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Background: Advanced liver fibrosis can lead to cirrhosis, portal hypertension and liver
failure. Besides, advanced liver fibrosis and cirrhosis are the major risk factors for hepato-
cellular carcinoma (HCC). Almost all patients with HCC also have liver cirrhosis. This study
aims to predict the survival rate of hepatitis B-related hepatocellular carcinoma (HCC) by
age, international standardized ratio, albumin and y-glutamyl transpeptidase (AIAG), an
indicator measuring the degree of cirrhosis.

Methods: A total of 501 hepatitis B-related HCC patients experiencing radical surgery were
analyzed, retrospectively. General data about demographics and labs were collected at the
date of diagnosis to calculate AIAG [age, international standardized ratio (INR), albumin and
gamma-glutamyl transferase (GGT)]. The Kaplan—Meier curves and Cox analysis were used
to evaluate overall survival (OS) and recurrence-free survival (RFS). The C-index was
calculated in R software (version 4.0.3) to evaluate the accuracy of the prognostic model.
Results: During a median follow-up period of 30 months, 31.1% (156/501) of the patients
died, and 34.3% (172/501) experienced the recurrence of HCC. Compared with patients with
lower AIAG score, patients with higher AIAG score had higher Child-Pugh grade and were
at higher Barcelona Clinic Liver Cancer (BCLC) stage (both P<0.05). Multivariate analysis
suggested that GGT, alpha fetoprotein (AFP), tumor size, BCLC stage and AIAG grade were
independent predictors of OS and RFS. Furthermore, the combined use of tumor size, AFP
and AIAG stage could predict survival significantly better (C-index=0.710, 95% CI: 0.669—
0.751) than BCLC stage.

Conclusion: AIAG is significantly associated with survival of HCC patients, and provides
additional prognostic information for patients with HCC. Our findings suggest that the
combination of AIAG, tumor size and AFP stage has a better predictive value for the
prognosis of patients with hepatitis B-related hepatocellular carcinoma. However, it is
necessary for more external evidences to determine clinical utility.
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Introduction

Hepatocellular carcinoma (HCC), the most common liver malignant tumour, is the
world’s third leading cause of death of men and the fifth leading cause of death of
women.'* Although the long-term rapid increases of HCC mortality have slowed down
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in women and stabilized in men, the HCC prognosis is still
usually poor due to the bad effectiveness of the existing treat-
ments. The reported 5-year overall survival of HCC is
approximately 5—6%." The Hepatitis B and C virus (HBV
and HCV) are the main risk factors of HCC, especially in
Asia.** However, in some regions with a low prevalence of
HBYV and HCYV, alcohol and non-alcoholic fatty liver disease
(NAFLD) are the most usual risk factors of HCC.>®

Advanced liver fibrosis results in cirrhosis, portal
hypertension, and liver failure. In addition, advanced
liver fibrosis and cirrhosis are the major risk factors for
HCC.” Ninety percent of HCC patients suffer cirrhosis,
and one-third of cirrhotic patients finally develop into
HCC in their lifetime.®’ Besides, the risk of HCC recur-
rence after surgery obviously increases when patients have
cirrhosis.'® Considering that cirrhosis is closely related to
the oncogenesis and the outcome of HCC, hepatologists
are trying to develop some effective models predicting the
status of liver cirrhosis and the prognosis of liver cancer.

