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Abstract: Serum Wisteria floribunda agglutinin-positive Mac-2 binding protein (WFA+-M2BP) is a novel marker for 
evaluating fibrosis and predicting the development of hepatocellular carcinoma (HCC). However, the role of WFA+-
M2BP in the prognosis of HCC patients after curative surgery remains unknown. In this study, we aimed to evaluate 
the prognostic role of serum WFA+-M2BP in HCC patients after curative resection and liver transplantation. We en-
rolled 460 HCC patients (357 resection and 103 transplantation) to analyze the risk factors for HCC recurrence and 
patient’s survival. We employed time-to-event models using univariate and multivariable Cox proportional hazards 
regression analyses and calculated the hazard ratios (HRs) and adjusted HRs with their corresponding 95% confi-
dence intervals (CIs). The levels of WFA+-M2BP were 0.19-14.51 COI (median 1.08) in patients of hepatectomy and 
0.47-19.90 COI (median 6.0) in transplant patients. The levels of WFA+-M2BP in liver transplant patients is much 
higher than that of hepatectomy patients. Overall, liver fibrotic stage was positively correlated to WFA+-M2BP levels 
(P<0.0001). This study demonstrated that elevated WFA+-M2BP level (COI ≥0.75) was associated with a higher 
HCC recurrence rate in the resection group (P<0.001). Survival analysis showed that an elevated WFA+-M2BP level 
(COI ≥1.43) is associated with a higher mortality risk after surgical resection (P=0.0088) in the univariate analysis 
only. In liver transplant patients, WFA+-M2BP level (COI ≥3.81) did not predict HCC recurrence at all, but was associ-
ated poor survival after transplantation, with a borderline significance (P=0.0943). Serum WFA+-M2BP is a reliable 
marker for liver fibrosis in the present study. It is also reliable marker to predict prognosis of HCC after surgical re-
section. However, the prognostic role of WFA+-M2BP in HCC related transplants is equivocal, which is different from 
that of surgical resection.
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Introduction

Liver fibrosis is important for the prognosis of 
chronic hepatitis B, chronic hepatitis C, and 
hepatocellular carcinoma [1]. It is very impor-
tant to identify patients with significant liver 
fibrosis to prevent liver fibrosis progression and 
subsequent decompensation [2]. In the past, 
liver biopsy has been the gold standard for 

diagnosing liver fibrosis, but it has life-threaten-
ing complications such as internal bleeding, 
infection, and sampling error [3, 4]. With the 
advancement of antiviral treatment for patients 
with chronic hepatitis B or C virus infection, it is 
extremely important to find a reliable and nonin-
vasive tool for regular evaluation and follow-up 
of patients with liver fibrosis after treatment. As 
a result, the use of noninvasive techniques for 
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diagnosing liver fibrosis and HCC is extremely 
important, especially in high-risk patients who 
need to undergo liver biopsy. Liver sonography 
is most commonly used to evaluate liver fibro-
sis and HCC as it is noninvasive and cost-effec-
tive; however, this method has a lower sensitiv-
ity for diagnosing cirrhosis [5]. A previous study 
demonstrated that FibroScan, FIB-4, and as- 
partate aminotransferase-to-platelet ratio in- 
dex (APRI) could be used in evaluating liver 
fibrosis and possess high accuracy for diagnos-
ing cirrhosis [6]. However, in clinical practice, 
the results of FibroScan, FIB-4, and APRI may 
be affected by obesity and acute hepatitis due 
to various etiologies. On the contrary, multiple-
detector computed tomography, liver computed 
tomography, and dynamic magnetic resonance 
imaging are most commonly used for HCC 
detection, but the risk of exposure to contrast 
and radiation is high; hence, these approaches 
cannot be frequently used for clinical examina-
tion [7, 8]. Mac 2-Binding Wisteria floribunda 
agglutinin-positive Mac-2 binding protein (WFA+- 
M2BP), also known as Mac-2 binding protein 
glycosylation isomer (M2BPGi), is a reliable 
marker used for assessing liver fibrosis and 
HCC induced by various liver diseases including 
hepatitis B and C [9-12]. Yoon et al. demon-
strated that the Mac-2 binding protein is a  
useful marker for evaluating liver fibrosis and 
HCC development [13]. Basically, WFA+-M2BP 
secreted from hepatic stellate cells (HSCs) can 
induce Mac-2 expression in Kupffer cells (KCs), 
which transforms HSCs into fibrogenic cells 
[14]. HSCs and Kupffer cells play important 
roles in the progression of liver fibrosis [15]. 
Therefore, serum WFA+-M2BP is a highly spe-
cific marker of liver fibrosis. Mak et al. also 
demonstrated a high correlation between 
WFA+-M2BP with liver fibrosis and that this 
marker could be used to predict the regression 
of liver fibrosis [12]. It is important to monitor 
the status of patients with liver fibrosis after an 
efficient antiviral treatment. Although it is an 
important marker related to liver fibrosis and 
HCC development, only a few studies have 
explored its role in HCC prognosis after curative 
treatment [16-18]. There was no comprehen-
sive study of WFA+-M2BP on liver transplant 
patients in the past. Therefore, in this study, we 
aimed to comprehensively explore the clinical 
application of WFA+-M2BP in the prognosis of 
HCC patients after curative surgery and liver 
transplant.

Materials and methods

A total of 460 patients who underwent surgery 
for HCC (segmentectomy, lobectomy, or liver 
transplantation) between April 30, 2010, and 
December 19, 2018 in Kaohsiung Chang Gung 
Memorial Hospital, Taiwan were included in this 
retrospective study (Supplementary Material). 
More than 1,000 HCC patients who underwent 
curative surgery (resection or transplantation) 
were initially screened; patients with no com-
plete data or stored serum samples for further 
analysis were excluded. This study was con-
ducted in accordance with the American 
Association for the Study of Liver Diseases 
(AASLD) and European Association for the 
Study of the Liver (EASL) guidelines [19, 20]; all 
patients with early-stage HCC and good liver 
reserve function were selected for hepatecto-
my. However, if patients had cirrhosis (compen-
sated or decompensated) and developed cir-
rhosis complications (esophageal or gastric 
varices, ascites, hepatic encephalopathy, etc.) 
but had early-stage HCC and met the UCSF cri-
teria (solitary tumor ≤6.5 cm, or ≤3 nodules 
with a largest lesion size of ≤4.5 cm and a total 
tumor diameter of ≤8 cm) [21, 22], the patients 
may be referred for liver transplantation. The 
blood samples were all taken prior to operation 
on the operative day. We analyzed the data on 
patients’ age, sex, Child-Pugh classification, 
liver fibrosis status (METAVIR score), HCC stage 
(AJCC system, The American Joint Committee 
on Cancer, 7th edition), hepatitis B or C status, 
serum WFA+-M2BP level (COI), serum alpha-
fetoprotein (AFP) level, serum alanine amino-
transferase (ALT) and albumin level, and albu-
min-bilirubin (ALBI) grade.

