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Abstract
BACKGROUND 
Accurate prediction of hepatocellular carcinoma (HCC) recurrence after curative 
therapy remains challenging. Mac-2 binding protein glycosylation isomer (M2-
BPGi), a serum marker of liver fibrosis, may serve as a noninvasive prognostic bi-
omarker.

AIM 
To evaluate the association between preoperative M2BPGi levels and HCC recu-
rrence following curative treatment.

METHODS 
We searched PubMed Cochrane CENTRAL, EMBASE, and BIOSIS Citation Index 
for English-language studies in humans reporting HCC recurrence outcomes str-
atified by high vs low serum M2BPGi. Four retrospective studies (total n = 494) 
met inclusion criteria for meta-analysis. Data on recurrence-related survival 
(recurrence-free, tumor-free, or progression-free survival) and unadjusted and/or 
adjusted hazard ratios (HR) for high vs low M2BPGi were extracted. Random-
effects meta-analyses were performed separately for univariate and multivariate 
HRs. Heterogeneity was assessed by I2 and publication bias by Egger’s test.
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RESULTS 
High preoperative M2BPGi was significantly associated with increased recurrence risk. The pooled unadjusted HR 
was 2.98 (95%CI: 1.50-5.91; P < 0.01; I2 = 38.3%), and the pooled adjusted HR was 2.22 (95%CI: 1.48-3.32; P < 0.01; I2 
= 0%). Meta-regression showed no effect of varying cutoff thresholds on HRs, and Egger’s tests indicated no 
evidence of publication bias in the multivariate results. The bias-corrected estimated of the univariate HR remained 
statistically significant (HR = 2.31, 95%CI: 1.21-4.41, P = 0.021, I2 = 32%).

CONCLUSION 
Preoperative serum M2BPGi is a promising biomarker for HCC recurrence after hepatectomy. Its strong association 
with risk, minimal heterogeneity across studies, and ease of measurement support its potential clinical utility.

Key Words: Hepatocellular carcinoma; Biomarker; Serum; Recurrence; Mac-2 binding protein glycosylation isomer

©The Author(s) 2026. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Predicting tumor recurrence following curative treatment for hepatocellular carcinoma (HCC) remains a cha-
llenging task. Numerous novel biomarkers have been investigated for their ability to predict disease prognosis, as there is a 
clear need for noninvasive serum assays that can reliably assess the risk for post-treatment recurrence. Mac-2 binding protein 
glycosylation isomer (M2BPGi) has emerged as a serum biomarker for liver fibrosis, an important component of HCC 
pathogenesis. Our meta-analysis demonstrates M2BPGi’s utility as a pre-operative predictor of HCC recurrence.

Citation: Stephens KR, Wilson M, Xu M, Gaskins JT, Genova G, Martin II RCG. Mac-2 binding protein glycosylation isomer as a 
novel serum biomarker for recurrence in hepatocellular carcinoma. World J Gastroenterol 2026; 32(5): 113693
URL: https://www.wjgnet.com/1007-9327/full/v32/i5/113693.htm
DOI: https://dx.doi.org/10.3748/wjg.v32.i5.113693

INTRODUCTION
Primary liver cancer is currently the 6th most common cause of cancer-related death in the United States, with a 5-year 
survival rate of 22.0%[1]. More recent data shows that alcohol-related and non-alcoholic steatohepatitis (NASH)-related 
hepatocellular carcinoma (HCC) make up a greater proportion of HCC in the United States, while viral-related HCC is 
decreasing due to universal hepatitis B virus (HBV) vaccination in the United States and sustained viral response (SVR) 
from hepatitis C virus (HCV) direct acting anti-virals (DAAs)[2]. However, HBV infection remains the most common risk 
factor associated with HCC on the global scale, being the predominate cause of the cancer in the most high-risk HCC 
regions (i.e., China, South Korea, and sub-Saharan Africa)[3,4]. Regardless of the underlying etiology, the development of 
cirrhosis is the most commonly exhibited risk factor in HCC and is present in 80% of cases[5].

