
World Journal of
Gastroenterology

World J Gastroenterol  2020 June 7; 26(21): 2682-2888

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

Published by Baishideng Publishing Group Inc



W J G World Journal of
Gastroenterology

Contents Weekly  Volume 26  Number 21  June 7, 2020

OPINION REVIEW
2682 Cost of postoperative complications: How to avoid calculation errors

De la Plaza Llamas R, Ramia JM

2691 Tailored classification of portal vein thrombosis for liver transplantation: Focus on strategies for portal vein

inflow reconstruction
Teng F, Sun KY, Fu ZR

REVIEW
2702 Role of regenerating islet-derived proteins in inflammatory bowel disease

Edwards JA, Tan N, Toussaint N, Ou P, Mueller C, Stanek A, Zinsou V, Roudnitsky S, Sagal M, Dresner L, Schwartzman A,

Huan C

2715 Alternative uses of lumen apposing metal stents
Sharma P, McCarty TR, Chhoda A, Costantino A, Loeser C, Muniraj T, Ryou M, Thompson CC

2729 Importance of investigating high-risk human papillomavirus in lymph node metastasis of esophageal

adenocarcinoma
Sharma P, Gautam SD, Rajendra S

2740 Post-transplant  diabetes  mellitus  and preexisting liver  disease -  a  bidirectional  relationship affecting

treatment and management
Cigrovski Berkovic M, Virovic-Jukic L, Bilic-Curcic I, Mrzljak A

2758 Vaccine therapy for dysbiosis-related diseases
Fujimoto K, Uematsu S

MINIREVIEWS
2768 Gut microbiome in primary sclerosing cholangitis: A review

Little R, Wine E, Kamath BM, Griffiths AM, Ricciuto A

2781 Innate immune recognition and modulation in hepatitis D virus infection
Jung S, Altstetter SM, Protzer U

WJG https://www.wjgnet.com June 7, 2020 Volume 26 Issue 21I

https://www.wjgnet.com


Contents
World Journal of Gastroenterology

Volume 26  Number 21  June 7, 2020

ORIGINAL ARTICLE

Basic Study

2792 Use of zebrafish embryos as avatar of patients with pancreatic cancer: A new xenotransplantation model

towards personalized medicine
Di Franco G, Usai A, Funel N, Palmeri M, Montesanti IER, Bianchini M, Gianardi D, Furbetta N, Guadagni S, Vasile E,

Falcone A, Pollina LE, Raffa V, Morelli L

2810 Gan Shen Fu Fang ameliorates liver fibrosis in vitro and in vivo by inhibiting the inflammatory response and

extracellular signal-regulated kinase phosphorylation
Du QH, Zhang CJ, Li WH, Mu Y, Xu Y, Lowe S, Han L, Yu X, Wang SY, Li Y, Li J

Retrospective Cohort Study

2821 Periportal thickening on magnetic resonance imaging for hepatic fibrosis in infantile cholestasis
Lee MH, Shin HJ, Yoon H, Han SJ, Koh H, Lee MJ

Retrospective Study

2831 Successful robotic radical resection of hepatic echinococcosis located in posterosuperior liver segments
Zhao ZM, Yin ZZ, Meng Y, Jiang N, Ma ZG, Pan LC, Tan XL, Chen X, Liu R

2839 Non-invasive prediction model for high-risk esophageal varices in the Chinese population
Yang LB, Xu JY, Tantai XX, Li H, Xiao CL, Yang CF, Zhang H, Dong L, Zhao G

Observational Study

2852 Golimumab in real-world practice in patients with ulcerative colitis: Twelve-month results
Teich N, Grümmer H, Jörgensen E, Liceni T, Holtkamp-Endemann F, Fischer T, Hohenberger S

2864 M2BPGi for assessing liver fibrosis in patients with hepatitis C treated with direct-acting antivirals
Saleh SA, Salama MM, Alhusseini MM, Mohamed GA

2877 Selective lateral lymph node dissection after neoadjuvant chemoradiotherapy in rectal cancer
Chen JN, Liu Z, Wang ZJ, Mei SW, Shen HY, Li J, Pei W, Wang Z, Wang XS, Yu J, Liu Q

WJG https://www.wjgnet.com June 7, 2020 Volume 26 Issue 21II



Contents
World Journal of Gastroenterology

Volume 26  Number 21  June 7, 2020

ABOUT COVER Editorial board member of World Journal of Gastroenterology, Saadi Berkane,
MD, PhD, Chief Doctor, Professor, Department of Internal Medicine,
Hepatology and Gastroenterology, Bologhine Hospital, Algiers 16000,
Algeria

AIMS AND SCOPE The primary aim of World Journal of Gastroenterology (WJG, World J
Gastroenterol) is to provide scholars and readers from various fields of
gastroenterology and hepatology with a platform to publish high-quality
basic and clinical research articles and communicate their research findings
online.
  WJG mainly publishes articles reporting research results and findings
obtained in the field of gastroenterology and hepatology and covering a
wide range of topics including gastroenterology, hepatology,
gastrointestinal endoscopy, gastrointestinal surgery, gastrointestinal
oncology, and pediatric gastroenterology.