Among these factors, serum WFA+-M2BP levels 
were measured by conducting through a lectin-
Ab sandwich immunoassay method using the 
HISCL WFA+-M2BP reagent kit (Sysmex, Japan) 
on an automatic immunoanalyzer HISCL-800. 
The serum WFA+-M2BP level was expressed as 
a cut-off index (COI) and was calculated based 
on the following equation: COI = ([M2BPGi]sample 
- [M2BPGi]NC)/([M2BPGi]PC - [M2BPGi]NC). The 
[M2BPGi]sample represented the WFA+-M2BP 
concentration in the patient serum sample. 
[M2BPGi]PC and [M2BPGi]NC were used as posi-
tive and negative controls, respectively.

The surgical specimens were analyzed and 
evaluated by pathologists who were experts in 
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the field of hepatology. The Metavir staging sys-
tem was used to grade the degree of liver fibro-
sis, and the specimens were graded from F0 to 
F4 [23]. According to the Metavir staging sys-
tem, in the F0 stage, the liver tissue showed 
absence of fibrosis. In the F1 stage, the liver 
tissue showed a fibrous portal expansion. In 
the F2 stage, the liver tissue showed few bridg-
es or septa. In the F3 stage, the liver tissue 
showed numerous bridges or septa. The F4 
stage was defined as cirrhosis. The Child-Pugh 
classification is used to assess clinical ascites, 
hepatic encephalopathy, serum prothrombin 
time, bilirubin total, and albumin level, and 
identifies the patients as class A, B, and C 
according to the severity of the disease [24]. 
The albumin-bilirubin (ALBI) grade was calcu-
lated according to the following formula: (log10 
bilirubin total ×0.66) + (albumin ×-0.085), with 
bilirubin measured in micromol/L and albumin 
in g/L. According to the formula, the ALBI grade 
was divided as grade 1 (score ≤-2.60), grade 2 
(score >-2.60 to ≤-1.39), and grade 3 (>-1.39) 
[25]. The cut-off value of WFA+-M2BP levels 
were obtained by AUROC curve according to the 
events of HCC recurrence or death after hepa-
tectomy and liver transplantation. The cut-off 
values were used for further Kaplan-Meier and 
Cox regression hazards Model analyses.

Statistical analyses

We examined whether the continuous variables 
were normally distributed. The median and 
interquartile range (IQR) were used to express 
the differences between quartile 1 (Q1) and 
quartile 3 (Q3), while the Mann-Whitney U test 
was used to determine whether the variables 
have non-normal distribution. For dichotomous 
variables, the percentage of proportion was 
used to illustrate the distribution, and a chi-
square test was performed to examine the sta-
tistical significance. To investigate the effect of 
WFA+-M2BP on the HCC recurrence or mortality 
rates, we employed the time-to-event models 
using univariate and multivariable Cox propor-
tional hazards regression and calculated the 
hazard ratios (HRs) and adjusted HRs with their 
corresponding 95% confidence intervals (CIs), 
respectively. Two outcomes, HCC recurrence 
and mortality, were treated in different time-to-
event models. For the HCC recurrence model, 
the follow-up time was calculated from the 
operative date to the date of recurrence and 

treated as an event; otherwise, those who were 
followed up until the end of December 2019 or 
until the date of death were treated as cen-
sored cases. For the mortality model, those 
who died from HCC were classified as events 
and followed up until the date of death; other-
wise, they were classified as censored cases 
and followed up until the end of 2019. We used 
the Youden index defined as (sensitivity + spec-
ificity -1) as a criterion for selecting the optimal 
cut-off point for continuous variables. In addi-
tion to baseline age, sex, and WFA+-M2BP as 
compulsive variables, we applied stepwise 
selection with a P-value of <0.05 to identify the 
potential confounding factors for multivariable 
adjustment. All analyses were performed using 
the SAS software (version 9.4). A two-tailed 
P-value of <0.05 was considered significant.

Results

Baseline characteristics and comparison

The baseline characteristics of the 460 enrolled 
patients are presented in Table 1. Among the 
460 studied patients, 357 underwent partial 
hepatectomy and 103 underwent liver trans-
plantation; the median follow-up time from sur-
gery until the date of death was 186.5 weeks, 
while the median follow-up from surgery until 
the date of HCC recurrence was 150 weeks. 
The other baseline characteristics of included 
patients were as follows: male sex (352, 76.5%), 
chronic hepatitis B carriers (242 patients, 
52.6%), cirrhotic (216, 47%), AJCC stage 2 
(234, 50.9%), mean age of 60 years, median 
AFP of 10.3 ng/mL, median WFA+-M2BP level 
(COI) of 1.39, and median ALT of 34 U/L. In liver 
fibrosis analysis, ratio of advanced liver fibrosis 
was predominant in the transplant patients 
(Table 1). The levels of WFA+-M2BP were 0.19-
14.51 COI (median 1.08) in patients of hepa-
tectomy and 0.47-19.90 COI (median 6.0) in 
transplant patients. The levels of WFA+-M2BP in 
liver transplant patients is much higher than 
that of hepatectomy patients (Table 1). The 
effect might be attributed to the much higher 
percentage of cirrhotic patients in transplant 
patients. Overall, liver fibrotic stage was  
positively correlated with WFA+-M2BP levels 
(P<0.0001, Figure 1).

For recurrence status after surgery (including 
hepatectomy and liver transplantation), the 
data showed that old age, male sex, higher ALT 
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level, higher AFP level, higher bilirubin level, 
advanced liver fibrosis status, advanced HCC 
stage, Child-Pugh classification grade A, ALBI 
grade 1, and hepatectomy (versus liver trans-
plantation) were associated with higher HCC 
recurrence (Table 2). On the contrary, old age, 
male sex, higher ALT level, lower albumin level, 

advanced HCC stage, and ALBI grades 2 and  
3 were related to postoperative mortality.  
Kaplan-Meier analysis revealed that different 
prognosis between the two surgical groups. 
Hepatectomy patients had higher hepatocellu-
lar carcinoma (HCC) recurrent rate than liver 
transplantation patients (P<0.001, Figure 2A). 
However, hepatectomy patients had a similar 
disease specific survival rate to liver transplant 
patients (P>0.05, Figure 2B).