Treatment for HCC depends on disease staging. Approximately 30%-40% of patients are diagnosed at earlier stages 
[Barcelona Clinic Liver Cancer (BCLC) stages 0 and A or American Joint Committee on Cancer stages IA-B]. These cases 
are usually treated with curative intent, namely partial hepatectomy, liver transplantation, or microwave ablation[3,6]. 
Due to the high risk of HCC recurrence in the curative intent modalities, surveillance following treatment is recom-
mended. The American Association for the Study of Liver Diseases guidelines recommend indefinite regular interval 
cross-sectional abdominal/chest imaging following surgical resection or liver transplantation[5].

In addition, the use of serum biomarkers has been of great interest to clinicians due to their potential ability to provide 
valuable information about HCC prognosis and recurrence. Historically, serum alpha-fetoprotein (AFP) has been utilized 
as both a biomarker of diagnosis (with levels > 400 ng/mL being considered diagnostic) and of recurrence in AFP-
positive patients, used in adjunct with serial imaging[5]. However, greater than 40% of HCC tumors have been found to 
be AFP-negative, and AFP production is not specific to HCC, with other tumors such as those of germ cell origin and 
hepatoblastoma also secreting the biomarker[5,7]. In a large Italian multi-center review of 1158 patients, 18% had AFP > 
400 and 46% had normal AFP (< 20) at diagnosis[8]. Though still routinely used in diagnosis and surveillance of HCC, 
these factors limit AFP’s ability to reliably predict HCC recurrence and behavior. The National Comprehensive Cancer 
Network guidelines also acknowledge des-gamma-carboxy prothrombin (DCP), also known as protein induced by 
vitamin K absence or antagonist-II, and lens culinaris agglutinin-reactive AFP (AFP-L3), an isoform of AFP, as additional 
biomarkers that are useful for additional risk stratification, but does not routinely recommend their use for surveillance 
status post curative intent therapy[9]. Thus, there is a need for novel serum biomarkers that can more accurately predict 
pro-gnosis and recurrence in HCC patients.

Mac-2 binding protein glycosylation isomer (M2BPGi) is a glycoprotein previously shown to be a biomarker of liver 
fibrosis, with the unaltered Mac-2 binding protein undergoing changes in N-glycosylation to produce M2BPGi as fibrosis 
progresses[10]. Thus far, this biomarker has been used to diagnose and assess the degree of fibrosis in both chronic viral 
hepatitis and non-viral liver disease patients, being superior to other non-invasive diagnostic methods overall and dem-
onstrating greatest efficacy in chronic hepatitis C patients relative to those with chronic hepatitis B and non-viral liver 
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disease[10-12].
In recent years, there has been increased investigation into other possible applications for M2BPGi. Given that cirrhosis 

is this most significant risk factor for development of HCC, in 80% of cases as previously mentioned, intuitively one could 
postulate that increasing concentrations of M2BPGi would correlate with an increased risk of HCC recurrence and act as a 
surrogate biomarker for this process. Thus, given its utility in assessing liver fibrosis and the need for non-invasive 
biomarkers to predict HCC recurrence, M2BPGi has emerged as a potential biomarker for just that. Furthermore, prior in 
vitro work has demonstrated that M2BPGi stimulates HCC progression through the mTOR pathway[13]. Here, we 
perform the first meta-analysis in the literature evaluating M2BPGi as a biomarker of HCC recurrence following curative 
intent hepatectomy.

MATERIALS AND METHODS
M2BPGi was first identified by our group as a novel biomarker after performing a literature review for all possible serum 
biomarkers for recurrence in HCC following curative intent treatment. English articles in humans between 2020 and 2025 
were evaluated in the following databases: PubMed, Cochrane CENTRAL, EMBASE, and BIOSIS Citation Index. Of all 
1303 studies were identified, there were 1007 studies after duplicates were removed, 235 were identified for full text 
review following abstract/title screening, and 89 studies met the aforementioned parameters. Biomarkers analyzed in 
these 89 studies included DCP, circulating tumor cells (CTC), ctDNA, AFP-L3, and M2BPGi. In addition, other included 
biomarkers consisted of a combination of other serum values, such as albumin-bilirubin grade (ALBI grade), neutrophil-
lymphocyte ratio (NLR), and platelet-lymphocyte ratio (PLR).