Child-Pugh (CP) score, Modified Child-Pugh (MCP)
score, Albumin-bilirubin (ALBI) grade, Barcelona Clinic
Liver Cancer (BCLC) staging, etc. have been developed to
predict survival of HCC.'"'? However, their predictive
accuracy was not very ideal.'"'* In addition, several non-
invasive models with high diagnostic potential can be
regarded as valuable predictive tools for cirrhosis in
patients with HBV or HCV, which is confirmed by numer-
ous data.'*' In recent years, some studies also have
reported that some cirrhosis-associated noninvasive mod-
els are valuable to predict the survival rate of HCC.'*!
Age, international standardized ratio (INR), albumin
(ALB) and y- Glamyltransspeptidase (GGT) (AIAG)
have been verified as an accurate indicator of liver cirrho-
sis for patients with HBV infection.'® Some studies sug-
gest that the abnormal expression of some genes in the
cirrhosis tissue can promote the formation of HCC, and
almost all patients with hepatocellular carcinoma (HCC)
also have liver cirrhosis.'” However, so far, the predictive
ability of AIAG in the survival rate of HCC patients has
never been investigated. Therefore, in our study, a total of
501 hepatitis B-related HCC cases were analyzed to pri-
marily explore the roles of AIAG in predicting survival
rate of HCC patients.

Methods

This study was conducted in accordance with the declara-
tion of Helsinki. This study was conducted with approval
from the Ethics Committee of Bengbu Medical College

and Xi’an Jiaotong University. Written informed consent
was obtained from the participants.

Patients

A total of 501 hepatitis B-related HCC subjects receiving
the radical treatment in the Department of Hepatobiliary
Surgery from January 2009 to December 2018 were ana-
lyzed, retrospectively. Among them, 355 subjects were
from the First Affiliated Hospital of Xi’an Jiaotong
University, and 146 subjects were from the First
Affiliated Hospital of Bengbu Medical College.

Inclusion and Exclusion Criteria

The inclusion criteria were as follows: 1) patients were
diagnosed as HCC by histological pathology; 2) patients
first received radical hepatectomy, which is the removal of
the entire tumor, along with the regional tissue and lymph
nodes; 3) hepatitis B surface antigen was positive.

The exclusion criteria were as follows: 1) individuals
with the lack of complete clinical data or follow-up informa-
tion; 2) Patients with non-radical therapy, receiving surgery
for HCC previously, with HCV (coinfection), with conco-
mitant cholangiocarcinoma, or with extrahepatic metastasis.

Data Collection

The following information from the patients’ electronic
medical records was collected: age, sex, ascites, hepatic
encephalopathy, preoperative laboratory data [alanine ami-
notransferase (ALT), serum total bilirubin (TBIL), aspartate
aminotransferase (AST), GGT, platelet count (PLT), INR,
ALB, and alpha fetoprotein (AFP)], tumor characteristics
(maximum diameter and number) and postoperative patho-
logical outcomes. The data before surgery were collected to
calculate ATAG according to the following formula:

P =-7 4 0.03 xage +9 xINR —0.08 x ALB
+ 0.004 x GGT

AIAG ="/ (1 +eMH)

The Diagnosis and Follow-Up of HCC

HCC was initially evaluated by medical history, AFP, and
radiographic results including CT, MRI, and/or ultrasound,
and was confirmed by postoperative pathology. The
patients were followed up every 2 months for the
Ist year, every 4 months for the 2nd year, and every 6
months thereafter. Patients with the recurrence of HCC
after surgery resection

received  hepatic again,
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radiofrequency ablation (RFA) or transcatheter arterial
chemoembolization (TACE).

Statistical Analysis

Predictive Analytics Software (PASW), version 23.0 soft-
ware (SPSS Inc., Chicago, Illinois, USA), was used to do
the analysis. The C-index was calculated in R software
(version 4.0.3). The continuous variables with skewed
distribution were expressed as median (range), and the
variables with normal distribution were expressed as
mean value +SD (Kolmogorov—Smirnov test, P>0.05).
For the missing values, the values of adjacent points of
the linear trend were used to represent them, and to do the
analysis and calculation. Comparisons between groups
were performed by the t-test, Wilcoxon, or Xz test, as
appropriate. The overall survival (OS) and recurrence-
free survival (RFS) were observed primarily, and they
were initially evaluated by the Log rank test and the
Kaplan—Meier curves. The multivariate Cox regression
model was applied to all variables with statistical signifi-
cance in the univariate survival analysis to select the
remaining significant factors. The area under the receiver
operating characteristic curve (AUC) and concordance
index (C-index) were calculated to test the discriminatory
powers of for predicting survival. When the larger the
C-index was, the higher the accuracy of prognostic pre-
diction was. In general, the value of C-index between 0.50
and 0.70 meant a low accuracy, between 0.70 and 0.90
meant a medium accuracy, and higher than 0.90 meant
a high accuracy. P value less than 0.05 was considered
as statistical significance.