HCC recurrence rate according to the type of 
surgical approach

After AUROC analysis, we used the optimal 
WFA+-M2BP cut-off value (WFA+-M2BP COI 
=0.75) to evaluate the HCC recurrence rate and 
demonstrated that a higher WFA+-M2BP level 
was associated with a higher tumor recurrence 
rate in the hepatectomy group (P<0.001, Figure 
3A). However, no statistical significance was 
observed in the liver transplantation group by 
cut-off value of (WFA+-M2BP COI =3.81) 
(P>0.05, Figure 3B). Univariate and multivari-
able Cox regression analyses were performed 
to further evaluate the HCC recurrence rate 
according to the type of surgical approach (par-
tial hepatectomy and liver transplantation) 

Table 1. Baseline characteristics of 460 hepatocellular carcinoma patients post-surgery
Variable Classification (unit) Numbers of cases or range Mean ± SD Median (IQR)
Patient number 460
Operation Date 2010/04/30-2018/12/19
Surgical type hepatectomy/transplantation 357/103
Gender Female/male 108/352
Hepatitis type B(-)C(-)/B(+)/C(+)/B(+)C(+) 65/242/137/16
Liver fibrosis (Metavir) (H)* 0/1/2/3/4 24/77/85/52/119
Liver fibrosis (Metavir) (T)* 0/1/2/3/4 0/2/4/0/97
Child-Pugh classification A/B/C 397/43/20
AJCC 7 1/2/3/4 152/234/71/3
Age 28-85 60.45±10.85 62 (14)
WFA+-M2BP (H)* (COI) 0.19-14.51 1.64±1.84 1.08 (1.08)
WFA+-M2BP (T)* (COI) 0.47-19.90 6.98±4.81 6.00 (8.30)
AFP (ng/mL) 0-289172 3154.82±22057.92 10.3 (64.9)
ALT (U/L) 5-1494 57.37±98.52 34 (32)
Albumin (g/dL) 1.20-5.05 3.89±0.65 4.04 (0.87)
Total bilirubin (mg/dL) 0.2-30.9 1.26±2.18 0.8 (0.5)

PT (INR) 0.87-3.34 1.11±0.20 1.05 (0.11)

ALBI grade 1/2/3 264/163/33
Recurrence No/Yes 286/174
HCC death No/Yes 400/60
SD: standard deviation; IQR: interquartile range; AFP: alpha-fetoprotein; ALT: alanine aminotransferase; PT: prothrombin time; ALBI: albumin-
bilirubin; HCC: hepatocellular carcinoma; *H: hepatectomy; *T: transplantation.

Figure 1. WFA+-M2BP showing a significant cor-
relation with different METAVIR liver fibrosis grade 
(P<0.0001). The figure shows that the values of 
WFA+-M2BP (COI) increased with liver fibrosis pro-
gression in 460 patients.
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(Table 3). In hepatectomy patients, the ALT 
level, chronic hepatitis C status, prothrombin 
time, liver fibrosis status, AJCC tumor stage, 
ALBI grade, and WFA+-M2BP level were all 
important factors for HCC recurrence in the uni-
variate analysis. In the multivariable analysis, 
only the higher ALT level (HR 1.002, 1.001-
1.003), chronic viral hepatitis C status (HR 
1.76, 1.03-3.02), advanced AJCC tumor stage 
(HR 1.84, 1.47-2.30), and higher WFA+-M2BP 
level (HR 1.87, 1.23-2.83) were important fac-
tors for HCC recurrence. In liver transplantation 
patients, only chronic dual viral hepatitis B and 
C status (HR 8.35, 0.92-76.21), lower fibrotic 
stages (HR 0.34, 012-0.91) and advanced 
AJCC tumor stage (HR 7.13, 1.35-37.83), were 
important and independent factors for HCC 
recurrence in the multivariable analysis (Table 
3).

Disease specific survival rate according to the 
type of surgical approach

In the survival analysis, a higher WFA+-M2BP 
cut-off value (WFA+-M2BP COI ≥1.43) was asso-
ciated with a higher mortality risk (P=0.0078) 
in the hepatectomy patients (Figure 4A). 
However, there is no association of WFA+-M2BP 
value (WFA+-M2BP COI ≥3.81) with mortality 
risk in transplant patients (Figure 4B). In the 
univariate analysis, WFA+-M2BP level was a sig-
nificant factor affecting the survival of patients 
who underwent partial hepatectomy (Table 4). 
However, it no longer serves as an important 
factor in the multivariable analysis. Male sex 
(HR 3.62, 1.10-11.94), advanced HCC stage 
(HR 2.10, 1.39-3.19), and ALBI grade (HR 4.24, 
0.91-19.73) were important factors affecting 
patient’s survival in the multivariable analysis. 

Table 2. Demographic data and factor distribution by recurrence and mortality rate

Variable Classifi- 
cation

Recurrence

P-value

Death

P-valueNon-recurrence (n=286) Recurrence (n=174) Alive (n=400) HCC death (n=60)

N (%)/median (IQR) N (%)/median (IQR) n(%)/median 
(IQR)

N (%)/median 
(IQR)

Age (continuous) 60.5 (12) 64.0 (15) 0.0052 61.0 (13.0) 65.5 (13.5) 0.0277

Gender Female 79 (73.1%) 29 (26.9%) 0.0072 100 (92.6%) 8 (7.4%) 0.0468

Male 207 (58.8%) 145 (41.2%) 300 (85.2%) 52 (14.8%)

ALT (IU/L) 48.9 (94.7) 71.3 (103.2) <0.0001 33.0 (30.5) 46 (34.5) 0.0023

AFP (ng/mL) 8.1 (43.1) 14.1 (172.0) 0.0018 9.8 (4.3) 12.0 (6.1) 0.2808

Albumin g/dL 4.0 (1.0) 4.1 (0.6) 0.0830 4.1 (0.8) 3.8 (1.0) 0.0339

Total bilirubin mg/dL 0.8 (0.6) 0.8 (0.4) 0.0142 0.8 (0.5) 0.9 (0.6) 0.4454

Hepatitis B(-) and C(-) 45 (69.2%) 20 (30.8%) 0.3387 57 (87.7%) 8 (12.3%) 0.3289

B(+) and C(-) 149 (61.6%) 93 (38.4%) 215 (88.8%) 27 (11.2%)

B(-) and C(+) 80 (58.4%) 57 (41.6%) 116 (84.7%) 21 (15.3%)

B(+) and C(+) 12 (75.0%) 4 (25.0%) 12 (75.0%) 4 (25.0%)

PT (INR) 1.07 (0.15) 1.04 (0.08) 0.0083 1.05 (0.11) 1.07 (0.14) 0.3591

WFA+-M2BP (COI) 1.4 (3.3) 1.2 (1.5) 0.1141 1.3 (1.9) 1.8 (3.3) 0.1372

Fibrosis score F0 17 (70.8%) 7 (29.2%) 0.0181 23 (95.8%) 1 (4.2%) 0.3026

F1 51 (64.6%) 28 (35.4%) 69 (87.3%) 10 (12.7%)

F2 48 (53.9%) 41 (46.1%) 72 (80.9%) 17 (19.1%)

F3 24 (46.2%) 28 (53.8%) 46 (88.5%) 6 (11.5%)

F4 146 (67.6%) 70 (32.4%) 190 (88.0%) 26 (12.0%)

AJCC stage 1 114 (75.0%) 38 (25.0%) <0.0001 142 (93.4%) 10 (6.6%) <0.0001

2 144 (61.5%) 90 (38.5%) 205 (87.6%) 29 (12.4%)