INDEXING/ABSTRACTING The WJG is now indexed in Current Contents®/Clinical Medicine, Science Citation

Index Expanded (also known as SciSearch®), Journal Citation Reports®, Index

Medicus, MEDLINE, PubMed, PubMed Central, and Scopus. The 2019 edition of

Journal Citation Report® cites the 2018 impact factor for WJG as 3.411 (5-year impact

factor: 3.579), ranking WJG as 35th among 84 journals in gastroenterology and

hepatology (quartile in category Q2). CiteScore (2018): 3.43.

RESPONSIBLE EDITORS FOR
THIS ISSUE

Responsible Electronic Editor: Yu-Jie Ma

Proofing Production Department Director: Xiang Li

Responsible Editorial Office Director: Ze-Mao Gong

NAME OF JOURNAL
World Journal of Gastroenterology

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

LAUNCH DATE
October 1, 1995

FREQUENCY
Weekly

EDITORS-IN-CHIEF
Subrata Ghosh, Andrzej S Tarnawski

EDITORIAL BOARD MEMBERS
http://www.wjgnet.com/1007-9327/editorialboard.htm

PUBLICATION DATE
June 7, 2020

COPYRIGHT
© 2020 Baishideng Publishing Group Inc

INSTRUCTIONS TO AUTHORS
https://www.wjgnet.com/bpg/gerinfo/204

GUIDELINES FOR ETHICS DOCUMENTS
https://www.wjgnet.com/bpg/GerInfo/287

GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH
https://www.wjgnet.com/bpg/gerinfo/240

PUBLICATION ETHICS
https://www.wjgnet.com/bpg/GerInfo/288

PUBLICATION MISCONDUCT
https://www.wjgnet.com/bpg/gerinfo/208

ARTICLE PROCESSING CHARGE
https://www.wjgnet.com/bpg/gerinfo/242

STEPS FOR SUBMITTING MANUSCRIPTS
https://www.wjgnet.com/bpg/GerInfo/239

ONLINE SUBMISSION
https://www.f6publishing.com

© 2020 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wjgnet.com  https://www.wjgnet.com

WJG https://www.wjgnet.com June 7, 2020 Volume 26 Issue 21III

mailto:bpgoffice@wjgnet.com


W J G World Journal of
Gastroenterology

Submit a Manuscript: https://www.f6publishing.com World J Gastroenterol  2020 June 7; 26(21): 2864-2876

DOI: 10.3748/wjg.v26.i21.2864 ISSN 1007-9327 (print) ISSN 2219-2840 (online)

ORIGINAL ARTICLE

Observational Study

M2BPGi for assessing liver fibrosis in patients with hepatitis C
treated with direct-acting antivirals

Shereen A Saleh, Mohamed M Salama, Marwan M Alhusseini, Ghada A Mohamed

ORCID number: Shereen A Saleh
(0000-0002-0984-1725); Mohamed M
Salama (0000-0001-9120-8971);
Marwan M Alhusseini
(0000-0002-0480-5952); Ghada A
Mohamed (0000-0003-0320-1011).

Author contributions: Saleh SA
designed the research; Alhusseini
MM participated in the acquisition
of data; Saleh SA, Salama MM,
Alhusseini MM, Mohamed GA
participated in the analysis and
interpretation of the data; Saleh
SA, Salama MM, Mohamed GA
revised the article critically for
important intellectual content;
Mohamed GA wrote the paper.

Institutional review board
statement: The study was
reviewed and approved by the
institutional review board of
Faculty of Medicine, Ain Shams
University, Cairo, Egypt.

Informed consent statement: All
study participants provided
informed written consent prior to
study enrolment.

Conflict-of-interest statement: All
authors have nothing to disclose.

Data sharing statement: The
statistical code and dataset are
available from the corresponding
author at
ghadaabdelrahman@med.asu.edu.
eg. The participants gave informed
consent for the data sharing.

STROBE statement: The authors
have read the STROBE Statement-
checklist of items, and the
manuscript was prepared and
revised according to the STROBE
Statement-checklist of items.

Shereen A Saleh, Mohamed M Salama, Marwan M Alhusseini, Ghada A Mohamed,
Gastroenterology and Hepatology Unit, Department of Internal Medicine, Faculty of Medicine,
Ain Shams University, Cairo 11341, Egypt

Corresponding author: Ghada A Mohamed, MD, Lecturer, Gastroenterology and Hepatology
Unit, Department of Internal Medicine, Faculty of Medicine, Ain Shams University, Khalifa
El-Maamon St., Abbassia, Cairo 11341, Egypt. ghadaabdelrahman@med.asu.edu.eg

Abstract
BACKGROUND
Assessing liver fibrosis is important for predicting the efficacy of direct-acting
antivirals (DAAs) and patient prognosis. Non-invasive techniques to assess liver
fibrosis are becoming important. Recently, serum Mac-2 binding protein
glycosylation isomer (M2BPGi) was identified as a non-invasive marker of liver
fibrosis.

AIM
To investigate the diagnostic accuracy of M2BPGi in assessing liver fibrosis in
patients with chronic hepatitis C (CHC) treated with DAAs.

