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Expression of hepatitis B surface antigen in liver
tissues can serve as a predictor of prognosis for
hepatitis B virus-related hepatocellular carcinoma
patients after liver resection

Ziming He®P*, Jinbin Chen®*, Juncheng Wang®®, Li Xu?®, Zhongguo Zhou®?, Minshan Chen?®,

Yaojun Zhang®* and Mude Shi?
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Background: Hepatitis B surface antigen (HBsAQ) is a detectable index after hepatitis B virus (HBV) infection, which

is a risk factor of hepatocellular carcinoma (HCC). However, few studies have focused on the expression of HBsAg in HCC
patients’ liver tissues. This study aimed to explore the potential utility of using HBsAg protein expression in normal liver tissues
as a prognostic factor for HCC patients who underwent liver resection.

Study design: The study enrolled 100 HCC patients with seropositivity for HBsAg. The liver tissues were collected, and
tissue microarrays were constructed. The expression of HBsAg in liver tissues were measured by immunohistochemistry
(IHC). Relevant clinical data and follow-up records were collected for analysis.

Results: HBsAg expressions was detected in 29 patients (positive group) and was unable to be detected in the remaining

71 patients (negative group). The patients in the positive group had higher HBV DNA levels (P < 0.05) than the patients in

the negative group. The overall survival (OS) rate of the positive group was worse than the OS rate of the negative group (P

= 0.018). The OS rates after resection at 1 and 2 years in negative group were 90.1% and 85.7%, respectively, while the
value in the positive group were 79.3% and 65.5%, respectively. Multivariate analysis showed that HBsAg expression in

liver tissues, ascites and alpha-fetoprotein levels were independent factors influencing OS. Similarly, after propensity score
matching (PSM), the OS was worse in the positive group than in the negative group, and HBsAg expression could also serve
as a predictor for OS (P = 0.039). The OS rates after resection and PSM at 1 and 2 years were 93.2% and 85.9% in the
negative group, while the value in the positive group were 79.3% and 65.5%.

Conclusion: As determined according to grouping based on immunohistochemistry staining results for HBsAg, this study
indicated that HBsAg expression in liver tissues could predict the OS of HBV-related HCC patients after liver resection. Eur J

Copyright © 2020 The Author(s). Published by Wolters Kluwer Health, Inc.
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Introduction

Liver cancer is predicted to be the sixth most commonly
diagnosed cancer and the fourth leading cause of cancer
death worldwide in 2018, with approximately 841 000 new
cases and 782 000 deaths annually. Among them, hepato-
cellular carcinoma (HCC) accounted for 75-85% of those
cases [1]. China is the most high-risk area for HCC, and
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a key influence factor is chronic hepatitis B virus (HBV)
infection. The natural history of chronic HBV infection
indicates that adverse outcomes of HBV infection are HCC
and decompensated cirrhosis [2-4]. Commonly, HBV is
thought to be related to HCC recurrence [5]. Seropositivity
for the hepatitis B surface antigen (HBsAg) is one of the
most important risk factors for HCC [6]. Clinically, there
are multiple staging systems for predicting overall survival
(OS), such as the Barcelona Clinic Liver Cancer [7], the
American Joint Committee on Cancer eighth edition cri-
teria [8] and the Chinese University Prognostic Index [9].
However, few studies or staging systems have focused on
HBV-related immunohistochemistry (IHC) results before.

Previous studies have shown that HBV DNA levels are
associated with early recurrence, whereas HBsAg levels are
associated with late recurrence after curative resection in
HBV-related HCC [10]. To date, a large number of studies
have focus on serological HBV-related indicators, but no
research has explored the relationship between pathologic
HBV-related indicators and prognosis.

Because of the comprehensive tumor heterogeneity in
HCC [11], this study aimed to explore the role of HBsAg
expression in liver tissues as a predictor of prognosis for
HBV-related HCC patients after liver resection.
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Patients and methods
Study patients