3 28 (39.4%) 43 (60.6%) 53 (74.7%) 18 (25.3%)

4 0 (0.0%) 3 (100.0%) 0 (0.0%) 3 (100.0%)

Child-Pugh A 229 (57.7%) 168 (42.3%) <0.0001 347 (87.4%) 50 (12.6%) 0.1678

classification B 37 (86.1%) 6 (13.9%) 34 (79.1%) 9 (20.9%)

C 20 (100.0%) 0 (0.0%) 19 (95.0%) 1 (5.0%)

ALBI grade 1 156 (59.1%) 108 (40.9%) 0.0005 241 (91.3%) 23 (8.7%) 0.0059

2 99 (60.7%) 64 (39.3%) 132 (81.0%) 31 (19.0%)

3 31 (93.9%) 2 (6.1%) 27 (81.8%) 6 (18.2%)

Surgical type Hepatectomy 193 (54.1%) 164 (45.9%) <0.0001 312 (87.4%) 45 (12.6%) 0.6032

Transplant 93 (90.3%) 10 (9.7%) 88 (85.4%) 15 (14.6%)
ALBI: Albumin-Bilirubin, IQR: interquartile range (Q3-Q1).
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Figure 2. Differences in the prognosis between the two surgical groups. A. Hepatectomy patients had higher hepatocellular carcinoma (HCC) recurrent rate than liver 
transplantation patients (P<0.001). B. Hepatectomy had a similar survival rate with liver transplantation for HCC treatment (P>0.05).



WFA+-M2BP and HCC prognosis after surgery

607 Am J Cancer Res 2022;12(2):601-614

Figure 3. Clinical significance of serum WFA+-M2BP in HCC recurrence in different surgical types after calculating the optimal cut-off level. Higher WFA+-M2BP levels 
(COI ≥0.75) had higher tumor recurrence rate in the hepatectomy group (P<0.001, A), but no statistical significance was observed in liver transplantation group by 
cut of levels WFA+-M2BP levels (COI =3.81) (P>0.05, B).

Table 3. Univariate and multivariable Cox regression analyses of HCC recurrence by surgical type

Variable Type
Hepatectomy Transplant

Univariate Multivariable Univariate Multivariable
HR (95% CI) P-value adj. HR (95% CI) P-value HR (95% CI) P-value adj. HR (95% CI) P-value

Age 1.01 (1.00, 1.03) 0.0779 1.01 (0.99, 1.02) 0.3352 0.95 (0.88, 1.03) 0.1863 0.94 (0.85, 1.06) 0.3128
Gender M vs F 1.40 (0.92, 2.13) 0.1134 1.52 (0.98, 2.37) 0.0630 1.48 (0.38, 5.73) 0.5701 0.64 (0.13, 3.32) 0.5995
ALT 1.00 (1.001, 1.003) 0.0008 1.002 (1.001, 1.003) 0.0006 100 (1.001, 1.004) 0.5988 ---
AFP 1.00 (1.00, 1.00) 0.2610 --- 1.01 (0.99, 1.02) 0.2327 ---
Total bilirubin 1.13 (0.84, 1.52) 0.4068 --- 0.81 (0.51, 1.30) 0.3823 ---
Hepatitis B(+)C(-) 1.21 (0.73, 2.01) 0.0158 1.14 (0.68, 1.90) 0.0139 0.88 (0.16, 4.81) 0.0780 1.06 (0.15, 7.67) 0.0489
[vs. B(-)C(-)] B(-)C(+) 1.84 (1.08, 3.14) 1.76 (1.03, 3.02) 0.38 (0.05, 2.69) 0.30 (0.04, 2.67)

B(+)C(+) 0.45 (0.11, 1.94) 0.31 (0.07, 1.36) 4.86 (0.68, 34.75) 8.35 (0.92, 76.21)
PTINR 12.09 (1.98, 74.02) 0.0070 --- 0.32 (0.02, 5.18) 0.4197 ---
Fibrosis score 1.19 (1.06, 1.34) 0.0035 --- 0.34 (0.18, 0.65) 0.0011 0.34 (.012, 0.91) 0.0327
AJCC stage 1.90 (1.54, 2.36) <0.0001 1.84 (1.47, 2.30) <0.0001 2.96 (0.98, 8.97) 0.0546 7.13 (1.35, 37.83) 0.0210
Child-Pugh B vs. A 2.38 (0.88, 6.44) 0.0869 --- 0.30 (0.06, 1.43) 0.3197 ---
classification C vs. A --- ---
ALBI grade 2 vs. 1 1.49 (1.08, 2.06) 0.0495 --- 0.46 (0.13, 1.63) 0.4814 ---

3 vs. 1 1.48 (0.37, 6.02) ---
WFA+-M2BP* 2.18 (1.46, 3.26) 0.0001 1.87 (1.23, 2.83) 0.0033 0.88 (0.25, 3.14) 0.8418 1.96 (0.34, 11.40) 0.4562
HR, hazard ratio; CI, confidence interval; ALT, alanine aminotransferase; PT, prothrombin time; INR, international normalized ratio; ALBI, albumin-bilirubin. *The cut-off values of 
WFA+-M2BP for recurrence were used 0.75 and 3.81 for hepatectomy and transplant, respectively.
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Figure 4. Clinical significance of serum WFA+-M2BP in patient’s survival in the two surgical groups after calculating the optimal cut-off level. A higher WFA+-M2BPGi 
cut-off value (WFA+-M2BP COI ≥1.43) had a higher mortality risk (P=0.0078) in the hepatectomy group than the lower WFA+-M2BP value (A). There was no statistical 
significance observed in liver transplantation group by cut of levels WFA+-M2BP levels (COI =3.81) (P>0.05, B).
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Table 4. Univariate and multivariable Cox regression for HCC death by different surgical types

Variable Type
Hepatectomy Transplant

Univariate Multivariable Univariate Multivariable
HR (95% CI) P-value adj. HR (95% CI) P-value HR (95% CI) P-value adj. HR (95% CI) P-value

Age 1.03 (1.00, 1.06) 0.0383 1.03 (1.00, 1.06) 0.0660 1.02 (0.94, 1.10) 0.6618 1.05 (0.97, 1.14) 0.2328
Gender M vs F 3.22 (1.00, 10.41) 0.0507 3.62 (1.10, 11.94) 0.0346 1.23 (0.42, 3.60) 0.7052 1.13 (0.34, 3.70) 0.8443
ALT 1.002 (1.00, 1.004) 0.2089 --- 1.001 (0.998, 1.004) 0.6257 ---
AFP 1.00 (1.00, 1.00) 0.0234 --- 1.01 (1.00, 1.02) 0.0340 ---
Total bilirubin 1.58 (1.01, 2.45) 0.0432 --- 0.88 (0.67, 1.17) 0.3906 ---
Hepatitis B(+)C(-) 0.71 (0.30, 1.65) 0.7498 --- 2.26 (0.26, 19.32) 0.0345 2.70 (0.30, 24.21) 0.0328
[vs. B(-)C(-)] B(-)C(+) 0.96 (0.39, 2.39) 2.31 (0.28, 19.23) 1.94 (0.22, 17.09)

