI)

HSP EMR P value

Total 77.8, 91/117 (69.2-84.9) 80.3, 94/117 (72.0-87.1)

Size

10–12 mm 77.9, 53/68 (66.2-87.1) 82.9, 58/70 (72.0-90.8) 0.52

13–15 mm 77.6, 38/49 (63.4-88.2) 76.6, 36/47 (62.0-87.7) 1.00

Macroscopic type

Type 0-Is, 0-Isp 77.4, 48/62 (65.0-87.1) 86.7, 52/60 (75.4-94.1) 0.24

Type 0-IIa 78.2, 43/55 (65.0-88.2) 73.7, 42/57 (60.3-84.5) 0.66

Location

Right-sided colon 75.4, 46/61 (62.7-85.5) 74.6, 47/63 (62.1-84.7) 1.00

Left-sided colon 84.4, 27/32 (67.2-94.7) 78.1, 25/32 (60.0-90.7) 0.75

Rectum 75.0, 18/24 (53.3-90.2) 100, 22/22 (84.6-100) 0.022

Endoscopist

Expert 81.0, 51/63 (69.1-89.8) 82.8, 48/58 (70.6-91.4) 0.82

Non-expert 74.1, 40/54 (60.3-85.0) 78.0, 46/59 (65.3-87.7) 0.66

HSP: Hot snare polypectomy; EMR: Endoscopic mucosal resection; R0: Negative margin both horizontally and vertically.

recurrence after ER[20,21]. As the lesion grows, piecemeal endoscopic and RX/R1 resection rates 
increase, leading to an increased risk of local recurrence. However, the R0 resection rate is equivalent 
between HSP and EMR using a monopolar snare for colorectal lesions measuring 10–14 mm[22]. 
Therefore, the en bloc and R0 resection rates are equivalent between HSP and EMR with a bipolar snare, 
although no studies have been conducted to confirm this. In this study, for nonpedunculated colorectal 
lesions measuring 10–15 mm, HSP resulted in en bloc and R0 resection rates equivalent to those of EMR 
with a bipolar snare. Meanwhile, the en bloc resection rate was as high as ≥ 90% in both groups, and the 
R0 resection rate was approximately 80%, lower than previously reported values[22]. This could be 
because resection at our hospital is performed under the coagulation mode. Also, given the character-
istics of ER using a bipolar snare, it is difficult to horizontally evaluate the pathological specimen due to 
crushing by cauterization in lesions where the resection margin is close to the lesion edge. However, 
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Figure 1 Flowchart of patient enrollment. Of the 711 consecutive lesions in 602 patients, 565 lesions in 463 patients were enrolled for the analysis. Of the 565 
lesions, 440 in 346 patients were resected via hot snare polypectomy (HSP); 125 in 117 patients were resected via endoscopic mucosal resection (EMR). After 
propensity score matching, 117 lesions in the HSP group and 117 lesions in the EMR group were selected. HSP: Hot snare polypectomy; EMR: Endoscopic mucosal 
resection.

resection in coagulation mode may have contributed to a lower rate of delayed bleeding than previously 
reported because of the ability to coagulate the vessel[16-18].

The following points contributed to this innovative study design. First, patient and lesion 
backgrounds were matched using property score matching. The size, location, and macroscopic type of 
the lesions and endoscopic experience are known factors related to en bloc and R0 resection, and oral 
intake of antithrombotic agents is related to delayed bleeding[23-26]. This is the only study to balance 
the many confounding factors that may affect the estimation of results by property score matching and 
to compare treatment outcomes between HSP and EMR with a bipolar snare.

Second, only lesions diagnosed as JNET type 2A using magnifying observation combined with 
narrow-band imaging were included. In the qualitative diagnosis of colorectal lesions, those diagnosed 
as JNET type 2A can be diagnosed as adenomas or intramucosal cancers with high accuracy[27]. On the 
other hand, lesions diagnosed as JNET type 2B or 3 are generally known to develop into T1 cancer more 
frequently, resulting in bias wherein endoscopists who perform therapeutic endoscopy more carefully 
select ER methods that secure lesion margins. In this study, only JNET type 2A lesions potentially 
avoided bias due to differences in ER methods based on the preoperative diagnosis. Therefore, although 
the results of this study can be applied to adenomas and intramucosal cancers, it is unclear whether ER 
for T1 cancers will provide similar results. Third, we analysed the R0 resection rate as a factor between 
HSP and EMR. There was no difference in the R0 resection rate between HSP and EMR for most of the 
factors. However, the R0 resection rate for lesions in the rectum was better for EMR. No study has 
reported a change in the R0 resection rate with or without submucosal injection for rectal lesions. 
However, the R0 resection rate was reportedly significantly better in EMR than in HSP for the left colon
[22]. Additionally, it can be difficult to diagnose a range of lesions due to factors such as ‘skirt’ in the 
rectum compared to the colon[28]. In rectal lesions of a difficult-to-identify extent with ‘skirt’, EMR 
provides wider margins, which may lead to fewer leftovers and improved R0 resection rates.

This study had some limitations. First, this was a single-centre retrospective study. In particular, the 
sample size was not large enough to prove the non-inferiority of HSP to EMR for any of the outcomes. 
Furthermore, since the treatment choices for HSP and EMR were left to the discretion of each 
endoscopist, the present results may be strongly influenced by the skill of a specific endoscopist. They 
may have been affected by imbalanced confounding factors that were not included in the analysis 
between the two groups. Second, there was no clear standard for measuring lesion size. Each 
endoscopist judged the size of the lesion by comparing it with the size of the snare, suggesting 
inaccurate lesion measurements. Third, the size of the bipolar snare used for resection was not specified, 
and the effects on the results cannot be denied. To eliminate these biases, conducting a large-cohort, 
multicentre, prospective, randomized controlled trial after clarifying ER methods, size of the snare, and 
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lesion measurement methods is desirable.

CONCLUSION
When using a bipolar snare, HSP has comparable treatment outcomes to EMR for nonpedunculated 
colorectal lesions measuring 10–15 mm. This suggests that the use of a bipolar snare may replace 
submucosal injection and may enable a more accessible ER while maintaining efficiency and safety.

ARTICLE HIGHLIGHTS
Research background
In endoscopic resection (ER) of colorectal lesions, it is important to develop resection methods that 
enable efficient and safe resection. Most recently, we have reported in ex vivo porcine model that 
endoscopic resection using bipolar snare for intermediate size lesions didn’t lead to thermal injury for 
the intrinsic muscle layer even without submucosal injection. Therefore, the bipolar ER for intermediate 
size colorectal lesions of 10-15 mm has the potential to provide prominent outcomes in an efficient and 
highly safe manner even without submucosal injection.

Research motivation
We would like to assess the treatment outcomes of the bipolar resection with and without submucosal 
injection.

Research objectives
The present study aims to compare the resection results of endoscopic mucosal resection (EMR), which 
refers to the resection following submucosal injection, and hot snare polypectomy (HSP), which refers to 
the resection with no submucosal injection, to evaluate the efficacy and safety of HSP with bipolar snare 
for 10-15 mm lesions.

Research methods
We conducted the single-centre retrospective analysis of all 10-15 mm size colorectal lesions with a 
diagnosis of JNET Type 2A and resected by either EMR or HSP from January 2018 to June 2021. The 
target lesions were divided into two groups, HSP group and EMR group, and treatment outcomes and 
the adverse events were compared by conducting propensity score matching analysis.

Research results
Of the 565 lesions in 463 patients, 117 lesions each in the HSP and EMR groups were selected after 
propensity score matching. In the original cohort, there was a significant difference in antithrombotic 
drug use (P < 0.05), lesion size (P < 0.01), location (P < 0.01), and macroscopic type (P < 0.05) between 
the HSP and EMR groups. In the matched cohort, the en bloc resection rates were 93.2% (109/117) in the 
HSP group and 92.3% (108/117) in the EMR group, in which there was no significant difference (P = 
0.81). Moreover, no significant difference was observed in the R0 resection rate [77.8% (91/117) vs 80.3% 
(94/117), P = 0.64]. The rates of delayed bleeding were comparable between the groups [1.7% (2/117)]. 
Perforation occurred in the EMR group [0.9% (1/117)] but not in the HSP group.

Research conclusions
Using bipolar snare, ER of nonpedunculated 10–15 mm colorectal lesions may be performed safely and 
effectively, even without submucosal injection.

Research perspectives
A large-cohort, multicentre, prospective, randomized controlled trial is warranted to prove the non-
inferiority of bipolar HSP to bipolar EMR in treatment outcomes with ER of nonpedunculated 10–15 
mm colorectal lesions.
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Abstract
BACKGROUND 
The lymphocyte-to-white blood cell ratio (LWR) is a blood marker of the systemic 
inflammatory response. The prognostic value of LWR in patients with hepatitis B 
virus-associated acute-on-chronic liver failure (HBV-ACLF) remains unclear.

AIM 
To explore whether LWR could stratify the risk of poor outcomes in HBV-ACLF 
patients.

METHODS 
This study was conducted by recruiting 330 patients with HBV-ACLF at the 
Department of Gastroenterology in a large tertiary hospital. Patients were divided 
into survivor and non-survivor groups according to their 28-d prognosis. The 
independent risk factors for 28-d mortality were calculated by univariate and 
multivariate Cox regression analyses. Patients were divided into low- and high-
LWR groups according to the cutoff values. Kaplan-Meier analysis was performed 
according to the level of LWR.

RESULTS 
During the 28-d follow-up time, 135 patients died, and the mortality rate was 
40.90%. The LWR level in non-surviving patients was significantly decreased 
compared to that in surviving patients. A lower LWR level was an independent 
risk factor for poor 28-d outcomes (hazard ratio = 0.052, 95% confidence interval: 
0.005-0.535). The LWR level was significantly negatively correlated with the 
Child-Turcotte-Pugh, model for end-stage liver disease, and Chinese Group on 
the Study of Severe Hepatitis B-ACLF II scores. In addition, the 28-d mortality 
was higher for patients with LWR < 0.11 than for those with LWR ≥ 0.11.
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CONCLUSION 
LWR may serve as a simple and useful tool for stratifying the risk of poor 28-d outcomes in HBV-
ACLF patients.

Key Words: Lymphocyte-to-white blood cell ratio; Hepatitis B virus; Acute-on-chronic liver failure; Child-
Turcotte-Pugh score; Model for end-stage liver disease score; Chinese Group on the Study of Severe 
Hepatitis B-Acute-on-chronic liver failure II score
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Core Tip: This manuscript introduced a simple and effective inflammatory marker, the lymphocyte-to-
white blood cell ratio (LWR). Our study found that a lower LWR level was associated with poor 28-d 
outcomes in hepatitis B virus-associated acute-on-chronic liver failure (HBV-ACLF) patients. It may serve 
as a simple and useful tool for stratifying the risk of poor 28-d outcomes in HBV-ACLF patients, and it 
may be helpful in guiding a clinician to treatment allocation and assist in the prediction of prognosis.

Citation: Zhang Y, Chen P, Zhu X. Lymphocyte-to-white blood cell ratio is associated with outcome in patients 
with hepatitis B virus-related acute-on-chronic liver failure. World J Gastroenterol 2023; 29(23): 3678-3687
URL: https://www.wjgnet.com/1007-9327/full/v29/i23/3678.htm
DOI: https://dx.doi.org/10.3748/wjg.v29.i23.3678

INTRODUCTION
Acute-on-chronic liver failure (ACLF) is a life-threatening clinically complex syndrome characterized by 
high short-term mortality due to different combinations of multiorgan failures[1-3]. The main etiology 
of ACLF is hepatitis B virus (HBV) infection, with HBV-associated ACLF (HBV-ACLF) accounting for 
more than 70% of ACLF cases in most Asian countries[4]. The clinical characteristics of HBV-ACLF 
patients differ from those of alcoholic-related ACLF patients in Western countries, wherein coagulation 
and liver failure are the most common types of organ failure[5]. Early prediction of the prognosis of 
HBV-ACLF is important for clinical management and diminishing mortality. However, current score 
models are based on complicated assessments of organ failure. Therefore, it is necessary to identify an 
accurate and simple indicator to detect high-risk patients.

A growing body of research evidence suggests that HBV-ACLF is associated with systemic inflam-
mation and immune paralysis[6,7]. In many recent studies, inflammation-related markers such as the 
platelet (PLT) to white blood cell ratio, neutrophil-to-lymphocyte ratio, and monocyte-to-lymphocyte 
ratio have received increasing attention in clinical settings and are used in predicting the prognosis of 
HBV-ACLF[8-10]. The lymphocyte-to-white blood cell ratio (LWR) is a blood marker of the systemic 
inflammatory response. Studies have suggested that LWR has good prognostic value for patients with 
cancer, infective endocarditis and COVID-19[11-13]. However, the prognostic role of LWR in HBV-
ACLF patients remains unclear. Therefore, our study aims to reveal whether LWR can risk-stratify poor 
prognosis in HBV-ACLF patients.

MATERIALS AND METHODS
Subjects
A total of 330 patients diagnosed with HBV-ACLF were retrospectively included from May 2014 to 
February 2021 at the Department of Gastroenterology, the First Affiliated Hospital of Nanchang 
University. The inclusion criteria were as follows: (1) Age ≥ 18 years; (2) Chronic liver disease due to 
HBV infection; and (3) HBV-ACLF diagnosed based on the diagnostic guidelines for liver failure 
established in 2019[14]. The exclusion criteria were as follows: (1) Coinfection with hepatitis A/C/D/E 
virus; (2) Other etiologies such as drugs, autoimmunity, alcohol, or toxins that may contribute to HBV-
ACLF; (3) Complicated with hepatocellular carcinoma; (4) Human immunodeficiency virus infection; 
and (5) Loss to follow-up. The study was approved by the Institutional Review Board of the First 
Affiliated Hospital of Nanchang University.

Data collection
Demographic information and clinical data were comprehensively collected by searching medical 
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records. Laboratory blood tests were measured in the first 24-h period on admission. LWR was 
computed as the lymphocyte count (× 109/L) divided by the white blood cell count (× 109/L)[12]. The 
Child-Turcotte-Pugh (CTP), model for end-stage liver disease (MELD) and Chinese Group on the Study 
of Severe Hepatitis B-ACLF II (COSSHACLFII) scores were calculated as previously described[15-17]. 
All patients were followed from their diagnosis until either their death or the end of the 28-d follow-up 
period. The survival rates at 28 d were obtained from patients’ medical records or by telephone calls 
with the patients or their kinsfolks.

Definitions
Chronic HBV infection was defined by the presence of hepatitis B surface antigen for > 6 mo[18]. HBV-
ACLF was defined according to the Asian Pacific Association for the Study of the Liver criteria in 2019: 
(1) Serum bilirubin ≥ 5 mg/dL; (2) International normalized ratio (INR) ≥ 1.5 or prothrombin activity < 
40%; (3) Complicated within 4 wk by clinical ascites and/or encephalopathy in patients with pre-
existing chronic liver diseases (diagnosed or undiagnosed); and (4) High 28-d mortality[14].

Statistical analysis
Statistical analysis was performed using the SPSS 24.0 statistical package (SPSS Inc., Chicago, IL), R 
software version 4.1.0 (http://www.r-project.org/), and X-tile software (Version 3.6.1, Yale University, 
New Haven, CT, United States). Continuous variables were compared using the t test or the Mann-
Whitney U test, whereas categorical variables were compared using the chi-square test or Fisher’s exact 
test. Univariate analysis and multivariate Cox proportional hazards models were performed to identify 
whether LWR was related to poor outcomes. The optimal cutoff value of LWR was determined by using 
X-tile. The Kaplan-Meier survival curve was generated by the “survival” and “survminer” packages in 
R software. All statistical tests were two-sided with a statistical significance level set at P values < 0.05.

RESULTS
Baseline characteristics
The baseline characteristics of the patients are summarized in Table 1. A total of 330 patients with HBV-
ACLF were recruited. In the cohort, the average age of patients was 49.68 ± 12.39 years, and approx-
imately 83.9% of patients were male. The HBV-ACLF patients were divided into survivor and non-
survivor groups according to the prognosis at 28 d. At follow-up, the age, prothrombin time (PT), INR, 
bilirubin, CTP score (CTPs), MELD score (MELDs), and COSSHACLFII score (COSSHACLFIIs) of the 
non-survivors were significantly higher than those of the survivors (P < 0.05). However, the PLT count 
and LWR level of the non-survivors were significantly lower than those of the survivors (P < 0.05). In 
addition, there were no significant differences in sex, costs, hemoglobin, albumin, creatinine, blood urea 
nitrogen (BUN), or serum Na between the non-survivor group and survivor group (P > 0.05).

Low LWR as an independent risk factor for mortality in patients with HBV-ACLF
The association between the LWR level and 28-d mortality is shown in Table 2. In univariate analysis, 
age, PLT, PT, hemoglobin, bilirubin, BUN, and LWR were significant factors for 28-d mortality (all P < 
0.05). In multivariable analysis, the results showed that age, PT, bilirubin, and LWR were associated 
with short-term mortality [hazard ratio (HR) = 1.015, 95% confidence interval (CI): 1.001-1.030; HR = 
1.028, 95%CI: 1.015-1.042; HR = 1.001, 95%CI: 1.000-1.003; HR = 0.052, 95%CI: 0.005-0.535, respectively].

Correlation between LWR levels and other score models
Next, we investigated the correlation between LWR levels and other score models, including CTPs, 
MELDs and COSSHACLFIIs. As shown in Figures 1A-C, LWR levels were significantly correlated with 
the CTPs, MELDs and COSSHACLFIIs (r = -0.29, P < 0.001; r = -0.31, P < 0.001; r = -0.49, P < 0.001, 
respectively).

Comparison of clinical data with different LWR levels
The median LMR of HBV-ACLF patients was 0.17 (0.11-0.23), and X-tile software was used to determine 
the optimal cutoff values for LWR for 28-d mortality. Consequently, the threshold of 0.11 enabled us to 
distinguish favorable and poor outcomes that were most significant in HBV-ACLF patients (Figure 2). 
HBV-ACLF patients were stratified into low LWR (LWR < 0.11) and high LWR (LWR ≥ 0.11) groups 
according to the cutoff values. As shown in Table 3, the patients in the group with LWR < 0.11 had an 
older age, lower PLT count, higher PT, higher INR, lower hemoglobin, lower albumin, higher creatinine, 
higher BUN, higher CTPs, higher MELDs, higher COSSHACLFIIs, and significantly shorter survival 
rate than those in the group with LWR ≥ 0.11.

Impact of LWR on the mortality of HBV-ACLF patients
As shown above, the patients with LWR < 0.11 had higher 28-d mortality than the high LWR group (P < 
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Table 1 Baseline characteristics of hepatitis B virus-acute on chronic liver failure patients

All patients (n = 330) Survivor patients (n = 195) Non-survivor patients (n = 
135) P value

Age (yr) 49.68 ± 12.39 47.91 ± 12.12 52.23 ± 12.39 0.002

Male, n (%) 277 (83.9) 162 (83.1) 115 (85.2) 0.068

Costs (dollars) 10133.88 (5886.57-15955.07) 10734.72 (5958.59-16913.77) 9107.89 (5727.32-14945.14) 0.065

Ascites, n (%)      0.016

    Mild 158 (47.9) 104 (53.3) 54 (40.0)

    Medium 102 (30.9) 59 (30.3) 43 (31.9)

    Severe 70 (21.2) 32 (16.4) 38 (28.1)

PLT (109/L) 108.00 (72.75-144.25) 115.00 (82.00-148.00) 89.00 (57.00-138.00) 0.004

PT (s) 22.70 (19.30-29.25) 21.10 (18.90-25.20) 25.40 (21.80-32.80) < 0.001

INR 2.01 (1.74-2.64) 1.88 (1.69-2.30) 2.4 (1.94-3.07) < 0.001

Hemoglobin (g/L) 122.00 (102.00-136.00) 123.00 (107.00-137.00) 121.00 (94.00-135.00) 0.166

Bilirubin (μmol/L) 312.91 ± 135.85 299.15 ± 126.15 332.79 ± 146.96 0.027

Albumin (g/L) 31.40 (28.20-34.25) 31.50 (28.20-34.60) 31.10 (28.20-33.30) 0.151

Creatinine (μmol/L) 66.60 (57.08-84.73) 65.60 (57.00-81.00) 68.30 (57.50-91.90) 0.294

BUN (mmol/L) 4.00 (2.80-6.10) 4.00 (2.80-5.50) 4.10 (3.00-7.60) 0.074

Serum Na (mmol/L) 137.00 (133.30-139.10) 137.00 (133.20-139.00) 136.90 (133.30-139.10) 0.882

LWR 0.17 (0.11-0.23) 0.19 (0.12-0.25) 0.13 (0.08-0.20) < 0.001

CTPs 11.00 (10.00-12.00) 11.00 (10.00-12.00) 12.00 (11.00-13.00) < 0.001

MELDs 23.17 (20.03-27.27) 21.59 (18.86-25.46) 25.04 (21.78-29.10) < 0.001

COSSHACLFIIs 7.18 (6.54-8.12) 6.80 (6.30-7.37) 7.95 (7.20-8.70) < 0.001

PLT: Platelet; PT: Prothrombin time; INR: International normalized ratio; BUN: Blood urea nitrogen; LWR: Lymphocyte-to-white blood cell ratio; CTPs: 
Child-Turcotte-Pugh score; MELDs: Model for end-stage liver disease score; COSSHACLFIIs: Chinese group on the study of severe Hepatitis B-Acute-on-
chronic liver failure II score.

0.05). To confirm the association of the LWR level and 28-d outcomes in detail, Kaplan-Meier analysis 
was performed to assess LWR in HBV-ACLF patients, and patients with low LWR levels had a worse 
outcome than those with high LWR levels (Figure 3).

DISCUSSION
In our study, we found that a low LWR level was an independent prognostic factor related to poor 28-d 
outcomes in patients with HBV-ACLF. Patients with LWR < 0.11 had higher 28-d mortality than those 
with high LWR levels.