This was a retrospective study. This study was approved by
the Institutional Review Board of Sun Yat-sen University
Cancer Center and conducted in accordance with
approved guidelines. It was approved by the Institutional
Ethics Committee. All patients were fully informed that
their data were to be used for research, and related con-
sent was signed. From June 2014 to January 2016, we
consecutively collected 211 patients who had diagnosed
as HCC based on the criteria of the European Association
for the Study of the Liver and undergone liver resection
by our group at Sun Yat-sen University Cancer Center.
Among them, 100 patients meeting the following criteria
were finally enrolled in our research. Inclusion criteria: (1)
pathological diagnosis of HCC after liver resection; (2)
receiving liver resection as the initial treatment for HCC;
(3) positive serum HBsAg, as performed by the Elecsys602
(Roche Diagnostics, Shanghai, China) system; (4) no other
type of tumor combined; (5) available liver tissue sam-
ples for IHC test and complete electronic medical record
and follow-up data. A total of 111 patients were excluded
because seven patients were not pathological diagnosis
of HCC, 42 cases had received other treatment before
liver resection, serum HBsAg negative in 51 patients,
eight patients combined with other type of tumors, three
patients’ records and follow-up data were incompleted.

Material preparation

We collected the adjacent liver specimens of the 100 eli-
gible HCC patients, which were embedded as paraffin
samples. First, we performed sectioning and HE stain-
ing to identify normal liver tissues. Then, the liver tissues
were sampled in an area approximately 2 cm from the
tumor, and tissue microarrays were made. Finally, the fol-
lowing were used to prepare the reagents for IHC: Ms
mAb to HBV surface antigen (prediluted, ab859; Abcam,
Shanghai, China), ethanol (100%, 95%, 85%, and 70%
solutions were diluted in distilled water), 3% hydrogen
peroxide (20 ml 30% hydrogen peroxide mixed with
180 ml distilled water), PBS buffer, EDTA pH 8.0 diluted
in distilled water to 1 mM, BSA (Sigma-Aldrich, Shanghai,
China), the DaKo REAL EnVision Detection System,
deionized water, xylene, and hematoxylin.

Immunohistochemistry

After deparaffinization, rehydration and reduction of
endogenous peroxidase activity, antigen retrieval of tissue
microarrays was performed via heating in a microwave
oven at 100°C for 5 min and in a slide container at 50-60°C
for 15 min with 1 mM EDTA (pH 8.0). Tissue microarrays
were blocked in 3% BSA at room temperature for at least
30 min. Tissue microarrays were incubated with an Ms
mAb to HBV surface antigen (prediluted, ab859; Abcam)
in a humidified chamber at 4°C overnight. After remov-
ing the excess primary antibody, tissue microarrays were
incubated with freshly prepared HRP rabbit/mouse rea-
gent (DaKo REATM EnVisionTM Detection System) for
30min at 37°C. Immunohistochemical staining was not
performed with DAB (DaKo REAL EnVision Detection
System) until the desired stain intensity was observed. For
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counterstaining, tissue microarrays were stained in hema-
toxylin for 15s. Tissue microarrays were rinsed with tap
water for at least S min. Finally, tissue microarrays were
air-dried and sealed.

Immunohistochemical staining of hepatitis B surface
antigen in liver tissue microarrays and observations

Since these cases were serum HBsAg positive, IHC for
HBsAg was performed in liver tissues after liver resection in
100 HCC cases. Under the guidance of two skilled patholo-
gists, in the calculation of an histochemistry score [12], the
liver tissues were observed in tissue microarrays and judged
as positive or negatives. In the positive samples, small or
large amounts of brown staining areas with different degrees
of staining could be observed, while the negative samples
had no staining. Seventy-one cases were characterized into
the ITHC (HBsAg)-negative group (Fig. 1a), while 29 cases
were characterized into the positive group (Fig. 1b—c). The
positive group included weakly positive (+), positive (++),
and strongly positive (+++) reactions, which were classified
by the summation of the percentage of area stained at each
intensity level multiplied by the weighted intensity [12]. For
example, 0 is negative (-), one is weakly positive (+), two is
positive (++), three is strongly positive (+++).

The samples were matched with the patient after
recording the results, and patients were divided into an
IHC (HBsAg)-negative group and an IHC (HBsAg)-
positive group.

Data collection

Through the electronic medical record system of Sun
Yat-sen University Cancer Center, we recorded relevant
information, including basic information, laboratory
examinations before HCC resection, surgical records,
pathological diagnosis and follow-up data. The follow-up
information was collected through regular reexamination
and telephone contact.