B(+)C(+) 0.61 (0.08, 4.99) 13.40 (1.39, 129.22) 14.10 (1.41, 140.9)
PTINR 58.17 (4.51, 750.34) 0.0018 --- 0.73 (0.12, 4.47) 0.7344 ---
Fibrosis score 1.05 (0.83, 1.31) 0.7051 --- 0.47 (0.29, 0.78) 0.0033 0.28 (0.14, 0.55) 0.0002
AJCC stage 2.68 (1.76, 4.06) <0.0001 2.10 (1.39, 3.19) 0.0005 2.10 (0.85, 5.20) 0.1103 ---
Child-Pugh B vs. A 4.93 (1.18, 20.50) 0.0284 --- --- ---
classification C vs. A ---
ALBI grade 2 vs. 1 3.12 (1.70, 5.73) 0.0002 2.56 (1.35, 4.88) 0.0089 0.82 (0.22, 3.08) 0.9535 ---

3 vs. 1 8.19 (1.90, 35.38) 4.24 (0.91, 19.73) 0.83 (0.19, 3.71)
WFA+-M2BP* 2.21 (1.22, 3.99) 0.0088 1.47 (0.77, 2.81) 0.2379 2.33 (0.66, 8.28) 0.1908 3.75 (0.80, 17.59) 0.0943
ALBI: Albumin-Bilirubin; *The cut-off values of WFA+-M2BP for death were used 1.43 and 3.81 for hepatectomy and transplant, respectively.
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In the liver transplantation group, only dual B 
and C virus infection (HR 14.10, 1.41-140.9), 
and liver fibrosis status (HR 0.28, 0.14-0.55) 
were the most important factors affecting 
patient’s survival in the multivariable analysis. 
WFA+-M2BP level was associated with patient’s 
survival in the multivariable analysis, with a 
borderline significance (HR 3.75, 0.80-17.59, 
P=0.0943) (Table 4).

Discussion

In real-world practice, the early identification of 
advanced liver fibrosis and cirrhosis is extreme-
ly important because of the increasing risk of 
ascites, variceal bleeding, hepatic encephalop-
athy, and HCC [8]. It warns us to initiate antiviral 
treatment to cease the progression of fibrosis 
and decrease the risk of HCC [26, 27]. 
Therefore, a serum marker with high accuracy 
and specificity for diagnosing liver fibrosis is 
important for selecting the appropriate medical 
treatment. In the present study, we provided 
strong evidence that WFA+-M2BP is a reliable 
serum marker to predict the liver fibrosis (Figure 
1). Actually, correlation between WFA+-M2BP 
and liver fibrosis has been documented in many 
studies. However, the results were mostly com-
pared with specimens of liver biopsy that sam-
pling errors might happen [3]. Reference of 
hepatic fibrosis obtained from surgical speci-
mens is the most reliable and accurate method 
for correlation studies. The present study repre-
sents the first study combining specimens of 
both hepatectomy and transplantation. The 
results were expected to lead to a more acute 
interpretation of WFA+-M2BP as a fibrotic 
marker.

Table 2 shows the risk factors for patients’ 
prognosis after surgery (hepatectomy and liver 
transplantation). We found that advanced liver 
fibrosis and advanced HCC stages were associ-
ated with HCC recurrence. In addition, we also 
found that ALBI grade was an extremely impor-
tant risk factor for patient’s survival after sur-
gery, which is consistent with the reports of 
previous studies [28, 29]. Furthermore, we also 
provided the clinical data to demonstrate that 
patients who underwent partial hepatectomy 
had a higher HCC recurrence rate but had a 
similar survival rate with those who underwent 
liver transplantation. Resection and liver trans-
plantation are both curative treatments for 
early-stage HCC based on the American 

Association for the Study of Liver Diseases 
(AASLD) and European Association for the 
Study of the Liver (EASL) guidelines [19, 20]. 
Patients who received surgical resection most-
ly belong to early stages of HCC. Higher recur-
rence of HCC is expected in patients after hep-
atectomy due to backgrounds of fibrotic liver 
when compared with liver transplant patients. 
As there is relatively short follow up period in 
the present study (median 186.5 weeks for sur-
vival), multimodality of HCC therapies might 
rescue recurrent patients from death in a short 
period of time. Therefore, we are unable to see 
the difference of HCC related death between 
patients with surgical resection and liver trans-
plantation in the present study. Longer follow 
up is needed. Clinical doctors should provide 
information about the benefits and disadvan-
tages of hepatectomy and transplantation to 
patients [30].

The serum WFA+-M2BP has been used in clini-
cal practice in previous studies. It is a useful 
predictor of HCC development in patients with 
various liver diseases [31-34]. Elevated serum 
WFA+-M2BP is a strong positive predictor of 
HCC development in various viral hepatitis [31-
34]. The prognostic role of WFA+-M2BP in HCC 
patients after curative treatment has also been 
investigated [16, 18, 35]. The results always 
indicated that elevated serum WFA+-M2BP pre-
dicted poor outcome of HCC patients after 
curative treatment. When compared with previ-
ous studies, the present study provided addi-
tional role of serum WFA+-M2BP in the progno-
sis of HCC recurrence after curative hepatecto-
my, in addition to other traditionally prognostic 
factors, such as gender, viral hepatitis status, 
as well as AJCC tumor staging. A similar result 
was also reported by Kim and Toyoda studies 
[16, 18]. Our study examines the clinical appli-
cation and validates the importance of WFA+-
M2BP in the real-world setting without any 
modification.

In terms of patients’ survival after curative 
resection of HCC, several studies reported that 
serum WFA+-M2BP level was also an important 
prognostic factor of survival after a curative 
hepatic resection for HCC [17, 18, 35]. In line 
with previous studies, the present study dem-
onstrated that WFA+-M2BP was another impor-
tant factor affecting patient’s survival after 
hepatectomy in the univariate analysis. 
However, it is not an independent factor when 



WFA+-M2BP and HCC prognosis after surgery

611 Am J Cancer Res 2022;12(2):601-614

compared with other important factors such as 
ABLI and AJCC stages. The ALBI grade is an 
important factor for predicting patient’s surviv-
al after various treatments [36, 37]. This result 
was compatible with those of a larger study 
conducted by Ho et al., which demonstrated 
that ALBI grade could predict HCC recurrence 
in patients with HCC undergoing surgical resec-
tion [38]. Therefore, the HCC stage must be 
carefully evaluated before the initiation of treat-
ment and that the most appropriate treatment 
must be selected for patients [39, 40]. The dif-
ference of the prognostic role of WFA+-M2BP on 
HCC survival might be attributed to different 
study population and statistical methods. 
Usually, a multivariable adjustment is needed 
to get the final conclusion in a retrospective 
study.

