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Abstract: To investigate the association between preoperative HBsAg (hepatitis B surface antigen) level and risk of
HCC (hepatocellular carcinoma) recurrence following curative resection, we enrolled 826 HBV-related HCC patients
who underwent curative resection and received long-term follow-up at the Eastern Hepatobiliary Surgery Hospital
(Shanghai, China). Multivariate analyses showed that serum HBsAg > 2000 S/CO, seropositive hepatitis B e antigen
(HBeAg), y-glutamyl transpeptidase > 61 U/L, prothrombin time > 13 s, multinodularity, lager tumor size, and major
portal vein invasion were independently associated with a increased risk of HCC recurrence. Compared with HCC
patients with HBsAg level < 2000 S/CO, HCC patients with HBsAg level > 2000 S/CO had a higher prevalence of
seropositive HBeAg, antiviral therapy, and cirrhosis; were younger; and had a higher levels of alanine transaminase
(ALT), aspartate aminotransferase (AST), and HBV viral load. Multivariable stratified analyses showed HCC patients
with HBsAg level < 2000 S/CO tended to have a lower incidence of HCC recurrence in following subgroups of pa-
tients, including for noncirrhotic (HR, 0.561; 95% CI, 0.345-0.914), HBV DNA < 2000 IU/mL (HR, 0.604; 95% Cl,
0.401-0.912), ALT < 41 U/L (HR, 0.643; 95% ClI, 0.440-0.942), AST < 37 U/L (HR, 0.672; 95% ClI, 0.459-0.983),
and seronegative HBeAg (HR, 0.682; 95% Cl, 0.486-0.958). When we evaluated HBeAg-negative patients with HBV
DNA < 2000 IU/mL, HBsAg level still determined risk of HCC recurrence (p = 0.014), but not HBV DNA (p = 0.550)
and ALT (p = 0.186). These results suggest high levels of HBsAg increase risk of HCC recurrence following curative
resection. HBsAg level might serve as a new marker to complement HBV DNA level in predicting HCC recurrence,
especially in HBeAg-negative patients with low viral load.
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Introduction

Hepatocellular carcinoma (HCC) is one of the
most common cancers worldwide. Hepatitis B
virus (HBV) infection, especially infection with a
high HBV viral load, is a major risk factor for the
development of HCC [1]. Surgery is considered
the standard curative treatment option for HCC.
However, despite advances in surgical modali-
ties, survival after tumor resection remains
poor mainly due to persistent high incidences
of HCC recurrence [2, 3]. Many factors affect
HCC recurrence risk after curative resection,
including alanine transaminase (ALT) level; viro-

logical factors such as hepatitis B e antigen
(HBeAg) status, HBV viral load, HBV genotype C,
and antiviral treatment; cirrhosis; and tumor-
associated variables such as serum o-feto-
protein (AFP) level, tumor number, tumor size,
capsule formation, vascular invasion, Edmo-
nson grading, and TNM stage [4-10]. Among
these factors, HBV viral load is the most clini-
cally correctable. Higher viral load has been
reported to be an independent risk factor for
HCC recurrence after surgery [11]. Nucleoside
analogues are effective in suppressing HBV
replication and ameliorating HBV-related liver
disease. In addition, they have been shown to
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1665 consecutive patients with HCC received
curative resection between October 2009 and August 2010

213 Excluded
— 205 Seronegative HBsAg
8 Infection with HCV

1452 HCC patients with seropositive HBsAg and no evidence of HCV

47 Excluded
— Found tumur rupture
before or during operation

1405 HBV-related HCC patients without tumur rupture

146 Excluded
Received liver therapy
before enroliment
26 liver resection
10 RFA
105 TAE or TACE
3  Radiotherapy
2 Alcohol ablation