Statistical analysis

Statistical analysis was performed with SPSS 24.0 soft-
ware (SPSS, Chicago, Illinois, USA) and R 3.4.3 (https://
www.r-project.org/). Student’s ¢-test was applied to com-
pare continuous variables when the data were normally
distributed. The Mann—Whitney U test was used to com-
pare skewed data. The chi-squared or Fisher’s exact test
was use for categorical variables. Spearman’s bivariate
correlation test was applied to test the correlation between
the clinical and laboratory parameters. For some indica-
tors, we converted continuous variables into categorical
variables for analysis. OS was calculated via the Kaplan—
Meier method, and the curves were compared via the log-
rank test. Univariate and multivariate Cox proportional
hazards models were applied to evaluate risk factors for
prognosis after HCC resection. To confirm the results of
the two groups, propensity score matching (PSM) at a 1:2
ratio with the nearest available match was established by
the ‘Matchlt’ package of R. The following factors were
selected for PSM: tumor size, tumor number, microvas-
cular invasion (MVI) and macrovascular invasion. The
P-value of the result was less than 0.05 (P < 0.05) and was
considered statistically significant.
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(+); (©) IHC (HBsAg) positive (++); (d) IHC (HBsAg) strongly positive (+++). IHC, immunohistochemistry.

Table 1. Baseline characteristics of patients (pre-PSM)

Characteristics Negative group Positive group P value
No. of cases 71 29

Sex (male/female) 65/6 25/4 0.419
Age (years, <65/>65) 64/7 28/1 0.284
Child-Pugh class (A/B/C) 67/4/0 28/1/0 0.649
MELD score (range) 4.48 (-2.59 to 11.07) 3.16 (-4.63 t0 9.33) 0.453
Number of tumors (single/multiple) 54/17 20/9 0.463
Pathological differentiation (well/moderately/poorly) 1/32/38 0/8/21 0.199
Maximum tumor diameter (<3/3-5/>5 cm) 16/26/29 2/8/19 0.052
Tumor capsule (no/incomplete/complete) 26/19/26 7/10/12 0.468
MaVI (Y/N) 7/64 2/27 0.639
MVI (Y/N) 31/40 18/11 0.095
Cirrhosis (Y/N) 54/17 22/7 0.984
Ascites (Y/N) 17/54 5/24 0.463
White blood cells (x109/L) 6.25 (2.9-12.8) 6.50 (3.26-11.55) 0.566
Platelet count (x109/L) 184.6 (80-401) 197.8 (563.7-373.9) 0.402
Hemoglobin (g/L) 145 (110-180) 149 (122-174) 0.144
Serum ALT (U/L) 44.6 (13.2-274.0) 54.4 (18.7-327.2) 0.340
Serum AST (U/L) 45.0 (17.2-231.9) 48.7 (18.5-185.8) 0.619
Total bilirubin (umol/L) 14.8 (4.6-61.9) 12.2 (6.1-20.2) 0.097
Albumin (g/L) 43.0 (29.5-55.7) 43.9 (32.4-51.0) 0.272
Prothrombin time (s) 11.57 (9.9-14.8) 11.46 (9.7-15.5) 0.582
Antiviral therapy before (Y/N) 18/53 8/21 0.817
HBV DNA (</=10 000 IU/ml) 36/35 6/23 0.0062
AFP (ng/ml, <400/>400) 43/28 22/7 0.146

AFP, alpha-fetoprotein; HBV, hepatitis B virus; MaVIl, macro vascular invasion; MVI, microvascular invasion.

aStatistically significant.

Result

Baseline characteristics of patients

In this study, 100 patients were enrolled, including 90
males (90%) and 10 females (10%). The median ages
were 50.5 years. The maximum tumor size at resection
was 64.0 = 41.5 mm. There were 74 patients (74%) who
had a single HCC tumor and 26 patients (26 %) who had
multiple tumors. Macro vascular invasion presented to
nine patients (9%).

These 100 patients were divided into two groups
based on the results of IHC for HBsAg in liver tissues: 71
patients were in the IHC (HBsAg)-negative group, and 29

patients in IHC (HBsAg)-positive group. Table 1 shows
the baseline characteristics of patients before PSM. There
was no significant difference in sex, age, number or max-
imum diameter of tumors, or MVI, but there was a sig-
nificant difference in HBV DNA levels (</>10 000 IU/ml)
(P = 0.006).