We selected the UCSF criteria for liver trans-
plantation as it has an equivalent survival rate 
and benefits a greater number of patients com-
pared with the Milan criteria [22]. The serum 
and specimens were stored during the opera-
tion. As a result, the data on patients’ serum 
laboratory results, liver fibrosis status, and HCC 
pathology were collected accurately. There 
have been two studies dealing with the issue of 
WFA+-M2BP and liver transplantation [41, 42]. 
All of the studies used WFA+-M2BP as a fibrotic 
marker to evaluate graft fibrosis after trans-
plantation. They concluded that WFA+-M2BP is 
an accurate, non-invasive detection method for 
evaluating fibrosis after transplantation. The 
aim and design of the present study is quite dif-
ferent from the previous ones. Actually, it is the 
first and novel study to see if pre-transplant 
serum WFA+-M2BP levels could predict HCC 
recurrence and survival after transplantation. 
You can see that the levels of WFA+-M2BP in 
transplant patients were much higher than that 
of hepatectomy patients (Table 1). It might be 
attributed to the very high percentages of 
advanced liver fibrosis in transplant patients. 
By the Cox regression hazard model, elevated 
WFA+-M2BP levels did not associate with HCC 
recurrence, but predict survival after transplan-
tation with a borderline significance in multi-
variable analysis (Tables 3 and 4). It might indi-
cate since liver transplantation allowed the 
total removal of an old cirrhotic or advanced 
fibrotic liver; hence, the effect of liver fibrosis 
and WFA+-M2BP would both decrease [43]. 
Instead, viral hepatitis status and AJCC staging 

still played an important role on the outcomes 
of HCC related transplants. Notably, original 
fibrotic stages were negatively correlated with 
both HCC recurrence and survival after trans-
plantation (Tables 3 and 4). It is quite interest-
ing to notice that levels of WFA+-M2BP did not 
completely reflect the original degrees of liver 
fibrosis in transplant patients. The difference of 
mechanism needs further elucidation in the 
future.

However, our study has several limitations. 
First, our study only included 460 patients. 
However, the number of curative hepatectomy 
and liver transplantation patients is not rela-
tively small as the patients should meet the 
UCSF criteria (solitary tumor ≤6.5 cm, or ≤3 
nodules with the largest lesion size of ≤4.5 cm 
and a total tumor diameter of ≤8 cm) or the 
AASLD or EASL clinical practice guidelines for 
diagnosing early-stage HCC without radiofre-
quency ablation [20, 21, 39, 44]. On the con-
trary, this was a retrospective study and not a 
prospective study. In the future, a prospective 
study should be conducted to further validate 
the role of WFA+-M2BP.

Conclusions

Serum WFA+-M2BP is a reliable marker for liver 
fibrosis in the present study. It is also reliable 
marker to predict prognosis of HCC after surgi-
cal resection. However, the prognostic role of 
WFA+-M2BP in HCC related transplants is equiv-
ocal, which is quite different from that of surgi-
cal resection.

Acknowledgements

We thank the National Biobank Consortium of 
Taiwan (NBCT) and Tissue Bank of Kaohsiung 
Chang Gung Memorial Hospital, Kaohsiung, 
Taiwan, for the stored blood and tissue speci-
mens and for providing technical and facility 
support. This study was supported by Dr. Ming-
Tsung Lin under grant Nos. CMRPG8J0161 and 
CORPG8K0031, and grant Nos. CORPG8F1503 
by Dr. Tsung-Hui Hu.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Tsung-Hui Hu, Di- 
vision of Hepato-Gastroenterology, Department of 



WFA+-M2BP and HCC prognosis after surgery

612 Am J Cancer Res 2022;12(2):601-614

Internal Medicine, Kaohsiung Chang Gung Memo- 
rial Hospital, Chang Gung University, College of 
Medicine, No. 123 Ta Pei Road, Niao Sung District, 
Kaohsiung 83301, Taiwan. Tel: +886-7-731-7123 
Ext. 8310; Fax: +886-7-732-2402; E-mail: dr.hu@
msa.hinet.net; Chang-Chun Hsiao, Division of 
Pulmonary and Critical Care Medicine, Kaohsiung 
Chang Gung Memorial Hospital and Chang Gung 
University College of Medicine, 123, Ta-Pei Road, 
Niao-Sung District, Kaohsiung 83301, Taiwan. Tel: 
+886-7-731-7123 Ext. 8979; +886-955906053; 
Fax: +886-7-731-1696; E-mail: cchsiao@mail.cgu.
edu.tw

References

[1] Lin MT, Chang KC, Yen YH, Tsai MC, Chen CH, 
Wang JH, Hsiao CC, Chiu YH and Hu TH. Chronic 
hepatitis B exhibited higher rate of hepatocel-
lular carcinoma occurrence than hepatitis C in 
cirrhotic patients after effective antiviral treat-
ment. J Formos Med Assoc 2021; 120: 621-
628.

[2] European Association for the Study of the 
Liver. EASL 2017 clinical practice guidelines 
on the management of hepatitis B virus infec-
tion. J Hepatol 2017; 67: 370-398.

[3] Regev A, Berho M, Jeffers LJ, Milikowski C, 
Molina EG, Pyrsopoulos NT, Feng ZZ, Reddy KR 
and Schiff E. Sampling error and intraobserver 
variation in liver biopsy in patients with chronic 
HCV infection. Am J Gastroenterol 2002; 97: 
2614-8.

[4] Seeff LB, Everson GT, Morgan TR, Curto TM, 
Lee WM, Ghany MG, Shiffman ML, Fontana RJ, 
Bisceglie AM Di, Bonkovsky HL and Dienstag 
JL; HALT-C Trial Group. Complication rate of 
percutaneous liver biopsies among persons 
with advanced chronic liver disease in the 
HALT-C trial. Clin Gastroenterol Hepatol 2010; 
8: 877-83.

[5] Lin MT, Chen CL, Wang CC, Cheng YF, Eng HL, 
Wang JH, Chiu KW, Lee CM and Hu TH. 
Diagnostic sensitivity of hepatocellular carci-
noma imaging and its application to non-cir-
rhotic patients. J Gastroenterol Hepatol 2011; 
26: 745-50

[6] Huang TH, Lin MT, Wang JH, Chang KC, Yen YH, 
Kuo FY, Huang CC, Hsiao CC, Chiu SY, Lu SN, 
Wang CC and Hu TH. Clinical and novel appli-
cation of FibroScan, FIB-4 and aspartate ami-
notransferase-to-platelet ratio index in liver fi-
brosis evaluation in patients with hepatocellu-
lar carcinoma and their roles in oesophageal 
variceal prediction. Int J Clin Pract 2020; 75: 
e13945.