While several potential biomarkers were identified in our initial search, many had limited utility in the context of our 
proposed meta-analysis. For DCP, AFP-L3, and ALBI, there have already been other meta-analyses examining their role 
in HCC behavior and recurrence. While CTCs and ctDNA demonstrate promising data in predicting recurrence, we 
found that the included studies contained much variability in wet lab technique, making direct statistical comparison 
between them difficult. The remainder of the biomarkers contained too few studies to perform an adequate meta-
analysis. The sole biomarker in our initial search that had a sufficient number of comparable studies and had not already 
been analyzed within a meta-analysis was M2BPGi. At that time, we identified 4 studies that involved M2BPGi, which 
was a considered a novel assay and had not previously undergone this level of analysis. Therefore, the following sys-
tematic review and meta-analysis was performed on M2BPGi to ensure all relevant studies in the literature were cap-
tured.

We then conducted a systematic review and meta-analysis for studies on the use of M2BPGi as a biomarker for HCC 
recurrence. Databases searched included PubMed, Cochrane CENTRAL, EMBASE, and BIOSIS Citation Index. The 
PubMed search strategy was: (“Carcinoma, Hepatocellular”[Mesh] OR “hepatocellular carcinoma”[tiab] OR “hepato-
cellular cancer*”[tiab] HCC[tiab] OR “liver carcinoma*”[tiab] OR “liver cancer*”[tiab] OR “liver tumor*”[tiab] OR “liver 
tumour*”[tiab] OR “liver neoplas*”[tiab] OR “liver malignan*”[tiab] OR “hepatic carcinoma*”[tiab] OR “hepatic 
cancer*”[tiab] OR “hepatic tumor*”[tiab] OR “hepatic tumour*”[tiab] OR “hepatic neoplas*”[tiab] OR “hepatic 
malignan*”[tiab]) AND (M2BPGi*[tiab] OR “mac-2 binding protein glycosylation isomer*”[tiab] OR “mac-2 binding 
protein glycan isomer*”[tiab] AND (Recurrence[Mesh] OR recur*[tiab]). Search results were filtered to English. Full 
search strategies for all databases are available in the Supplementary material. Covidence was used to complete screening 
and to generate the PRISMA diagram (Figure 1) (Covidence systematic review software, Veritas Health Innovation, 
Melbourne, Australia)[14]. Two independent reviewers performed title/abstract screening and full-text review, and 
conflicts were resolved by the lead author.

Inclusion criteria was as follows: (1) Patients were diagnosed with HCC; (2) Serum M2BPGi was obtained; (3) Patients 
underwent curative treatment; (4) Recurrence data was collected follow treatment; and (5) Published in peer-reviewed 
journal articles. Two independent reviewers were utilized for data extraction, and the lead author resolved any conflicts. 
Major variables collected during extraction include study design, sample size, inclusion/exclusion criteria, demographic 
distribution of the cohort (including age, gender, HCC BCLC/tumor-node-metastasis stage, underlying liver disease, 
treatment type, and follow-up duration), and recurrence definition. Recurrence metrics extracted include recurrence free 
survival (RFS) and tumor free survival (TFS). Newcastle-Ottawa Scale (NOS) for cohort studies was utilized to evaluate 
for risk of bias.

Statistical analysis
The included studies provided comparisons of a recurrence-related survival measure and a high/Low binary categor-
ization of M2BPGi. We used both univariate (unadjusted) and multivariate (adjusted) hazard ratios (HR) on all. One 
study, Nanashima et al[15], reported RFS as TFS in 1-, 3-, and 5-year intervals, so this data was converted into an 
approximate unadjusted HR using the methods described by Tierney et al[16].