After PSM, there were 73 cases in total, including 44
in the IHC (HBsAg)-negative group and 29 in the THC
(HBsAg)-positive group. The baseline characteristics
of patients after PSM are shown in Table 2. Similar
to Table 1, the index of HBV DNA (</>10 000 IU/ml)
(P = 0.031) was significantly different between the
groups.
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Overall survival and recurrence-free survival with
hepatocellular carcinoma resection

The median follow-up duration in the negative and pos-
itive groups was 39.1 and 38.9 months, respectively. The
cumulative OS rates at 1 and 2 years were 90.1% and
85.7%, respectively, in the negative group, and 79.3% and
65.5% in the positive group before PSM. After PSM, the
cumulative OS rates at 1 and 2 years were 93.2% and
85.9%, respectively, in the negative group and 79.3% and
65.5%, respectively, in the positive group. The OS with
HCC resection is shown in Fig. 2, including pre-PSM (P =
0.013) and post-PSM (P = 0.039).

The recurrence-free survival (RFS) with HCC resection
is shown in Fig. 3. There was no significant difference
between the two groups (pre-PSM, P = 0.89; post-PSM,
P = 0.57).

A predictor of overall survival after liver resection for
hepatocellular carcinoma

Before PSM, there were several risk factors affecting OS
after HCC resection, including IHC (HBsAg, -/+) [hazard
ratio (HR) = 2.574, P = 0.017], maximum tumor diameter
(<3/3-5/>5 cm) (HR = 3.670, P = 0.002), MVI (HR = 3.837,
P = 0.04), C-reactive protein (HR = 4.125, P = 0.002),
ascites (HR = 2.524, P = 0.028), alpha-fetoprotein (AFP)
(HR = 2.967, P = 0.009), according to univariate analysis
(Table 3). As shown in Table 3, in the multivariate analy-
sis, the risk factors for OS after HCC resection were IHC
(HBsAg, -/+) (HR =2.841, P = 0.021), ascites (HR = 3.346,
P = 0.009), AFP (HR = 3.331, P = 0.006), and maximum
tumor diameter, MVI and C-reactive protein did not qualify.

After PSM, we found that the risk factors for OS in
univariate analysis were IHC (HbsAg, -/+) (HR = 2.485,
P = 0.046), cirrhosis (HR = 7.771, P = 0.046), C-reactive
protein (HR = 2.863, P = 0.031), ascites (HR = 3.183, P
= 0.012) and AFP (HR = 2.817, P = 0.021) (Table 4). In
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multivariate analysis, the risk factors for OS after HCC
resection were IHC (HBsAg, -/+) (HR =3.579, P = 0.018),
ascites (HR = 3.183, P = 0.004) and AFP (HR = 4.777,
P =0.001), the same as pre-PSM.

Given the results of the above analysis, we suggest that
the THC results of HBsAg in liver tissues could be used as
a predictor of OS after liver resection for HCC patients in
addition to AFP and ascites.

Discussion

In this study, we investigated whether the expression of
HBsAg in liver tissues could serve as a predictor of prog-
nosis for patients with HCC. Our study indicated that the
results of THC staining for HBsAg in liver tissues were
associated with OS after liver resection in HCC patients.

It is clinically meaningful to predict OS after liver resec-
tion in HCC patients as soon as possible, thus, IHC results
were chosen as a predictor. Because of tumor heteroge-
neity in HCC [11], IHC staining was performed in liver
tissues with an Ms mAb to HBV surface antigen (predi-
luted, ab859; Abcam). According to the different degrees
of staining, samples were divided into negative, weakly
positive, positive and strongly positive ratings.

In previous studies, HBV infection was the key deter-
minant or risk factor for HCC [1,13]. The serum HBV
DNA level (=10 000 IU/ml) is a strong risk predictor for
HCC [14]. Quantification of HBsAg could be used as a
marker to manage or monitor patients with chronic hep-
atitis B [15,16]. Some studies have shown that serum
hepatitis B surface antigen (HBsAg) levels can predict
disease progression and serve as a risk factor for HCC
in patients with low HBV loads [17,18]. In other previ-
ous reports, a high HBV DNA load was associated with
the recurrence of HBV-related HCC [19,20]. The baseline
HBV DNA level (</>210 000 IU/ml) in our two groups was
significantly different (pre-PSM, P = 0.006; post-PSM, P

Table 2. Baseline characteristics of patients (post-PSM)