Systemic inflammation plays an important role in the development of HBV-ACLF[19]. The activation 
of inflammatory cytokines causes organ hypoperfusion and systemic circulatory dysfunction, which 
increase the activation of coagulation, tissue microthrombosis, and the development of organ failure
[20]. Many studies have indicated that the inflammatory response can be reflected by inflammatory 
markers such as lymphocytes, white blood cells, PLTs, and neutrophils[21,22]. The combination of these 
inflammatory markers, such as the neutrophil-lymphocyte ratio (NLR), platelet-to-white blood cell ratio 
(PWR), and LWR, has been confirmed as a prognostic marker in a variety of liver diseases. Bernsmeier et 
al[23] reported that the NLR was an independent risk factor in patients with acute decompensation (AD) 
cirrhosis. Kim et al[22] included 1670 AD patients from a prospective cohort and found that patients 
with a PWR ≤ 12.1 had a higher 28-d mortality than those with a PWR > 12.1, and a lower PWR level 
was a prognostic factor for 28-d adverse outcomes. Overall, these inflammation-based markers could be 
useful for stratifying the severity of liver disease.

Our study found that LWR levels were significantly decreased in non-survivor HBV-ACLF patients, 
and low LWR levels were an independent risk factor for 28-d mortality in HBV-ACLF patients. The 
decreased LWR levels may reflect an enhanced inflammatory response and/or impaired immune 
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Figure 1 Scatter plot illustrating the correlation. A: Scatter plot illustrating the correlation between lymphocyte-to-white blood cell ratio (LWR) and Child-
Turcotte-Pugh scores; B: Scatter plot illustrating the correlation between LWR and model for end-stage liver disease scores; C: Scatter plot illustrating the correlation 
between LWR and Chinese group on the study of severe Hepatitis B-Acute-on-chronic liver failure II scores. CTPs: Child-Turcotte-Pugh score; MELDs: Model for 
end-stage liver disease score; COSSHACLFIIs: Chinese group on the study of severe Hepatitis B-Acute-on-chronic liver failure II score; LWR: Lymphocyte-to-white 
blood cell ratio.

Figure 2 Analysis of lymphocyte-to-white blood cell ratio by using X-tile. A: The data on the horizontal ordinate increase from the left to the right, 
defined as the larger low population. The data on the vertical ordinate decrease from the top to the bottom, defined as the larger high population; B: The prognostic 
significance of lymphocyte-to-white blood cell ratio for hepatitis B virus-acute on chronic liver failure patients was determined by using a statistical algorithm in X-tile to 
calculate the most efficient cutoff point. LWR: Lymphocyte-to-white blood cell ratio.

response, which may explain the results. A previous study confirmed that lymphocytes play a critical 
role in the body’s immune defense functions, immune response, and immune surveillance[12]. The 
elevated white blood cell count showed severe systemic inflammation, which was related to the 
prognosis of HBV-ACLF patients[24]. In addition, a recent study indicated that a low LWR level was an 
independent factor for poor outcomes in patients with decompensated liver cirrhosis, and the cut off 
value of LWR for 1 mo was 0.163. Patients with LWR < 0.163 had higher mortality than patients with 
LWR > 0.163[25]. Similar to this study, our research found that the cutoff value of LWR was 0.11, and 



Zhang Y et al. LWR predicting outcome for HBV-ACLF

WJG https://www.wjgnet.com 3683 June 21, 2023 Volume 29 Issue 23

Table 2 Univariate and multivariate Cox regression analyses in hepatitis B virus-acute on chronic liver failure patients (n = 330)

Univariate analysis Multivariate analysis

HR (95%CI) P value HR (95%CI) P value

Age 1.021 (1.007-1.035) 0.002 1.015 (1.001-1.030) 0.037

Male sex 1.202 (0.747-1.932) 0.448

PLT (109/L) 0.997 (0.994-0.999) 0.046

PT (s) 1.020 (1.011-1.030) < 0.001 1.028 (1.015-1.042) < 0.001

INR 1.042 (0.993-1.094) 0.093

Hemoglobin (g/L) 0.993 (0.987-0.999) 0.027

Bilirubin (μmol/L) 1.001 (1.000-1.003) 0.025 1.001 (1.000-1.003) 0.041

Albumin (g/L) 0.968 (0.933-1.005) 0.091

Creatinine (μmol/L) 1.001 (1.000-1.001) 0.179

BUN (mmol/L) 1.036 (1.014-1.058) 0.001

Serum Na (mmol/L) 1.001 (0.999-1.003) 0.249

LWR 0.011 (0.001-0.088) < 0.001 0.052 (0.005-0.535) 0.013

In univariate analysis, P < 0.1 were subjected to multivariate analysis and was indicated in bold; in multivariate analysis, P < 0.05 was considered 
significant and was indicated in bold. CI: Confidence interval; HR: Hazard ratio; PLT: Platelet; PT: Prothrombin time; INR: International normalized ratio; 
BUN: Blood urea nitrogen; LWR: Lymphocyte-to-white blood cell ratio.

Figure 3 Kaplan-Meier analysis of 28-d overall survival. The mortality rate was higher in patients with lymphocyte-to-white blood cell ratio (LWR) < 0.11 
than in patients with LWR ≥ 0.11. LWR: Lymphocyte-to-white blood cell ratio.

patients with LWR < 0.11 had higher mortality than patients with LWR ≥ 0.11, and the results showed a 
significant negative correlation between LWR and CTPs, MELDs and COSSHACLFIIs. There are several 
limitations in our study. First, this is a single-center and retrospective study, which may cause selection 
biases. Second, lymphocytes and white blood cells were not tested dynamically during follow-up.

CONCLUSION
In conclusion, LWR is easily accessible and conveniently calculated, and it might be a good marker for 
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Table 3 Clinical characteristics between low and high lymphocyte-to-white blood cell ratio groups in hepatitis B virus-acute on chronic 
liver failure patients

Low LWR level (n = 77) High LWR level (n = 253) P value

Age (yr) 52.99 ± 12.57 48.67 ± 12.19 0.007

Male, n (%) 59 (76.6) 218 (86.2) 0.046

Costs (dollars) 7625.18 (3899.37-12070.55) 10984.59 (6639.92-16693.10) < 0.001

Ascites, n (%) 0.007

    Mild 25 (32.5) 133 (52.6)

    Medium 29 (37.7) 73 (28.9)

    Severe 23 (29.9) 47 (18.6)

PLT (109/L) 86.00 (55.50-138.50) 110.00 (79.50-145.50) 0.039

PT (s) 23.20 (19.70-33.50) 22.40 (19.20-28.00) 0.016

INR 2.13 (1.76-3.11) 1.99 (1.73-2.54) 0.018

Hemoglobin (g/L) 109.00 (89.50-125.50) 125.00 (108.00-139.00) < 0.001

Bilirubin (μmol/L) 331.52 ± 153.46 307.25 ± 129.82 0.170

Albumin (g/L) 30.10 (26.30-32.50) 31.80 (28.85-34.55) < 0.001

Creatinine (μmol/L) 82.40 (58.40-126.10) 64.80 (56.85-77.95) < 0.001

BUN (mmol/L) 7.00 (4.00-11.10) 3.70 (2.70-5.20) < 0.001

Serum Na (mmol/L) 135.30 (131.50-139.05) 137.20 (133.90-139.10) 0.086

CTPs 12.00 (11.00-13.00) 11.00 (10.00-12.00) < 0.001

MELDs 25.79 (22.52-30.91) 22.44 (19.55-26.13) < 0.001

COSSHACLFIIs 8.11 (7.26-9.06) 6.94 (6.40-7.79) < 0.001

28-d mortality, n (%) 46 (59.7) 89 (35.2) < 0.001

PLT: Platelet; PT: Prothrombin time; INR: International normalized ratio; BUN: Blood urea nitrogen; LWR: Lymphocyte-to-white blood cell ratio; CTPs: 
Child-Turcotte-Pugh score; MELDs: Model for end-stage liver disease score; COSSHACLFIIs: Chinese group on the study of severe Hepatitis B-Acute-on-
chronic liver failure II score.

identifying the risk of poor outcomes in HBV-ACLF patients. Therefore, our findings can help clinicians 
intervene in high-risk patients as early as possible.

ARTICLE HIGHLIGHTS
Research background
The lymphocyte-to-white blood cell ratio (LWR) is a blood marker that reflects the systemic inflam-
matory response. The prognostic value of the LWR remains unclear in hepatitis B virus-associated 
acute-on-chronic liver failure (HBV-ACLF) patients.

Research motivation
It is necessary to find an easy and effective marker that can reflect the prognosis in HBV-ACLF patients, 
so we explored whether LWR can risk-stratify poor prognosis in HBV-ACLF patients.

Research objectives
This study aimed to investigate whether LWR could be an easy and useful marker that can identify the 
risk of poor outcomes in HBV-ACLF patients.

Research methods
A total of 330 HBV-ACLF patients were included in this study, and patients were divided into survivor 
and non-survivor groups according to 28-d outcome. Univariate and multivariate Cox regression 
analyses were performed to select independent risk factors for 28-d mortality. The correlation test was 
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performed to evaluate the correlation between LWR and Child-Turcotte-Pugh score (CTPs), model for 
end-stage liver disease score (MELDs), and Chinese Group on the Study of Severe Hepatitis B-ACLF II 
score (COSSHACLFIIs). The cutoff value of LWR was calculated by X-tile software, and Kaplan-Meier 
analysis was performed to assess the association of the LWR level and 28-d outcomes in HBV-ACLF 
patients.

Research results
Low LWR was an independent risk factor for 28-d mortality in patients with HBV-ACLF (hazard ratio = 
0.052, 95% confidence interval: 0.005-0.535), and LWR levels were significantly negatively correlated 
with CTPs, MELDs and COSSHACLFIIs. Moreover, the patients with low LWR levels had a higher 28-d 
mortality than those with high LWR levels.

Research conclusions
LWR is a simple, useful, and effective marker that could stratify the risk of 28-d adverse outcomes in 
HBV-ACLF patients.

Research perspectives
Further large-sample and multicenter prospective studies should be conducted to verify and confirm 
the prognostic value of the LWR.
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Abstract
BACKGROUND 
Geographical (geospatial) clusters have been observed in inflammatory bowel 
disease (IBD) incidence and linked to environmental determinants of disease, but 
pediatric spatial patterns in North America are unknown. We hypothesized that 
we would identify geospatial clusters in the pediatric IBD (PIBD) population of 
British Columbia (BC), Canada and associate incidence with ethnicity and 
environmental exposures.

AIM 
To identify PIBD clusters and model how spatial patterns are associated with 
population ethnicity and environmental exposures.

METHODS 
One thousand one hundred eighty-three patients were included from a BC 
Children’s Hospital clinical registry who met the criteria of diagnosis with IBD ≤ 
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age 16.9 from 2001–2016 with a valid postal code on file. A spatial cluster detection routine was 
used to identify areas with similar incidence. An ecological analysis employed Poisson rate models 
of IBD, Crohn’s disease (CD), and ulcerative colitis (UC) cases as functions of areal population 
ethnicity, rurality, average family size and income, average population exposure to green space, 
air pollution, and vitamin-D weighted ultraviolet light from the Canadian Environmental Health 
Research Consortium, and pesticide applications.

RESULTS 
Hot spots (high incidence) were identified in Metro Vancouver (IBD, CD, UC), southern Okanagan 
regions (IBD, CD), and Vancouver Island (CD). Cold spots (low incidence) were identified in 
Southeastern BC (IBD, CD, UC), Northern BC (IBD, CD), and on BC’s coast (UC). No high 
incidence hot spots were detected in the densest urban areas. Modeling results were represented 
as incidence rate ratios (IRR) with 95%CI. Novel risk factors for PIBD included fine particulate 
matter (PM2.5) pollution (IRR = 1.294, CI = 1.113-1.507, P < 0.001) and agricultural application of 
petroleum oil to orchards and grapes (IRR = 1.135, CI = 1.007-1.270, P = 0.033). South Asian 
population (IRR = 1.020, CI = 1.011-1.028, P < 0.001) was a risk factor and Indigenous population 
(IRR = 0.956, CI = 0.941-0.971, P < 0.001), family size (IRR = 0.467, CI = 0.268-0.816, P = 0.007), and 
summer ultraviolet (IBD = 0.9993, CI = 0.9990–0.9996, P < 0.001) were protective factors as 
previously established. Novel risk factors for CD, as for PIBD, included: PM2.5 air pollution (IRR = 
1.230, CI = 1 .056-1.435, P = 0.008) and agricultural petroleum oil (IRR = 1.159, CI = 1.002-1.326, P = 
0.038). Indigenous population (IRR = 0.923, CI = 0.895–0.951, P < 0.001), as previously established, 
was a protective factor. For UC, rural population (UC IRR = 0.990, CI = 0.983-0.996, P = 0.004) was 
a protective factor and South Asian population (IRR = 1.054, CI = 1.030–1.079, P < 0.001) a risk 
factor as previously established.

CONCLUSION 
PIBD spatial clusters were identified and associated with known and novel environmental determ-
inants. The identification of agricultural pesticides and PM2.5 air pollution needs further study to 
validate these observations.

Key Words: Inflammatory bowel diseases; Crohn disease; Ulcerative colitis; Pesticides; Air pollution; South 
Asian people
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Core Tip: Utilizing spatial mapping methodology, high and low incidence clusters of pediatric inflam-
matory bowel disease (IBD) were identified in British Columbia, Canada. Associating geographical 
location with IBD, rurality was negatively associated with ulcerative colitis. Notably, no high incidence 
hot spots were detected in the densest urban areas, suggesting unexplored urban protective factors. Novel 
risk factors for PIBD and specifically Crohn’s disease included fine particulate matter pollution and 
agricultural applications of petroleum oil to orchards and grapes. Spatial distribution was partially 
explained by rurality, population ethnicity, family size, pesticide applications, air pollution, ultraviolet 
exposure, and residential greenness.
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DOI: https://dx.doi.org/10.3748/wjg.v29.i23.3688

INTRODUCTION
Canada has one of the world’s highest rates of pediatric inflammatory bowel disease (IBD), which 
includes Crohn’s disease (CD) and ulcerative colitis (UC)[1]. Incidence within countries can be quite 
varied, but local patterns of IBD incidence are unknown for most countries[1]. Results from studies in 
Finland, Norway, Northern France, and Manitoba, Canada suggest that IBD may have a clustered 
spatial distribution, but more research is necessary for understanding local spatial patterns[2-5]. To date, 
no study has focused on empirically detecting and evaluating disease clusters in Canadian or North 
American pediatric IBD (PIBD) populations. Notably, detecting local spatial clusters of IBD would allow 
for a better understanding of clinical populations and identify areas where services are needed. 

https://www.wjgnet.com/1007-9327/full/v29/i23/3688.htm
https://dx.doi.org/10.3748/wjg.v29.i23.3688
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Moreover, spatial epidemiology can be used to identify novel environmental risk and protective factors. 
Although it is evident that environmental factors are important determinants for disease development, 
additional study is necessary.

A variety of population and environmental factors are thought to influence IBD risk. High incidence 
has been observed in Canadian populations of Jewish ethnicity and South Asian pediatric populations 
in British Columbia (BC), and low incidence has been reported in Canadian Indigenous communities[4,
6,7]. Higher socioeconomic status has been associated with IBD[4,8]. A variety of environmental 
exposures, including rural residence, green space, ultraviolet (UV) radiation, and air pollution have also 
been studied[9-13]. No study known to us has examined pesticides as a potential determinant of PIBD. 
Pesticides can be present in food and the environment, and a variety of pesticides have been linked with 
changes to the gut microbiota which could have implications for IBD development[14]. Based on 
Canadian immigration and rural residence studies of IBD, exposures during early life appear to be 
important[9,15].

The aims of this exploratory study were (1) To determine spatial patterning of PIBD and identify 
location of disease hot and cold spots in the Canadian province of BC; and (2) to model the association 
between IBD case counts and population-level ethnicity, average income, rural residence, and known as 
well as novel environmental determinants. We hypothesized that we would identify IBD clusters that 
would be associated with ethnicity and environmental exposures. Modeling potential population risk 
factors provided context to the spatial analysis and helped identify areas where additional novel 
environmental risk or protective factors might have meaningfully affected disease incidence.

MATERIALS AND METHODS
Study area
BC is Canada’s westernmost province. It is divided into five Regional Health Authorities, which can be 
further subdivided into 89 Local Health Areas (LHAs) (see Figure 1 and Supplementary Figure 1). The 
majority of BC’s population live in urban areas located in the Vancouver Coastal and Fraser Health 
Authorities near the United States border[16]. Northern, Interior, and Vancouver Island Health serve 
largely more rural populations.

Participants
Patients for this study were selected from a clinical registry of IBD patients maintained by the BC 
Children’s Hospital (BCCH) Division of Gastroenterology, Hepatology and Nutrition who were 
diagnosed with or received care for IBD at BCCH in Vancouver[17]. Author Jacobson K is data steward 
for this registry. As BCCH is the only tertiary care pediatric institution with academic pediatric 
gastroenterologists in the province, it is where most children with IBD are diagnosed. Our recent study 
comparing PIBD incidence derived from the BCCH registry with incidence derived from population-
wide provincial health administrative data between 1996 and 2008 found similar overall rates, partic-
ularly from 2001 onwards, reaffirming the validity of the registry as a reflection of population-based 
cases[18]. Notably, a small number of cases are diagnosed in the community, use health services from a 
different province or, in the case of older patients (> 16.9 years), are diagnosed by adult gastroen-
terology physicians. Registry patients were excluded from the study if they were diagnosed outside the 
study period (2001 to 2016) or over age 16.9 years, did not have a valid postal code on file, or had a 
postal code associated with BCCH as this was likely not their permanent address. Postal codes were 
cleaned to provide consistent formatting. See Table 1 for BC pediatric incidence, and Supple-
mentary Table 1 for incidence by patient age. Patient six-digit postal code point location at diagnosis 
was associated with latitude and longitude coordinates from DMTI Spatial Inc. obtained from the 
Canadian Urban Environmental Health Research Consortium (CANUE)[19]. Incidence was pooled for 
the full study period to maximize the number of cases in each analysis.

This study was approved by the University of British Columbia Children's and Women's Research 
Ethics Board, No. H19-00739.

Methods
Guidelines from the REporting of studies Conducted using Observational Routinely-collected health 
Data statement were adapted for this ecological study. The statistical methods of this study were 
reviewed by biostatistician Jeffrey Bone from the BCCH Research Institute. Data is summarized in 
Table 2, with additional details on environmental exposures presented in the Supplementary materials. 
Ethnicity and family size (married or common-law spouses, single parents, and at least one child) data 
from the Canadian census were obtained at the Dissemination Area level and resampled to LHAs by 
population-weighted overlay[16,20,21]. Average family income for 2005 and 2015 was available for 
LHAs[22]. To approximate average environmental exposures for each LHA, census population age 0-19 
was used to population-weight postal code exposure data in a process that captured 92.6% of BC’s 
youth population (excluded population resided in areas not covered by single link postal codes). 
Environmental data provided by CANUE for six digit postal codes included Normalized Difference 

https://f6publishing.blob.core.windows.net/888733e4-ec17-4964-91c4-a67af479ccb4/WJG-29-3688-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/888733e4-ec17-4964-91c4-a67af479ccb4/WJG-29-3688-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/888733e4-ec17-4964-91c4-a67af479ccb4/WJG-29-3688-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/888733e4-ec17-4964-91c4-a67af479ccb4/WJG-29-3688-supplementary-material.pdf
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Table 1 British Columbia average pediatric incidence for inflammatory bowel disease, Crohn’s disease, ulcerative colitis, and 
inflammatory bowel disease-unclassified from 2001–2016

Diagnosis Health authority Cases Incidence per 100000 95%CI for incidence

All British Columbia 1183 9.22 8.7 9.76

Fraser 558 10.95 10.06 11.9

Interior 143 7.15 6.03 8.43

Northern 64 6.17 4.75 7.88

Vancouver Coastal 254 9.28 8.17 10.49

All IBD

Vancouver Island 164 8.36 7.13 9.74

All British Columbia 780 6.08 5.66 6.52

Fraser 356 6.99 6.28 7.74

Interior 96 4.8 3.89 5.85

Northern 40 3.86 2.76 5.24

Vancouver Coastal 166 6.06 5.18 7.06

CD

Vancouver Island 122 6.22 5.17 7.43

All British Columbia 288 2.24 1.99 2.52

Fraser 151 2.96 2.51 3.48

Interior 32 1.6 1.09 2.26

Northern 16 1.54 0.88 2.51

Vancouver Coastal 62 2.27 1.74 2.9

UC

Vancouver Island 27 1.38 0.91 2

All British Columbia 115 0.9 0.74 1.08

Fraser 51 1 0.75 1.32

Interior 15 0.75 0.42 1.24

Northern 8 0.77 0.33 1.52

Vancouver Coastal 26 0.95 0.62 1.39

IBD-U

Vancouver Island 15 0.76 0.43 1.26

IBD: Inflammatory bowel disease; CD: Crohn’s disease, UC: Ulcerative colitis; IBD-U: Inflammatory bowel disease-unclassified.

Vegetation Index (NDVI)[19,23-26] greenness[27,28], vitamin D UV[19,29,30], nitrogen dioxide (NO2)[19,
31,32], ozone (O3)[33-37], and fine particulate matter (PM2.5)[19,38]. Data on metam, petroleum oil, and 
glyphosate pesticides was resampled from Global Pesticide Grids[39,40]. The least populous LHA was 
excluded from regression modeling due to missing data.