Results

Patients’ Characteristics

Among the 501 enrolled patients, there were 394 men and
107 women, with the mean age of 53.4+10.9 years. On
admission, 457 patients had Child—Pugh grade A and the
others had grade B. During a median follow-up periods of
30 months, 31.1% (156/501) of the patients died and
34.3% (172/501) experienced a relapse. The inclusion
process of eligible patients is showed in Figure 1.
Finally, 501 patients were enrolled. The demographic char-
acteristics of the patients are showed in Table 1.

Determining the Cut-off Value of AIAG

When the difference between sensitivity and 1-specificity
was maximum, the cut-off value was optimal. The ROC

curve of AIAG indicated that 0.91 was the optimal cut-off
value, with 37.2% sensitivity and 75.7% specificity
(Supplementary Table 1). ATAG, as a significant indicator,
was used to predict HCC mortality, with 0.574 of the area
under the curve value (95% CI: 0.521-0.628, p=0.008).

Associations Between the AIAG and

Clinicopathologic Features

Demographic data, serologic tests, tumor characteristic
indicators and tumor stages stratified by AIAG are sum-
marized in Table 1. Child—Pugh grade and BCLC stage of
cases with AIAG >0.91 was obviously different from
cases with AIAG=<0.91. Cases with different AIAG scores
had obviously different levels of ALT, AST and PLT.

Prognosis of the Entire Cohort

The Kaplan—Meier cumulative OS and RFS curves are
shown in Figure 2A and B. The median survival time was
65 months for all cases, and the 1-year, 3-year, and 5-year
OS of patients were 83.0%, 65.1% and 54.8%, respectively.
The Kaplan—-Meier cumulative OS and RFS curves of
patients stratified by AIAG score are shown in Figure 3A
and B, the 1-year, 3-year, and 5-year OS of patients with
high ATIAG grade were 75.7%, 49.7% and 43.5%, respec-
tively, and the 1-year, 3-year, and 5-year OS of patients with
low AIAG grade were 85.5%,70.6% and 58.9%, respec-
tively. Log rank test showed that there was a significant
difference in survival among different AIAG groups in HCC.

Survival Predictors

The ROC curve analysis revealed that the OS and RFS
were significantly different in patients with different
BCLC stage (Figure 4A and B, both p< 0.05). Univariate
Cox regression analysis was conducted on the 13 vari-
ables, and the results are shown in Table 2. Univariate
analysis revealed that ALT, AST, TBIL, PLT, AFP, tumor
size, tumor number, BCLC stage, Child-Pugh grade, and
AIAG grade were significantly correlated to OS and RFS
(Table 2).

Then, multivariate Cox regression analysis was con-
ducted on the above 10 variables. Enter method was used
to screen independent variables, and correlation of regres-
sion coefficients was calculated. Multivariate analysis sug-
gested that ATAG, tumor size and AFP were independent
impact factors in predicting OS and RFS (Table 3).
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Patients with liver cancer
(n=824)
(2009.01-2018.12)

K Patients  without hepatocellub

Before surger:

ﬂ Patients without hepatitis B infectionor\

with HCV (co-infection) (n=174)
2. Patients without complete clinical date

carcinoma confirmed by pathology
(cholangiocarcinoma, mixed cell
carcinoma, metastases or with other

primary tumors) (n=13) After surgery

2. Patients without undergoing radical or
re-operation (n=9)

3. Survival time after operation less than 3
weeks (n=3)

&Patients died from other diseases (n=7y

v

(n=62)
3. Patients receiving other treatments
before surgery (systemic or local

anti-cancer treatment) (n=48)

4. Patients suffering diseases of the blood

Qstem (n=7) /

Finally, patients enrolled into this

study
(n=501)

The First Affiliated Hospital of Xi’an Jiaotong
University
n=355

Figure | Flow chart showing the inclusion process of eligible patients in the study.