[7] Lin MT, Wang CC, Cheng YF, Eng HL, Yen YH, 
Tsai MC, Tseng PL, Chang KC, Wu CK and Hu 

TH. Comprehensive comparison of multiple-
detector computed tomography and dynamic 
magnetic resonance imaging in the diagnosis 
of hepatocellular carcinoma with varying de-
grees of fibrosis. PLoS One 2016; 11: 
e0166157.

[8] Bruix J and Sherman M; American Association 
for the Study of Liver Diseases. Management 
of hepatocellular carcinoma: an update. 
Hepatology 2011; 53: 1020-2.

[9] Shirabe K, Bekki Y, Gantumur D, Araki K, Ishii 
N, Kuno A, Narimatsu H and Mizokami M. Mac-
2 binding protein glycan isomer (M2BPGi) is a 
new serum biomarker for assessing liver fibro-
sis: more than a biomarker of liver fibrosis. J 
Gastroenterol 2018; 53: 819-826.

[10] Kuno A, Ikehara Y, Tanaka Y, Ito K, Matsuda A, 
Sekiya S, Hige S, Sakamoto M, Masayoshi K, 
Mizokami M and Narimatsu H. A serum “sweet-
doughnut” protein facilitates fibrosis evalua-
tion and therapy assessment in patients with 
viral hepatitis. Sci Rep 2013; 3: 1065.

[11] Nishikawa H, Takata R, Enomoto H, Yoh K, 
Kishino K, Shimono Y, Iwata Y, Hasegawa K, 
Nakano C, Nishimura C, Aizawa N, Sakai Y, 
Ikeda N, Takashima T, Ishii A, Iijima H and 
Nishiguchi S. Proposal of a predictive model 
for advanced fibrosis containing Wisteria flori-
bunda agglutinin-positive Mac-2-binding pro-
tein in chronic hepatitis C. Hepatol Res 2017; 
47: E74-E84.

[12] Mak LY, Wong DK, Seto WK, Ning Q, Cheung 
KS, Fung J, Liu F, Seto WK, Lai CL and Yuen MF. 
Correlation of serum Mac-2-binding protein 
glycosylation isomer (M2BPGi) and liver stiff-
ness in chronic hepatitis B infection. Hepatol 
Int 2019; 13: 148-156.

[13] Heo JY, Kim SU, Kim BK, Park JY, Kim DY, Ahn 
SH, Park YN, Ahn SS, Han KH and Kim HS. Use 
of wisteria floribunda agglutinin-positive hu-
man Mac-2 binding protein in assessing risk of 
hepatocellular carcinoma due to hepatitis B 
virus. Medicine (Baltimore) 2016; 95: e3328.

[14] Bekki Y, Yoshizumi T, Shimoda S, Itoh S, 
Harimoto N, Ikegami T, Kuno A, Narimatsu H, 
Shirabe K and Maehara Y. Hepatic stellate 
cells secreting WFA+-M2BP: its role in bio- 
logical interactions with Kupffer cells. J 
Gastroenterol Hepatol 2017; 32: 1387-1393.

[15] Bataller R and Brenner DA. Liver fibrosis. J Clin 
Invest 2005; 115: 209-18.

[16] Kim HS, Kim SU, Kim BK, Park JY, Kim DY, Ahn 
SH, Han KH, Park YN, Han DH, Kim KS, Choi 
JS, Choi GH and Kim HS. Serum Wisteria flori-
bunda agglutinin-positive human Mac-2 bind-
ing protein level predicts recurrence of hepati-
tis B virus-related hepatocellular carcinoma 
after curative resection. Clin Mol Hepatol 
2020; 26: 33-44.



WFA+-M2BP and HCC prognosis after surgery

613 Am J Cancer Res 2022;12(2):601-614

[17] Lin J, Ko CJ, Hung YJ, Lin PY, Lin KH, Hsieh CE, 
Chou CT and Chen YL. Prognostic role of serum 
wisteria floribunda agglutinin-positive Mac-2 
binding protein level in early stage hepatocel-
lular carcinoma. Sci Rep 2020; 10: 5651.

[18] Toyoda H, Kumada T, Tada T, Kaneoka Y, 
Maeda A, Korenaga M, Mizokami M and 
Narimatsu H. Serum WFA+-M2BP levels as a 
prognostic factor in patients with early hepato-
cellular carcinoma undergoing curative resec-
tion. Liver Int 2016; 36: 293-301.

[19] Heimbach JK, Kulik LM, Finn RS, Sirlin CB, 
Abecassis MM, Roberts LR, Zhu AX, Murad MH 
and Marrero JA. AASLD guidelines for the treat-
ment of hepatocellular carcinoma. Hepatology 
2018; 67: 358-380.

[20] European Association for the Study of the 
Liver. EASL clinical practice guidelines: man-
agement of hepatocellular carcinoma. J 
Hepatol 2018; 69: 182-236.

[21] Yao FY, Ferrel L, Bass NM, Watson JJ, Bacchetti 
P, Venook A, Ascher NL and Roberts JP. Liver 
transplantation for hepatocellular carcinoma: 
expansion of the tumor size limits does not ad-
versely impact survival. Hepatology 2001; 33: 
1394-403.

[22] Bento de Sousa JH, Calil IL, Tustumi F, da 
Cunha Khalil D, Felga GEG, de Arruda Pecora 
RA and de Almeida MD. Comparison between 
Milan and UCSF criteria for liver transplanta-
tion in patients with hepatocellular carcinoma: 
a systematic review and meta-analysis. Transl 
Gastroenterol Hepatol 2021; 6: 11.

[23] Goodman ZD. Grading and staging systems for 
inflammation and fibrosis in chronic liver dis-
eases. J Hepatol 2007; 47: 598-607.

[24] Cholongitas E, Papatheodoridis GV, Vangeli M, 
Terreni N, Patch D and Burroughs AK. 
Systematic review: the model for end-stage 
liver disease--should it replace Child-Pugh’s 
classification for assessing prognosis in cirrho-
sis? Aliment Pharmacol Ther 2005; 22: 1079-
89.

[25] Johnson PJ, Berhane S, Kagebayashi C, 
Satomura S, Teng M, Reeves HL, O’Beirne J, 
Fox R, Skowronska A, Palmer D, Yeo W, Mo F, 
Lai P, Iñarrairaegui M, Chan SL, Sangro B, 
Rebecca Miksad R, Tada T, Kumada T and 
Toyoda H. Assessment of liver function in pa-
tients with hepatocellular carcinoma: a new 
evidence-based approach-the ALBI grade. J 
Clin Oncol 2015; 33: 550-558.

[26] Shin SK, Kim JH, Park H, Kwon OS, Lee HJ, 
Yeon JE, Byun KS, Suh SJ, Yim HJ, Kim YS and 
Kim JH. Improvement of liver function and non-
invasive fibrosis markers in hepatitis B virus-
associated cirrhosis: 2 years of entecavir treat-
ment. J Gastroenterol Hepatol 2015; 30: 
1775-81.