METHODS
From December 2017 to August 2018, 80 treatment-naïve adult patients with
CHC who were eligible for DAAs therapy were consecutively enrolled in this
observational cohort study. For 12 weeks, 65 patients were treated with
sofosbuvir/daclatasvir, and 15 patients were treated with sofosbuvir/daclatasvir
and a weight-based dose of ribavirin at knowledge and technology association
for hepatitis C management clinic, Cairo, Egypt. We measured serum M2BPGi
levels, PAPAS index, fibrosis-4 (FIB-4) score and liver stiffness measurements
(LSM) at baseline and 12 weeks after the end of treatment. Serum M2BPGi levels
were measured using enzyme-linked immunosorbent assay.

RESULTS
All patients achieved sustained virologic response (SVR12) (100%). Serum
M2BPGi levels, LSM, FIB-4 score and PAPAS index decreased significantly at
SVR12 (P < 0.05). Serum M2BPGi levels correlated positively with LSM at
baseline and SVR12 (P < 0.001). At baseline, compared with the FIB-4 score and
PAPAS index, M2BPGi was the best marker to distinguish patients with grade F4
fibrosis (AUC = 0.801, P < 0.001), patients with grade F2 from grade F0-1 fibrosis
(AUC = 0.713, P = 0.012), patients with grade F3-4 from grade F0-2 fibrosis (AUC
= 0.730, P < 0.001), and patients with grade F2-4 from grade F0-1 fibrosis (AUC =
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0.763, P < 0.001). At SVR12, M2BPGi had the greatest AUCs for differentiating
patients with grade F4 fibrosis (AUC = 0.844, P < 0.001), patients with grade F3
from grade F0-2 fibrosis (AUC = 0.893, P = 0.002), patients with grade F3-4 from
grade F0-2 fibrosis (AUC = 0.891, P < 0.001), and patients with grade F2-4 from
grade F0-1 fibrosis (AUC = 0.750, P < 0.001).

CONCLUSION
M2BPGi is a reliable marker for the non-invasive assessment and prediction of
liver fibrosis regression in patients with CHC who achieved an SVR with DAAs
therapy.

Key words: Hepatitis C virus; Liver fibrosis; Human Mac-2 binding protein; Antiviral
agents; Sustained virologic response; Elastography

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: For 12 wk, 80 chronic hepatitis C patients received a sofosbuvir/daclatasvir/±
ribavirin treatment. All patients achieved sustained virologic response (SVR12). Serum
Mac-2 binding protein glycosylation isomer (M2BPGi) levels, liver stiffness
measurements, fibrosis-4 (FIB-4) and PAPAS index decreased significantly at SVR12.
At baseline, M2BPGi was the best marker to distinguish patients with grade F4 fibrosis,
patients with grade F2 from grade F0-1 fibrosis, patients with grade F3-4 from grade F0-
2 fibrosis, and patients with grade F2-4 from grade F0-1 fibrosis. At SVR12, M2BPGi
had the greatest AUCs for differentiating patients with grade F4 fibrosis, patients with
grade F3 from grade F0-2 fibrosis, patients with grade F3-4 from grade F0-2 fibrosis,
and patients with grade F2-4 from grade F0-1 fibrosis.

Citation: Saleh SA, Salama MM, Alhusseini MM, Mohamed GA. M2BPGi for assessing liver
fibrosis in patients with hepatitis C treated with direct-acting antivirals. World J
Gastroenterol 2020; 26(21): 2864-2876
URL: https://www.wjgnet.com/1007-9327/full/v26/i21/2864.htm
DOI: https://dx.doi.org/10.3748/wjg.v26.i21.2864

INTRODUCTION
Hepatitis C virus (HCV) is considered a public health problem, as approximately 3%
of the global population is infected with HCV[1]. It is imperative to assess the degree of
liver fibrosis in patients with chronic hepatitis C (CHC) because fibrogenesis causes
all  the clinical  events,  including decompensated liver disease and hepatocellular
carcinoma (HCC), affecting the prognosis of and treatment strategies used in patients
with CHC[2].

Although a liver biopsy is considered the gold standard for stratifying hepatic
fibrosis, its clinical utility is substantially limited because of the invasiveness and the
sampling variability[3]. Additionally, a liver biopsy is impractical particularly during
follow-up due to its invasive nature[4,5].

Consequently, non-invasive methods have been previously proposed and validated
for the assessment of  hepatic fibrosis,  such as ultrasound or magnetic resonance
imaging[6], elastographic techniques[7], serum biomarkers including hyaluronic acid,
type IV collagen, and type III procollagen-N-peptide[8], and surrogate markers, e.g.,
the aspartate aminotransferase (AST)-to-platelet ratio index[9], the fibrosis-4 (FIB-4)
score[10], AST to alanine aminotransferase (ALT) ratio[11] and PAPAS [platelets/age
/phosphatase/alpha fetoprotein (AFP)/AST] index[12].

Mac-2 binding protein glycosylation isomer (M2BPGi) is a glycoprotein that is
produced by hepatic stellate cells (HSCs). It functions as a messenger between HSCs
and Kupffer cells to promote fibrogenesis[13].  The feasibility of monitoring serum
M2BPGi  levels  to  assess  hepatic  fibrosis  was  evaluated,  and  some  studies
recommended it as an accurate method for staging hepatic fibrosis[14,15].