Comparing the Accuracy of Predicting
Survival Between the AIAG and the

Classic BCLC Stage

In this present study, the value of the C-index of AIAG
was lower than that of BCLC stage (Table 4). A large
number of studies showed that tumor size and AFP were
crucial prognostic factors of HCC.'"®2° The similar result
was also observed in this present study. When combined
with tumor size and AFP, the AIAG (0.705, 95% CI:
0.655-0.755) indicated a higher rank than BCLC staging
system (Table 4).

The First Affiliated Hospital of Bengbu Medical
College
n=146

Combination of AIAG, Tumor Size and AFP
Logistic regression was performed, and the ROC curves
were drawn as shown in Figure 5. The area under the
curve (AUC) of each subgroup is shown in Table 4. The
AUC of AIAG+ tumor sizet+ AFP stage was 0.728 (95%
CI: 0.676-0.769), which was higher than that of BCLC
stage of 0.654 (95% CI: 0.602-0.705).

Cox regression is performed, and the C index is shown
in Table 5. The combination of AIAG, tumor size and AFP
presented a medium accuracy (AUC > 0.70) in predicting
survival rate of HCC.

https:
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Table | Basic Characteristics of Patients with Hepatitis B-Related Hepatocellular Carcinoma Stratified According to Level of the

AIAG
Variables Overall AIAG P
<0.91 >0.91
Sex
Male 394 282 112 0.937
Female 107 77 30
Age (years) 53.4%10.9 52.7%11.3 55.3+9.6 0.015
ALT (U/L) 35 (7-1315) 30 (7-1315) 53 (13-1068) <0.001
AST (U/L) 38 (11-1247) 33 (11-1075) 54 (12-1247) <0.001
GGT (U/L) 60 (3—-1579) 52 (3-538) 89 (12-1579) <0.001
TBIL (mol/L) 14(2-4312) 13(2-107) 18(3—4312) <0.001
ALB (g/L) 40(19-72) 41(19-72) 34(19-51) <0.001
INR 1.1(0.7-27.9) 1.0(0.7-1.2) 1.2((1.0-27.9) <0.001
PLT (x I09/I) 141(31-575) 146(31-438) 117(37-575) <0.001
AFP
>200ng/MI 196 140 56 0.930
<200ng/mL 266 189 77
Child—Pugh
A 457 349 108 <0.001
B 44 10 34
Ascites
Yes 48 31 17 0.387
No 412 291 121
Tumor size
>5cm 289 207 82 0.986
<5cm 212 152 60
Tumor number
Multiple 65 46 19 0.856
Single 430 309 21
Cirrhosis
Yes 291 200 91 <0.001
No 210 160 50
BCLC
0 359 183 57 0.029
A/B 142 176 85

Abbreviations: AIAG, age, international standardized ratio, albumin, y-glutamyl transpeptidase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, y-
glutamyl transpeptidase; TBIL, total bilirubin; ALB, albumin; INR, international standardized ratio; PLT, platelet; AFP, o-fetoprotein; BCLC, Barcelona Clinic Liver Cancer.

Discussion

With more and more people suffering various hepatitis,
especially hepatitis B or C, excessive alcohol, and obesity
worldwide, HCC cases gradually increase. This kind of
malignant tumor has grown into being one of the most

common diseases threatening people’s lives. Cirrhosis, as

the intermediate disease, connects risk factors with HCC.

Therefore, we are struggling to develop a cirrhosis-related

noninvasive model to predict the HCC’s prognosis.