Spatial cluster analysis
Standardized incidence ratios (SIRs) for each of BC’s LHAs were calculated from incident registry cases 
using BC incidence as the reference rate[41]. DataBC provided geographic data[42]. To reduce the 
instability in disease rates caused by low case counts and populations, rates were averaged for the study 
period. In addition, spatial linear empirical Bayes estimation was used to smooth SIRs in areas with 
average pediatric populations under 10000[43]. The smoothing process calculated averages between a 
LHA’s SIR and the average SIR value of adjacent LHAs. Spatial relationships for smoothing and 
clustering were defined by direct adjacency (queen contiguity) to approximately model geographic 
connectivity.

Two forms of spatial analysis were used to identify spatial patterns in PIBD. The Global Moran’s I 
statistic measured the degree to which spatial patterning of IBD, CD, and UC in BC was clustered, 
dispersed, or had no detectable spatial pattern. The Local Moran’s I statistic was used as a Local 
Indicator of Spatial Association (LISA) to identify the location of hot spots (clusters of comparatively 
high SIRs) and cold spots (clusters of comparatively low SIRs) among LHAs[44]. To approximate the 
likelihood that a cluster would arise by chance, we used 999 Monte Carlo simulations to compute a 
pseudo-P value[44], which was then adjusted with a Holm correction for multiple comparisons. We 
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Table 2 Data used in environmental exposure modeling

Variable Description Data source and database

Income Mean of 2005 (adjusted to 2015 dollars) and 2015 census average family 
income for Local Health Areas

Statistics Canada, BC Community Health Atlas

Ethnicity Census percent of the population of South Asian, Indigenous, Chinese, 
Jewish, and Non-Jewish European ethnic origin

Statistics Canada, University of Toronto Computing in the 
Humanities and Social Sciences Data Centre

Family size Census average family size Statistics Canada, University of Toronto Computing in the 
Humanities and Social Sciences Data Centre

Rurality Percent of residents in each Local Health Area who lived outside a 
census metropolitan area or census agglomeration

Statistics Canada

NDVI 
greenness

Green vegetation cover calculated from land satellite imagery of surface 
reflection. Maximum and average growing season (May – August) 
NDVI within 250 m from postal code location. Multiplied by 100 so 
changes could be assessed as percentages

United States Geological Survey, Canadian Urban Environ-
mental Health Research Consortium

UV vitamin D Long-term stable monthly mean daily vitamin D dose from solar UV 
radiation adjusted for postal code elevation (J/m-2) which was averaged 
for winter (December through February) and summer (June through 
August)

Environment Canada and Cancer Care Ontario, Canadian 
Urban Environmental Health Research Consortium

NO2 air 
pollution

Annual average NO2 concentration in parts per billion Canadian Urban Environmental Health Research Consortium

O3 air 
pollution

Average of O3 taken from the highest rolling 8-hour daily average 
concentration (parts per billion)

Environment and Climate Change Canada, Canadian Urban 
Environmental Health Research Consortium

PM2.5 air 
pollution

Annual average surface PM2.5 (μg/m3) concentration Atmospheric Composition Analysis Group, Canadian Urban 
Environmental Health Research Consortium

Metam 
pesticide

2015 metam pesticide applied to fruits and vegetables (kg/ha/yr) Global Pesticide Grids, Version 1.01, based on the United States 
Geological Survey’s Pesticide National Synthesis Project and the 
Food and Agriculture Organization Corporate Statistical 
Database pesticide databases

Petroleum oil 
pesticide

2015 petroleum oil employed for grapes and orchards (kg/ha/yr) Global Pesticide Grids, Version 1.01, based on the United States 
Geological Survey’s Pesticide National Synthesis Project and the 
Food and Agriculture Organization Corporate Statistical 
Database pesticide databases

Glyphosate 
pesticide

2015 total glyphosate employed in major crops (wheat, corn, alfalfa, and 
others) in (kg/ha/yr)

Global Pesticide Grids, Version 1.01, based on the United States 
Geological Survey’s Pesticide National Synthesis Project and the 
Food and Agriculture Organization Corporate Statistical 
Database pesticide databases

Population 
age 0-16.9

Yearly estimates of population age 0-16.9 for Local Health Areas 
averaged for 2001–2016

Statistics Canada, BC Stats

BC: British Columbia; NDVI: Normalized difference vegetation index; NO2: Nitrogen dioxide; O3: Ozone; PM2.5: Fine particulate matter; UV: Ultraviolet.

chose LISA statistics over spatial and spatiotemporal SCAN methods given the irregular nature of the 
spatial areal units under analysis and the relative rarity of the disease, conditions under which LISA 
statistics have offered high sensitivity and specificity in cluster detection[45,46]. Data was aggregated 
over time (i.e. no spatio-temporal cluster analyses) given the aforementioned relative rarity of PIBD 
cases in BC.

Count regression modeling
Poisson Rate generalized linear models (PR-GLM) were used in an ecological analysis of LHAs to 
quantify the impact of population ethnicity, income, family size, rurality, air pollution, greenness, UV, 
and pesticide exposure on raw (unsmoothed) IBD, CD, and UC case counts. These models adjust for the 
population of each LHA and have an equal mean and variance. Model selection was based on the 
minimization of the Akaike Information Criterion using a stepwise algorithm combining backward 
elimination and forward addition[47]. PR-GLMs performed better than Negative Binomial, zero-inflated 
Poisson, and hurdle Poisson models. Considerations for reducing collinearity, conducting model 
selection, testing spatial independence of residuals, examining best model diagnostics, and consider-
ations around the mapping of Incidence Rate Ratios (IRRs) are presented in the Supplementary 
materials. Multivariate models and high-quality Canadian census and exposure data were used to 
minimize sources of potential bias.

https://f6publishing.blob.core.windows.net/888733e4-ec17-4964-91c4-a67af479ccb4/WJG-29-3688-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/888733e4-ec17-4964-91c4-a67af479ccb4/WJG-29-3688-supplementary-material.pdf


Michaux M et al. Spatial-environmental analysis of pediatric IBD

WJG https://www.wjgnet.com 3693 June 21, 2023 Volume 29 Issue 23

Figure 1  British Columbia's five Health Authorities and 89 Local Health Areas (black boundaries).

RESULTS
Spatial clustering results
The registry consisted of 1232 eligible patients diagnosed at or before age 16.9. Of these, 49 were 
associated with invalid or BCCH postal codes. In the spatial cluster modeling of the remaining 1183 
PIBD patients, we observed a statistically significant (pseudo-P < 0.05) clustered distribution with a 
Moran’s I statistic of 0.65 (P = 0.001). For the 780 CD patients we observed a Moran’s I of 0.56 (P = 0.001) 
and for the 288 UC patients a Moran’s I of 0.28 (P = 0.001). See Figure 2 for local cluster locations. Hot 
spots were observed in the lower mainland, the main urban centre of BC, for IBD (P ≤ 0.031), CD (P ≤ 
0.031), and UC (P ≤ 0.007), in the Okanagan region for IBD (P ≤ 0.029) and CD (P = 0.030), and on 
Vancouver Island for CD (P = 0.034). A cold spot cluster was detected in southeastern BC for IBD (P 
values < 0.001), CD (P ≤ 0.0499), and UC (P ≤ 0.040), in Northern BC for IBD (P = 0.026) and CD (P = 
0.038), and on BC’s coast for UC (P = 0.036). We observed no LHA which had a significantly different 
trend in incidence than neighboring LHAs (spatial outliers) for IBD, CD, or UC.

Environmental modeling results
Summary statistics for variables are presented in Table 3 for BC and Supplementary Table 2 by Health 
Authority (see Figure 1 for reference and Table 1 for incidence). Variables (Table 3) were modeled 
individually and combined in a multivariate model. Lack of spatial clustering observed in the residuals 
indicates that the model assumption of spatial independence was met, and suggests that within the 
parameters of the analysis there were either no important missing variables with spatial patterning or 
that the existing predictors capture similar spatial variability of important unmeasured variables. The 
final models included variables shown in Table 4 and logged average population as an offset variable.

For the whole PIBD population, Indigenous ethnic origin, average family size, summer UV radiation, 
and metam pesticide application were identified as significant protective factors. In contrast, South 
Asian origin, greenness, PM2.5, and petroleum oil application were significant risk factors. When broken 
down by disease subtype, Indigenous ethnic origin, NO2, and O3 were statistically significantly 
negatively correlated with CD, while maximum growing season greenness, PM2.5, and petroleum oil 
application were significant risk factors. Rurality, and alfalfa and corn glyphosate were statistically 
significant protective factors for UC, while significant risk factors included South Asian origin, mean 
growing season greenness, O3 pollution, and wheat glyphosate.

A 1% increase in the Indigenous population of a LHA was associated with a 4.4% decrease in the 
number of IBD cases (IRR = 0.956, P < 0.001) and a 7.7% decrease in CD (IRR = 0.923, P < 0.001), while a 
20% increase in Indigenous population was associated with a 59% decrease in IBD. Each additional 
family member added to family size was associated with a 53.3% decrease in IBD cases (IRR = 0.467, P = 
0.007). An increase of 1 J/m-2 in summer UV was associated with 0.001% decrease in IBD cases (IRR = 
0.999, P < 0.001) while an increase of 500 J/m-2 was associated with a 29.4% decrease. A 1% increase in 

https://f6publishing.blob.core.windows.net/888733e4-ec17-4964-91c4-a67af479ccb4/WJG-29-3688-supplementary-material.pdf
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Table 3 Summary statistics for variables of interest for the 88 local health areas used for modeling

Explanatory variable Minimum LHA value Maximum LHA value Mean of LHA values

Chinese ethnic origin (%) 0.00 47.21 4.35

Indigenous ethnic origin (%) 1.07 93.22 14.38

Jewish ethnic origin (%) 0.00 2.82 0.45

Non-Jewish European ethnic origin (%) 10.67 90.98 70.91

South Asian ethnic origin (%) 0.00 31.19 2.71

Average family income ($) 60265.01 216769.60 91884.26

Family size 2.25 3.13 2.76

Population density (per square km) 0.01 9443.44 553.95

Rural population (%) 0.00 100.00 53.05

NDVI maximum 0.59 0.80 0.70

NDVI mean 0.23 0.62 0.45

NO2 (ppb) 0.10 23.61 7.71

O3 (ppb) 17.49 39.54 30.14

PM2.5 (μg m3) 2.73 8.32 6.02

UV vitamin D summer (J/m-2) 4488.80 7272.52 6053.15

UV vitamin D winter (J/m-2) 102.02 449.6 274.98

Glyphosate used in common crops (kg/ha/yr) 0.00 6.71 0.61

Glyphosate used in alfalfa crops (kg/ha/yr) 0.00 0.17 0.02

Glyphosate used in corn crops (kg/ha/yr) 0.00 6.06 0.49

Glyphosate used in wheat crops (kg/ha/yr) 0.00 0.21 0.02

Metam used in fruits and vegetables (kg/ha/yr) 0.00 8.82 0.60

Petroleum oil used in orchards and grapes (kg/ha/yr) 0.00 4.75 0.28

LHA: Local Health Area; NDVI: Normalized difference vegetation index; UV: Ultraviolet; NO2: Nitrogen dioxide; O3: Ozone; PM2.5: Fine particulate matter.

rural population was associated with a 1% decrease in UC (IRR = 0.990, P = 0.004). Each unit increase of 
metam pesticide was associated with a 6.9% decrease in IBD cases (IRR = 0.931, P = 0.001 for 1 kg/ha). 
Each ppb increase in O3 was associated with a 9.5% increase in UC (IRR = 1.095, P = 0.001) and a 5.3% 
decrease in CD (IRR = 9.47, P = 0.010). Each ppb increase in NO2 was associated with a 4.8% decrease in 
CD cases (IRR = 0.952, P = 0.006). Each unit increase of glyphosate applied to wheat was associated with 
an increase in UC (IRR = 121.196, P = 0.019 for 1 kg/ha), while the same pesticide applied to corn (IRR = 
0.828, P = 0.021 for 1 kg/ha) and alfalfa (IRR = 0.001, P = 0.024 for 1 kg/ha) was a significant protective 
factor. It is important to note that glyphosate applications to corn (range 0.00–6.06, mean 0.49 kg/ha) 
were much higher than those to alfalfa (range 0.00–0.17, mean 0.02 kg/ha) and wheat (range 0.00–0.21, 
mean 0.02 kg/ha), and the extremely high and low IRRs for glyphosate are more reflective of the small 
data values than actual effect size.

A 1% increase in the percent of South Asian residents was associated with a 2% increase in IBD (IRR = 
1.020, P < 0.001) and a 5.4% increase in UC (IRR = 1.054, P < 0.001), while a 20% increase in South Asian 
residents was associated with a 47.5% increase in IBD. A 1% increase in maximum growing season 
greenness was associated with a 6% increase in IBD and a 3.8% increase in CD (IRR = 1.060, P < 0.001, 
and IRR = 1.038, P = 0.002, respectively). A 1% increase in mean growing season greenness was 
associated with a 4.3% increase in UC (IRR = 1.043, P = 0.006). Each 1 μg/m3 concentration increase in 
PM2.5 air pollution was associated with a 29.4% increase in IBD cases (IRR = 1.294, P = 0.001) and a 23% 
increase in CD cases (IRR = 1.230, P = 0.008). Finally, a 1 kg/ha increase in the application of petroleum 
oil in grapes and orchards was associated with a 13.5% increase in IBD (IRR = 1.135, P = 0.033) and a 
15.9% increase in CD (IRR = 1.159, P = 0.038).
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Table 4 Incidence rate ratios and 95%CIs for the best model explaining inflammatory bowel disease, Crohn’s disease, and ulcerative 
colitis rates in local health areas of British Columbia, Canada (n = 88)

Inflammatory bowel disease Crohn’s disease Ulcerative colitis
Variable

IRR and 95%CI P value IRR and 95%CI P value IRR and 95%CI P value

Average family size 0.467 (0.268–0.816) 0.007b

Average family income 0.912 (0.827–1.006) 0.064

Glyphosate used in alfalfa 
crops

0.001 (0.000–0.253) 0.024a

Glyphosate used in corn crops 0.828 (0.707–0.974) 0.021a

Glyphosate used in wheat 
crops

121.196 (2.252–6671.461) 0.019a

Indigenous ethnic origin 0.956 (0.941–0.971) < 0.001c 0.923 (0.895–0.951) < 0.001c

Metam used in fruits and 
vegetables

0.931 (0.892–0.970) 0.001b

NDVI Maximum at 250 m (× 
100)

1.060 (1.040–1.082) < 0.001c 1.038 (1.014–1.062) 0.002b

NDVI Mean at 250 m (× 100) 1.043 (1.013–1.075) 0.006b

NO2 0.952 (0.919–0.986) 0.006b

O3 0.947 (0.909–0.987) 0.010a 1.095 (1.039–1.154) 0.001b

Petroleum oil used in orchards 
and grapes

1.135 (1.007–1.270) 0.033a 1.159 (1.002–1.326) 0.038a

PM2.5 1.294 (1.113–1.507) 0.001b 1.230 (1.056–1.435) 0.008b

Rural population 0.990 (0.983–0.996) 0.004b

South Asian ethnic origin 1.020 (1.011–1.028) < 0.001c 1.054 (1.030–1.079) < 0.001c

UV Summer 0.9993 (0.9990–0.9996) < 0.001c 0.9997 (0.9993–1.0001) 0.091

UV Winter 0.996 (0.992–1.000) 0.067

aP < 0.05.
bP < 0.01.
cP < 0.001.
IRR: Incidence rate ratio; NDVI: Normalized difference vegetation index; NO2: Nitrogen dioxide; O3: Ozone; PM2.5: Fine particulate matter; UV: Ultraviolet.

DISCUSSION
Based on our exploratory analysis describing spatial patterning of PIBD in BC, incidence varied substan-
tially across the province in both rural and urban areas, likely reflective of BC’s diverse population and 
environments. The spatial distribution of IBD, CD, and UC was significantly clustered during the period 
of 2001 to 2016, with substantial overlap between cluster locations for each of the three. The lower 
mainland hotspot and southeastern BC cold spot were consistent across the study period in the IBD 
population. As previously reported in PIBD, UC represented a lower percentage of IBD cases than CD 
and in addition, displayed a less clustered distribution with fewer shared clusters. It is unlikely that 
these observed clusters resulted from chance. Notably, patients living near the eastern border (Alberta) 
may receive care in that province, potentially explaining the cold spot in southeastern BC.

In our modeling of the association between IBD case counts and population and environment 
variables, higher proportions of South Asians tended to be associated with higher IBD and UC case 
counts. In Ontario, Canada, similar incidence of IBD has been observed for children of immigrants of 
South Asian origin born in Canada and children of non-immigrants[15]. However, higher rates of IBD 
have been documented in South Asian populations in BC, the United States, the United Kingdom, New 
Zealand, and Singapore and Malaysia[7,48-51]. Our observation of lower IBD and CD cases associated 
with higher proportions of Indigenous residents is consistent with previous Canadian studies[4,52]. 
When interpreting modeling results, locations where IBD rates were well predicted by population 
ethnicity should still be considered places where environmental risk or protective factors were also 
present. Larger family size has been associated with a protective effect on CD, which is consistent with 
our results for IBD but not CD[6]. Higher socioeconomic status is an established risk factor[4,8], but 
average income quantile was not a significant predictor in any model (though it improved CD model 
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Figure 2 Statistically significant standardized incidence ratio spatial clusters, 2001–2016. A: Inflammatory bowel disease; B: Crohn’s disease; C: 
Ulcerative colitis.

fit). While several identified hot spots were located in the highest income areas of BC and cold spots in 
the lowest income areas, there were also hot spots with low income and cold spots with high income. It 
may be that average household income is less relevant than other socioeconomic indicators in BC, or 
that an effect was not observable for aggregated populations.

Our results suggest that at the LHA level, residential environmental exposures at diagnosis may also 
be significant potential determinants. Links with vitamin D and sunlight have been inconsistent, due in 
part to variability in study design and exposure assessment[12]. Our findings indicate that summer 
vitamin D UV radiation may confer a protective effect on IBD development. An individual unit of UV (1 
J/m-2) is quite small which resulted in a low measured IRR. Mean UV in BC is significantly higher in 
summer (6053.15 J/m-2) than winter (274.98 J/m-2) and varies within the province (summer maximum of 
7272.52 and minimum of 4488.80 J/m-2). An increase in UV of 500 J/m-2, which is more representative of 
actual geographic and seasonal UV variation, was associated with a 29.4% decrease in IBD cases. In the 
analysis stratified by disease type, summer and winter UV vitamin D were nonsignificant protective 
factors that improved model fit for CD and UC, respectively. Smaller sample size in stratified analysis 
may have contributed to nonsignificant results. Low winter UV across BC could be particularly relevant 
for people of South Asian descent who have a higher level of skin melanin and require substantially 
more UV exposure to synthesize sufficient vitamin D[30]. PM2.5 air pollution was a significant risk factor 
for PIBD and CD. Italian (IBD) and Chinese (UC but not CD) studies of middle and older aged adults 
have identified PM2.5 as a risk factor for incident cases as well as IBD and UC hospitalizations in China
[53-55]. In contrast, an Ontario pediatric study found no association and a European adult study found a 
negative association with PM2.5[13,56]. Though population exposure for most LHAs met 2020 national 
and provincial air quality objectives, BC experiences seasonal wildfire events which can cause short-
term high PM2.5 concentrations that would be obscured in the yearly average values used in this study
[57]. Regular high exposure events should be investigated further, especially as climate change is 
projected to increase wildfire potential[58]. O3 air pollution was a significant risk factor for UC which is 
consistent with a Chinese study which measured an association between O3 and IBD and UC hospital 
visits[54]. We observed statistically significant negative associations with CD for NO2 and O3. This is in 
contrast to the lack of association observed for IBD in Ontario and Europe, a United Kingdom study 
which found a positive association between NO2 pollution and CD onset before age 23, and a Chinese 
study which found a positive association between NO2 and UC incidence in middle and older aged 
adults[13,55,56,59]. Differential effects on CD and UC have been observed for environmental exposures 
such as smoking and appendectomy[60].
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BC had few areas of low residential greenness and high incidence (Supplementary Figures 3–5), and 
we observed statistically significant positive associations between IBD, CD, UC, and greenness. Our 
findings contrast with a pediatric cohort study in Ontario, which found a protective effect for maximum 
growing season NDVI at 250 m[11]. This inconsistency could be due to methodological differences 
between the two studies. NDVI is a measure of vegetation greenness only and may not capture other 
elements of green spaces, such as vegetation composition, environmental microbiome, or pesticide and 
herbicide applications, which may differ in BC. Measures of greenness in BC are highly dependent on 
specific indicators, as a Metro Vancouver study comparing green space metrics found that NDVI at 250 
m from postal codes diverged significantly from other measures such as street tree density, total 
percentage of green space, and park quality[61].

A previous Canadian study found a protective effect of rurality on pediatric CD and UC, while our 
study only observed an effect for UC[9]. BC may have more diverse environments than other provinces; 
for example, the largely rural Interior Health Authority had many of the highest average PM2.5 and O3 
exposures while the majority-urban lower mainland region included significant sections of Agricultural 
Land Reserve. A hot spot near Vancouver included mostly suburban LHAs rather than the main urban 
center, which is similar to results observed in Oslo, Norway[62]. Perhaps some suburban and rural areas 
lack protective effects conferred by other rural regions while also missing potential health-promoting 
features of dense urban areas (e.g. public transportation, public parks, and access to amenities). Some 
rural and peri-urban areas can also be associated with potential risk factors such as petroleum 
pesticides.