Subsequently, several investigators validated the usefulness of M2BPGi in various
aetiologies of liver diseases, such as viral hepatitis[16-19], mortality in liver cirrhosis[20],
biliary atresia[21], non-alcoholic fatty liver disease[22,23], non-alcoholic steatohepatitis[24],
primary  biliary  cirrhosis[25],  autoimmune  hepatitis[26]  and  primary  sclerosing
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cholangitis[27]. Furthermore, it was investigated as a marker to assess the risk of HCC
development[28,29]. According to recent studies[17,18,28,30-32], M2BPGi is a useful marker for
monitoring the improvement of patients with liver fibrosis who have achieved a
sustained virologic response (SVR) after antiviral therapy.

Recently,  interferon (IFN)-based treatment  has  been replaced by direct-acting
antivirals (DAAs). The approval of DAAs was a revolution in HCV eradication, with
SVR rates  exceeding 90%,  good tolerability,  and increased efficacy  with  shorter
treatment durations[33]. However, a few reports have documented the improvement in
liver fibrosis in patients treated with IFN-free DAAs[31,34-37].

We  aimed  to  investigate  the  diagnostic  accuracy  of  serum  M2BPGi  levels  in
assessing the grade of liver fibrosis in patients with CHC before and after DAAs-
based treatment, as well as to compare its diagnostic value with the FIB-4 score and
PAPAS index.

MATERIALS AND METHODS
From December 2017 to August 2018, 80 treatment-naïve adult patients with CHC
who were eligible for DAAs therapy were consecutively enrolled in this observational
cohort study. For 12 weeks, 65 patients were treated with sofosbuvir/daclatasvir, and
15 patients were treated with sofosbuvir/daclatasvir and a weight-based dose of
ribavirin at Knowledge and Technology Association for Hepatitis C Management
Clinic, Cairo, Egypt. The exclusion criteria were (1) positivity for antibodies against
human immunodeficiency virus or positivity for hepatitis B surface antigen; (2) other
causes  of  liver  disease  (autoimmune  hepatitis,  primary  biliary  cirrhosis,
haemochromatosis,  sclerosing cholangitis,  Wilson’s disease,  or an α1-antitrypsin
deficiency); (3) clinical or biochemical evidence of hepatic decompensation (ascites,
bleeding varices or encephalopathy); (4) suspected HCC or other cancers; (5) excessive
alcohol consumption (> 40 g/d) or intravenous drug abuse; or (6) a previous liver
transplantation.

This study was approved by the Research Ethics Committee of our institution.
Written informed consent was obtained from every patient, and the study protocol
conformed to the ethical guidelines of the 1975 Declaration of Helsinki.

We evaluated the liver stiffness measurement (LSM), serum M2BPGi levels, FIB-4
score,  PAPAS index,  biochemical  data,  haematological  data,  virologic  data  and
abdominal ultrasound at baseline and 12 weeks after the end of treatment (EOT),
namely, the time SVR12 was achieved, of every patient.

Measurement of HCV RNA levels
Plasma HCV RNA levels were measured using the Roche TaqMan real-time reverse
transcriptase-PCR assay version 2.0, with lower limits of quantification and detection
of 15 IU/mL. SVR12 was defined as a lack of detectable HCV RNA at week 12 after
EOT.

Measurement of the serum M2BPGi level
Serum  M2BPGi  levels  were  measured  using  human  M2BPGi  enzyme-linked
immunosorbent assay kits, with a detection range of 0.625 - 200 ng/mL, sensitivity 0.1
ng/mL, and intra-assay and inter-assay coefficients of variation less than 15%.

LSM
The LSM was performed using Fibroscan® (Echosens, 502 Touch, Paris, France). It was
conducted by an experienced examiner after the patient had fasted for at least six
hours, and 10 valid measurements were recorded. The median LS in kilopascals (kPa)
was reported. Only examinations with a success rate > 60% and IQR < 25% were
included and considered reliable.  According to  Tsochatzis  et  al[38],  the  following
fibrosis staging cut-off values were used: F0-F1 < 7 kPa; F2 7 - 9.4 kPa; F3 9.5 - 11.9
kPa; and F4 > 12 kPa.

Non-invasive liver fibrosis assessment
The PAPAS index and FIB-4 score were calculated using the following formulas:

PAPAS index[12] = Log (index + 1) = 0.0255 + 0.0031 × age (year) + 0.1483 × log [ALP
(U/L)]  +  0.004  ×  log  [AST (U/L)]  +  0.0908  ×  log  [AFP (ng/L)  +  1]  -  0.028  ×  log
[platelets count (109/L)].