HRs are summarized across manuscripts using random effects meta-analysis on the log-HR, unadjusted and adjusted 
analyzed separately. We used a random effect model to account for expected heterogeneity across publications and report 
heterogeneity using the I2 statistic. Publication bias was assessed using Egger test for funnel plot asymmetry; the Duval & 
Tweedie trim and fill method was used to re-estimate the pooled effect in cases when publication bias was detected[17]. 
Significant differences in the HR based on the different values of the threshold chosen to define high levels of M2BPGi 
were also tested by fitting a meta-regression model with threshold value as the predictor. All analyses were run in R 
statistical software version 4.2.2[18].

https://f6publishing.blob.core.windows.net/be1c0f93-ece9-4f43-87fe-e6e162f00f23/113693-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/be1c0f93-ece9-4f43-87fe-e6e162f00f23/113693-supplementary-material.pdf
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Figure 1 PRISMA diagram of studies evaluated, excluded, and included in the meta-analysis. HCC: Hepatocellular carcinoma; M2BPGi: Mac-2 
binding protein glycosylation isomer.

RESULTS
Study selection
The database searches returned 25 results, with 11 studies remaining from initial screening after de-duplication. Three 
studies were excluded during title/abstract screening for failing to meet the inclusion criteria, and an additional 4 studies 
were excluded in full text review, one for lacking recurrence data, one for evaluating HCV patients with SVR following 
interferon administration, one for containing early recurrence data only, and the final for including the non-curative 
TACE intervention. The remaining 4 studies were included in the systemic review and meta-analysis. All 4 studies had 
low risk of bias on the NOS scale, all with 9/9 stars.

Study characteristics
The major characteristics of each study are displayed in Table 1. All were retrospective studies, with Harimoto et al[19] 
being a 2-institution study while the remainder were single-center. Each study originated from different institutions, with 
no study demonstrating institutional overlap with another. In terms of underlying liver disease, HCV-related HCC was 
present in all studies, with Nanashima et al[15] and Lee et al[20] including patients with additional etiologies. Hepa-
tectomy was the sole intervention present in all 4 of the studies. Combined, there were a total of 494 patients across all the 
studies. Additionally, every study separated patients into high/Low M2BPGi levels, individual thresholds were esta-
blished by each study or company data as seen in Table 1, based on pre-operative serum values. Three of the 4 studies 
used Sysmex, an automated immunoanalyzer and various chemiluminescence enzyme immunoassay kits offered by 
Sysmex, while Harimoto et al[19] did not explicitly state which analytic technique was utilized. Nanashima et al[15] 
utilized immunoassay company data to determine a threshold of 1.0 COI units, whereas the other manuscripts deter-
mined the threshold by maximizing the Youden index from the receiver operating characteristic curves. These three 
papers determined high M2BPGi using similar thresholds that ranged from 1.5 to 1.71.

Univariate HR for RFS
The pooled unadjusted HR was 2.98 (95%CI: 1.50-5.91, P < 0.01), representing a significant association between high 
M2BPGi and an increased hazard of recurrence events, Figure 2A. Level of heterogeneity across included studies was 
moderate (I2 = 38.3%). A meta-regression analysis of the M2BPGi cut-off was performed, with no significant association 
between HRs and the M2BPGi threshold definition (P = 0.71). For the univariate analyses, there was evidence of funnel 
plot asymmetry (Figure 3A) and significant evidence of publication bias using Egger’s test (P = 0.012). The bias-corrected 
estimate of the univariate HR again demonstrated a significant association between high M2BPGi and recurrence events 
(pooled HR = 2.31, 95%CI: 1.21-4.41, P = 0.021).
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Table 1 Baseline study characteristics