A novel result in this study is the measured associations between pesticides and PIBD. Petroleum oil 
applied to grapes and orchards was a significant risk factor for IBD and CD. Indeed, exposure to 
agricultural petroleum oil has been previously associated with systemic autoimmunity (measured with 
antinuclear antibodies) and rhinitis in a prospective cohort of pesticide applicators in the United States, 
suggesting that petroleum pesticide products may have inflammatory properties[63,64]. As numerous 
other pesticides have been linked with dysbiosis, and petroleum is used as a fungicide, agricultural 
applications of petroleum oil should be investigated for potential impacts on the gut microbiome which 
could induce CD[14,39]. Interestingly, glyphosate application appeared to have a different effect on UC 
depending on which crop it was applied to. Wheat crop glyphosate was a significant risk factor, while 
alfalfa and corn crop glyphosate were significant protective factors. Differences in agricultural practices 
between alfalfa, corn, and wheat may be responsible for the negative or both associations observed for 
UC. The unexpected negative association between IBD and metam pesticide also warrants further 
investigation. This association could have resulted from an unmeasured confounder such as diet. For 
example, proximity to fruit and vegetable crops where metam is applied could be correlated with access 
to these food groups which are known to lower IBD risk[65].

A key strength of this study is the use of high resolution national environmental exposure metrics 
which increased the quality of the study and will facilitate comparisons between our results and future 
research. In addition, the clinical registry only contained patients with a confirmed IBD diagnosis, 
confirmed diagnosis of CD or UC, and accurate date of diagnosis which minimizes risk of misclassi-
fication. Moreover, we have demonstrated that our registry data is representative of the BC IBD 
population[18]. The use of aggregate case counts and reliable population data in both analyses and areal 
geographic analysis combined with spatial smoothing in the cluster analysis reduced the instability of 
disease rates caused by low cases numbers. The use of Monte Carlo simulation and a multiple 
comparison correction for statistical significance increased confidence in the spatial results. Finally, 
future healthcare service planning in BC would be implemented for health administrative units such as 
LHAs, so our scale of analysis would allow this research to be directly integrated into planning and 
intervention efforts.

Despite these strengths, there are several limitations which warrant discussion. Some patients were 
excluded due to missing data and it is possible that cases were missing from our clinical registry, either 
of which may have altered spatial clustering or biased modeling results. However, the registry likely 
included the vast majority of PIBD patients diagnosed in BC during the study period[18]. Patient data 
was not initially collected for research purposes, which may have affected available variables and may 
have contributed to missing data. Small numbers of cases could have produced large variation in 
incidence in sparsely populated areas. In addition, missing early environmental exposure data for 
several LHAs may have impacted the results, though all but one of the modeled LHAs included 
environment data from the majority of the study period. An important unmeasured variable in this 
analysis is diet, and missing potential confounding variables may have biased the results. This was not a 
birth cohort study, so there is uncertainty about exposures at gestation or early life. However, specific 
critical periods for many environmental exposures have not been established; consequently, further 
prospective studies are required. Previous environmental studies have used average childhood 
exposure[11,13] or did not have a standardized lookback period dating from diagnosis[56,59]. 
Accordingly, we used broad metrics of average population-level exposure during the study period. This 
was an ecological analysis and our findings should not be used to make claims about individual risk.

https://f6publishing.blob.core.windows.net/888733e4-ec17-4964-91c4-a67af479ccb4/WJG-29-3688-supplementary-material.pdf
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CONCLUSION
To our knowledge, this is the first spatial hot spot analysis focused on PIBD in North America and the 
first study identifying an association with pesticides. Spatial cluster detection was a valuable method for 
exploring patterns of IBD, and we identified PM2.5 air pollution, petroleum oil, glyphosate, and metam 
pesticides as novel determinants of PIBD. Given the inconsistency of IBD incidence in urban areas and 
relatively high incidence in some suburban and rural areas, future research should move beyond binary 
urban-rural classifications and use specific characteristics such as built environment and pollutant 
exposures to characterize environments. Expanded regional and global studies are needed to validate 
these results and to determine the relationship between timing of exposure and clinical onset of disease. 
Furthermore, the inclusion of other immune-mediated inflammatory diseases will likely uncover 
potential shared disease clusters and environmental determinants.

ARTICLE HIGHLIGHTS
Research background
Geospatial patterning has been observed in inflammatory bowel disease (IBD) incidence and linked to 
environmental determinants of disease. However, knowledge of North American IBD spatial patterns is 
limited, and unknown in pediatric IBD (PIBD). A further understanding of geospatial patterns of IBD 
will help guide distribution of healthcare services and aid in identifying potential environmental risk 
and protective factors and populations at risk.

Research motivation
There is a lack of knowledge of the spatial distribution and environmental exposures relevant to PIBD in 
Canada and specifically in the Canadian province of British Columbia (BC).

Research objectives
The main objectives of this study were (1) To determine spatial patterning of PIBD and identify location 
of disease hot and cold spots in the Canadian province of BC during the period of 2001–2016; and (2) to 
model the association between IBD case counts and population-level ethnicity, average income, rural 
residence, and known as well as novel environmental determinants. Both objectives were addressed 
using the methods described below.

Research methods
The Moran’s I statistic was used as a Local Indicator of Spatial Association to measure the degree, 
location, and type of geographic clustering of PIBD incidence, a method which improves on visual 
analysis of mapped incidence by empirically quantifying clustering. Statistical significance of observed 
clusters was approximated using Monte Carlo simulation. Case counts of IBD, Crohn’s disease (CD), 
and ulcerative colitis (UC) were modeled in Poisson rate models as a function of average population 
characteristics and average population environmental exposures to assess associations between IBD and 
rurality, ethnicity, income, family size, and air pollution, green space, ultraviolet (UV) light, and 
pesticide exposures. Data sources included a BCCH clinical registry of patients diagnosed with IBD ≤ 
age 16.9, high-quality national environmental exposure datasets developed for health research, and 
Canadian census data.

Research results
No high incidence hot spots were detected in the densest urban areas, suggesting unexplored urban 
protective factors. Rurality was negatively associated with UC. Novel risk factors for PIBD and 
specifically CD included fine particulate matter (PM2.5) pollution and agricultural applications of 
petroleum oil to orchards and grapes. Spatial distribution was partially explained by rurality, 
population ethnicity, family size, pesticide applications, air pollution, UV exposure, and residential 
greenness.

Research conclusions
Pesticide and PM2.5 exposure are linked to the development of PIBD. Suburban and low-density urban 
areas of BC appear to lack protective exposures conferred by rural and dense urban areas.

Research perspectives
Exploring geographic patterns of PIBD facilitated the identification of novel environmental determ-
inants, which has prompted followup studies of environmental exposures and IBD onset.
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Abstract
BACKGROUND 
Shear wave speed (SWS), shear wave dispersion (SWD), and attenuation imaging 
(ATI) are new diagnostic parameters for non-alcoholic fatty liver disease. To 
differentiate between non-alcoholic steatohepatitis (NASH) and non-alcoholic 
fatty liver (NAFL), we developed a clinical index we refer to as the “NASH pen-
tagon” consisting of the 3 abovementioned parameters, body mass index (BMI), 
and Fib-4 index.

AIM 
To investigate whether the area of the NASH pentagon we propose is useful in 
discriminating between NASH and NAFL.

METHODS 
This non-invasive, prospective, observational study included patients diagnosed 
with fatty liver by abdominal ultrasound between September 2021 and August 
2022 in whom shear wave elastography, SWD, and ATI were measured. Histolo-
gical diagnosis based on liver biopsy was performed in 31 patients. The large 
pentagon group (LP group) and the small pentagon group (SP group), using an 
area of 100 as the cutoff, were compared; the NASH diagnosis rate was also 
investigated. In patients with a histologically confirmed diagnosis, receiver-
operating characteristic (ROC) curve analyses were performed.

RESULTS 
One hundred-seven patients (61 men, 46 women; mean age 55.1 years; mean BMI 
26.8 kg/m2) were assessed. The LP group was significantly older (mean age: 60.8 ± 
15.2 years vs 46.4 ± 13.2 years; P < 0.0001). Twenty-five patients who underwent 
liver biopsies were diagnosed with NASH, and 6 were diagnosed with NAFL. On 
ROC curve analyses, the areas under the ROC curves for SWS, dispersion slope, 
ATI value, BMI, Fib-4 index, and the area of the NASH pentagon were 0.88000, 
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0.82000, 0.58730, 0.63000, 0.59333, and 0.93651, respectively; the largest was that for the area of the 
NASH pentagon.

CONCLUSION 
The NASH pentagon area appears useful for discriminating between patients with NASH and 
those with NAFL.

Key Words: Non-alcoholic fatty liver disease; Non-alcoholic steatohepatitis; Attenuation imaging; Shear 
wave elastography; Shear wave dispersion; Diagnosis

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

Core Tip: The non-alcoholic steatohepatitis (NASH) pentagon is a novel clinical index consisting of the 
five parameters of shear wave speed, dispersion slope, attenuation imaging value, Fib-4 index, and body 
mass index. It is simple and the calculation of its area is easy. The area of the NASH pentagon is useful for 
discriminating between patients with NASH and those with non-alcoholic fatty liver.

Citation: Funada K, Kusano Y, Gyotoku Y, Shirahashi R, Suda T, Tamano M. Novel multi-parametric diagnosis of 
non-alcoholic fatty liver disease using ultrasonography, body mass index, and Fib-4 index. World J Gastroenterol 
2023; 29(23): 3703-3714
URL: https://www.wjgnet.com/1007-9327/full/v29/i23/3703.htm
DOI: https://dx.doi.org/10.3748/wjg.v29.i23.3703

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is a global public health problem[1,2]. It is a grouping of 
diseases consisting of either non-alcoholic fatty liver (NAFL) or non-alcoholic steatohepatitis (NASH)
[3]. If NASH progresses, it can lead to liver cirrhosis and hepatocellular carcinoma; thus, a clinical index 
needs to be developed that can efficiently discriminate NASH patients from NAFL patients[4,5]. 
Assessments based on multiple parameters using ultrasound, including shear wave elastography 
(SWE), are reported to be useful in stratifying the risk of advanced NASH[6].

SWE measures the speed of shear waves (shear wave speed; SWS) generated by push pulses. SWS is 
slow in soft objects and fast in hard objects. Measurements of SWS by SWE are considered useful in 
assessing liver fibrosis in viral hepatitis and NAFLD[7-11].

The shear wave dispersion (SWD) developed in recent years obtains the “frequency dependence” 
(dispersion slope; DS), which is the extent of the changes in the speed of shear waves, from changes in 
their frequency. Some preliminary evidence has been reported that DS measurements with SWD are an 
index of necroinflammation of the liver[12,13].

Attenuation imaging (ATI) was developed as a new testing method for evaluation of hepatic steatosis 
with ultrasound technology. ATI is a technique that uses the principle of attenuation due to phenomena 
such as absorption and diffusion of ultrasonic pulses emitted within the body when they pass through 
body tissue, and it produces a value referred to as the attenuation coefficient. Magnetic resonance 
imaging (MRI)-determined proton density fat fraction (PDFF) values have been reportedly used for 
assessing histological hepatic steatosis grades[14], and Tada et al[15] reported a good correlation 
between ATI values and MRI-determined PDFF values.

On the other hand, it is important to have parameters that do not require special equipment to 
measure. The prevalence of NAFLD in Japanese non-obese patients is 15%[16]. In other words, 85% of 
NAFLD patients are obese. Therefore, the body mass index (BMI), which can be easily used to 
determine obesity, is one such parameter of importance.

Similarly, the scoring system for liver fibrosis by the biochemical examination of blood is also 
relevant. The Fib-4 index, calculated by aspartate aminotransferase (AST), alanine aminotransferase 
(ALT), platelets (Plts), and age, is simple and easy to use[17].

In this study, a pentagon consisting of five parameters was prepared with the addition of the BMI and 
the Fib-4 index to the three parameters of SWS, SWD, and ATI. Whether the area of this pentagon is 
useful in discriminating NASH from NAFL was then investigated.
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MATERIALS AND METHODS
Patients
This was a non-invasive, prospective, observational study that conformed with the ethical guidelines of 
the Declaration of Helsinki in its 2008 revision and was approved by the ethics review board of the 
hospital with which the authors are affiliated (No. 21057). The study was conducted after complete 
information disclosure on the website of the authors’ hospital.

Of the patients diagnosed with fatty liver by abdominal ultrasound between September 2021 and 
August 2022, the subjects were patients in whom SWE, SWD, and ATI were measured. Patients with a 
history of alcohol intake of ethanol ≥ 20 g/d, who had hepatitis B, hepatitis C, or autoimmune liver 
disease, and patients with concurrent drug-induced liver injury or cholangitis were excluded.

Diagnosis of fatty liver with ultrasonography
The ultrasound scanner used was an Aplio i800 from Canon Medical Systems Corp. (Otawara, Tochigi, 
Japan). Fatty liver was diagnosed if the following were seen on B-mode ultrasound examination: (1) 
Bright liver[18]; (2) Positive hepatorenal echo contrast[19]; (3) Deep ultrasound attenuation in the liver
[20]; and (4) Vascular blurring in the liver[21]. Specialists with ten or more years of ultrasonographic 
experience (Suda T and Tamano M) performed the B-mode ultrasound examination and measured SWE, 
SWD, and ATI.

Measurements of shear wave elastography and SWD
All SWE measurements were done following B-mode scans, using the same diagnostic equipment and 
transducers. The measurement results are shown as SWS (m/s). A 1-cm-diameter, circular region of 
interest was placed on the sample box.

SWD was measured at the same time as SWE. Simultaneous measurements could be taken by 
switching to quad view mode including a SWS map and a SWD slope map. This test was also perform-
ed using five or more measurement values, and the measurement results are shown as DS [(m/s)/KHz].

Measurements of attenuation imaging
After SWE and SWD were measured, the same physician performed the ATI test. The measurement 
result is shown as the ATI value [(dB/cm)/MHz]. A sample box with the default settings was used to 
acquire the data, set at least 1.5 cm below the liver capsule to avoid reverberation artifacts. The reliabi-
lity of the results is displayed with R2 values, categorized as poor (R2 < 0.80), good (R2 = 0.81-0.89), or 
excellent (R2 > 0.90). According to information provided by the manufacturer, measurements are 
considered to be valid when R2≥ 0.80. Attenuation imaging examinations were performed until five 
valid measurements were obtained, and the mean value of the five measurements was used in the 
analysis.

Structure of the NASH pentagon
AST, ALT, and Plts were measured on the same day as the abdominal ultrasound. The Fib-4 index was 
calculated from these values and age. The BMI was calculated from height and weight on the day on 
which abdominal ultrasound was performed.

A pentagon consisting of these five parameters (SWS, DS, ATI value, BMI, and Fib-4 index) was 
created. This was defined as the NASH pentagon. The area of the NASH pentagon was calculated 
automatically by inputting a calculation formula into an Aplio i800 work station.

The standard value for each item was set according to previous studies as follows. The standard 
value of SWS was set as 1.33 m/s (cutoff value of fibrosis stage 1), that of DS was set to 8.5 (m/s)/KHz 
(cutoff value of lobular inflammation grade 1)[22]. Similarly, the standard value of ATI was set to 0.66 
(dB/cm)/MHz, defining steatosis grade 1[16,22]. The standard value for BMI was set at 25.0 kg/m2 
based on the index of the Japanese Society for the Study of Obesity[1]. The standard value for the Fib-4 
index was set to 1.30, which is the low cutoff value for advanced fibrosis (stage 3-4), based on a report 
by Shah et al[24] The investigation was done taking the area of this pentagon as 100 (Figure 1).

Diagnosis of NASH
Histological diagnosis based on liver biopsy was performed within three months from SWE measure-
ment in those patients who provided consent. NASH diagnosis was made by an experienced pathologist 
certified by the Japanese Society of Pathology, based on comprehensive findings including macrovesi-
cular steatosis, ballooning degeneration of hepatocytes, scattered inflammation and apoptotic bodies in 
the lobules, Mallory-Denk bodies, and fibrosis[25-27]. In this study, all patients without liver biopsy 
were judged to have NAFL, even if NASH was suspected clinically.

Comparison of two groups classified by the area of the NASH pentagon
Patient characteristics and individual parameters were compared between a large pentagon group (LP 
group), in which the area of the NASH pentagon was 100 or greater, and a small pentagon group (SP 
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Figure 1 Non-alcoholic steatohepatitis pentagon. The non-alcoholic steatohepatitis pentagon consists of the five parameters of shear wave speed (SWS), 
dispersion slope (DS), attenuation imaging value (ATI value), Fib-4 index, and the body mass index (BMI). Based on past reports, the reference values were set as 
SWS 1.33 m/s, DS 8.5 (m/s)/KHz, ATI value 0.66 (dB/cm)/MHz, BMI 25.0 kg/m2, and Fib-4 index 1.3. SWS: Shear wave speed; DS: Dispersion slope; BMI: Body 
mass index; ATI: Attenuation imaging.

group), in which the area was less than 100. In addition, the NASH diagnosis rate was investigated 
when the NASH pentagon area of 100 was taken as the reference.

Diagnostic accuracy for NASH using the area of the NASH pentagon
In patients for whom liver biopsies were performed during the study period and a histologically 
confirm-ed diagnosis was made, a receiver-operating characteristic (ROC) curve was drawn for SWS, 
DS, ATI value, BMI, Fib-4 index, and area of the NASH pentagon.

Statistical analysis
Continuous data for SWS, DS, ATI value, and other clinical parameters are expressed as mean ± SD. A 
Spearman rank-order correlation coefficient test was used to test the independency of these clinical 
parameters. A non-paired Wilcoxon test was used in comparisons of each parameter between the two 
groups divided by NASH pentagon area, with P < 0.05 taken to indicate a significant difference.

The NASH diagnostic performance of SWS, DS, ATI value, BMI, Fib-4 index, and the area of the 
pentagon was investigated using the ROC curve. The area under the ROC curve (AUROC) was used to 
evaluate NASH diagnostic performance.

RESULTS
Patients’ characteristics
The number of patients who were diagnosed with fatty liver based on abdominal ultrasound and in 
whom SWE, SWD, and ATI were measured was 126. After excluding 7 patients with an alcohol intake 
history of ≥ 20 g ethanol/d, 10 patients with concurrent hepatitis B, hepatitis C, or autoimmune liver 
injury, and 2 patients for other reasons, the investigation was conducted with the remaining 107 patients 
(Figure 2).

The characteristics for these 107 patients are shown in Table 1. There were 61 men and 46 women, 
with a mean age of 55.1 years. The mean BMI was 26.8 kg/m2. Of the 107 patients, diabetes mellitus was 
seen in 25, dyslipidemia in 35, and hypertension in 37. Mean AST, ALT, and γ-glutamyltransferase 
concentrations were all mildly elevated at 44.9 U/L, 70.6 U/L, and 99.6 U/L, respectively. The mean 
Fib-4 index was 1.53. Twenty-five of the 107 patients were diagnosed with NASH, and the remaining 82 
were diagnosed with NAFL.

The Spearman rank correlation coefficient between SWS and the Fib-4 index was 0.3486; no strong 
correlation was found. Similarly, the rank correlation coefficient between ATI and BMI was 0.1955, 
showing no correlation.
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Table 1 Patients’ characteristics

Patients’ characteristics n = 107

M/F 61/46

Age (yr) 55.1 ± 15.9

BMI (kg/m2) 26.8 ± 4.1

Metabolic diseases

    Diabetes mellitus (yes/no) 25/82

    Dyslipidemia (yes/no) 35/72

    Hypertension (yes/no) 37/70

Concomitant drugs

    SGLT2 inhibitor 12

    DPP-4 inhibitor 13

    Thiazolidinedione 2

    GLP-1 agonist 2

    Statin 19

    Bezafibrate 0

    Pemafibrate 8

    EPA and DHA preparation 1

AST (U/L) 44.9 ± 38.0

ALT (U/L) 70.6 ± 57.7

GGT (U/L) 99.6 ± 139.7

T-B (mg/dL) 0.9 ± 0.5

Alb (mg/dL) 4.5 ± 0.4

eGFR (mL/min) 73.0 ± 15.0

HbA1c (%) 6.5 ± 1.2

T-chol (mg/dL) 202.1 ± 52.6

TG (mg/dL) 180.0 ± 119.0

WBC (103/μL) 6731.8 ± 1882.5

Hb (g/dL) 14.7 ± 1.3

Plts (104/μL) 23.9 ± 7.6

Fib-4 index 1.53 ± 1.90

M: Male; F: Female; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; GGT: γ-glutamyltransferase; T-Bil: Total bilirubin; Alb: Albumin; 
eGFR: Estimated glomerular filtration rate; HbA1c: Glycated hemoglobin A1c; T-chol: Total cholesterol; TG: Triglycerides; WBC: White blood cells; Hb: 
Hemoglobin; Plts: Platelets.

Comparison of two groups classified by the area of the NASH pentagon
The LP group with a NASH pentagon area ≥ 100 had 64 patients, and the SP group with an area < 100 
had 43 patients. A comparison of the two groups is shown in Table 2.

There was no difference in sex between the two groups, but mean age was 60.8 ± 15.2 years in the LP 
group and 46.4 ± 13.2 years in the SP group, with the LP group significantly older (P < 0.0001).