1259 HBV —related HCC patients
without liver therapy before enrollment

218 Excluded
Within 3 months after resection
22 Extrahepatic metastasis
196 Intraheptic recurrence

1041 HBV-related HCC patients
without metastasis or recurrence within 3 months after resection

73 Excluded
59 Died of surgical complications
14 Died of other diseases before
recurrence

968 HBV-related HCC patients
died of tumur recurrence or were still alive as of October 2013

142 Excluded
(without tumur recurrence data)

826 HBV-related HCC patients included in the study cohort

Figure 1. Flow chart of study cohort selection. HCC,
hepatocellular carcinoma; HBV, hepatitis B virus;
HCV, hepatitis C virus; HBsAg, hepatitis B surface an-
tigen; RFA, radiofrequency ablation; TAE, therapeutic
arterial embolization; TACE, transcatheter arterial
chemoembolization.

be associated with a lower risk of HCC develop-
ment and postoperative HCC recurrence [8-10].

Recently, quantification of HBsAg levels has
attracted much attention as an important
marker for evaluating viral activity. Throughout
the natural history of HBV infection, HBsAg lev-
els vary markedly across different phases of
chronic HBV infection and across different HBV
genotypes [12-15]. Previous studies have
shown a positive correction between HBsAg
level and HBV viral load [16]. A lower HBsAg

757

level was also shown to be associated with a
higher chance of HBsAg loss and a lower risk of
hepatitis activity in patients who were infected
HBV genotype B or C [17]. One study has pro-
posed that an HBsAg level < 1000 IU/mL and
an HBV DNA level < 2000 IU/mL can be used
together as a marker for inactive HBV genotype
D carriers [15]. Furthermore, another recent
study has shown that high levels of HBsAg
increase the risk of HCC in patients with low
HBV load [16]. However, it is still unclear wheth-
er higher levels of HBsAg increase the risk for
HBV-related HCC recurrence following curative
resection, especially in patients with low vire-
mia.

To address this issue, we enrolled 826 HBV-
related HCC patients who underwent curative
resection and received long-term follow-up into
the present study and sought to elucidate the
association between HBsAg level at time of
tumor resection and risk of HCC recurrence fol-
lowing resection in this cohort.

Materials and methods
Patient cohort

We identified all hospitalized patients who were
admitted with a primary diagnosis of HCC and
received curative liver resection (Admission
Code: M81700/3) from Eastern Hepatobiliary
Surgery Hospital of the Second Military Medical
University (Shanghai, China) between October
2009 and August 2010. The diagnosis of HCC
was confirmed by pathology.

Only HCC patients with HBV infection were
included in our study cohort. We applied the fol-
lowing exclusion criteria: diagnosis of hepatitis
C or other viral hepatitis; presence of malignant
tumor; lack of data on tumor recurrence; tumor
rupture before or during operation; and patients
who received liver resection, transarterial che-
moembolization, percutaneous ethanol injec-
tion, radiofrequency ablation, or liver transplan-
tation before the index hospitalization. Patients
with HCC recurrence in the first 3 months after
the index hospitalization for liver resection
were also excluded. Death before the recur-
rence of HCC was defined as competing mortal-
ity, and such patients were also excluded.

We first identified 1665 potentially eligible HCC
patients who received curative tumor resec-
tion. Using our inclusion and exclusion criteria
(Figure 1), we excluded 839 patients because
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Table 1. Characterization of 826 Patients with
HCC

Variables Pa:zz)ts,
Patient demographics
Gender
Male 717 (86.8)
Female 109 (13.2)
Age (years)
<50 361 (43.7)
50-59 293 (35.5)
>60 172 (20.8)
Cirrhosis 534 (64.6)
Diabetes 6 (5.6)
Metformin use?® 8 (1.0)
Viral factors
Anti-HBV therapy (n = 691)° 483 (69.9)
Serum HBsAg level (S/CO)
<1000 99 (12 0)
1000-1999 8 (4.6)
2000-2999 2(5.1)
3000-3999 9 (5.9)
>4000 598 (72.4)
Seropositive HBeAg 232 (28.1)
Serum HBV DNA level (IU/mL) (n = 773)°
<1000 309 (40.0)
1000-1999 (4.7)
2000-19999 102 (13.2)
20000-199999 132 (17.1)
> 200,000 194 (25.1)
Biochemical factors
ALT (> 41 U/L) 341 (41.3)
AST (> 37 U/L) 333 (40.3)
TBIL (> 18.8 ymol/L) 146 (17.7)
r-GT (> 61 U/L) 391 (47.3)
ALP (> 129 U/L) 97 (11.7)
ALB (< 34 g/L) 14 (1.7)
Prealbumin (< 170 g/L) 211 (25.5)
PT (> 135s) 122 (14.8)
WBC (< 4.0%10°%/L) 155 (18.8)
PLT (< 100.0*10°/L) 153 (18.5)
Tumor characteristics
AFP (> 20 pg/L) 491 (59.4)
Tumor number
single 677 (82.0)
multiple 149 (18.0)
Tumor size (cm)
<3 259 (31.4)
3~5 272 (32.9)
5~10 216 (26.2)
758