FIB-4 score[39] = Age (yr) × AST (IU/L)]/{platelets count (109/L) × [ALT (IU/L)]½ }.
A FIB-4 score < 1.45 indicates no or minimal fibrosis.
A FIB-4 score > 3.25 indicates significant fibrosis.
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Statistical analysis
Statistical analyses were performed using Stata® version 13.1 software (StataCorp.
2013, College Station, TX: StataCorp LP). Patients’ characteristics are presented as
mean ± SD,  median (IQR) or  number (percentage),  as  appropriate.  Accordingly,
paired t test, Wilcoxon matched-pairs signed rank test or chi squared test was used, as
appropriate. Values were compared between different grades of liver fibrosis using
one-way  ANOVA  test.  Pearson’s  correlation  analysis  was  used  to  study  the
correlation  between  serum  M2BPGi  levels  and  the  characteristics  of  the  study
population. A receiver operating characteristic (ROC) curve analysis was used to
identify the best cut-off value for the serum M2BPGi level with maximum sensitivity
and specificity for the differentiation of different grades of fibrosis. A P value < 0.05
was considered significant.

The statistical methods of this study were performed by Hazem M. El-Hariri from
Department of Community Medicine, National Research Centre, Cairo, Egypt.

RESULTS

Patients’ characteristics
The studied patients included 40 males (50%) and 40 females (50%), with a mean age
of 52.3 ± 10.7 years and BMI (kg/m2) = 28 ± 5.4. Patients’ characteristics at baseline
and SVR12 are shown in Table 1.

Safety and adherence to therapy
All patients completed the scheduled course of treatment with follow up until 12 wk
after EOT. SVR12 was achieved in all patients (100%). Overall, the treatment was well
tolerated. The most commonly reported adverse events were fatigue (5%), followed
by pruritus (4.2%), rash (2.3%), headache (2%), and a loss of appetite (1%), all of which
were mild in severity.

Impact of SVR12 on the serological data
Haemoglobin levels, WBC, total bilirubin levels and international normalized ratio
(INR) did not change significantly after patients achieved SVR12. Platelets count and
albumin levels were significantly higher at SVR12. ALT, AST, ALP and creatinine
levels decreased significantly after patients achieved SVR12. AFP levels decreased
after patients achieved SVR12, but the difference was not statistically significant
(Table 1).

Effect of SVR12 on liver fibrosis
Serum M2BPGi levels, LSM, FIB-4 score and PAPAS index decreased significantly
after  patients  achieved  SVR12  (Table  1).  The  improvement  in  LSM  was  more
noticeable in patients with grade F4 fibrosis (Table 2). Only serum M2BPGi levels
were significantly different  between patients  with different  grades of  fibrosis  at
baseline and SVR12 (Table 3).

Correlations with serum M2BPGi levels
At baseline, serum M2BPGi levels correlated positively with total bilirubin levels and
negatively with AST levels. At SVR12, serum M2BPGi levels correlated positively
with INR and negatively with platelets count (Table 4).

Correlations between serum M2BPGi levels, LSM, FIB-4 score and PAPAS index
At baseline, LSM correlated with serum M2BPGi levels and FIB-4 score. In addition, a
significant  correlation  was  observed between FIB-4  score  and PAPAS index.  At
SVR12, LSM correlated with serum M2BPGi levels, FIB-4 score and PAPAS index
(Table 5 and Figure 1).

ROC curve analysis for the assessment and differentiation of the grades of liver
fibrosis
At baseline, compared with the FIB-4 score and PAPAS index, M2BPGi was the best
marker  to  distinguish  patients  with  grade  F4  fibrosis  (AUC =  0.801,  P  <  0.001),
patients with grade F2 from grade F0-1 fibrosis (AUC = 0.713, P = 0.012), patients with
grade F3-4 from grade F0-2 fibrosis (AUC = 0.730, P < 0.001), and patients with grade
F2-4 from grade F0-1 fibrosis  (AUC = 0.763,  P  < 0.001)  (Supplementary Table 1 ,
Figures 1 and 3).

At SVR12, M2BPGi had the greatest AUCs for differentiating patients with grade F4
fibrosis (AUC = 0.844, P  < 0.001), patients with grade F3 from grade F0-2 fibrosis
(AUC = 0.893, P = 0.002), patients with grade F3-4 from grade F0-2 fibrosis (AUC =
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Table 1  Patients’ characteristics at baseline and sustained virologic response 12