Ref. Study 
design

Sample 
size Country

Underlying 
liver 
disease

Treatment 
type Serum assay

1M2BPGi 
cutoff Endpoint Outcome

Harimoto 
et al[19], 
2022 

Two 
institution 
retrospective 
study

60 Japan HCV-related 
HCC at SVR

Hepatectomy Not specified 1.54 RFS RFS M2BPGi > 1.54. 
Univariate: HR = 4.67 
(1.46-14.92), P < 0.01. 
Multivariate: HR = 
5.54 (1.05-29.14), P = 
0.04. Median RFS: 
High M2BPGi: 
1.25 years. Low 
M2BPGi: Did not 
reach 50% in 4 years

Yugawa et 
al[24], 2022 

Single-center 
retrospective 
study

57 Japan HCV-related 
HCC at SVR

Hepatectomy Lectin-antibody 
Sandwich 
Immunoassay 
(Sysmex Co., 
Hyogo, Japan)

1.71 COI RFS RFS M2BPGi at SVR 
≥1.71 COI. Univariate: 
HR = 3.63 (1.57-8.39), 
P = 0.0026. 
Multivariate: HR = 
2.98 (1.23-7.19), P = 
0.0153. 3/5/7-year 
RFS: High M2BPGi: 
37.3%/12.4%/12.4%. 
Low M2BPGi: 
84.2/84.2%/71.7%

Nanashima 
et al[15], 
2024

Single-center 
retrospective 
study

130 Japan HCC with 
underlying: 
Normal 
liver: 30. 
MASLD: 44. 
Primary 
biliary 
cholangitis: 
2. HBV: 30. 
HCV: 24

Hepatectomy Chemiluminescent 
Enzyme 
Immunoassay with 
Anti-Wisteria 
Floribunda 
Agglutinin (HSCL-
2000i 
Immunoanalyzer; 
Sysmex Co., Tokyo, 
Japan)

1 COI TFS TFS 1/3/5 years: < 1 
(n = 75) 91/73/65. ≥ 1 
(n = 55) 81/66/53. 
Multi-variate analysis. 
M2BPGi (COI) (< 1 vs 
≥ 1): TFS RR = 1.84 
(0.87-3.89), P = 0.11

Lee et al
[20], 2025 

Single-center 
retrospective 
study

247 Taiwan HCC with 
underlying: 
HBV: 107. 
HCV: 62. 
HBV + HCV: 
3. Nonviral: 
75

Hepatectomy HISCL M2BPGi 
reagent on HISCL-
800 
immunoanalyzer 
(Sysmex Co., Kobe, 
Japan)

1.5 COI RFS RFS M2BPGi (COI). > 
1.5 vs ≤ 1.5. 
Univariate: HR = 
1.979 (1.369-2.862), P < 
0.001. Multivariate: 
HR = 2.100 (1.435-
3.074), P < 0.001. 
Median RFS: High 
M2BPGi: 19.8 months. 
Low M2BPGi: 56.3 
months

1Cutoff's were derived for each individual study statistically using the receiver operator characteristic, often using Youden Index. However, Nanashima et 
al[15] utilized company provided data from Sysmex for their cutoff index (COI).
M2BPGi: Mac-2 binding protein glycosylation isomer; HCV: Hepatitis C virus; HCC: Hepatocellular carcinoma; SVR: Sustained viral response; RFS: 
Recurrence free survival; HR: Hazard ratio; MASLD: Metabolic dysfunction-associated steatotic liver disease; HBV: Hepatitis B virus; TFS: Tumor free 
survival; RR: Relative risk.

Multivariate HR for RFS
The overall adjusted HR was 2.22 (95%CI: 1.48 to 3.32, P = 0.008), again representing a significant association between 
high M2BPGi and increased hazard of recurrence, Figure 2B. Minimal heterogeneity was found across studies (I2 = 0%). 
The meta-regression analysis again demonstrated no significant association between HRs and the M2BPGi threshold 
definition (P = 0.46). Using the funnel plot and Egger’s test, there was no evidence of publication bias or asymmetry (P = 
0.25), Figure 3B.