Concurrent diabetes mellitus was seen in 18/64 patients (28.1%) in the LP group and 6/43 patients 
(13.9%) in the SP group. While this represents a higher tendency in the LP group, no significant 
difference was seen (P = 0.0849). Concurrent dyslipidemia was seen in 27/64 patients (42.2%) in the LP 
group and 8/43 patients (18.6%) in the SP group, and concurrent hypertension was seen in 29/64 
patients (45.3%) and 7/43 patients (16.3%), respectively; both were significantly higher in the LP group (
P = 0.0108, P = 0.0183).
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Table 2 Comparison of the two groups classified by area of non-alcoholic steatohepatitis pentagon

Large pentagon group (n = 64) Small pentagon group (n = 43) P value

M/F 33/31 28/15 0.165

Age (yr) 60.8 ± 15.2 46.4 ± 13.2 < 0.0001

Metabolic diseases

    Diabetes mellitus (yes/no) 18/46 6/37 0.0849

    Dyslipidemia (yes/no) 27/37 8/35 0.0108

    Hypertension (yes/no) 29/35 7/36 0.0183

AST (U/L) 52.6 ± 44.2 40.3 ± 24.4 0.0521

ALT (U/L) 61.1 ± 45.2 83.0 ± 71.6 0.1699

GGT (U/L) 97.3 ± 123.2 102.9 ± 162.0 0.7238

T-B (mg/dL) 1.01 ± 0.6 0.77 ± 0.3 0.0044

Alb (mg/dL) 4.5 ± 0.4 4.6 ± 0.4 0.2843

eGFR (mL/min) 71.8 ± 16.4 74.7 ± 12.1 0.1639

HbA1c (%) 6.5 ± 1.1 6.3 ± 1.2 0.2847

T-chol (mg/dL) 188.5 ± 59.4 221.3 ± 33.8 0.008

TG (mg/dL) 172.9 ± 126.5 189.9 ± 108.8 0.1278

WBC (103/μL) 6225.0 ± 1586.9 7463.9 ± 2050.9 0.008

Hb (g/dL) 14.7 ± 1.3 14.7 ± 1.5 0.6836

Plts (104/μL) 21.0 ± 6.5 28.8 ± 6.6 < 0.0001

SWS (m/s) 1.78 ± 0.36 1.39 ± 0.14 < 0.0001

DS [(m/s)/kHz] 13.3 ± 3.7 10.8 ± 2.0 < 0.0001

ATI value [(dB/cm)/MHz] 0.78 ± 0.13 0.74 ± 0.13 0.1047

Fib-4 index 2.2 ± 2.3 0.7 ± 0.4 < 0.0001

BMI (kg/m2) 27.8 ± 4.4 25.6 ± 3.2 0.0249

NASH/NAFL 22/42 3/40 0.0042

M: Male; F: Female; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; GGT: γ-glutamyltransferase; T-chol: Total cholesterol; TG: 
Triglycerides; WBC: White blood cells; Hb: Hemoglobin; Plts: Platelets; SWS: Shear wave speed; DS: Dispersion slope; ATI value: Attenuation imaging 
value; BMI: Body mass index; Alb: Albumin; eGFR: Estimated glomerular filtration rate; NASH: Non-alcoholic steatohepatitis; NAFL: Non-alcoholic fatty 
liver.

On blood biochemistry tests, total bilirubin was significantly higher in the LP group (P = 0.0044), 
whereas total cholesterol, white blood cells, and Plts were significantly lower in the LP group (P = 
0.0080, P = 0.0080, P < 0.0001). There were no significant differences between the two groups in any of 
the other test results.

Comparisons of the five parameters that make up the NASH pentagon showed no significant 
difference between the groups in the ATI value (P = 0.1407), and significantly higher values in the LP 
group for SWS, DS, Fib-4 index, and BMI (P < 0.0001, P = 0.0004, P < 0.0001, P = 0.0249).

The number of patients diagnosed with NASH was 22 (34.3%) of 64 in the LP group and 3 (7.0%) of 43 
in the SP group. The LP group had a significantly higher percentage of NASH patients (P = 0.0042).

Diagnostic accuracy of histological NAFLD using the area of the NASH pentagon
Liver biopsy was performed during the period of this study in 31 patients. Twenty-five of these 31 
patients were diagnosed with NASH, and six were diagnosed with NAFL. The ROC curves indicating 
the NASH diagnostic performance in these 31 patients are shown in Figure 3. The AUROCs for SWS, 
DS, ATI value, BMI, Fib-4 index, and the area of the NASH pentagon were 0.88000, 0.82000, 0.58730, 
0.63000, 0.59333, and 0.93651, respectively. Of these six items, the largest AUROC was that for the area 
of the NASH pentagon.
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Figure 2 Flowchart of the study. A total of 126 patients who were diagnosed with fatty liver based on abdominal ultrasound and in whom shear wave 
elastography, shear wave dispersion, and attenuation imaging were measured during the period of this study were entered in the study. Of them, 7 patients with an 
alcohol intake history of 20 g ethanol/d or more, 3 with hepatitis B, 3 with hepatitis C, and 4 with autoimmune hepatitis or primary biliary cholangitis were excluded. In 
addition, 1 patient with drug-induced liver injury and 1 patient with cholangitis were excluded, bringing the final number of subjects in this investigation to 107. HBV: 
Hepatitis B virus; HCV: Hepatitis C virus; AIH: Autoimmune hepatitis; PBC: Primary biliary cholangitis; NAFLD: Non-alcoholic fatty liver disease.

Figure 3 Receiver-operating characteristic curve for each parameter. This shows the receiver-operating characteristic (ROC) curve of the 17 patients 
who underwent liver biopsy during the period of this study. The areas under the ROC curves (AUROCs) of shear wave speed, dispersion slope, attenuation imaging 
value, body mass index, Fib-4 index, and the area of the non-alcoholic steatohepatitis (NASH) pentagon are 0.88000, 0.82000, 0.58730, 0.63000, 0.59333, and 
0.93651, respectively. Of these six parameters, the largest AUROC is that for the area of the NASH pentagon. SWE: Shear wave elastography; SWD: Shear wave 
dispersion; ATI: Attenuation imaging; BMI: Body mass index; NASH: Non-alcoholic steatohepatitis.

DISCUSSION
Ultrasound elastography has been used to evaluate fibrosis noninvasively. SWE, one type of ultrasound 
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elastography, includes transient elastography, point SWE, and other techniques[28-30]. The Aplio i800 
used in the present study can measure SWE, SWD, and ATI with the same transducer. This machine is 
also equipped with a function that automatically creates radar charts from these measured values. The 
radar charts are created using five parameters. The three parameters of SWS, DS, and ATI value are set 
in the initial settings, and the remaining two can be freely set by the user. In the present study, these two 
were set as BMI and Fib-4 index, and it was thought that the area of this pentagon (NASH pentagon) 
may be useful for the diagnosis of NASH.

There are various reports about the cutoff values of SWE and DS[31]. In the present study, the cutoff 
values of SWE and DS were set from the report of Sugimoto et al[22] based on 120 liver biopsies. The 
cutoff values for steatosis grade 1 of ATI are reported to be 0.62-0.79[32-34]. In the present study, it was 
set to 0.66 from the report of Tada et al[35] based on 148 liver biopsies.

Obesity is the most important factor in the development of NAFLD. In NASH patients, there is a 
positive correlation between visceral fat and the amount of fat in hepatocytes[36]. Thus, obesity can lead 
to a diagnosis of NASH. In the present study, the reference value for BMI was set at 25.0 kg/m2 based 
on the index of the Japanese Society for the Study of Obesity and a WHO recommendation[23,37].

The Fib-4 index calculated from age, AST, ALT, and platelet count is regularly used as a noninvasive 
parameter of hepatic fibrosis[38]. In this study, a value of 1.30, which is the low cutoff value for advan-
ced fibrosis (stage 3-4), based on a report by Shah et al[24], was set as the reference value.

SWE and the Fib-4 index are indices of liver fibrosis. However, SWE makes use of ultrasound tech-
nology and predicts fibrosis. The Fib-4 index is calculated from biochemical evaluation and age. The 
correlation of the factors was examined, and no strong correlation was found. ATI is an index of hepatic 
steatosis assessed using ultrasound technology. BMI is an index of obesity of patients calculated from 
height and weight. In the present statistical analysis, there was no correlation between these two factors. 
Due to the above-mentioned reasons, the Fib-4 index and BMI were adopted as constituent factors of the 
NASH pentagon.

In a comparison of the LP group with a NASH pentagon area of 100 or more and the SP group with 
an area of less than 100, the LP group was older and had a lower platelet count. This is thought to be a 
result of the strong involvement of the Fib-4 index among the constituent elements of the pentagon. In 
fact, a very large difference was seen in the Fib-4 index between the groups, which was 2.2 in the LP 
group and 0.7 in the SP group (P < 0.0001).

The mean BMI, on the other hand, was 27.8 kg/m2 in the LP group and 25.6 kg/m2 in the SP group, 
tending to be higher in the SP group. Obesity is an important element of NAFLD, but as NAFL 
progresses to NASH, there is a tendency for weight loss. Moreover, even in the SP group, the mean BMI 
of 25.6 kg/m2 was only slightly above the reference of 25.0 kg/m2. This result is also consistent with 
reports that nonobese NAFLD is more common in Asia than in western countries[39,40].

The onset and progression of NAFLD/NASH are related to metabolic syndrome, and they have an 
especially strong relationship with diabetes mellitus[41]. In the present study, no difference was seen in 
concurrent diabetes mellitus by differences in the NASH pentagon area, but concurrent dyslipidemia 
and hypertension were significantly higher in the LP group.

The NASH pentagon consists of five parameters: Fibrosis based on SWS, inflammation as assessed by 
DS, steatosis as assessed by ATI value, obesity assessed by BMI, and the level of serological and clinical 
progression based on the Fib-4 index. Once this pentagon is programmed in the ultrasound machine, it 
can be automatically created and its area subsequently calculated, making it very simple to use. We thus 
consider it to be a useful method for identifying NASH among NAFLD patients.

In fact, when ROC curves were made for the six parameters of SWS, DS, ATI value, BMI, Fib-4 index, 
and the area of the NASH pentagon in 31 patients who underwent liver biopsy during the study period, 
the largest AUROC was the one for the area of the NASH pentagon.

In the early stage of NASH, liver fibrosis is mild, and in these patients, SWS is expected to be either 
normal or only mildly elevated. In young patients, the Fib-4 index also tends to be low. Even in these 
patients, however, DS, ATI value, and BMI are expected to be high, so it may be possible to identify 
them using the NASH pentagon.

Conversely, BMI tends to decrease when NASH progresses to cirrhosis, and even histologically, a 
state is present in which reduced fat deposition is seen (so-called “burned-out NASH”)[42,43]. Such 
patients are expected to have low BMI and ATI values in conjunction with high SWS and Fib-4 index 
values. DS may have different values depending on the individual case, but the NASH pentagon is 
thought to be useful even in these patients.

Limitations
This was a prospective study, but only 107 patients were included, and only 31 underwent liver biopsy 
during the study period. These numbers are too small to obtain sufficient results. Additional studies 
with a larger number of patients will be needed to confirm our results. It may also be necessary to 
conduct a more detailed pathological investigation and a review of the reference values for the five 
parameters.
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CONCLUSION
The preparation of a NASH pentagon consisting of five parameters, SWS, DS, ATI value, Fib-4 index, 
and BMI, is simple and the calculation of its area is easy. The authors believe that this multi-parametric 
index will be useful for identifying NASH patients among NAFLD patients.

ARTICLE HIGHLIGHTS
Research background
Non-alcoholic fatty liver disease (NAFLD) is a major problem throughout the world. If non-alcoholic 
steatohepatitis (NASH) progresses, it can lead to hepatocellular carcinoma. Novel clinical index needs to 
be developed that can efficiently discriminate NASH patients from non-alcoholic fatty liver (NAFL) 
patients.

Research motivation
Shear wave speed (SWS), shear wave dispersion (SWD), and attenuation imaging (ATI) are new 
ultrasound diagnostic parameters for NAFLD. We developed a novel clinical index as the “NASH 
pentagon” consisting of the 3 abovementioned parameters, body mass index (BMI), and Fib-4 index.

Research objectives
Objective of this study is to prove the utility of NASH pentagon area in the differentiation of NASH and 
NAFL.

Research methods
Patients diagnosed with fatty liver by abdominal ultrasound between September 2021 and August 2022 
were enrolled. Histological diagnosis based on liver biopsy was performed in 31 patients. The large 
pentagon group (LP group) and the small pentagon group (SP group), using an area of 100 as the cutoff, 
were compared; the NASH diagnosis rate was also investigated. In patients with a histologically 
confirmed diagnosis, receiver-operating characteristic curve analyses were performed.

Research results
The preparation of a NASH pentagon consisting of five parameters, SWS, DS, ATI value, Fib-4 index, 
and BMI, is simple and the calculation of its area is easy. The LP group with a NASH pentagon area ≥ 
100 had 64 patients, and the SP group with an area < 100 had 43 patients. The number of patients 
diagnosed with NASH was 22 (34.3%) of 64 in the LP group and 3 (7.0%) of 43 in the SP group. The LP 
group had a significantly higher percentage of NASH patients (P = 0.0042).

Research conclusions
The NASH pentagon is a novel multi-parametric index, and will be useful for identifying NASH 
patients among NAFLD patients.

Research perspectives
NASH pentagon should be tried in more patients. Besides, the area of NASH pentagon and the details 
of the histologic diagnosis should be considered.
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Abstract
BACKGROUND 
Robotic surgery is a cutting-edge minimally invasive technique that overcomes 
many shortcomings of laparoscopic techniques, yet few studies have evaluated 
the use of robotic surgery to treat Hirschsprung’s disease (HSCR).

AIM 
To analyze the feasibility and medium-term outcomes of robotic-assisted 
proctosigmoidectomy (RAPS) with sphincter- and nerve-sparing surgery in HSCR 
patients.

METHODS 
From July 2015 to January 2022, 156 rectosigmoid HSCR patients were enrolled in 
this multicenter prospective study. Their sphincters and nerves were spared by 
dissecting the rectum completely from the pelvic cavity outside the longitudinal 
muscle of the rectum and then performing transanal Soave pull-through 
procedures. Surgical outcomes and continence function were analyzed.

RESULTS 
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No conversions or intraoperative complications occurred. The median age at surgery was 9.50 
months, and the length of the removed bowel was 15.50 ± 5.23 cm. The total operation time, 
console time, and anal traction time were 155.22 ± 16.77, 58.01 ± 7.71, and 45.28 ± 8.15 min. There 
were 25 complications within 30 d and 48 post-30-d complications. For children aged ≥ 4 years, the 
bowel function score (BFS) was 17.32 ± 2.63, and 90.91% of patients showed moderate-to-good 
bowel function. The postoperative fecal continence (POFC) score was 10.95 ± 1.04 at 4 years of age, 
11.48 ± 0.72 at 5 years of age, and 11.94 ± 0.81 at 6 years of age, showing a promising annual trend. 
There were no significant differences in postoperative complications, BFS, and POFC scores 
related to age at surgery being ≤ 3 mo or > 3 mo.

CONCLUSION 
RAPS is a safe and effective alternative for treating HSCR in children of all ages; it offers the 
advantage of further minimizing damage to sphincters and perirectal nerves and thus providing 
better continence function.

Key Words: Robotic-assisted; Hirschsprung’s disease; Continence function; Sphincter; Nerve

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

Core Tip: We present the largest series of patients with Hirschsprung’s disease treated with robotic-assisted 
proctosigmoidectomy (RAPS). RAPS is a safe and effective alternative for treating Hirschsprung’s disease 
in children of all ages. It offers the advantage of further minimizing damage to sphincters and perirectal 
nerves and thus providing better fecal function.

Citation: Zhang MX, Zhang X, Chang XP, Zeng JX, Bian HQ, Cao GQ, Li S, Chi SQ, Zhou Y, Rong LY, Wan L, 
Tang ST. Robotic-assisted proctosigmoidectomy for Hirschsprung’s disease: A multicenter prospective study. 
World J Gastroenterol 2023; 29(23): 3715-3732
URL: https://www.wjgnet.com/1007-9327/full/v29/i23/3715.htm
DOI: https://dx.doi.org/10.3748/wjg.v29.i23.3715

INTRODUCTION
Although beneficial for children with Hirschsprung’s disease (HSCR), laparoscopic operation is more 
challenging than open operation, especially in newborns and infants. To address the drawbacks of 
laparoscopic surgery, a robotic system may be considered. Robotic-assisted surgery is utilized in various 
areas due to its numerous advantages, particularly in complex operations, such as anorectal malform-
ations in children[1] and prostate and rectal cancer in adults[2,3].

Recently, laparoscopic techniques have developed into an effective treatment for HSCR. As previo-
usly shown, these minimally invasive surgical techniques result in better early postoperative outcomes 
than the open procedure[4,5], and the long-term results are similar between laparoscopic and open 
procedures[6]. Nevertheless, laparoscopic surgery for HSCR is still considered to be one of the most 
difficult operations in anorectal surgery. With the introduction and application of robotic surgical 
platforms, this technology is gradually being adopted for the treatment of HSCR. However, the safety 
and efficacy of the technology in treating pediatric HSCR patients have been evaluated in only a few 
studies.

In this paper, we present our initial experience with robotic-assisted proctosigmoidectomy (RAPS) 
with sphincter- and nerve-sparing surgery (SNS) for treating HSCR. To our knowledge, this represents 
the largest series of SNS-RAPS in children reported to date. The SNS-RAPS procedure is thoroughly 
detailed.

MATERIALS AND METHODS
Study design
From July 2015 to January 2022, a multicenter prospective study of consecutive children with 
rectosigmoid HSCR who underwent uniform SNS-RAPS was carried out at three centers (Union 
Hospital, Tongji Medical College, Huazhong University of Science and Technology; Guangzhou Women 
and Children’s Medical Center, Guangzhou Medical University; Wuhan Children’s Hospital, Tongji 
Medical College, Huazhong University of Science and Technology). A total of 156 patients were 
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enrolled, and all operations were performed by experienced surgical teams from three centers. Since the 
time the da Vinci Surgical System Si (Intuitive Surgical, Sunnyvale, CA) was introduced at the three 
centers to treat HSCR, all HSCR cases have been recorded in a prospectively designed database. Patient 
demographics, surgical parameters, and postoperative data were recorded.

This study was approved by the ethics committee at each participating center and registered in the 
Chinese Clinical Trial Registry (Registration ID: ChiCTR2000035220). Written informed consent was 
obtained from the legal guardians of each patient. The study has been reported in accordance with the 
Declaration of Helsinki.

Patients
Patients diagnosed with rectosigmoid HSCR preoperatively were candidates for SNS-RAPS. The 
diagnosis was based on clinical symptoms and signs, barium enema results, rectal aspiration biopsy, 
anorectal manometry, and intraoperative biopsy. Patients with trisomy 21, total colonic aganglionosis, 
long-segment HSCR, HSCR combined with preoperative enterostomy, and surgical contraindications 
were excluded. The patient selection process is detailed in Figure 1. All patients received a unified 
preoperative preparation and postoperative treatment plan at all centers.

Colonic irrigation with warm saline (100-200 mL/kg) was used to prepare the colon for 3-7 d. 
Metronidazole (25 mg/kg, bid) was given orally for 3 d (1-2 d for neonates) preoperatively, and one 
dose of cefoperazone was provided during anesthesia induction.

Operative procedure
Under general anesthesia, the patient was placed in the supine position, and three trocars were placed. 
The CO2 insufflation pressure was set at 8-10 mmHg, and the flow rate at 2.5-4.5 L/min. The operation 
was performed using three ports, including a straight-cut umbilical trocar accommodating a 12 mm 30° 
telescope and two working trocars with 8 mm robotic devices on either side (Figure 2). The robotic arms 
were oriented from the caudal direction. The aganglionic segment range was assessed by seromuscu-
lature biopsy using robotic monopolar scissors and interrupted 5-0 sutures were placed in cases of 
bleeding or mucosal rupture. The needle and suction were alternately inserted for operation through the 
8 mm port on one side, which required the process of removing and reinserting the operative 
instrument. A Maryland dissector and a robotic hook were used to perform the dissection. After 
creating a window on the sigmoid mesentery, we clipped and divided the sigmoid artery trunk and 
then mobilized the mesentery up to the level of the inferior mesenteric artery. SNS robotic endorectal 
dissection was performed circumferentially down to the pelvis, which was the most unique and crucial 
part of the operation. Dissection was begun circumferentially at 1.0 cm above the peritoneal reflection. 
The rectum was mobilized outside the longitudinal muscle layer (that is, under its serosa or proper 
rectal fascia extended serous layer below the peritoneal reflection), with the anatomical plane farther 
away from Denonvillier’s fascia and the nerve plexus anterior or lateral to the rectum (Figure 3A). When 
we pulled the rectum cranially, intestinal wall muscle layers provided greater tensile strength than the 
mucosa, allowing the pelvis to be shallower (Figure 4) and avoiding intraoperative intestinal mucosal 
tearing with peritoneal contamination. Since the robotic platform allowed for dissection in a narrow 
field, we were able to dissect the rectum to a lower level, nearly up to the dentate line. The mobilization 
of the rectum reached 4-7 cm into the pelvis (Figure 3B).

After the robot was unlocked, a circular incision was made 0.5-1 cm from the dentate line (Figure 5A), 
dividing the mucosa upward by 0.2-0.4 cm, breaking through the muscular cuff, and exposing the 
robotic dissection plane in the pelvis. The diseased colon was then gently pulled out through the anus. 
The posterior wall was partially resected in a V-shape, and the pointed end of the “V” reached the level 
of the dentate line to release internal anal sphincter achalasia. To avoid residual dysfunctional bowel, 
we uniformly excised the dilated and thickened bowel; we then performed Soave’s anastomosis with 
interrupted 5-0 or 4-0 absorbable sutures above the biopsy site. After the diseased bowel was removed, 
the specimen was measured for its overall length and the pelvic dissection length (Figure 5B).

Postoperative management
Intravenous antibiotics (cefoperazone, 50 mg/kg, bid) were given for the first 3 d, and a urinary catheter 
was left for 24-48 h after surgery. No nasogastric tube or drains were left in place, but a rectal tube was 
left for 5 d postoperatively to help the passage of intestinal contents and gas through the anus. Instead 
of sutures, we used butterfly shaped tape to fixate the tube and reduce postoperative discomfort. The 
patient was discharged after being confirmed to be clinically stable and tolerant of a full oral diet. A 
routine digital rectal examination was performed postoperatively at 2 wk, and an anal dilatation plan 
was formulated.