Measures Baseline SVR12 P value

Age (yr) 52.3 ± 10.7

Gender 40 (50%) males and 40 (50%) females

BMI 28 ± 5.4

HCV RNA (log copies/mL) 6.0 ± 0.7 Non-detectable 0.000b

Platelets count (× 103/mL) 220.3 ± 65.3 245.3 ± 77.8 0.005b

ALT (IU/L) 40.5 (29-54) 32 (26-38) < 0.001b

AST (IU/L) 39 (29-51) 30 (24-37) < 0.001b

ALP (IU/L) 138.5 (95.5-196) 107 (86-141) < 0.001b

Albumin (g/dL) 3.8 ± 0.3 4.2 ± 0.4 < 0.001b

Total bilirubin (mg/dL) 0.7 (0.5-0.8) 0.7 (0.5-0.95) 0.8

Creatinine (mg/dL) 0.86 ± 0.19 0.75 ± 0.23 0.002b

INR 1.06 ± 0.09 1.08 ± 0.15 0.222

AFP (ng/mL) 4.5 ± 2.1 3.7 ± 1.9 0.128

LSM (kPa) 11.4 ± 4.5 9.5 ± 3.3 0.002b

FIB-4 score 1.8 ± 0.5 1.3 ± 0.7 < 0.001b

PAPAS index 2.2 ± 0.5 2.1 ± 0.3 0.010a

Serum M2BPGi (ng/mL) 9 ± 3.8 6.7 ± 2.3 < 0.001b

The values are expressed as mean ± SD or median (IQR).
aP < 0.05.
bP < 0.01. SVR: Sustained virologic response; WBC: White blood cell count; ALT: Alanine aminotransferase;
AST: Aspartate aminotransferase; ALP: Alkaline phosphatase; INR: International normalized ratio; AFP:
Alpha fetoprotein; LSM; Liver stiffness measurement; M2BPGi: Mac-2 binding protein glycosylation isomer.

0.891, P < 0.001), and patients with grade F2-4 from grade F0-1 fibrosis (AUC = 0.750,
P < 0.001) (Supplementary Table 1 , Figures 2 and 3).

DISCUSSION
Currently, non-invasive methods for detecting liver fibrosis are used much more
frequently than liver biopsies[40]. M2BPGi has been shown to be a useful predictor of
liver fibrosis[14,17,41]. Previous reports have documented a substantial improvement in
liver fibrosis after patients achieve SVR12 through treatment with DAAs for HCV[42-44].
Here, we aimed to investigate the diagnostic accuracy of serum M2BPGi levels for
assessing the grade of liver fibrosis in patients with CHC before and after DAAs-
based treatment, as well as to compare its diagnostic value with the FIB-4 score and
PAPAS index.

The present study confirms the efficacy and safety of sofosbuvir + daclatasvir ±
ribavirin in real-world situations. The SVR12 is 100%.

Similar to previous studies[33,45-48], we observed an improvement in liver functions
after patients achieved SVR12, as indicated by a significant decrease in the levels of
ALT,  AST and ALP,  and a  significant  increase  in  the  serum albumin levels  and
platelets count. Additionally, in consistency with previous literature[37,45,47,49-52], serum
M2BPGi levels,  LSM, FIB-4 score and PAPAS index decreased significantly after
patients  achieved SVR12.  These  findings  suggest  the  possibility  of  liver  fibrosis
regression after viral eradication was achieved.

In agreement with previous reports[3,16,31,30,53], we observed a significantly increasing
trend of serum M2BPGi levels with the progression of liver fibrosis both at baseline
and SVR12 (P < 0.001). Moreover, in accordance with Akahane et al[46] and Ishikawa et
al[36], serum M2BPGi levels decreased significantly at SVR12 (P < 0.001). In addition, in
a study by Miyaki et al[31], serum M2BPGi levels did not change in the non-SVR group
(P = 0.715), but decreased significantly in the SVR group (P < 0.0001). These results
suggest that serum M2BPGi would be a good surrogate marker for predicting and
differentiating liver fibrosis stages.

In the present study, pre-treatment serum M2BPGi levels correlated with bilirubin
and AST levels, while serum M2BPGi levels correlated with platelets count and INR
at SVR12. These findings suggest that M2BPGi reflects not only the severity of liver
fibrosis but also the severity of liver inflammation in CHC patients[18]. This may be
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Table 2  Liver stiffness measurements of all patients at baseline and sustained virologic
response 12

Total baseline
Changes in the fibrosis grade at SVR12

F0-1 (%) F2 (%) F3 (%) F4 (%)

F0-1 29 (36.3%) 23 (79.3) 5 (17.2) 1 (3.4) 0 (0.0)

F2 20 (25%) 10 (50) 10 (50) 0 (0.0) 0 (10)

F3 5 (6.3%) 1 (20) 2 (40) 1 (20) 1 (20)

F4 26 (32.5%) 1 (3.8) 6 (23.1) 4 (15.4) 15 (57.7)

Total SVR12 35 (43.7) 23 (28.7) 6 (7.5) 16 (20)

Total patients number = 80. The values are expressed as numbers (%). SVR: Sustained virologic response.

attributed to the role of M2BPGi as a messenger between HSCs and Kupffer cells and
its accompanying inflammation[13].

Similar  to  our  results,  Ura  et  al[30]  reported  a  significant  negative  correlation
between serum M2BPGi levels and platelets count (r = -0.47, P < 0.0001). Additionally,
Yamasaki et al[54] observed a significant positive correlation between serum M2BPGi
and bilirubin levels (r = 0.091, P = 0.001) and a significant negative correlation with
platelets count (r = -0.147, P < 0.001). However, in contrast to our results, Yasui et al[55]

observed a positive correlation between serum M2BPGi and AFP levels (r = 0.428, P <
0.001), and a negative correlation with albumin levels (r = -0.471, P < 0.001).

In  agreement  with  the  present  study,  Tawara  et  al[53]  reported  a  correlation
coefficient between serum M2BPGi levels and FIB-4 score of less than 0.4, suggesting
that the correlation between serum M2BPGi levels and FIB-4 score was weak. In
contrast,  Ura et  al[30]  and Yasui  et  al[55]  detected a  significant  positive  correlation
between serum M2BPGi levels and FIB-4 score (r = 0.66, P < 0.0001 and r = 0.546, P <
0.001, respectively). This discrepancy can be attributed to the different sample size.