In the past, Child-Pugh (CP) score, Modified Child-
Pugh (MCP) score, Albumin-bilirubin (ALBI) grade,
Barcelona Clinic Liver Cancer (BCLC) staging, etc. were
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Figure 2 Kaplan—Meier cumulative overall survival (A) and recurrence-free survival (B) curves of the study population.
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Figure 3 Kaplan—Meier cumulative overall survival (A) and recurrence-free survival (B) curves of patients stratified according to the AIAG.

developed to predict survival of HCC."'"'> However, their  diagnosing cirrhosis combined with chronic hepatitis B.'®
predictive accuracy was not very ideal.'""'> Therefore, itis  In our study, hepatitis B-related HCC cases were exclu-
necessary to explore the new methods to do the prediction. ~ sively enrolled, and the prognostic significance of the

AIAG is a cirrhosis-associated noninvasive indicator, AIAG was assessed. It was found that the AIAG was
and past researches showed the accuracy of AIAG in independently associated with the consequences of HCC
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Figure 4 Kaplan-Meier cumulative overall survival (A) and recurrence-free survival (B) curves of patients stratified according to the BCLC stage.

when this binary variable of the noninvasive indicator was
adopted. Patients with a high level of AIAG also had high
value of ALT, AST, TBI, Child-Pugh grade and BCLC
stage, which were independent risk factors for OS in the
univariate analysis. Patients with the AIAG value greater
than 0.91 had higher probability of experiencing cirrhosis
than patients with the AIAG value less than 0.91 (64.5%

vs 55.6%, P < 0.001). Although several studies indicated
that cirrhosis conditions were related to the OS of HCC,
there was no significant relation between them in our
study, which might be due to the small sample size of
our study.”'*** Studies on HCC suggested that cirrhosis, as
a serious clinical problem, was a risk factor for RFS,
which was further confirmed by our study. Some factors,

Table 2 Univariate Analysis of Factors Associated with Overall Survival and Recurrence-Free Survival of Patients with Hepatitis

B-Related Hepatocellular Carcinoma

Variables oS RFS
HR (95% CI) P HR (95% CI) P

Sex (male/female) 1.024(0.697-1.504) 0.905 1.035(0.705-1.520) 0.861

ALT (U/L) 1.001(1.000-1.002) 0.038 1.001(1.000-1.002) 0.031

AST (U/L) 1.002(1.001-1.003) <0.001 1.002(1.001-1.003) <0.001
TBIL (ymol/L) 1.000(1.000-1.001) 0.015 1.000(1.000-1.001) 0.047

PLT (x10%/L) 1.002(1.000-1.004) 0.020 1.002(1.000-1.004) 0.043

AFP:>200/<200ng/mL 2.095(1.527-2.874) <0.001 2.391(1.743-3.280) <0.001
Child—Pugh: A/B 1.701(1.052-2.752) 0.030 1.550(0.959-2.505) 0.074

Ascites: yes/no 1.358(0.846-2.180) 0.205 1.450(0.904-2.323) 0.123

Tumor size 1.162(1.121-1.203) <0.001 1.169(1.129-1.211) <0.001
Tumor number: Multiple/single 1.321(1.058-1.649) 0.014 1.508(1.201-1.893) <0.001
AIAG: >0.91/ <091 1.754(1.266-2.434) 0.001 1.693(1.222-2.346) 0.002

Cirrhosis: yes/no 0.730(0.531-1.003) 0.052 0.705(0.515-0.966) 0.029

BCLC:0-A/B 2.848(2.020—4.012) <0.001 3.217(2.283-4.534) <0.001

Abbreviations: OS, overall survival; RFS, recurrence-free survival; HR, hazard ratio; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TBIL, total bilirubin;
PLT, platelet; AFP, a-fetoprotein; AIAG, age, international standardized ratio, albumin, y-glutamyl transpeptidase; BCLC, Barcelona Clinic Liver Cancer.
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Table 3 Multivariate Analysis of Factors Associated with Overall Survival and Recurrence-Free Survival of Patients with Hepatitis