of seronegative HBsAg (n = 205), infection with
HCV (hepatitis C virus) (n = 8), tumor rupture
before or during operation (n = 47), receiving
liver tumor therapy before enroliment (n = 146),
having intrahepatic recurrence and extrahepat-
ic metastasis within the first 3 months after the
index hospitalization for liver resection (n =
218) [8], death prior to recurrence (n = 73), or
no data on tumor recurrence (n = 142).
Therefore, 826 HBV-related HCC patients were
enrolled into the study. The project was
approved by the Eastern Hepatobiliary Surgery
Hospital Ethical Committee, China. All patients
gave written informed consent to participate.
The data do not contain any information that
could identify the patients.

Biochemical and serological markers

Antibody against HBsAg (anti-HBs), HBeAg,
antibody against HBeAg (anti-HBe), and anti-
body against HBcAg (anti-HBc) were tested
using a radioimmunoassay kit (Roche, Man-
nheim, Germany). Antibody against HCV (anti-
HCV) was measured by means of a second-gen-
eration enzyme immunoassay (Chemclin Bio-
tech Co., Ltd., China). Serum biochemical tests
were performed by a systemic multiautoana-
lyzer (Technicon SMAC, Technicon Instru-
ments Corp., Tarrytown, NY). Serum alpha-feto-
protein (AFP) level was also measured by a
radioimmunoassay (Serono Diagnostic SA, Co-
insins, Switzerland).

Quantification of HBsAg and HBV DNA

Serum HBsAg was tested using a radioimmuno-
assay kit (Roche, Mannheim, Germany). The
range of detection was from 0 S/CO to 4000 S/
CO. HBV DNA was extracted from 100 uL of
serum using a standard commercial diagnostic
kit for the quantification of hepatitis B viral DNA
(Shanghai Kehua Laboratory System Co., Ltd.,
China) according to the manufacturer’s instruc-
tions with a final elution volume of 2 pL. The
extracted DNA was then quantified with the
same kit on the ABI7500 Fast Real-time PCR
System (Applied Biosystems, Mortlake, USA)
according to the manufacturer’s instructions.
To ensure the specificity of the test and to pre-
vent diagnostic errors, the limit of detection
was defined as 1000 IU/mL.

Follow-up

All patients were regularly followed for AFP
measurement, ultrasonography (USG), and/or
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> 10 79 (9.6)
Portal vein invasion 62 (7.5)
Cutting margin > 1 cm (n = 590)° 112 (19.0)

Histo-pathological findings
Capsule formation 691 (83.7)
Edmonson grading

| 9(1.1)

Il 199 (24.1)

I 598 (72.4)

v 20 (2.4)
Microvascular invasion 261 (31.6)
pTNM stage

I 468 (56.7)

Il 221 (26.8)

I 135 (16.3)

IVA 2(0.2)

HCC, hepatocellular carcinoma; HBV, hepatitis B virus; HBsAg,
hepatitis B surface antigen; HBeAg, hepatitis B e antigen;
WBC, white blood cell; PLT, platelet; AFP, alpha-fetoprotein;
TBIL, total bilirubin; ALT, alanine aminotransferase; AST,
aspartate aminotransferase; ALB, albumin; PT, prothrombin
time; y-GT, y-glutamyl transpeptidase; ALP, alkaline phospha-
tase. °Drug users indicate patients using a drug at least 1 day
pen month on average. "Number of available data.