Postoperative variables and definitions
The bowel function score (BFS) was used to evaluate overall bowel function[7], while the postoperative 
fecal continence (POFC) score focused on SNS-related incontinence[8]. Children aged ≥ 4 years were 
assessed twice for each score as shown in Tables 1 and 2. A BFS ≥ 17 was represented as the lower limit 
of good/normal functional outcomes as more than 90% of people aged ≥ 4 years in the normal 
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Table 1 Scale for bowel function score

Evaluation on fecal continence Score

Feels the urge to defecate

Always 3

Most of the time 2

Uncertain 1

Absent 0

Ability to hold back defecation

Always 3

Problems less than once a week 2

Weekly problems 1

No voluntary control 0

Frequency of defecation

Every other day-twice a day 2

More often 1

Less often 1

Soiling

Never 3

Staining less than once a week, no change of underwear required 2

Frequent staining/soiling, change of underwear required 1

Daily soiling, requires protective aids 0

Accidents

Never 3

Less than once a week 2

Weekly accidents, often requires protective aids 1

Daily, protective aids required day and night 0

Constipation

No constipation 3

Manageable with diet 2

Manageable with laxatives 1

Manageable with enemas 0

Social problems

No social problems 3

Sometimes (fouls odors) 2

Problems causing restrictions in social life 1

Major social/psychosocial problems 0

population met this criterion[9]. Soiling referred to the actual presence of feces in the underwear 
without the patient's awareness, while fecal marks on the underwear were regarded as staining. We 
briefly defined the normal stool frequency as 1-3 times daily or once every 1-3 d. The diagnosis of 
HSCR-associated enterocolitis was based on the definitions by Teitelbaum and Coran[10]. Post-30-d 
complications were defined as complications occurring 30 d to 1 year after surgery.

Statistical analysis
Categorical variables are presented as counts and percentages, while continuous variables are presented 
as the mean ± SD or median (range). The Kolmogorov–Smirnov test was used to assess the normality 
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Table 2 Scale for postoperative fecal continence score

Evaluation on the POFC scores 0 1 2

Frequency of motions (/day) ≥ 6 3-5 1-2

Severity of staining/soiling Soiling Staining None

Severity of perianal erosion Often Occasionally Nil

Anal shape Prolapse needing surgery Mucosa visible Normal

Requirement for medications Antidiarrheals Laxatives/enemas Nil

Sensation of rectal fullness Not at all1 Occasionally Always2

Ability to distinguish flatus from stool Not at all1 Occasionally Always2

1Full awareness or ability to distinguish less than once a week.
2Full awareness or ability to distinguish at least 4 out of 5 times (more than 80%).
POFC: postoperative fecal continence.

Figure 1 Flowchart of patient selection.

distribution of the data. To evaluate the differences between groups, the chi-square test or Fisher exact 
test was used to analyze categorical variables, and the Mann-Whitney U test was used to compare 
continuous variables because the data did not meet the normal distribution criteria. IBM SPSS Statistics 
version 26.0 was used for statistical analysis. A P value of < 0.05 was considered indicative of statistical 
significance.

RESULTS
Patient demographics and operative data
A total of 184 participants were assessed for eligibility, and 156 patients were finally enrolled in this 
multicenter prospective study (Figure 1). The demographics and operative outcomes are shown in 
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Figure 2 Trocar site in robotic-assisted proctosigmoidectomy. There are three trocar ports, including a straight-cut umbilical trocar and two 8 mm 
working trocars located 5 cm from the umbilical trocar on either side.

Figure 3 Diagram of pelvic dissection planes and intraoperative images of pelvic dissection. A: Pelvic dissection plane of robotic-assisted 
proctosigmoidectomy is under the serosa of the rectum or proper rectal fascia extended serous layer below the peritoneal reflection; B: Pelvic dissection under robotic 
endoscopy; C: Pelvic dissection plane of conventional laparoscopic Soave surgery is performed tightly around the rectal wall; D: Pelvic dissection under laparoscopy.

Table 3. No conversions or intraoperative complications occurred. The median age at surgery was 9.50 
(range: 0.60-132.00) mo, and the weight was 9.09 ± 3.68 kg. The total operative time was 155.22 ± 16.77 
min, and the robotic console time was 58.01 ± 7.71 min. The anal traction time was 45.28 ± 8.15 min, 
which included 15.21 ± 2.67 min for transanal dissection and 30.01 ± 5.82 min for anastomosis. The 
length of the removed bowel was 15.50 ± 5.23 cm, and the pelvic dissection depth under endoscopy was 
4.50 ± 0.47 cm. The intraoperative estimated blood loss was 5.01 ± 1.81 mL.
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Table 3 Operative parameters of patients

Parameter n (%) or mean ± SD/median (range)

Age at surgery (month) 9.50 (0.60-132.00)

≤ 1 mo 4 (2.56%)

≤ 3 mo 50 (32.05%)

≤ 1 yr 77 (49.36%)

≤ 3 yr 16 (10.26%)

> 3 yr 9 (5.77%)

Level of aganglionosis

Sigmoid colon 29 (32.95%)

Upper rectum 39 (44.32%)

Lower rectum 20 (22.73%)

Weight at surgery (kg) 9.09 ± 3.68

Operative time (min) 155.22 ± 16.77

Console time (min) 58.01 ± 7.71

Anal traction time (min) 45.28 ± 8.15

Transanal dissection time (min) 15.21 ± 2.67

Anastomosis time 30.01 ± 5.82

Estimated blood loss (mL) 5.01 ± 1.81

Pelvic dissection depth (cm) 4.50 ± 0.47

Length of the removed bowel (cm) 15.50 ± 5.23

Conversion 0 (0)

Intraoperative complications 0 (0)

Figure 4 The pelvic depth in robotic vision before and after pulling the rectum cranially; the depth becomes shallower after pulling. A: 
Before pulling; B: After pulling.

Postoperative outcomes
Postoperative outcomes are detailed in Table 4. The hospital stay was 7.25 ± 1.67 d, and the median 
follow-up duration was 44.00 (range: 6.00-78.00) mo. Eight patients were lost to follow-up one year after 
surgery. Postoperative complications were assessed in accordance with the Classification of Surgical 
Complications[11]. The postoperative 30-d complications included Clavien–Dindo grade II complic-
ations in two patients with wound infections, two patients with lung infections, six patients with entero-
colitis, and thirteen patients with perianal dermatitis, all of whom were corrected by conservative 
treatment. One patient exhibited a Clavien–Dindo grade IIIa complication (anastomotic leakage treated 
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Table 4 Postoperative outcomes of patients

Parameter n (%) or mean ± SD /median (range)

Hospital stay (day) 7.25 ± 1.67

Follow-up time (month) 44.00 (6.00-78.00)

Outcomes within postoperative 30 d

Omental hernia 1 (0.64%)

Wound infections 2 (1.28%)

Lung infections 2 (1.28%)

Perianal dermatitis 13 (8.33%)

Uroschesis 0 (0)

Urinary incontinence 0 (0)

Anastomotic leakage 1 (0.64%)

Enterocolitis 6 (3.85%)

Cuff abscess 0 (0)

Post 30-d complications

Perianal dermatitis 0 (0)

Anastomotic strictures 2 (1.28%)

Sphincter spasm 0 (0)

Enterocolitis 16 (10.26%)

Soiling 7 (4.49%)

Staining 18 (11.54%)

Constipation 4 (2.56%)

Perianal dermatitis 1 (0.64%)

by resuturing with presacral drainage[12]), and one patient had a Clavien–Dindo grade IIIb 
complication (omental hernia requiring surgical correction). There was no uroschesis, urinary 
incontinence, or cuff abscess. Post-30-d complications included Clavien–Dindo grade I complications, 
namely, seven soilings (received bowel habit training) and eighteen stainings (no change of underwear 
required) as well as Clavien–Dindo grade II complications, namely, two cases of anastomotic strictures 
(underwent anal dilation treatment without anesthesia), sixteen cases of enterocolitis (received rectal 
decompression, irrigation, and broad-spectrum antibiotics), four cases of constipation (received a 
laxative and enema) and one case of perianal dermatitis (received topical medication).

Normal stool frequency and enterocolitis at 1-6 years after surgery
As listed in Table 5, we divided follow-up into four phases: ≤ 1 year, 1 < years ≤ 2, 2 < years ≤ 4, and 4 < 
years ≤ 6, with further analysis of short- to medium-term stool frequency and enterocolitis. The 
incidence of normal stool frequency increased steadily while the enterocolitis rate decreased gradually 
over time; the overall normal stool frequency rate increased from 55.13% to 89.06% under diet control 
(younger group: 53.70% to 86.36%, older group: 55.88% to 90.48%) (Figure 6A) and the overall entero-
colitis rate declined from 10.26% to 4.69% (younger group: 11.11% to 4.55%, older group: 9.8% to 4.76%) 
(Figure 6B).

BFS and POFC score in the assessment of medium-term functional outcomes
The BFS and POFC score are shown in Table 6. Eighty-eight patients aged ≥ 4 years were evaluated with 
two scoring systems during follow-up. The bowel functional result was good (BFS ≥ 17) in 66 patients 
(75.00%), moderate (12 ≤ BFS ≤ 16) in 14 patients (15.91%), and poor (BFS < 12) in 8 patients (9.09%). The 
total BFS was 17.32 ± 2.63, with satisfactory scores for each item. The POFC score at 4, 5 and 6 years of 
age postoperatively demonstrated a promising trend annually, with values of 10.95 ± 1.04, 11.48 ± 0.72, 
and 11.94 ± 0.81, respectively (Figure 6C).

Comparison of efficacy between patients aged ≤ 3 mo and aged > 3 mo at surgery
The outcomes comparing normal stool frequency and enterocolitis are shown in Table 5. The 
comparison results of postoperative complications are detailed in Table 7, while the comparison results 
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Table 5 Normal stool frequency and enterocolitis 1-6 years after surgery

Younger group Older group Total

≤ 1 yr 1 < yr ≤ 2 2 < yr ≤ 4 4 < yr ≤ 6 ≤ 1 yr 1 < yr ≤ 2 2 < yr ≤ 4 4 < yr ≤ 6 ≤ 1 yr 1 < yr ≤ 2 2 < yr ≤ 4 4 < yr ≤ 6

n = 54 n = 48 n = 38 n = 22 n = 102 n = 91 n = 74 n = 42

P value

n = 156 n = 139 n = 112 n = 64

Normal stool frequency, n (%) 29 (53.70%) 34 (70.83%) 30 (78.95%) 19 (86.36%) 57 (55.88%) 67 (73.63%) 61 (82.43%) 38 (90.48%) 0.80, 0.73, 0.66, 0.94 86 (55.13%) 101 (72.66%) 91 (81.25%) 57 (89.06%)

Enterocolitis, n (%) 6 (11.11%) 5 (10.42%) 3 (7.89%) 1 (4.55%) 10 (9.80%) 7 (7.69%) 4 (5.41%) 2 (4.76%) 0.80, 0.82, 0.92, 1.00 16 (10.26%) 12 (8.63%) 7 (6.25%) 3 (4.69%)

of BFS and POFC scores are shown in Table 8. Due to the small number of neonates in this series, we 
carried out a subgroup analysis to assess defecation function in younger infants, grouping the patients 
by age into ≤ 3 mo (younger group, n = 54) and > 3 mo (older group, n = 102). There was no significant 
difference in postoperative complication rates, BFSs (younger group: 17.19 ± 2.87, older group: 17.37 ± 
2.54) or POFC scores at 4, 5 and 6 years of age postoperatively (younger group: 10.70 ± 0.99, 11.38 ± 0.62, 
11.71 ± 0.76; older group: 11.07 ± 1.05, 11.52 ± 0.76, 12.00 ± 0.83) between the two groups (Figure 6C).

DISCUSSION
Robotic procedures are rapidly replacing open or laparoscopic procedures for the adult population in 
challenging procedures, such as operations for rectal and prostate cancer[2,3]. Nevertheless, the 
adoption of robots in pediatric surgery is low. Robotic surgery failed to show substantial benefits in 
studies comparing it to laparoscopic surgery because the procedures were initially used for less complex 
operations, such as the Nissen fundoplication[13]. In technically demanding situations, the application 
of robots for abdominal surgeries in children is relatively limited. Furthermore, only a few studies have 
revealed the feasibility of robotic-assisted surgery for HSCR, and the patient numbers were too small to 
generalize the application of robotic surgery in this field[14-17]. There is still a lack of studies involving 
large samples and long follow-up on functional outcomes. To our knowledge, 156 consecutive HSCR 
children who received RAPS represent the largest series in the literature. Long-segmental HSCR, total 
colonic aganglionosis, and trisomy 21 have been demonstrated to negatively affect the prognosis of 
HSCR patients[18-20]. Aiming to focus on the effect of surgical techniques on the postoperative 
outcomes of HSCR, we excluded these influencing factors and performed RAPS only on children with 
rectosigmoid HSCR.

The core of the original Soave procedure is pelvic endorectal dissection under the mucosa, but the 
mucosa is easily ruptured, resulting in pelvic contamination or mucosal residue. This explains the high 
rate of muscular sleeve infection following surgery in that era[4]. Pelvic endorectal dissection is a 
determining step in minimally invasive surgery for HSCR. Laparoscopic surgery facilitates tissue 
dissection in narrow spaces, and the technique still follows the concept of the original Soave procedure 
for nerve sparing. However, stiff laparoscopic instruments and unstable vision make submucosal rectal 
dissection more challenging, resulting in a higher mucosa rupture rate. Instead, extrarectal dissection is 
performed tightly around the rectal wall to 1-2 cm below the peritoneal reflection, and then a long-
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Table 6 Bowel function scores and postoperative fecal continence scores among 88 patients aged 4 years or older

Parameter Total (n = 88)

Bowel function score (Mean score ± SD)/n (%)

Feels the urge to defecate

Always 66 (75.00%)

Most of the time 19 (21.59%)

Uncertain 3 (3.41%)

Absent 0 (0)

Mean score ± SD 2.72 ± 0.52

Ability to hold back defecation

Always 63 (71.59%)

Problems less than once a week 17 (19.32%)

Weekly problems 8 (9.09%)

No voluntary control 0 (0)

Mean score ± SD 2.63 ± 0.65

Normal defecation frequency 55 (62.50%)

Mean score ± SD 1.63 ± 0.49

Fecal soiling

Never 32 (36.36%)

Staining < 1/wk 42 (47.73%)

Frequent soiling, change of underwear required 14 (15.91%)

Daily soiling, protective aids required 0 (0)

Mean score ± SD 2.23 ± 0.69

Fecal accidents

Never 63 (71.59%)

Less than once a week 18 (20.45%)

Weekly accidents, protective aids often required 6 (6.82%)

Daily, aids required day and night 1 (1.14%)

Mean score ± SD 2.63 ± 0.67

Constipation

No constipation 82 (93.18%)

Manageable with diet 0 (0)

Manageable with laxatives 4 (4.55%)

Manageable with enemas 2 (2.27%)

Mean score ± SD 2.84 ± 0.60

Social problems

No social problems 61 (69.32%)

Sometimes (fouls odors) 18 (20.45%)

Problems causing restrictions in social life 9 (10.23%)

Major social/psychosocial problems 0 (0)

Mean score ± SD 2.59 ± 0.67

Total score 17.32 ± 2.63

Good bowel function (total score ≥ 17) 66 (75.00%)
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Moderate bowel function (12 ≤ total score ≤ 16) 14 (15.91%)

Poor bowel function (total score < 12) 8 (9.09%)

Postoperative fecal incontinence scores (Mean score ± SD)

Aged ≥ 4 years (n = 88) 10.95 ± 1.04

Aged ≥ 5 years (n = 60) 11.48 ± 0.72

Aged ≥ 6 years (n = 34) 11.94 ± 0.81

Table 7 Comparison of postoperative outcomes between the younger group and the older group

Parameter Younger group (n = 54) Older group (n = 102) P value

Outcomes within postoperative 30 d, n (%)

Omental hernia 1 (1.85%) 0 (0) 0.35

Wound infections 1 (1.85%) 1 (0.98%) 1.00

Lung infections 2 (3.70%) 0 (0) 0.24

Perianal dermatitis 5 (9.26%) 8 (7.84%) 1.00

Uroschesis 0 (0) 0 (0) -

Urinary incontinence 0 (0) 0 (0) -

Anastomotic leakage 1 (1.85%) 0 (0) 0.35

Enterocolitis 4 (7.41%) 2 (1.96%) 0.21

Cuff abscess 0 (0) 0 (0) -

Post-30-d complications, n (%)

Perianal dermatitis 0 (0) 0 (0) -

Anastomotic strictures 1 (1.85%) 1 (0.98%) 1.00

Sphincter spasm 0 (0) 0 (0) -

Enterocolitis 6 (11.11%) 10 (9.80%) 0.80

Soiling 3 (5.56%) 4 (3.92%) 0.95

Staining 7 (12.96%) 11 (10.78%) 0.69

Constipation 1 (1.85%) 3 (2.94%) 1.00

Perianal dermatitis 1 (1.85%) 0 (0) 0.35

distance submucosal dissection is conducted through the anus as in Georgeson’s technique (Figure 3C 
and D) [21]. For selected patients, a totally transanal endorectal technique with submucosal dissection 
can even be performed as in Torre’s technique[22]. These procedures have been demonstrated to 
provide better short-term outcomes than open surgery, with similar long-term outcomes[6,23,24]. 
Nonetheless, some studies have found that minimally invasive surgery, particularly totally transanal 
surgery that requires more anal dissection, results in poorer long-term defecation function than open 
surgery, especially in neonates[7,25,26]. This is probably a result of the technique's increased risk of anal 
sphincter traction/injury[27]. Therefore, we hypothesized that RAPS could reduce these risks to support 
better long-term bowel function for patients.

Herein, the primary strength of our robotic-assisted technique is that a new endorectal dissection 
layer (outside the longitudinal muscle) can be established. This potential gap between anatomical 
structures exists objectively[28]. The new layer is farther away from the urinal nerves on both sides of 
the rectum and the sexual nerves ahead of the Denonvillier's fascia[29]. A diagram of the pelvic 
dissection layer is shown in Figure 3A. The robotic system provides a magnified 3D image, stable 
maneuverability, and articulated movement in the narrow area via small incisions. Another major 
advantage is the image stability from robotic arm support as minor camera movements can cause image 
shifting. These merits facilitate ideal identification of the subserosa and precise rectum dissection, thus 
guaranteeing nerve-sparing. In addition, the rectum with intact longitudinal and circular muscles can be 
pulled strongly and is less prone to rupture; thus, the surgeon is able to pull the rectum cranially to 
make the pelvis shallower (Figure 4), allowing the dissection to nearly reach the dentate line (Figure 3B). 
Extensive intra-abdominal endorectal dissection would result in less need for transanal dissection and 
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Table 8 Bowel function scores and postoperative fecal incontinence scores among patients aged 4 years or older between the younger 
group and the older group

Parameters Younger group (n = 26) Older group (n = 62) P value

Bowel function scores (Mean score ± SD)

Feels the urge to defecate 2.65 ± 0.63 2.74 ± 0.48 0.68

Ability to hold back defecation 2.58 ± 0.70 2.65 ± 0.63 0.71

Normal defecation frequency 1.69 ± 0.47 1.60 ± 0.49 0.40

Fecal soiling 2.19 ± 0.63 2.24 ± 0.72 0.67

Fecal accidents 2.58 ± 0.81 2.65 ± 0.60 0.98

Constipation 2.81 ± 0.69 2.85 ± 0.57 0.82

Social problems 2.62 ± 0.64 2.58 ± 0.69 0.93

Total bowel function score 17.19 ± 2.87 17.37 ± 2.54 0.90

Postoperative fecal incontinence scores (Mean score ± SD)

Aged ≥ 4 yr 10.70 ± 0.99 11.07 ± 1.05 0.16

Aged ≥ 5 yr 11.38 ± 0.62 11.52 ± 0.76 0.46

Aged ≥ 6 yr 11.71 ± 0.76 12.00 ± 0.83 0.35

simpler transanal procedures, thus permitting minor or no sphincter damage. Figure 5C and D show a 
comparison of the length of endorectal dissection and transanal dissection between two minimally 
invasive approaches. As our results show, the pelvic dissection could reach a depth of 4.50 ± 0.47 cm, so 
the length of the rectum dissected transanally was greatly shortened to 0.20-0.40 cm (Figure 5B). This 
reduces the time and intensity of sphincter traction. As reported, prolonged transanal dissection is 
prone to sphincter traction/injury[18,30]. Hence, robotic practice in pelvic rectal dissection may offer an 
excellent surgical tool.

Due to the additional docking and setting time of the robotic arms, the total operation time of robotic 
procedures is generally longer than that of open or laparoscopic procedures[15,31]. In our series, 
however, the operative time was 155.22 ± 16.77 min and was comparable to that of laparoscopic surgery, 
which varied from 94.00 to 294.00 min in previous large-sample studies[6,18,32-36]. Moreover, our 
results revealed that postoperative complication rates were similar or even lower than those of transanal 
or laparoscopic approaches[18,32-34]. There were no cuff abscesses in our series. This is related to 
precise and complete dissection of the rectum outside the longitudinal muscle up to the dentate line, 
preventing mucosal tube injury and ensuring no residual rectal mucosa. Previous studies have shown 
that the incidence of urinary incontinence in HSCR patients postoperatively ranges from 2.70%-22.00%
[37-41], and urine retention ranges from 1.04%-6.67%[42-44]. Urinary complications following pelvic 
procedures may be caused by direct damage or indirect thermal radiation injury to the nerve endings 
controlling voiding. No uroschesis or urinary incontinence occurred after removal of the urinary 
catheter 24-48 h after surgery in any of the patients. This highlights the most obvious advantage of SNS-
RAPS, which is the precise safeguarding of the urinal nerve around the rectum. Following this logic, 
good short-term bladder nerve protection after RAPS could indirectly predict better long-term 
defecation and sexual nerve function.