Characteristics Negative group Positive group P value
No. of cases 44 29

Sex (male/female) 41/3 25/4 0.322
Age (years, <65/>65) 42/2 28/1 0.817
Child-Pugh class (A/B/C) 41/3/0 28/1/0 0.536
MELD score (range) 4.38 (-2.59 t0 9.70) 3.16 (-4.63 t0 9.33) 0.061
Number of tumors (single/multiple) 30/14 20/9 0.944
Pathological differentiation (well/moderately/poorly) 1/20/23 0/8/21 0.193
Maximum tumor diameter (</>5 cm) 5/13/26 2/8/19 0.777
Tumor capsule (no/incomplete/complete) 15/16/13 7/10/12 0.520
MaVI (Y/N) 4/40 2/27 0.738
MVI (Y/N) 2717 18/11 0.952
Ascites (Y/N) 11/33 5/24 0.433
Cirrhosis (Y/N) 33/11 22/7 0.933
White blood cells (x109/L) 6.35(2.9-12.8) 6.50 (3.26-11.55) 0.757
Platelet count (x109/L) 195.7 (80-401) 197.8 (563.7-373.9) 0.906
Hemoglobin (g/L) 143 (110-180) 149 (122-174) 0.085
Serum ALT (U/L) 39.2 (13.2-104.0) 54.4 (18.7-327.2) 0.187
Serum AST (U/L) 42.5(17.2-139.1) 48.7 (18.5-185.8) 0.360
Total bilirubin (umol/L) 14.2 (4.6-36.6) 12.2 (6.1-20.2) 0.119
Albumin (g/L) 42.3 (29.5-48.2) 43.9 (32.4-51.0) 0.074
Prothrombin time (s) 11.6 (10.1-14.8) 11.46 (9.7-15.5) 0.655
Antiviral therapy before(Y/N) 5/39 8/21 0.076
HBV DNA (</=10 000 1U/ml) 20/24 6/23 0.0312
AFP (ng/ml; <400/>400) 2717 22/7 0.197

AFP, alpha-fetoprotein; HBV, hepatitis B virus; MaVI, macro vascular invasion; MVI, microvascular invasion.

aStatistically significant.
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Fig. 2. OS of the IHC (HBsAg)-negative group and the IHC (HBsAg)-positive group. (a) OS after HCC surgical resection between the IHC (HBsAg)-negative
group and the IHC (HBsAg)-positive group before PSM; (b) OS after HCC surgical resection between the IHC (HBsAg)-negative group and the IHC
(HBsAg)-positive group after PSM. HCC, hepatocellular carcinoma; IHC, immunohistochemistry; OS, overall survival; PSM, propensity score matching.
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Fig. 3. RFS of the IHC (HBsAg)-negative group and the IHC (HBsAg)-positive group. (a) RFS after HCC surgical resection between the IHC (HBsAQ)-
negative group and the IHC (HBsAg)-positive group before PSM; (b) RFS after HCC surgical resection between the IHC (HBsAg)-negative group and
the IHC (HBsAQg)-positive group after PSM. HCC, hepatocellular carcinoma; IHC, immunohistochemistry; PSM, propensity score matching; RFS, recur-

rence-free survival.

Table 3. Univariate and multivariate analysis of variables affecting overall survival (pre-PSM)

Univariate Multivariate
Variable P value HR 95% Cl P value HR 95% ClI
Sex 0.801 0.830 0.195-3.533
Maximum tumor diameter (<3/3-5/>5 cm) 0.0022 3.670 1.630-8.264 0.194 1.837 0.734-4.597
Number of tumors (single/multiple) 0.052 2.236 0.992-5.043
MVI 0.0042 3.837 1.521-9.680 0.363 1.756 0.522-5.912
Cirrhosis 0.058 4.073 0.956-17.356
IHC (HBsAg, —/+) 0.0172 2.574 1.194-5.922 0.0212 2.841 1.169-6.905
C-reactive protein 0.0022 4.125 1.707-9.968 0.283 1.712 0.642-4.562
HBV DNA level, 10 000 1U/ml 0.186 1.812 0.752-4.371
Ascites 0.028 2.524 1.102-5.778 0.0092 3.346 1.360-8.233
AFP (ng/ml, <400/>400) 0.0092 2.967 1.317-6.686 0.0062 3.331 1.199-7.525

AFP, alpha-fetoprotein; Cl, confidence interval; HBV, hepatitis B virus; HR, hazard ratio; MVI, microvascular invasion.

aStatistically significant.