In terms of differentiation of liver fibrosis grades, consistent with the present study,
Xu et al[16] reported that the AUC values of M2BPGi for predicting fibrosis grade ≥ F2
and F4 were significantly superior to the values of FIB-4 score (0.774 vs 0.702, P <
0.001 and 0.892 vs 0.818, P < 0.05), respectively. In contrast, Tawara et al[53] reported
that the FIB-4 score had a greater AUC value for differentiating of fibrosis grades than
M2BPGi (AUC values were 0.768, 0.827 and 0.876 for fibrosis grade F ≥ 2, F ≥ 3 and F4,
respectively), while the AUC values of M2BPGi were 0.747, 0.733 and 0.796 for fibrosis
grade F ≥ 2, F ≥ 3 and F4, respectively.

The  limitations  of  the  present  study  are  the  absence  of  a  paired  histological
evaluation due to the invasiveness of liver biopsy, and the short duration of follow up
after completion of treatment. Further large-scale studies with a longer follow-up
period should be performed.

In conclusion, M2BPGi is a reliable marker for the non-invasive assessment and
prediction of liver fibrosis regression in patients with CHC who achieved an SVR with
DAAs therapy.
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Table 3  Non-invasive assessment data obtained at baseline and sustained virologic response 12 from patients stratified according to the
fibrosis grade

Parameter P value

Baseline (Total n = 80) F0-1 (n = 29) F2 (n = 20) F3 (n = 5) F4 (n = 26)

LSM (kPa) 5.9 ± 0.6 7.8 ± 0.5 10.8 ± 1.2 20.6 ± 7.7 < 0.001b

FIB-4 score 1.7 ± 1.4 1.4 ± 0.7 1.8 ± 0.4 2.3 ± 1.5 0.108

PAPAS index 2.1 ± 0.4 2.2 ± 0.6 2.3 ± 0.3 2.3 ± 0.5 0.303

Serum M2BPGi (ng/mL) 4.5 ± 2.2 5.3 ± 2.8 9.4 ± 4 14.5 ± 6.7 0.001b

SVR 12 (Total n = 80) F0-1 (n = 35) F2 (n = 23) F3 (n = 6) F4 (n = 16)

LSM (kPa) 5.8 ± 1.2 7.6 ± 0.6 9.9 ± 0.8 15 ± 2.3 < 0.001b

FIB-4 score 1.1 ± 0.5 1.5 ± 1 1.3 ± 0.6 1.6 ± 0.5 0.075

PAPAS index 2 ± 0.3 2.1 ± 0.3 2.1 ± 0.3 2.3 ± 0.3 0.069

Serum M2BPGi (ng/mL) 3.4 ± 1.6 4.9 ± 2.1 12.7 ± 5.1 13.3 ± 5.2 0.001b

bP < 0.01. The values are expressed as mean ± SD. SVR: Sustained virologic response; LSM: Liver stiffness measurement; M2BPGi: Mac-2 binding protein
glycosylation isomer.

Table 4  Correlations of serum Mac-2 binding protein glycosylation isomer levels with laboratory data

Variables
Baseline SVR12

r P value r P value

Age 0.050 0.662 0.107 0.346

BMI -0.007 0.951 0.057 0.617

HCV RNA 0.043 0.702 0.025 0.827

Hb 0.143 0.205 0.131 0.246

WBC 0.047 0.677 -0.152 0.178

Platelets count -0.118 0.297 -0.299 0.007b

ALT -0.090 0.425 -0.129 0.256

AST -0.227 0.043a 0.006 0.961

ALP -0.024 0.831 0.106 0.350

Albumin 0.016 0.888 0.070 0.535

Total bilirubin 0.268 0.016a 0.111 0.326

Creatinine 0.158 0.162 0.088 0.439

INR 0.063 0.582 0.220 0.049a

AFP -0.098 0.388 0.026 0.822

aP < 0.05.
bP < 0.01. SVR: Sustained virologic response; BMI: Body mass index; Hb: Haemoglobin; WBC: White blood cell count; ALT: Alanine aminotransferase; AST:
Aspartate aminotransferase; ALP: Alkaline phosphatase; INR: International normalized ratio; AFP: Alpha fetoprotein.
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Table 5  Correlations between non-invasive assessment methods at baseline and sustained virologic response 12

Variables LSM Serum M2BPGi FIB-4 score

At baseline

Serum M2BPGi level r 0.453

P value < 0.001b

FIB-4 score r 0.328 -0.099

P value 0.003b 0.384

PAPAS index r 0.110 -0.049 0.444

P value 0.330 0.664 < 0.001b

At SVR12

Serum M2BPGi level r 0.517

P value < 0.001b

FIB-4 score r 0.231 0.188

P value 0.039a 0.095

PAPAS index r 0.328 0.185 0.188

P value 0.003b 0.100 0.095

aP < 0.05.
bP < 0.01. SVR: Sustained virologic response; LSM: Liver stiffness measurement; M2BPGi: Mac-2 binding protein glycosylation isomer.