Postoperative bowel function and continence are the most important criteria for evaluating the effect-
iveness of SNS-RAPS. BFS was used for a comprehensive assessment of defecation, soiling, constipation, 
and social problems. Previous studies evaluating long-term outcomes (follow-up ranged from 9.5 to 28 
years) after open, laparoscopic or transanal approaches have shown that 88.00% to 89.00% of HSCR 
patients obtained moderate-to-good bowel function (good: BFS ≥ 17, 52.00%-63.00%; moderate: 12 ≤ BFS 
≤ 16, 26.00%-36.00%)[7,45], with an overall score of 15.00 to 17.10[7,9,18,45-47]. One clinical trial even 
found that neonates with HSCR achieved a BFS of 17.44 for long -segment HSCR and 19.06 for short-
segment HSCR after a transanal procedure (follow-up for more than 8 years)[48]. Our medium-term 
findings showed an overall BFS of 17.32 ± 2.63 and that 90.91% of patients achieved moderate-to-good 
bowel function (good: 75.00%; moderate: 15.91%), which was comparable to or better than the long-term 
results of previous studies. As studies have shown, postoperative bowel function improves with age[8,
46], so we predict that our series of patients will have better long-term bowel function. Furthermore, we 
used the POFC score to analyze fecal incontinence, reflecting the role of SNS-RAPS in nerve and 
sphincter protection[8]. The total POFC score gradually improved and was satisfactory in patients at 4, 5 
and 6 years of age following surgery (10.95 ± 1.04, 11.48 ± 0.72 and 11.94 ± 0.81), representing a result 
similar to or superior to that of laparoscopic operation (8.60-11.30)[8,49]. Postoperative functional results 
are strongly related to long-term quality of life (QoL)[9,46,47]. Satisfactory BFS and POFC scores in this 
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Figure 5 Comparison of two minimally invasive approaches and dissection length measurement of robotic-assisted proctosigmoidec-
tomy. A: The transanal Soave anastomosis procedure is performed by making a circular incision 0.5-1 cm from the dentate line and dividing the mucosa upward by 
0.2-0.4 cm; B: The length of pelvic dissection was 5.5 cm and the length of transanal dissection was 0.3 cm of robotic-assisted proctosigmoidectomy; C: The length of 
endorectal dissection and transanal dissection in the laparoscopic approach; D: The length of endorectal dissection and transanal dissection in the robotic approach.

Figure 6 Short- to medium-term outcomes of robotic-assisted proctosigmoidectomy. A: Occurrence of normal stool frequency at 1-6 years after 
surgery; B: Occurrence of enterocolitis at 1-6 years after surgery; C: Annual postoperative fecal continence score analysis among patients aged 4 years or more.

series suggested that patients will achieve good long-term QoL.
Researchers in previous studies have mixed opinions on the efficacy in younger infants, especially 

neonates, compared with that in older children[49,50]. Although its appropriateness for younger infants 
with HSCR is debatable, robotic surgery could be successfully utilized for other diseases in the neonatal 
period[51]. We have gained experience in robotic surgery for these disorders and successfully applied 
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robotic surgery for neonates and infants with HSCR. As younger infants have a narrower pelvis and 
more compact structures than older children, the distance between the rectum and the surrounding 
structures is smaller. Moreover, younger age is associated with more fragile tissue that is vulnerable to 
operative injury[52]. These features increase the risk of injuring perirectal neurovascular tissues and 
sphincters during laparoscopic procedures, but the robotic system supplies a stable magnified 3D 
surgical field and precise rectal dissection to avoid the risk of disruption to the perirectal tissues. We 
found that HSCR patients in the younger group (aged ≤ 3 mo) and older group (aged > 3 mo) exhibited 
comparable complication rates, BFS and POFC scores. These data demonstrated that SNS-RAPS is 
feasible for HSCR patients aged ≤ 3 mo, and its efficacy was comparable to that in the older group. This 
also indicated that SNS-RAPS has better efficacy than previously reported open and laparoscopic 
procedures when considered from another perspective. Although totally transanal surgery was an 
option for 22.73% of patients with lower rectum HSCR in this study, our RAPS could reduce the time 
and intensity of sphincter traction and provide better outcomes. Taken together, our findings further 
support the view that the protection afforded by RAPS to the anal sphincter and perirectal nerves is no 
worse than other approaches and that RAPS is a preferred option for HSCR.

Although our study demonstrated favorable outcomes for RAPS, the limitations include only short- 
to medium-term outcomes and the absence of comparative data with other approaches. Therefore, a 
long-term follow-up and comparative trial should be performed to evaluate the effect of SNS-RAPS on 
HSCR. Currently, assessing long-term outcomes is not an option because SNS-RAPS has been used for 
less than 10 years. We intend to perform this clinical trial in the next several years. Moreover, the 
currently documented drawbacks of robotic surgery are longer operative time, expensive costs and 
oversized robotic devices for infants and neonates, creating economic and technical constraints. With 
the further advancement of pediatric robot devices, the reduction in surgical costs, and the 
improvement in surgeons’ skills, the application of robots in pediatric surgery will mature. If surgery is 
to provide less pain and more effective therapy, then minimally invasive procedures achieved via robots 
that share the advantages of open or laparoscopic procedures may offer the answer.

CONCLUSION
SNS-RAPS is a safe and effective option for children of all ages with HSCR. The robotic platform can be 
utilized to further minimize surgical damage to the perirectal neurovascular tissue and anal sphincter, 
contributing to better bowel and urination function.

ARTICLE HIGHLIGHTS
Research background
Robotic-assisted surgery has been gradually introduced and applied to treat children with 
Hirschsprung’s disease (HSCR). However, few studies have been conducted to evaluate its safety and 
efficacy for HSCR treatment.

Research motivation
We aimed to investigate the medium-term outcomes of robotic-assisted surgery for treating HSCR.

Research objectives
We aimed to analyze the feasibility and efficacy of robotic-assisted proctosigmoidectomy (RAPS) with 
sphincter- and nerve-sparing surgery (SNS) in the treatment of HSCR.

Research methods
We conducted a multicenter prospective study of 156 infants with rectosigmoid HSCR who underwent 
SNS-RAPS and divided them by age into a younger group (aged ≤ 3 mo) and an older group (aged > 3 
mo) for comparison. Intraoperative data, postoperative complications, and medium-term outcomes 
were recorded and analyzed. In patients aged ≥ 4 years, the bowel function score (BFS) was used to 
assess overall bowel function, and the postoperative fecal continence (POFC) score was used to evaluate 
SNS-related incontinence.

Research results
A total of 156 patients underwent successful SNS-RAPS, with 25 complications within 30 d and 48 post-
30-d complications after surgery. For children aged ≥ 4 years, the overall BFS was 17.32 ± 2.63 and 
90.91% of patients showed moderate-to-good bowel function, while the POFC score increased annually 
from 4 to 6 years old (4 years old: 10.95 ± 1.04, 5 years old: 11.48 ± 0.72, 6 years old: 11.94 ± 0.81). There 
were no significant differences between the younger and older groups in postoperative complications 
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and POFC score.

Research conclusions
SNS-RAPS is a safe and effective alternative treatment for children of all ages with HSCR. It provides 
the advantage of further minimizing damage to sphincters and perirectal nerves, thus providing better 
continence function.

Research perspectives
Robotic-assisted surgery is beneficial for treating HSCR in infants and young children.
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Abstract
BACKGROUND 
Autoimmune gastritis (AIG) is a progressive, chronic, immune-mediated inflam-
matory disease characterized by the destruction of gastric parietal cells leading to 
hypo/anacidity and loss of intrinsic factor. Gastrointestinal symptoms such as 
dyspepsia and early satiety are very common, being second in terms of frequency 
only to anemia, which is the most typical feature of AIG.

AIM 
To address both well-established and more innovative information and know-
ledge about this challenging disorder.

METHODS 
An extensive bibliographical search was performed in PubMed to identify guide-
lines and primary literature (retrospective and prospective studies, systematic 
reviews, case series) published in the last 10 years.
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RESULTS 
A total of 125 records were reviewed and 80 were defined as fulfilling the criteria.

CONCLUSION 
AIG can cause a range of clinical manifestations, including dyspepsia. The pathophysiology of 
dyspepsia in AIG is complex and involves changes in acid secretion, gastric motility, hormone 
signaling, and gut microbiota, among other factors. Managing dyspeptic symptoms of AIG is 
challenging and there are no specific therapies targeting dyspepsia in AIG. While proton pump 
inhibitors are commonly used to treat dyspepsia and gastroesophageal reflux disease, they may 
not be appropriate for AIG. Prokinetic agents, antidepressant drugs, and non-pharmacological 
treatments may be of help, even if not adequately evidence-based supported. A multidisciplinary 
approach for the management of dyspepsia in AIG is recommended, and further research is 
needed to develop and validate more effective therapies for dyspepsia.

Key Words: Dyspepsia; Dyspeptic symptoms; Gastro-intestinal symptoms; Autoimmune gastritis; Chronic 
autoimmune atrophic gastritis; Treatment

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

Core Tip: The management of dyspepsia in patients with autoimmune gastritis (AIG), a chronic, immune-
mediated disease, remains a challenge, as it can overlap with functional dyspepsia and gastroesophageal 
reflux disease. Currently, there are no specific therapies. A tailored treatment approach based on a better 
understanding of putative pathogenic mechanisms underlying symptoms is needed. Prokinetic agents, 
antidepressant drugs, and non-pharmacological treatments may be helpful, although not adequately 
evidence-based supported. As a future perspective, targeting dyspepsia in AIG based on changes in the 
microbiota and advanced endoscopic techniques to treat severe dyspeptic symptoms might be an area of 
ongoing research.

Citation: Rossi RE, Elvevi A, Sciola V, Mandarino FV, Danese S, Invernizzi P, Massironi S. Paradoxical 
association between dyspepsia and autoimmune chronic atrophic gastritis: Insights into mechanisms, 
pathophysiology, and treatment options. World J Gastroenterol 2023; 29(23): 3733-3747
URL: https://www.wjgnet.com/1007-9327/full/v29/i23/3733.htm
DOI: https://dx.doi.org/10.3748/wjg.v29.i23.3733

INTRODUCTION
Autoimmune gastritis (AIG) is an immune-mediated disease targeting the H+/K+ ATPase proton pump 
in the parietal cells, which are responsible for the secretion of gastric acid and intrinsic factor[1]. The 
pathogenesis of AIG involves the activation of both T and B lymphocytes, which infiltrate the gastric 
mucosa and destroy the parietal cells[1-5], leading to hypochloridria and vitamin B12 deficiency.

Symptoms of AIG can be nonspecific, with patients presenting with no or vague symptoms, including 
postprandial fullness, early satiation, abdominal pain, bloating[6], as well as epigastric pain. Therefore, 
the diagnosis of AIG can be challenging, as many of these symptoms overlap with other digestive 
disorders, mainly functional dyspepsia (FD) and gastroesophageal reflux disease (GERD). This overlap 
in clinical symptoms and characteristics can pose diagnostic challenges between AIG and FD, which 
share some common characteristics, including clinical symptoms, as well as a higher prevalence among 
women. Moreover, some patients may present with atypical symptoms, such as fatigue, joint pain, or 
skin rashes, which can further overlap with functional symptoms. Distinguishing between AIG and 
GERD can be even more challenging. While the pathophysiological mechanisms underlying GERD and 
AIG are different, they can present with similar abdominal symptoms, such as epigastric pain, 
heartburn, and nausea, which may pose diagnostic challenges, particularly in patients with atypical 
symptoms.

The pathophysiological mechanisms underlying clinical symptoms in AIG are poorly understood.
Appropriate evaluation, including endoscopy, is therefore required to differentiate these entities; 

indeed, based on the Rome Global Epidemiology Study, the diagnosis of FD requires the absence of 
organic, systemic, or metabolic disease upon routine investigation, including endoscopy[7,8].

It is therefore important to understand the different pathogenesis of symptoms in AIG, GERD, and 
FD, as the management of these conditions can be very different. This is particularly important when 
prescribing empirically proton pump inhibitors (PPIs) based therapies, which are often considered to be 

https://www.wjgnet.com/1007-9327/full/v29/i23/3733.htm
https://dx.doi.org/10.3748/wjg.v29.i23.3733
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the first-line therapy for GERD and are often used to manage symptoms of FD. Conversely, in AIG, a 
condition of hypochlorhydria, PPI therapy could further reduce acid secretion, stimulate gastrin 
hypersecretion, and further induce enterochromaffin-like (ECL) cell hyperplasia. As a result, the use of 
PPIs in patients with AIG is generally not indicated.

Therefore, accurate diagnosis and differentiation between these conditions are crucial to avoid 
inappropriate or potentially harmful management strategies. Understanding the pathophysiology of 
each condition can also guide the choice of appropriate treatments, including lifestyle modifications, 
dietary changes, and medication management.

In this review, we will discuss the putative pathogenic mechanisms underlying symptom generation 
in AIG, their clinical implications, and the current management strategies for this complex and multi-
faceted disease.

MATERIALS AND METHODS
An extensive bibliographical search was performed in PubMed to identify guidelines and primary 
literature (retrospective and prospective studies, systematic reviews, case series) published in the last 10 
years, using both medical subject heading terms and free-language keywords: Dyspepsia; dyspeptic 
symptoms; gastro-intestinal symptoms; chronic autoimmune atrophic gastritis; diagnosis; treatment. 
The reference lists from the studies returned by the electronic search were manually searched to identify 
further relevant reports. The reference lists from all available review articles, primary studies, and 
proceedings of major meetings were also considered. Articles published as abstracts were included, 
whereas non-English language papers were excluded.

RESULTS
A total of 125 records were reviewed and 80 were defined as fulfilling the criteria for final consideration. 
Figure 1 presents the flow chart showing the process of study selection.

DISCUSSION
Dyspepsia in autoimmune gastritis: clinical manifestations and pathophysiological mechanisms
The spectrum of clinical manifestations in AIG is wide but often nonspecific[9,10]. Classical manifest-
ations of AIG include pernicious anemia due to vitamin B12 deficiency, which can cause fatigue, 
weakness, and shortness of breath. Other hematological anomalies comprise micro/normocytic anemia 
due to the coexistence of iron deficiency anemia[9,11]. Neurological symptoms such as tingling, 
numbness, or weakness in the limbs, are due to vitamin B12 deficiency and are characterized by 
neuronal damage with peripheral neuropathy, myelopathy, and autonomic dysfunction[12,13]. 
Furthermore, psychiatric alterations have been reported such as depression, cognitive impairment, and 
psychosis[14,15]. As AIG is often associated with other autoimmune conditions, patients may also 
present with symptoms related to those conditions, such as joint pain, skin rashes, or thyroid 
dysfunction[16]. Also, the impaired absorption of other vitamins, such as 25-OH-vitamin D, or micronu-
trients, such as calcium, due to gastric hypo- or achlorhydria, has been hypothesized to be a predis-
posing factor also for the development of osteoporosis which can be a possible further extra 
gastrointestinal (GI) manifestation in AIG patients[17-19].

However, these manifestations usually characterize severe or long-standing disease.
In the early stages of AIG, patients may not present with these specific symptoms, and the patients 

may begin to experience non-specific GI symptoms such as upper abdominal discomfort, bloating, and 
nausea[11]. Focusing on GI symptoms, even if AIG is generally regarded as a silent disease, some recent 
studies highlight a not negligible percentage of patients who report upper GI discomfort mainly charac-
terized by dyspeptic and/or GERD symptoms[20] and as in FD, dyspeptic symptoms may manifest as 
postprandial distress syndrome (PDS) with early satiation and/or postprandial fullness or as epigastric 
pain syndrome (EPS).

Indeed, according to both data from literature and real-life clinical practice, dyspepsia is frequently 
reported by AIG patients, which represents a challenge for their proper management.

In the cross-sectional study by Carabotti et al[21], more than half of the patients affected by AIG 
(56.7%, 215 out of 397) reported GI symptoms with a prevalence of upper GI symptoms (69.8%) 
including dyspepsia (71.2%), described as postprandial fullness, early satiety and/or epigastric pain, 
GERD related symptoms (7.2%) such as heartburn and/or regurgitation, overlap dyspepsia-GERD 
symptoms (17.2%) and nausea and vomiting (3.8%). Moreover, 15.8% of the patients enrolled in this 
study also reported lower irritable bowel syndrome (IBS) -like GI symptoms with overlapping of upper 
and lower GI symptoms in 14.4% of the patients (Figure 2).
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Figure 1 Flow chart showing the process of study selection.

Figure 2 More common gastrointestinal symptoms seen in patients with autoimmune gastritis. GERD: Gastroesophageal reflux disease; GI: 
Gastrointestinal.

Dyspepsia, meant either as EPS or PDS, together with GERD symptoms such as acid regurgitation 
and heartburn, are reported as the most frequent symptoms also in the paper by Miceli et al[22] with a 
prevalence of 52.4% and 36.3%, respectively in the study population of 99 AIG patients. Contextually, 
weight loss and nausea are referred to approximately a quarter of patients (28.3% and 22.2%, respec-
tively), while vomiting and dysphagia are in a lower percentage (9.1% and 3%, respectively).

According to another study[23], including a cohort of 54 patients with AIG, 70% were symptomatic 
for one or more upper GI symptoms, particularly a quarter of patients referred at least one typical 
GERD symptom such as regurgitation (18.5%) or heartburn (9%), while a major percentage complained 
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of atypical GERD symptoms including cough (29.6%), non-cardiac chest pain (22.2%) and dysphagia 
(14.8%).

As far as GERD symptom is concerned, in the prospective observational study published by Tenca et 
al[24], the prevalence of GERD has been investigated in a cohort of 41 AIG patients, 28 of whom with 
upper GI symptoms (53% GERD-related, 47% dyspepsia-like). The authors found that 24% of patients 
had GERD at multichannel intraluminal impedance-pH (MII-pH) monitoring mostly defined as non-
acidic reflux, hypothesizing that non-acidic reflux could play a key role in the pathogenesis of the upper 
GI clinical manifestations. Consistent with the data above, those from the observational prospective 
study by Pilotto et al[25] confirm that among the group of AIG patients complaining of reflux symptoms 
(38/172, 22%) only 2 patients had documented GERD while 9 patients (24.7%) had reflux hypersens-
itivity predominantly related to non-acid-reflux (6/9 patients). The remaining 27 patients didn’t have 
alterations at MII-pH but six of them had a major motility disorder. Therefore, the presence of upper GI 
symptoms appears to be paradoxical as AIG is typically characterized by gastric mucosal atrophy with 
resulting hypochlorhydria and alkaline gastric pH.

The pathophysiological mechanisms underlying GI symptoms in AIG are poorly understood. Several 
mechanisms have been hypothesized. The hypochlorhydria resulting from gastric oxyntic atrophy may 
contribute to dyspeptic symptoms[5], even if other mechanisms may be responsible, such as delayed 
gastric emptying[26,27], visceral hypersensitivity, and hormonal effects. Delayed gastric emptying may 
occur due to reduced acid secretion, which can lead to incomplete homogenization of gastric contents 
with macroscopic residues of undigested food and altered peristalsis, giving feelings of fullness, 
bloating, and discomfort after eating.

However, in patients with AIG, delayed gastric emptying has been described with elevated cir-
culating gastrin levels and increase in parallel with the degree of the atrophy of the gastric mucosa, 
affecting gastric emptying T ½ time[27]. Visceral hypersensitivity is an important candidate pathogenic 
mechanism for several disorders characterized by dyspepsia, even if only a few studies are available for 
AIG patients[26]. Moreover, some gut hormones such as motilin and ghrelin levels were significantly 
decreased in AIG subjects with delayed gastric emptying and deranged autonomic function[26], 
suggesting their potential role in the delayed gastric emptying observed in these subjects. Additionally, 
the loss of intrinsic factor may result in impaired absorption of nutrients such as iron and vitamin B12, 
which can contribute to fatigue and other symptoms. Also, low-grade chronic inflammation associated 
with AIG could contribute to the development of dyspepsia, in parallel to what is described for low-
grade bowel inflammation with increased numbers of submucosal mast cells and lymphocytes reported 
in IBS[28]. Finally, chronic inflammation associated with AIG together with impaired gastric acid 
secretion may cause changes in the gut microbiota, and this may contribute to the development of 
dyspeptic symptoms; however, further research is needed to better understand the pathophysiological 
mechanisms underlying dyspeptic symptoms in AIG and to develop more effective treatments for this 
condition. It is also important to remember that abnormal thyroid function, which is quite commonly 
associated with AIG, has been blamed for gastric dysmotility and dyspeptic symptoms[29], which is 
another possible cause of dyspepsia in AIG patients. However, it is difficult to understand whether the 
dyspepsia observed in AIG patients is the direct result of abnormal thyroid function or is caused by AIG 
itself or by a combination of these two autoimmune diseases. Table 1 summarizes the most frequent 
upper GI symptoms reported by AIG patients together with the underlying pathophysiological 
mechanisms.