DISCUSSION
After evaluating the 4 studies included in our meta-analysis, we found a significant association between high M2BPGi 
and elevated risk of HCC recurrence in both our unadjusted and adjusted HR, with HR = 2.98 and HR = 2.22, 
respectively. Analyses for both publication bias and bias due to difference in M2BPGi threshold definition showed no 
significant bias in the multivariate analysis. While there was evidence of publication bias for univariate associations, the 
re-estimated effect continued to show a strong positive association between high M2BPGi and recurrence (HR = 2.31). In 
both sets of analyses, we found low heterogeneity that would limit comparison between studies. Taken together, this 
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Figure 2 Forest plot of hazard ratio for recurrence free survival with weighted means. A: Univariate hazard ratio (HR) for recurrence free survival 
(RFS) with weighted means; B: Multivariate HR for RFS with weighted means. HR: Hazard ratio; M2BPGi: Mac-2 binding protein glycosylation isomer.

would suggest that pre-operative serum M2BPGi levels, which was not temporally defined across the included studies in 
terms of when the blood draw was performed, is a promising prognostic indicator for HCC recurrence following curative 
treatment.

There a several key factors to explore in our analysis. To begin, the included studies observed populations in East Asia, 
namely Japan and Taiwan. We must keep this in mind when assessing the applicability of our findings to populations of 
different ethnicities and nationalities. Beyond this, the etiology of HCC can vary by region and should be noted when 
evaluating HCC behavior and prognosis. HBV, followed by HCV, are the most common causes of HCC in Taiwan, 
though the country does have a larger HCV-related HCC minority than other HBV-dominate East Asian nations such as 
South Korea and China[21,22]. These national trends in etiology appear in our included study population as well, with an 
HBV-related HCC majority being noted in Lee et al[20] in a Taiwanese population. In Japan, however, HCV infection is a 
more common cause of HCC than HBV[23]. Two of the included Japanese studies (Harimoto et al[19] and Yugawa et al
[24]) exclusively observed HCV-related HCC populations, while Nanashima et al[15] included a wider array of both viral 
and non-viral HCC cases. Because of this, viral-related HCC cases make up a large portion of the overall meta-analysis 
population (n = 343), though non-viral cases do make up a notable minority (n = 151). The large proportion of both HCV 
and HBV patients included in our analysis does aid in the applicability of our findings to other populations where either 
HBV or HCV are the dominant HCC etiology, such as China and the United States, respectively[3,25].

Additionally, HCC etiology merits close examination as past studies have shown that M2BPGi has greatest efficacy 
when assessing liver fibrosis incurred by active HCV infection vs HBV or non-viral causes[11,12]. However, the adjusted 
HR shows a strong correlation between high M2BPGi and HCC recurrence, suggesting that serum M2BPGi may also be 
predictive of HCC prognosis in non-HCV cases. This comes with the caveat that our analysis contains a smaller 
population of non-viral HCC cases, which is further subdivided into more specific etiologies. Because of this, we must be 
cautious as these small sample sizes may limit our analysis’ power in these subgroups. As HBV-vaccination rates and 
HCV eradication via DAAs have increased worldwide, the proportion of non-viral HCC has also risen, with NASH 
becoming an increasingly prevalent etiology in Western countries[2,23,25]. Thus, there is a need for special attention to 
ensure any novel biomarkers are also effective in these populations. Nonetheless, the strong association demonstrated by 
our meta-analysis does implicate M2BPGi as a promising biomarker of recurrence despite our analysis’ relatively lower 
power in non-viral cases.