computed tomography (CT) or magnetic reso-
nance imaging (MRI) scan every one to two
months for the first six months after operation
and every three months afterwards. Tumor
recurrence was suspected when there was a
progressive elevation of serum AFP and/or
ultrasonographic evidence of a new hepatic
lesion that was confirmed by dynamic CT scan,
MRI or position emission tomography (PET).
HCC recurrence was defined as re-hospitaliza-
tion with a primary diagnosis of HCC after the
index admission date and a treatment modality
for HCC recurrence, such as surgery, transarte-
rial chemoembolization, percutaneous ethanol
injection, radiofrequency ablation, or liver
transplantation, during the study period.
Disease-free survival was measured from the
date of surgery to the date of recurrence.
Follow-up of patients was continued until HCC
recurrence, death, or August 5, 2013. Causes
of death were also investigated.

Statistical methods

Descriptive analyses of the variables were con-
ducted using SPSS 16.0 (SPSS Inc., Chicago,
IL, USA). Univariate analyses were performed
using the Chi-squared test for categorical vari-
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ables and the independent-samples t-test for
discrete variables. Cumulative incidences were
calculated using the Kaplan-Meier method.
Clinicopathological prognostic factors were
evaluated using the univariate Kaplan-Meier
method and compared with the log-rank test to
identify the prognostic predictors for recur-
rence. Multivariate regression analysis was
performed using Cox proportional hazards
models to identify the independent prognostic
factors for recurrence. Variables to be entered
into the multivariate analysis were selected
based on the results of the univariate analyses
(p <0.1). In order to compare the predictive val-
ues of different factors for HCC recurrence,
receiver operating characteristic (ROC) curve
analysis was used to compute the area under
the ROC curves for different factors. The perfor-
mances of the factors in predicting HCC recur-
rence were compared using the Chi-squared
test for categorical variables and the t-test for
discrete variables. A value of p < 0.05 was con-
sidered statistically significant.

Results

Clinicopathological characterization of HCC
patients

The demographic, biochemical, virological, sur-
gical, and pathological data of the 826 patients
are shown in Table 1. There were 717 men
(86.8%) and 109 women (13.2%). The median
age was 51.1 (range, 13-79) years. The median
hospital stay was 15.2 (range, 7-72) days. Of
the 826 patients, 232 (28.1%) were seroposi-
tive for HBeAg, 534 (64.6%) had cirrhosis, and
341 (41.3%) had alanine transarninase (ALT)
levels > 41 U/L. Serum HBsAg levels in most
patients (72.4%) were > 4000 S/CO. HBV DNA
levels in nearly half of the patients (44.6%)
were < 2000 IU/mL. The tumor stage distribu-
tion according to the 7th edition of the AJCC/
UICC staging system was as follows: stage |,
468 (56.7%); stage ll, 221 (26.8%); stage lll,
135 (16.3%); and stage IVA, 2 (0.2%). A total of
691 patients had accurate information on his-
tory of antiviral therapy. Of the 691 patients,
483 patients (69.9%) received antiviral the-

rapy.