[27] Zhang Z, Zhou Y, Yang J, Hu K and Huang Y. 
The effectiveness of TDF versus ETV on inci-

dence of HCC in CHB patients: a meta analysis. 
BMC Cancer 2019; 19: 511.

[28] Liu PH, Hsu CY, Hsia CY, Lee YH, Chiou YY, 
Huang YH, Lee FY, Lin HC, Hou MC and Huo TI. 
ALBI and PALBI grade predict survival for HCC 
across treatment modalities and BCLC stages 
in the MELD era. J Gastroenterol Hepatol 2017; 
32: 879-886.

[29] Hiraoka A, Kumada T, Michitaka K and Kudo 
M. Newly proposed ALBI grade and ALBI-T 
score as tools for assessment of hepatic func-
tion and prognosis in hepatocellular carcino-
ma patients. Liver Cancer 2019; 8: 312-325.

[30] Lu WP and Dong JH. Hepatectomy for hepato-
cellular carcinoma in the era of liver transplan-
tation. World J Gastroenterol 2014; 20: 9237-
44.

[31] Mak LY, To WP, Wong DK, Fung J, Liu F, Seto 
WK, Lai CL and Yuen MF. Serum Mac-2 binding 
protein glycosylation isomer level predicts  
hepatocellular carcinoma development in 
E-negative chronic hepatitis B patients. World J 
Gastroenterol 2019; 25: 1398-1408.

[32] Tamaki N, Kurosaki M, Kuno A, Korenaga M, 
Togayachi A, Gotoh M, Nakakuki N, Takada H, 
Matsuda S, Hattori N, Yasui Y, Suzuki S, 
Hosokawa T, Tsuchiya K, Nakanishi H, Itakura 
J, Takahashi Y, Mizokami M, Narimatsu H and 
Izumi N. Wisteria floribunda agglutinin positive 
human Mac-2-binding protein as a predictor of 
hepatocellular carcinoma development in 
chronic hepatitis C patients. Hepatol Res 
2015; 45: E82-8.

[33] Yeh ML, Huang CF, Huang CI, Dai CY, Lin IH, 
Liang PC, Hsieh MH, Lin ZY, Chen SC, Huang JF, 
Chen JJ, Yu ML and Chuang WL. Wisteria flori-
bunda agglutinin-positive Mac-2-binding pro-
tein in the prediction of disease severity in 
chronic hepatitis B patients. PLoS One 2019; 
14: e0220663.

[34] Sato S, Genda T, Ichida T, Amano N, Sato S, 
Murata A, Tsuzura H, Narita Y, Kanemitsu Y, 
Hirano K, Shimada Y, Iijima K, Wada R, 
Nagahara A and Watanabe S. Prediction of he-
patocellular carcinoma development after 
hepatitis C virus eradication using serum wis-
teria floribunda agglutinin-positive mac-2-bind-
ing protein. Int J Mol Sci 2016; 17: 2143.

[35] Fujiyoshi M, Kuno A, Gotoh M, Fukai M, Yokoo 
H, Kamachi H, Kamiyama T, Korenaga M, 
Mizokami M, Narimatsu H and Taketomi A; 
Hepatitis Glyco-biomarker Study Group. Cli- 
nicopathological characteristics and diagnos-
tic performance of wisteria floribunda aggluti-
nin positive Mac-2-binding protein as a preop-
erative serum marker of liver fibrosis in hepa-
tocellular carcinoma. J Gastroenterol 2015; 
50: 1134-44.

[36] Toyoda H, Lai PB, O’Beirne J, Chong CC, 
Berhane S, Reeves H, Manas D, Fox RP, Yeo W, 
Mo F, Chan AW, Tada T, Iñarrairaegui M, Vogel 



WFA+-M2BP and HCC prognosis after surgery

614 Am J Cancer Res 2022;12(2):601-614

A, Schweitzer N, Chan SL, Sangro B, Kumada T 
and Johnson PJ. Long-term impact of liver func-
tion on curative therapy for hepatocellular car-
cinoma: application of the ALBI grade. Br J 
Cancer 2016; 114: 744-50.

[37] Lee SK, Song MJ, Kim SH and Park M. 
Comparing various scoring system for predict-
ing overall survival according to treatment. mo-
dalities in hepatocellular carcinoma focused 
on Platelet-albumin-bilirubin (PALBI) and albu-
min-bilirubin (ALBI) grade: a nationwide cohort 
study. PLoS One 2019; 14: e0216173

[38] Ho SY, Hsu CY, Liu PH, Hsia CY, Su CW, Huang 
YH, Hou MC and Huo TI. Albumin-bilirubin 
(ALBI) grade-based nomogram to predict tu-
mor recurrence in patients with hepatocellular 
carcinoma. Eur J Surg Oncol 2019; 45: 776-
781.

[39] Marrero JA, Kulik LM, Sirlin CB, Zhu AX, Finn 
RS, Abecassis MM, Roberts LR and Heimbach 
JK. Diagnosis, staging, and management of 
hepatocellular carcinoma: 2018 practice guid-
ance by the American Association for the Study 
of Liver Diseases. Hepatology 2018; 68: 723-
750.

[40] Shao YY, Wang SY and Lin SM; Diagnosis 
Group; Systemic Therapy Group. Management 
consensus guideline for hepatocellular carci-
noma: 2020 update on surveillance, diagno-
sis, and systemic treatment by the Taiwan 
Liver Cancer Association and the Gastro- 
enterological Society of Taiwan. J Formos Med 
Assoc 2021; 120: 1051-1060.

[41] Kimura Y, Taura K, Nam NH, Uemoto Y, Yoshino 
K, Ikeno Y, Okuda Y, Nishio T, Yamamoto G, 
Tanabe K, Koyama Y, Anazawa T, Fukumitsu K, 
Ito T, Yagi S, Kamo N, Seo S, Iwaisako K, Hata 
K, Imai T and Uemoto S. Utility of Mac-2 bind-
ing protein glycosylation isomer to evaluate 
graft status after liver transplantation. Liver 
Transpl 2021; 27: 403-415.

[42] Sasaki R, Miyaaki H, Narita S, Fukushima M, 
Haraguchi M, Miuma S, Hidaka M, Eguchi S, 
Okudaira S, Abe K and Nakao K. Serum Mac-2 
binding protein glycosylation isomer as a bio-
marker of fibrosis in living donor liver trans-
plant graft. Clin Transplant 2021; 35: e14175.

[43] O’Rourke JM, Sagar VM, Shah T and Shetty S. 
Carcinogenesis on the background of liver fi-
brosis: implications for the management of he-
patocellular cancer. World J Gastroenterol 
2018; 24: 4436-4447.

[44] Ng KKC, Chok KSH, Chan ACY, Cheung TT, 
Wong TCL, Fung JYY, Yuen J, Poon RTP, Fan ST 
and Lo CM. Randomized clinical trial of hepatic 
resection versus radiofrequency ablation for 
early-stage hepatocellular carcinoma. Br J 
Surg 2017; 104: 1775-1784.