= 0.031), while the HBV DNA level was not a risk factor
for OS (pre-PSM, P = 0.186; post-PSM, P = 0.320). The
detection of HBsAg in liver tissues might improve the OS
prediction of surgical patients with HBV-related HCC. To
the best of our knowledge, this is the first study to use IHC
for HBsAg in liver tissues as a prognostic factor after liver
resection for patients with HCC. The patients in our study
were divided into negative (pre-PSM, 71 cases; post-PSM,
44 cases) and positive groups (pre-PSM or post-PSM, both
29 cases) based on IHC results, and there were statistically
significant differences in OS between the groups (pre-PSM,

Copyright © 2020 Wolters Kluwer Health, Inc.

P = 0.013; post-PSM, P = 0.039). There was no signifi-
cant difference in RFS (pre-PSM, P = 0.89; post-PSM, P
= 0.57). HBsAg results could provide another method for
predicting the prognosis of patients who have undergone
liver resection for HCC.

Few studies have reported whether HBsAg will continue
to exist in normal liver tissues in HBV-related patients or
whether HCC is more likely to progress in HBV-related
patients. In our current study, we found that the OS was
worse in HBV-related patients who had positive HBsAg
IHC staining. This phenomenon is worthy of further study.
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Table 4. Univariate and multivariate analysis of variables affecting overall survival (post-PSM)

Univariate Multivariate
Variable P value HR 95% Cl P value HR 95% Cl
Sex 0.840 1.162 0.269-5.015
Maximum tumor diameter (<3/3-5/>5 cm) 0.064 2.326 0.953-5.676
Number of tumors (single/multiple) 0.135 1.963 0.811-4.750
MVI 0.133 2174 0.789-5.989
Cirrhosis 0.0462 7.771 1.038-58.161 0.056 7.340 0.951-56.646
IHC (HBsAQ) (-/+) 0.0462 2.485 1.015-6.081 0.0182 3.579 1.240-10.333
C-reactive protein 0.0312 2.863 1.098-7.463 0.466 1.482 0.514-4.270
HBV DNA level, 10 000 IU/ml 0.320 1.671 0.607-4.600
Ascites 0.0122 3.183 1.295-7.822 0.0042 4.287 1.589-11.565
AFP (ng/ml, <400/>400) 0.0212 2.817 1.166-6.807 0.0012 4.777 1.907-11.966

AFP, alpha-fetoprotein; Cl, confidence interval; HBV, hepatitis B virus; HR, hazard ratio; MVI, microvascular invasion.

aStatistically significant.

Serum AFP is the most widely used method for screen-
ing and surveillance in HCC [21,22. In this study, these
patients were diagnosed with HCC; however, the baseline
AFP levels (ng/ml, <400/>400) of the two groups were
not significantly different (pre-PSM, P = 0.146; post-
PSM, P = 0.197). In univariate analysis, AFP (pre-PSM,
P = 0.009; post-PSM, P = 0.021) and IHC (HBsAg, —/+)
(pre-PSM, P = 0.017; post-PSM, P = 0.046) were varia-
bles that could affect OS. After multivariate analysis with
other variables (pre-PSM with maximum tumor diameter,
MVI, C-reactive protein and ascites; post-PSM with cir-
rhosis, C-reactive protein and ascites), we found that IHC
(HBsAg, —/+) (pre-PSM, P = 0.021; post-PSM, P = 0.018)
was an independent risk factor for OS after HCC resec-
tion in addition to AFP (pre-PSM, P = 0.006; post-PSM, P
= 0.001). The IHC results for HBsAg in liver tissues pro-
vides another effective factor for prognostication of HCC
patients after liver resection, and it can be studied at an
earlier time than current variables involved in predicting
prognosis.

There were some limitations in this study. This was a
retrospective analysis and was limited to cases in which
only existing para-cancerous tissue samples could be col-
lected. This predictor cannot be used in patients who have
not undergone liver resection for HCC. As the study used
the immunohistochemical results of HBsAg staining, non-
HBV-related HCC patients were excluded. The small sam-
ple size was a limitation in this study, especially lacking in
multicenter samples.

Interestingly, in the HBV-related HCC patients, the
immunohistochemical results of HBsAg were positive in
the para-cancerous tissues of some of the patients, and
how HBV causes HCC has not been clear thus far. This
phenomenon deserves further in-depth research.

In conclusion, for HBV-related HCC patients, immu-
nohistochemical results for HBsAg staining in liver tissues
can serve as a predictor of prognosis after liver resection
for patients with HCC. Patients with positive results have
worse OS, and patients with negative results have better
OS. Clinically, THC staining for HBsAg can be performed
on liver tissues from HBV-related HCC patients after liver
resection as a new method of predicting OS.
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