Diagnostic work-up of dyspepsia in AIG
According to recent guidelines on the management of dyspepsia[30-32], upper GI endoscopy [eso-
phagogastroduodenoscopy (EGDs)] is a key test to identify any organic disease of the upper digestive 
tract (i.e., peptic ulcer, neoplasm), which may explain dyspeptic symptoms. Since EGDs is an invasive 
and expensive test and most patients with dyspepsia have FD[32], the American and British guidelines 
suggest limiting the use of EGDs to patients with suspected organic disease. Both the American and the 
British guidelines[30,32] as well as a recent evidence-based revision of the existing guidelines[31] 
suggest screening patients for past medical history and family history, medications, previous examin-
ations, presence of Helicobacter pylori (H. pylori) infection, age, alarm symptoms and signs (i.e. anemia or 
bleeding, weight loss, age > 55 years, recurrent vomiting, dysphagia or odynophagia, fever). When one 
of the aforementioned alarm symptoms or signs is present, EGDs is mandatory to exclude or confirm an 
organic disease. If EGDs is negative for esophago-gastric diseases, an abdominal computed tomography 
-scan is suggested in order to exclude pancreatic, liver, or biliary tract cancers[32]. Distinguishing 
between AIG and FD in patients with dyspeptic symptoms may result difficult, as the two conditions 
can produce similar symptoms[20,21]. However, certain factors such as a medical history of auto-
immune disease, anemia (including microcytic and macrocytic), vitamin B12 deficiency, and positivity 
for anti-parietal cells antibodies should raise clinical suspicion of AIG. In such cases, it is important to 
perform an EGDs to confirm the diagnosis, stage the disease, and evaluate for possible pre-cancerous 
lesions[33]. According to international guidelines[33], gastric biopsies should be picked up according to 
Sidney protocol. The protocol requires 5 gastric biopsies, which should be placed in separately labeled 
jars: 2 from the antrum along the lesser and greater curvature, within 2-3 cm of the pylorus; 2 from the 
gastric corpus (including 1 from the lesser curvature at 4 cm proximal to the incisura angularis and the 
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Table 1 Reported upper gastrointestinal symptoms and the underlying pathophysiological mechanisms in patients with autoimmune 
atrophic gastritis

Clinical manifestation Pathophysiological mechanisms
Dyspeptic symptoms

Postprandial fullness; Early 
satiety; Epigastric pain

Hypochlorhydria. Delayed gastric emptying due to: Hormonal effects (ghrelin, motilin); Reduced acid secretion. 
Visceral hypersensitivity. Low-grade chronic inflammation. Changes in the gut microbiota

Typical GER like symptoms

Heartburn; Regurgitation Non-acid reflux; Delayed gastric emptying; Visceral hypersensitivity; Changes in the gut microbiota

Atypical GERD-like symptoms

Cough; Non-cardiac chest pain; 
Dysphagia

Delayed gastric emptying; Visceral hypersensitivity

Overlap dyspepsia-GER like 
symptoms

As above

Vomiting Delayed gastric emptying; Visceral hypersensitivity 

Nausea Delayed gastric emptying 

Fatigue Impaired absorption of iron and vitamin B12

GER: Gastro-esophageal reflux; GERD: Gastroesophageal reflux disease.

other from the middle portion of the greater curvature of the gastric body at 8 cm from the cardia), and 
1 from the incisura angularis[34]. Severity and topographic distribution of atrophic lesions should be 
reported according to Operative Link for Gastritis Assessment (OLGA)[35] and Operative Link for 
Gastric Intestinal Metaplasia Assessment (OLGIM)[36]. By following this protocol, it is less likely to miss 
the diagnosis of AIG. Moreover, OLGA e OLGIM scores are then used to determine whether endoscopic 
surveillance is needed and its frequency. Conversely, if there is no suspicion of organic disease, FD 
could be diagnosed. However, even in these cases, both the American and British guidelines[30,32] 
suggest testing dyspeptic patients for H. pylori with non-invasive tests (i.e. fecal antigen or carbon-urea 
breath testing) and treating the infected ones accordingly, as H. pylori infection is considered to be an 
etiologic factor of dyspepsia in 5% of dyspeptic patients[37].

In case of PDS, with dyspeptic symptoms that recall altered gastric emptying, gastric emptying scinti-
graphy (GES) is a useful tool to explore impaired (rapid or delayed) gastric dysmotility. Briefly, the test 
consists of a standard meal, which is marked with Technetium (Tc)-99m; after food ingestion, imaging is 
performed in the anterior and posterior projections at only four-time points (0, 1, 2, and 4 h). Delayed 
gastric emptying is determined to be > 90% at 1 h, > 60% at 2 h, and > 10% gastric retention at 4 h. 
Conversely, rapid gastric emptying is determined to be < 30% at 1 h[38]. While GES performs well in 
diagnosing gastroparesis[39], it is not reliable for the diagnosis of FD, which is supposed to be a lighter 
spectrum of the same gastric disorders[40], and no specific studies exist for AIG, therefore further 
studies are needed to clarify this item[39]. However, this technique can be time-consuming, as the test 
requires imaging at set intervals over several hours, it involves radiation exposure from the radioactive 
material in the meal and, as for FD, also in the case of AIG, it may not be reliable, as there is only a 
milder form of a gastric motility disorder. Moreover, it appears to have limited therapeutic implications, 
as it may suggest treating the patient with prokinetic drugs at most, which can also be done ex 
adjuvantibus. Recently, the wireless motility capsule (WMC) has been introduced, in order to simultan-
eously assess both regional and whole gut transit[41,42]. Ingestion of this non-digestible capsule that 
simultaneously measures luminal temperature, pH, and pressure facilitates the measurement of the 
gastric, small bowel, and colonic transit times. Approved by the United States Food and Drug Adminis-
tration for the evaluation of gastroparesis and slow colonic transit, WMC should be considered in 
suspected GI motility disorders as it provides a single study capable of simultaneously assessing for 
regional, multi-regional, or generalized motility disorders[43]. Triadafilopoulos et al[43] suggested a 
potential WMC role in AIG diagnosis since it is able to register intragastric pH (usually > 6) and 
eventually associated dysmotility[43]. However, as for GES, even for WMC at present, considering the 
limited availability of prokinetic drugs, therapeutic implications are limited. Finally, a recent phy-
siologic tool has been proposed to assess the functionality of the pyloric sphincter. The functional 
luminal imaging probe known as EndoFlip® is a 240-cm catheter with impedance electrodes at its distal 
end[44,45], that is used to assess the functionality of the pyloric sphincter. The device is placed in the 
pylorus either through the endoscope, under endoscopic visualization[45], or either by fluoroscopy 
guidance[46]. After positioning the device, the balloon is filled to set volumes of 10, 20, 30, 40, and 50 
mL using a stepwise protocol, and the cross-sectional area (CSA), bag pressure, and distensibility index 
are recorded. The pyloric distensibility index (P-DI) is calculated in the zone with the narrowest CSA 
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with the corresponding intra-bag pressure[46]. A decreased P-DI has been observed in patients with 
gastroparesis[47], and also in patients with chronic nausea and vomiting without delayed gastric 
emptying, suggesting that pyloric dysfunction could explain “gastroparesis-like” symptoms in this 
group of patients[48]. However, normal and pathological values still need to be confirmed.

As mentioned above, GERD symptoms are frequently reported by AIG patients[24,25]. According to 
recent guidelines[49] and Lyon consensus[50], GERD is usually a clinical diagnosis, based on patients’ 
symptoms (typical GERD symptoms, pyrosis, and acidic regurgitation) and empiric proton pump 
inhibitors (PPIs) treatment response (i.e. single dose for 4-8 wk).

Since AIG patients are supposed to have a higher intragastric pH (registered in one study, being 
median intragastric pH of 6.2 (4.6-7.0)[24], due to parietal cells atrophy, it may be surprising that AIG 
patients complain of GERD symptoms. A previous paper by Tenca et al[24] registered that 15 out of 41 
AIG patients had GERD symptoms. Among them, acidic reflux, recorded by MII-pH monitoring, had a 
minor role, being present in one patient only. This could be explained by the residual production of acid 
from partially atrophic mucosa. Non-acidic reflux was instead more frequent, being present in 22% of 
the AIG population studied. It is common knowledge that non-acidic reflux can give rise to typical or 
atypical GERD symptoms[51-53].

Moreover, it could be useful to study these patients with MII-pH-monitoring, which is able to identify 
acidic, weakly acidic, and non-acidic reflux events. The observation of a role of GERD in these patients’ 
symptoms independently of acid is clinically relevant because it can guide their management. These 
patients may benefit from drugs that lower their visceral sensitivity (i.e., tricyclic antidepressants and 
selective serotonin reuptake inhibitors)[7,54]. Furthermore, for those with severe drug-unresponsive 
symptoms anti-reflux surgery is an option[55,56]. Another study by Pilotto et al[25] characterizes AIG 
patients according to their GERD symptoms and MII-pH-monitoring results. Similarly, Tenca et al[24] 
found pathologic esophageal acid exposure in two out of 38 patients reporting GERD symptoms. On the 
contrary, a great part of them (30 out of 38 patients) had an increased number of non-acidic reflux 
episodes. Combining symptoms and MII-pH-monitoring results, the Authors classified AIG patients as 
having GERD (5%), functional heartburn (50%), and reflux hypersensitivity (24%). Interestingly, the 
Authors studied AIG patients with high-resolution esophageal manometry (HRM) and found that 37% 
of AIG patients had various motility disorders, including 8 minor disorders (n = 7 weak peristalsis and n 
= 1 hypertensive peristalsis), and 6 major disorders (n = 6 EGJ outflow obstruction) according to 
Chicago classification v 3.0[57]. Whether these manometric findings correlate with AIG is still debated. 
Similarly, the role of HRM in the diagnostic work-up of these patients remains unclear. MII-pH-
monitoring could also have a role in the diagnosis of dyspepsia. It is known from the literature that 
epigastric pain is often more frequent in patients with pathologic MII-pH-monitoring[58]. In the 
population studied by Tenca et al[24], two dyspeptic patients showed a positive correlation between 
epigastric pain and non-acidic reflux. A possible diagnostic algorithm is represented in Figure 3.

In summary, dyspeptic symptoms and GERD are common in AIG patients; the diagnostic algorithm 
provides an EGDs study as the first diagnostic test to exclude organic disease and to confirm AIG 
diagnosis. If GERD symptoms are present, MII-pH-monitoring is useful to measure the entity of reflux 
and to classify patients (GERD, functional heartburn, hypersensitive esophagus) and treat them 
accordingly. Moreover, it could be useful in dyspepsia diagnosis. Esophageal motility tests, as well as 
gastric emptying tests, could have a role in AIG patients but further studies are needed to clarify these 
items.

Treatment
Dyspepsia is a common symptom in AIG and its management can be challenging, as the patho-
physiology underlying dyspeptic symptoms in AIG is multifactorial. However, this issue is still 
understudied, and more research is needed to better understand the mechanisms of dyspepsia in AIG 
and to develop effective treatments tailored to the individual patient’s symptoms and underlying 
pathophysiology. Indeed, although the primary goal of AIG treatment is to address vitamin deficiencies 
and prevent and monitor for gastric neoplasms, effectively managing common and difficult-to-treat 
symptoms like dyspepsia is crucial for improving patients’ quality of life.

As a matter of fact, according to available guidelines[10], there is poor evidence regarding the best 
treatment options for dyspeptic symptoms in patients with AIG, also considering that PPIs are not 
indicated in this subset of patients who are typically hypochlorhydric. Despite this, several AIG patients 
referring dyspeptic symptoms are often prescribed PPIs by General Practitioners or gastroenterologists 
with no or low knowledge of this disease. The use of PPIs in this subgroup of patients should be 
discouraged for two main reasons. Firstly, AIG is characterized by a suppressed gastric acid secretion 
and consequent hypochlorhydria, thus treatment with antisecretory drugs is generally ineffective as 
already reported[24,59] taking into account that these patients refer reflux-like symptoms whose nature 
is non-acid. Secondly, and far more important, the long-term use of PPIs has been reported to be 
associated with the development or progression of gastric pre-malignant lesions. Of note, as already 
reported[60], the long-term treatment with PPIs which is responsible for increased levels of serum 
gastrin seems to be linked to a higher risk of progression of ECL-cell hyperplasia which precedes the 
development of gastric type 1 neuroendocrine neoplasm[61]; however, no clear-cut evidence was found 
between PPI therapy and increased progression of AIG or intestinal metaplasia[60].
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Figure 3 Possible diagnostic algorithm for dyspepsia or gastroesophageal reflux disease -like symptoms in autoimmune atrophic 
gastritis. A: Dyspeptic symptoms; B: Gastroesophageal reflux disease symptoms. AIG: Autoimmune gastritis; EGDs: Esophagogastroduodenoscopy; GERD: 
Gastroesophageal reflux disease; GI: Gastrointestinal; H. pylori: Helicobacter pylori; PPIs: Proton pump inhibitors.

Initial management of dyspepsia in AIG may involve dietary modifications, such as avoiding trigger 
foods or eating smaller, more frequent meals. Patients may also benefit from lifestyle modifications, 
such as weight loss or stress reduction techniques, even if these procedures are not evidence-supported.

It is important to highlight that patients with AIG often have evidence of current or prior H. pylori 
infection[62]. Therefore, it is important to test these patients for H. pylori and, if positive, to eradicate it 
according to guidelines that suggested the “Test and treat” strategy[63]. Of note, H. pylori eradication 
appears to reduce the risk of gastric cancer[64]. In the specific setting of AIG, according to a randomized 
double-blinded placebo-controlled trial[65], that compared triple eradication therapy for H. pylori with 
placebo in histologically diagnosed AIG patients, at 3-years follow-up dyspeptic symptoms scores 
improved significantly in the patients in whom H. pylori had been eradicated. Similar findings were 
reported by another recent study[66], which showed that the beneficial effect of H. pylori eradication 
treatment on dyspeptic symptoms lasted until one year after treatment, being associated with a higher 
pretreatment symptom score and age inferior to 70 years old. Obviously, the benefit of H. pylori 
eradication in AIG patients is further increased by the fact that H. pylori more that autoimmunity per se, 
is linked to the risk of evolution towards dysplasia and gastric cancer in AIG, as recently described[1].

In addition to H. pylori eradication, several treatment options[67] have been investigated for their 
efficacy in managing dyspeptic symptoms in AIG. These treatments include prokinetic agents, 
neuromodulators, and herbal agents, as well as non-pharmacological treatments such as acupuncture, 
cognitive-behavioral therapy, and hypnotherapy. However, the evidence regarding their effectiveness is 
conflicting also taken into account the lack of dedicated prospective studies exploring the efficacy of 
prokinetics and neuromodulators in this specific setting of patients, making the management of AIG 
patients experiencing dyspeptic symptoms very challenging. Medications such as prokinetic agents 
including metoclopramide or domperidone may be used to improve gastric motility and reduce 
symptoms of bloating and nausea in patients with predominantly PDS symptoms. For patients 
presenting with EPS symptoms, a rational approach could therefore be to guide therapy based on the 
altered pathophysiological mechanism. As mentioned before, 24-h MII-pH-monitoring may be a useful 
tool to classify AIG patients having GERD symptoms. If MII-pH-monitoring found true acidic GERD, 
PPIs treatment could have a role. Being this an extremely rare condition, there are no clear-cut 
recommendations on treatment dosage and duration. Conversely, if MII-pH-impedance diagnoses a 
non-acidic reflux disease, as well as functional heartburn and reflux hypersensitivity, these patients may 
benefit from drugs that lower their visceral sensitivity (i.e. tricyclic antidepressants and selective 
serotonin reuptake inhibitors)[7,54]. Moreover, patients who did not respond to medical treatment as 
well as patients with a high burden of non-acidic reflux, may benefit from anti-reflux surgery[55,56].

In cases where dyspepsia is associated with underlying anxiety or depression, treatment with antide-
pressants or anxiolytics may be warranted[7,54]. However, future research is needed to identify more 
effective treatments for dyspepsia in AIG and to better understand the underlying mechanisms that 
drive dyspeptic symptoms in this condition.
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Furthermore, a known consequence of atrophic gastritis-related hypochlorhydria and/or achlor-
hydria is a change in the gastric microbiome composition. However, there are currently no specific 
therapies targeting dyspepsia in AIG based on changes in the microbiota, even if an abnormally 
elevated presence of endoluminal bacteria which produce acetaldehyde from glucose metabolism has 
been described[68]. Again, according to some authors[69,70], L-cysteine, a non-essential amino acid, can 
modify the microenvironment of the achlorhydric stomach by both inactivating acetaldehyde and 
promoting recovery of gastric function[71,72]; furthermore, there is some anecdotal evidence that L-
cysteine might improve functional symptoms often associated with atrophic gastritis. Based on these 
observations, Di Mario et al[73] recently conducted a study including a total of 330 patients with 
atrophic gastritis (both autoimmune or H. pylori-related), who were divided into two groups, treated 
with long-term L-cysteine and no specific treatment, respectively, and reported a significant impro-
vement in the symptom scores of patients treated with L-cysteine when compared to the non-treated 
group. Of note, symptom improvement lasted all the two years of the follow-up. One limitation of this 
study is the inclusion of different etiologies from atrophic gastritis, which might be responsible for a 
certain grade of heterogeneity. While research into the gut microbiota and its role in AIG is ongoing[74,
75], some studies suggest that probiotics and prebiotics may have a role in modulating the gut 
microbiota and reducing symptoms in patients with dyspepsia, including those with AIG[76,77]. 
Overall, while the potential for microbiota-based therapies in managing dyspepsia in AIG is promising, 
further research is needed to develop and validate such approaches.

Finally, further treatment may be available in the near future. Gastric per-oral endoscopic myotomy 
(G POEM) is a novel endoscopic procedure that has shown promising results in the management of 
refractory gastroparesis[78]. This technique has received increasing attention and emerged as a 
promising treatment for refractory gastroparesis, targeting the pylorus[79], as a result of the use of new 
tools to identify pyloric dysfunction in routine care, including functional luminal impedance planimetry 
(FLIP). The procedure involves creating a myotomy or an incision in the inner lining of the stomach, 
thereby allowing for better gastric emptying. Since AIG patients with PDS may have the same 
functional dysfunction of patients affected by gastroparesis, both from a pathophysiological and clinical 
point of view, G POEM may represent a feasible treatment for AIG patients with severe dyspeptic 
symptoms, which did not respond to medical treatment. Even if it is considered a safe procedure, a 
potential concern associated with G POEM is the risk of complications, such as bleeding, perforation, 
and infection[80]. Additionally, the long-term outcomes of G POEM are still unclear, and more studies 
are needed to assess its durability and impact on patient quality of life. Recently, Mandarino et al[81] 
found that a lower Intragastric Meal Distribution at pre-intervention gastric emptying study, which 
indicates antral food retention, could be associated with post-procedural functional success, defined as a 
decrease of more than 30% 2-h retention. However, further data are needed to establish long-term 
efficacy of endoscopic pyloromyotomy, especially in the management of dyspeptic AIG patients.

CONCLUSION
AIG can cause a range of clinical manifestations, including dyspepsia. Accurate diagnosis and ap-
propriate management of dyspepsia in AIG are important to improve the patient’s quality of life, as well 
as to prevent and monitor for potential complications such as vitamin deficiencies and gastric 
neoplasms. The pathophysiology of dyspepsia in AIG is complex and involves changes in acid secretion, 
gastric motility, hormone signaling, and gut microbiota, among other factors. Specifically, investigating 
the role of visceral hypersensitivity, impaired gastric accommodation, and impaired gastric motility in 
AIG-related dyspepsia may help to identify new targets for treatment.

Managing dyspeptic symptoms of AIG is challenging and there are no specific therapies targeting 
dyspepsia in AIG. While PPIs are commonly used to treat dyspepsia and GERD, they may not be 
appropriate for AIG, as the condition is already characterized by hypochlorhydria. Instead, prokinetic 
agents, antidepressant drugs, and non-pharmacological treatments may be of help, even if not 
adequately evidence-based supported.

Targeting dyspepsia in AIG based on changes in the microbiota is an area of ongoing research and 
some studies suggest that probiotics and prebiotics may have a role in reducing symptoms. G POEM 
may represent a feasible treatment for AIG patients with severe dyspeptic symptoms, even if more 
research is needed to establish its safety and efficacy in this specific setting of patients. Figure 4 
summarizes the possible therapeutic approaches for dyspeptic or with GERD-like symptoms in patients 
with AIG.

Overall, a multidisciplinary approach for the management of dyspepsia in AIG is recommended, and 
further research is needed to develop and validate more effective therapies for dyspepsia in AIG, as well 
as to better understand the underlying pathophysiology of the disease; GERD: Gastroesophageal reflux 
disease.
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Figure 4 Therapeutic approaches for dyspeptic or with gastroesophageal reflux disease -like symptoms in patients with autoimmune 
gastritis. AIG: Autoimmune gastritis; G POEM: Gastric per-oral endoscopic myotomy; GERD: Gastroesophageal reflux disease.

ARTICLE HIGHLIGHTS
Research background
Gastrointestinal symptoms such as dyspepsia and early satiety are very common in autoimmune 
gastritis (AIG), being second in terms of frequency only to anemia, which is the most typical feature of 
AIG. Understanding the pathophysiology of each condition can also guide the choice of appropriate 
treatments, including lifestyle modifications, dietary changes, and medication management.

Research motivation
The management of dyspepsia in patients with AIG, a chronic, immune-mediated disease, remains a 
challenge, as it can overlap with functional dyspepsia and gastroesophageal reflux disease. Currently, 
there are no specific therapies. A tailored treatment approach based on a better understanding of 
putative pathogenic mechanisms underlying symptoms is needed.

Research objectives
In this review, we will discuss the putative pathogenic mechanisms underlying symptom generation in 
AIG, their clinical implications, and the current management strategies for this complex and multi-
faceted disease.

Research methods
An extensive bibliographical search was performed in PubMed to identify guidelines and primary 
literature (retrospective and prospective studies, systematic reviews, case series) published in the last 10 
years, using both medical subject heading terms and free-language keywords: Dyspepsia; dyspeptic 
symptoms; gastro-intestinal symptoms; chronic autoimmune atrophic gastritis; diagnosis; treatment.

Research results
A total of 125 records were reviewed and 80 were defined as fulfilling the criteria.

Research conclusions
AIG can cause a range of clinical manifestations, including dyspepsia. The pathophysiology of dys-
pepsia in AIG is complex and involves changes in acid secretion, gastric motility, hormone signaling, 
and gut microbiota, among other factors. Managing dyspeptic symptoms of AIG is challenging and 
currently, there are no specific therapies. A tailored treatment approach based on a better under-
standing of putative pathogenic mechanisms underlying symptoms is needed. While proton pump 
inhibitors are commonly used to treat dyspepsia and GERD, they may not be appropriate for AIG. 
Prokinetic agents, antidepressant drugs, and non-pharmacological treatments may be of help, even if 
not adequately evidence-based supported. A multidisciplinary approach for the management of 
dyspepsia in AIG is recommended, and further research is needed to develop and validate more 
effective therapies for dyspepsia.
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Research perspectives
As a future perspective, targeting dyspepsia in AIG based on changes in the microbiota and advanced 
endoscopic techniques to treat severe dyspeptic symptoms might be an area of ongoing research.
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