Additionally, it is worth noting that several of the studies excluded from our analysis also demonstrated that elevated 
M2BPGi is predictive of HCC recurrence. Though excluded for a non-curative intervention, the Tak et al[26] study 
demonstrated that M2BPGi is a significant predictor of recurrence following TACE. However, additional studies would 
need to be done evaluating M2BPGi in the setting of chemo/radio-embolization or ablation to determine if this novel 
biomarker has external validity for detecting recurrence following these treatments. One 2022 WJH study by Nakai et al
[27] did demonstrate significantly worse RFS among HCV negative patients following radiofrequency ablation (RFA) 
who had elevated M2BPGi when compared to the low cohort, as demonstrated by the statistically significant relationship 
between these factors in the studies time-to-event curves. This study had to be excluded from our full analysis due to the 
authors only reporting time-to-event data without any HR for recurrence, only providing HR for survival in the multi-
variate analysis for statistically significant relations[27]. Because of this, this data was not directly comparable to that of 
other studies in terms of recurrence data and thus could not be pooled and included in the meta-analysis. The other two 
studies that were excluded after full-text review also demonstrated that elevated M2BPGi has utility in detection of early 
recurrence (< 12 months) following resection by Yugawa et al[28], as well as worse overall survival in HCV patients 
following administration of interferon and SVR achieved (demonstrated by Nakagawa et al[29]). These findings are worth 
mention, as they further demonstrate the utility of M2BPGi in the context of HCC and viral liver disease. However, they 
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Figure 3 Hazard ratio funnel plot. A: Univariate hazard ratio (HR) funnel plot; B: Multivariate HR funnel plot.

could not be included in the meta-analysis as the 2025 Yugawa et al[28] study analyzed HCC recurrence solely in the 
context of the binary classification of early recurrence vs no early recurrence, while Nakagawa et al[29] did not analyze 
HCC recurrence specifically, instead looking at prognostic value of M2BPGi on overall survival in HCV patients in SVR.

This study has limitations that must be discussed. First, M2BPGi is fairly new to the commercial market, only used in 
Asia, and has not been validated in the United States. Thus, there is some inherent limitations in the generalizability of 
these studies as the population in the United States fits a different demographic and the underlying pathophysiology for 
developing HCC is often different. Further studies would be required to assess the applicability of M2BPGi in HCC 
recurrence in Western populations, as current studies demonstrate a notable geographic bias. As mentioned previously, 
the most prevalent etiology of HCC in the included studies is viral hepatitis, and though non-viral etiologies such as 
NASH-driven HCC are included in the overall analysis, their overall contribution to the recurrence data is smaller and 
carries less analytical power. As NASH and NASH-driven HCC rates rise worldwide (and are particularly significant in 
Western nations such as the United States), further studies into M2BPGi’s prognostic value in HCC recurrence in these 
populations should be done to address this gap in the data. Additionally, only one company, Sysmex, is commercially 
offering this assay and corresponding analyzer. Our study only included 4 manuscripts, which may reduce the reliability 
of our tests for publication bias. Furthermore, the primary intervention of all the studies was hepatectomy. Thus, our 
results may not be applicable to other treatments, such as liver transplantation or RFA. Finally, we looked at only studies 
with patients who underwent therapies of curative intent. Neoadjuvant/adjuvant chemotherapy, immunotherapy, and 
radiation therapy were not included, so the impact they have on M2BPGi is not explored here.
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CONCLUSION
M2BPGi is an established, commercially available serum analyte currently utilized by gastroenterologists in Asia for 
evaluating liver fibrosis. Our analysis has shown that preoperative serum M2BPGi is a promising prognostic biomarker of 
HCC recurrence that can be easily utilized by medical and surgical oncologists now, but requires send out testing or 
access to proprietary technology. The strength of its association with recurrence in HBV and particularly HCV-related 
HCC populations suggest that it may have use in the United States, as well as other regions beyond where our meta-
analysis’s component studies occurred. Further investigations into its efficacy in different HCC etiologies and treatment 
types will allow for a better definition of its strengths, weaknesses, and the role it can play in HCC treatment. As its role is 
further elucidated, M2BPGi could potentially become a contributing factor in post-treatment surveillance strategies, with 
high pre-operative levels being used to identify patients at higher risk for recurrence. By being identified as individuals 
with a possible poorer prognosis, these patients could subsequently undergo more frequent surveillance imaging and/or 
AFP levels, allowing for earlier identification of recurrence and more timely intervention. As the need for novel, non-
invasive HCC biomarkers remains high, this evidence in support of M2BPGi as one such encouraging candidate will 
ideally allow for a greater understanding of HCC prognosis and the improvement of patient outcomes.
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