Cumulative incidence of HCC recurrence fol-
lowing curative resection

During a follow-up of 35.8 £ 9.9 months, 395
patients (47.8%) developed recurrent HCC.
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A 100+ B 100+
S 90+ . & 904 -
o'% - HBeAg Negative(n=594) 5 80 — HBsAg <2000S/CO(n=137)
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Follow-up (months) Follow-up {months),
Number at risk Number at risk
Serum HBeAg status at baseline Serum HBsAg level at baseline(S/CO)
Negative 594 523 440 400 375 360 332 326 <2000 137 127 108 102 98 94 87 87
Positive 232 204 177 152 135 122 110 105 22000 689 600 509 450 412 3838 355 34
C 100+ D 100+
3 904 £ 901 ALT <41UlL(n=485
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] 304 = 304
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0 6 12 18 24 30 36 42 0 6 12 18 24 30 36 42
Follow-up (months) Follow-up (months)
Number at risk Number at risk
Serum HBV DNA level at baseline(lU/mL) Serum ALT level at baseline(U/L)
<2000 345 308 269 244 231 222 199 196 <41 485 430 370 334 314 303 280 27
22000 428 374 309 270 246 228 214 206 >41 341 297 247 218 196 179 162 160
E §5o- F 51009
S 454 = 904
T 404 — Treated(n=129) . = Treated(n=216)
3 = Untreated(n=37) ] = Untreated(n=66)
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0 6 12 18 24 30 36 42 0 6 12 18 24
Follow-up (months) Follow-up (months)
Number at risk Number at risk
Antiviral therapy status Antiviral therapy status
Treated 129 123 120 117 Treated 216 192 160 142 129
Untreated 37 35 32 29  Untreated 66 55 44 39 37

Figure 2. Cumulative incidences of hepatocellular carcinoma (HCC) recurrence following liver resection. (A-D) hepa-
titis B e antigen (HBeAg) seropositivity (A), and higher levels of serum hepatitis B surface antigen (HBsAg) (B),
hepatitis B virus (HBV) viral load (C), and alanine transaminase (ALT) (D) were associated with a higher cumulative
incidence of HCC recurrence. (E, F) Antiviral therapy was significantly associated with low risk of HCC late recurrence
(E), but not HCC early recurrence (F).
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Table 2. Univariate and multivariate analysis of factors associated with HCC recurrence

Factor Recurrence rate (%) Univariate analysis ~ Multivariate Analysis . 95% Cl
1-year 3-year (p value) (p value)

Gender 0.255 NA NA NA
Male 717 26.1 47.3
Female 109 22.0 42.2

Age 0.531 NA NA NA
<50 361 26.6 48.8
50-59 293 27.0 45.4
> 60 172 20.9 44.2

Cirrhosis 0.178 NA NA NA
Yes 534 25.8 48.5
No 292 25.0 43.2

Diabetes 0.441 NA NA NA
Yes 46 23.9 52.2
No 780 25.6 46.3

Metformin use® 0.574 NA NA NA
Yes 8 12.5 37.5
No 818 25.7 46.7

Anti-HBV therapy (n = 282)° 0.158 NA NA NA
Yes 216 26.4 44.4
No 66 34.8 51.5

Serum HBsAg level (S/CO) 0.006 0.026 1.538 1.054-2.243
<2000 137 21.2 36.5
>2000 689 26.4 48.6

Seropositive HBeAg 0.032 0.022 1.424 1.052-1.928
Negative 594 26.3 44.3
Positive 232 23.7 52.6

Serum HBV DNA level (IlU/ml) (n = 773)° 0.013 0.910 1.017 0.761-1.359
<2000 345 22.0 42.6
> 2000 428 28.3 50.0

ALT (U/L) 0.014 0.804 0.960 0.693-1.329
<41 485 23.7 42.5
> 41 341 28.2 52.5

AST (U/L) <0.001 0.857 1.033 0.727-1.467
<37 493 20.7 41.6
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> 37 333 32.7 54.1

TBIL (umol/L) 0.285 NA NA NA
<18.8 680 24.9 45.7
>18.8 146 28.8 50.7

y-GT (U/L) <0.001 0.003 1.561 1.164-2.093
<61 435 18.2 36.1
> 61 391 33.8 58.3

ALP (U/L) 0.036 0.053 0.648 0.417-1.006
<129 729 24.0 45.5
> 129 97 371 54.6

AFP (ug/L) 0.020 0.546 1.092 0.821-1.453
<20 335 17.9 43.0
> 20 491 30.8 49.1

ALB (g/L) 0.195 NA NA NA
<34 14 14.3 28.6
>34 812 25.7 46.9

Prealbumin (mg/L) 0.118 NA NA NA
<170 211 33.2 50.7
>170 615 22.9 45.2

PT (s) 0.043 0.025 1.451 1.047-2.011
<13 704 25.1 45.0
>13 122 27.9 55.7

WBC (*10°/L) 0.676 NA NA NA
<4 155 22.6 45.8
>4 671 26.2 46.8

PLT (*10°/L) 0.280 NA NA NA
<100 153 26.1 51.6
>100 673 25.4 45.5

Tumor number <0.001 0.003 1.621 1.183-2.222
single 677 21.0 42.2
multiple 149 46.3 66.4