Figure 1

Figure 1  Correlation between serum Mac-2 binding protein glycosylation isomer levels and liver stiffness measurement at baseline and after patients
achieved sustained virologic response 12. A: Correlation between serum Mac-2 binding protein glycosylation isomer (M2BPGi) levels and liver stiffness
measurement (LSM) at baseline; B: Correlation between serum M2BPGi levels and LSM After patients achieved sustained virologic response 12. M2BPGi: Mac-2
binding protein glycosylation isomer; LSM: Liver stiffness measurement; SVR: Sustained virologic response.
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Figure 2

Figure 2  Diagnostic performance of non-invasive parameters in differentiating grades F4 from F0-3 at baseline and after patients achieved sustained
virologic response 12. A: Diagnostic performance of non-invasive parameters in differentiating grades F4 from F0-3 at baseline; B: Diagnostic performance of non-
invasive parameters in differentiating grades F4 from F0-3 after patients achieved sustained virologic response 12. FIB-4: Fibrosis-4; M2BPGi: Mac-2 binding protein
glycosylation isomer.

Figure 3

Figure 3  Diagnostic performance of non-invasive parameters in differentiating grades F3-4 from F0-2 at baseline and after patients achieved sustained
virologic response 12. A: Diagnostic performance of non-invasive parameters in differentiating grades F3-4 from F0-2 at baseline; B: Diagnostic performance of non-
invasive parameters in differentiating grades F3-4 from F0-2 After patients achieved sustained virologic response 12. FIB-4: Fibrosis-4; M2BPGi: Mac-2 binding
protein glycosylation isomer.

ARTICLE HIGHLIGHTS
Research background
Assessing liver fibrosis is important for predicting the efficacy of direct-acting antivirals (DAAs)
and patient prognosis. Non-invasive techniques to assess liver fibrosis are becoming important.
Recently, serum Mac-2 binding protein glycosylation isomer (M2BPGi) was identified as a non-
invasive marker of liver fibrosis.

Research motivation
The approval of DAAs was a revolution in hepatitis C virus eradication, with sustained virologic
response (SVR) rates exceeding 90%. However, a few reports have documented the improvement
in liver fibrosis in patients treated with DAAs. Although liver biopsy is considered the gold
standard for stratifying hepatic fibrosis, its clinical utility is substantially limited because of the
invasiveness and the sampling variability. Accordingly, serum M2BPGi was evaluated as a non-
invasive marker for assessing the grade of hepatic fibrosis in patients who have achieved SVR
after antiviral therapy.

Research objectives
We aimed to investigate the diagnostic accuracy of serum M2BPGi levels in assessing the grade
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of  liver  fibrosis  in  patients  with  chronic  hepatitis  C  (CHC)  before  and  after  DAAs-based
treatment, as well as to compare its diagnostic value with the FIB-4 score and PAPAS index.

Research methods
Eighty treatment-naïve adult patients with CHC who were eligible for DAAs therapy were
consecutively enrolled in this observational cohort study. For 12 weeks, 65 patients were treated
with sofosbuvir/daclatasvir, and 15 patients were treated with sofosbuvir/daclatasvir and a
weight-based dose of ribavirin. We measured serum M2BPGi levels, PAPAS index, FIB-4 score
and liver stiffness measurements (LSM) at baseline and 12 weeks after the end of treatment.
Serum M2BPGi levels were measured using enzyme-linked immunosorbent assay.

Research results
All patients achieved SVR12 (100%). Serum M2BPGi levels, LSM, FIB-4 score and PAPAS index
decreased significantly at SVR12 (P < 0.05). Serum M2BPGi levels correlated positively with LSM
at baseline and SVR12 (P < 0.001). At baseline, compared with the FIB-4 score and PAPAS index,
M2BPGi was the best marker to distinguish patients with grade F4 fibrosis (AUC = 0.801, P <
0.001), patients with grade F2 from grade F0-1 fibrosis (AUC = 0.713, P = 0.012), patients with
grade F3-4 from grade F0-2 fibrosis (AUC = 0.730, P < 0.001), and patients with grade F2-4 from
grade F0-1 fibrosis (AUC = 0.763, P  < 0.001). At SVR12, M2BPGi had the greatest AUCs for
differentiating patients with grade F4 fibrosis (AUC = 0.844, P < 0.001), patients with grade F3
from grade F0-2 fibrosis (AUC = 0.893, P = 0.002), patients with grade F3-4 from grade F0-2
fibrosis (AUC = 0.891, P < 0.001), and patients with grade F2-4 from grade F0-1 fibrosis (AUC =
0.750, P < 0.001).

Research conclusions
M2BPGi is a reliable marker for the non-invasive assessment and prediction of liver fibrosis
regression in patients with CHC who achieved an SVR with DAAs therapy.

Research perspectives
Non-invasive methods have been previously proposed and validated for the assessment of
hepatic fibrosis. In this study, we confirm that serum M2BPGi is a reliable marker for liver
fibrosis. Further studies are needed to investigate its therapeutic potential and ultimate clinical
utility.
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