B-Related Hepatocellular Carcinoma

Variables os RFS
HR (95% CI) P HR (95% CI) P

ALT (U/L) 0.998(0.995-1.001) 0.285 0.998(0.995-1.001) 0.289
AST (U/L) 1.003(1.000-1.006) 0.071 1.003(1.000-1.006) 0.095
TBIL (umol/L) 1.000(1.000-1.001) 0.128 1.000(1.000-1.001) 0.346
PLT (x 10°/1) 1.002(1.000-1.004) 0.048 1.001(0.999—1.004) 0.174
AFP:>200/<200ng/mL 1.500(1.058-2.125) 0.023 1.769(1.253-2.498) 0.001
Child—Pugh: A/B 0.971(0.557-1.695) 0.918 1.000(0.580-1.722) 0.999
Tumor Size 1.107(1.049—1.168) 0.000 1.105(1.047—1.165) 0.000
Tumor number: Multiple/single 1.175(0.934-1.477) 0.168 1.355(1.069-1.719) 0.012
AIAG 3.471(1.302-9.251) 0.013 2.726(1.012-7.344) 0.047
BCLC:0-A/B 1.246(0.764-2.034) 0.378 1.364(0.839-2.215) 0.210

Abbreviations: OS, overall survival; RFS, recurrence-free survival; HR, hazard ratio; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TBIL, total bilirubin;
PLT, platelet; AFP, a-fetoprotein; AIAG, age, international standardized ratio, albumin, y-glutamyl transpeptidase; BCLC, Barcelona Clinic Liver Cancer.

Table 4 Ranking of AUC of the Prognostic Systems

Rank System AUC 95% CI

| AIAG+ tumor size+ AFP stage 0.728 0.676-0.769
2 AIAG+ tumor size 0.723 0.676-0.769
3 BCLC stage 0.654 0.602-0.705
4 AIAG+ AFP stage 0.608 0.555-0.662
5 AIAG 0.574 0.521-0.628

Abbreviations: AUC, area under curve; AIAG, age, international standardized
ratio, albumin, y-glutamyl transpeptidase; AFP, o-fetoprotein; BCLC Barcelona
Clinic Liver Cancer.

including AFP, tumor size and tumor number, could affect
the prognosis of HCC. Among the above mentioned
indexes for evaluating liver function, Child-Pugh grade
and BCLC stage, AIAG, tumor size, AFP and tumor
number were risk factors for OS and RFS in our study.
In clinical practice, the BCLC staging was an impor-
tant parameter for developing treatment strategy and eval-
uating the prognosis of HCC patients.>>** More recently,
the BCLC staging has also been used for further prognos-
tication of HCC patients undergoing radiation therapy,

25,26 transarterial

radiofrequency ablation,
chemoembolization,?” and even of HCC patients without
treatment.”™*’ However, BCLC staging mainly focuses on
tumor characteristics that cannot be modified, and is not
related to cirrhotic status.*® In addition, the data applied in
BCLC were collected from several small Western cohorts
of patients with predominant HCV infection.>' Therefore,
this model may not be suitable for Asian countries, where
the main cause of HCC is HBV infection.** In our study,

we initially assessed the prognostic significance of AIAG

for HBV-related HCC. However, the predictive accuracy
of AIAG alone did not perform very well, with 0.91 of the
optimal cut-off value, 37.2% sensitivity, 75.7% specificity,
and 0.574 of AUC value (95% CI: 0.521-0.628, p=0.008),
which might be caused by the small sample size and bias
from data structures. To maximize the accuracy, two risk
factors (tumor size and AFP) were selected to build the
model. Our results suggested that the inclusion of tumor
size and AFP could improve the reliability and clinical
significance of the model. Furthermore, our newly estab-

lished model showed that the predictive value of the

1.0
0.8
> 06
=
= L
[
A o4 AIAG
' AIAG+AFP
—BCLC
—AIAG+size
0.2 —AIAG+size+AFP
—Reference Line
OO 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0
1 - Specificity

Figure 5 ROC curves of the subgroups stratified according to the AIAG, tumor
size and AFP.
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Table 5 Ranking of Discriminatory Ability of the Prognostic
Systems on the Basis of the Concordance Index

Rank | System C Index | 95% CI

| AIAG+ tumor size+ AFP stage | 0.710 0.669-0.751
2 AIAG+ tumor size 0.707 0.666-0.749
3 BCLC stage 0.636 0.598-0.673
4 AIAG+ AFP stage 0.611 0.564-0.658
5 AIAG 0.525 0.490-0.559

Abbreviations: Cl, confidence interval; AIAG, age, international standardized
ratio, albumin, y-glutamyl transpeptidase; AFP, a-fetoprotein; BCLC, Barcelona
Clinic Liver Cancer.

combination of ATAG, tumor size and AFP was better than
the classic BCLC stage for the prognosis of HCC patients.

To control the potential confusion and bias, we exclu-
sively recruited patients with HCC developing from HBYV,
and patients with other etiologies or without radical ther-
apy were excluded. The four variables of AIAG were
considered to be important prognostic factors of HCC. It
has been reported that compared with many tumor factors,
HCC patients’ age was more relevant with the outcome.™
Kaibori et al found that the OS of patients aged greater
than 75 years old was significantly lesser than that of
patients aged less than 75 years old, and there was no
significant difference in the disease-free survival among
different age groups.* A research identified age >70 years
old and liver cirrhosis as the independent prognostic fac-
tors of postoperative morbidity.>

A study including 2509 HCC patients showed that
patients with low INR had significantly worse OS and RFS
than those with the normal or high INR.** In addition, it was
found that HCC patients with a low INR level, which
reflected on a hypercoagulability state, had a significantly
higher incidence of MVI than patients with a normal or high
INR level. Unstable hemostatic status of cirrhosis could
easily be tipped towards the development of HCC; however,
the detailed underlying mechanisms need to be further stu-
died. Wang et al reported that ALB and GGT were indepen-
dent prognostic factors of OS and RFS in HCC patients.*®
This may be related to the fact that ALB itself could suppress
human HCC proliferation and cell cycle.37 In addition, GGT,
as a cell surface enzyme, can be used as a marker of many
diseases.®® GGT can promote tumor progression and induce
bad prognosis through damaging DNA and inducing genome
instability, releasing reactive oxygen species to activate inva-
sion-related signaling pathway, blocking chemotherapy, reg-
island

ulating microRNAs, and managing CpG

methylation.>

AFP and tumor size have been used in many prognostic
models of HCC, which were demonstrated to have great
prediction ability and evaluation effect. AFP is a widely
used biomarker to monitor patients at risk of developing
HCC and assess the treatment response of patients with
HCC.
a recognized manifestation of the aggressive biological
behavior of HCC. Both AFP and tumor size can be used
as a reflection of tumor burden. At the same time, AFP and

Importantly, the high expression of AFP is

tumor size were predictors of patient survival in our study,
so we used them as elements for building a more compre-
hensive scoring model.

There are some limitations in our study. Firstly, the
samples were only from two hospitals and it was a double-
center retrospective study. Secondly, the quality of the
retrospective study cannot be well controlled, so that it
may be unavoidable to have problems such as confound-
ing, bias, some missing values and non-standardization of
results. Last but not least, preoperative use of anti-
infection medication, hematological diseases, albumin
infusion and blood transfusion may affect the evaluation
model. Therefore, a multiple-center study with quality
controlled well and complete data of patients should be
done in the future to explore the predictive role of the
combination of AIAG, tumor size and AFP stage.

Conclusions

In conclusion, AIAG is an effective indicator to predict OS
and RFS for hepatitis B-related HCC patients who
received radical treatment. AIAG is significantly asso-
ciated with the survival rate of HCC patients, and provides
additional prognostic information for patients with HCC.
Our findings suggest that the combination of AIAG, tumor
size and AFP stage has a better predictive value for the
prognosis of patients with hepatitis B-related hepatocellu-
lar carcinoma. However, in the future, more further studies
are necessary to investigate whether our findings would be
applicable to HCC patients who received other therapies.
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