Tumor size (cm) <0.001 0.012 1.219 1.044-1.424
<3 259 131 35.1
3~5 272 23.5 44.5
5~10 216 33.3 56.9
> 10 79 51.9 63.3
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Capsule formation <0.001 0.149 0.787 0.569-1.089
Yes 691 22.7 44.6
No 135 40.0 57.0

Edmonson grading 0.032 0.521 0.911 0.684-1.212
| 9 111 22.2
Il 199 131 39.7
1] 598 29.6 49.2
IV 20 35.0 50.0

Portal vein invasion <0.001 0.007 1.832 1.184-2.836
Yes 62 59.7 79.0
No 764 22.8 44.0

Microvascular invasion <0.001 0.083 1.285 0.968-1.705
Yes 261 41.0 58.6
No 565 18.4 41.1

Cutting margin (cm) (n = 590)° 0.001 0.119 0.735 0.499-1.082
<1 478 25.9 46.7
>1 112 12.5 30.4

HCC, hepatocellular carcinoma; HBV, hepatitis B virus; HBsAg, hepatitis B surface antigen; HBeAg, hepatitis B e antigen; WBC, white blood cell; PLT, platelet; AFP, alpha-fetoprotein;
TBIL, total bilirubin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALB, alboumin; PT, prothrombin time; y-GT, y-glutamyl transpeptidase; ALP, alkaline phospha-
tase. ?Drug users indicate patients using a drug at least 1 day pen month on average. "Only determined in patients with HBV DNA> 2000IU/mL and recieving antivirual therapy
within 1 month pre-operation or within 3 months post-operation. °Number of available data.
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Table 3. Comparison of clinicopathological features of HCC patients ac-

cording to the serum HBsAg level

HBsAg level (S/CO)

tended to have a lower
incidence of HCC re-
currence than those
who did not receive

<2000 >2000 p value -

(n = 137) (n = 689) antiviral therapy, al-
Age (mean + SD, years) 546+104 504+106 <0001  tough tthe S'?e:e”‘;le
) e was not statistically
Clrr.h03|s (%) ) ) a 72 (52.6) 462 (67.1) 0.001 significant (p = 0.158).
Anti-HBV therapy (%) (n = 691) <0.001 In Supplementary Tab-
No 61(52.1)  147(25.6) le 1, we stratified
Yes 56 (47.9) 427 (74.4) patients by the time of
Seropositive HBeAg (%) 25 (18.2) 207 (30.0) 0.005 tumor recurrence. We
Serum HBV DNA level (IU/mL) (%) (n = 773)? <0.001 found that antiviral
> 2000 36(28.8) 392 (60.5) therapy was sign'ifi-
<2000 89 (71.2) 256 (39.5) cantly associated with
ALT (U/L) 0.010 ;t('ao"‘;gg rr'rseknc‘;f (';CC
u =
>4l 43(314) 298 (43.3) 0.049), but not early
<41 94 (68.6) 391 (56.7) recurrence (p = 0.475)

AST (U/L) 0.020 (Figure 2E, 2F).

> 37 43(31.4) 290 (42.1)

<37 94 (68.6) 399 (57.9) Multivariate analyses
Prealbumin (mg/L) 0.054 revealed 'E)hat HBsAg
<170 26(19.0) 185 (26.9) '26"’262(395-0"_0“ 3825;‘
>170 111(81.0) 504 (73.1) 243, p = 0.026),

HCC: hepatocellular carcinoma; HBV: hepatitis B virus; HBsAg: hepatitis B surface antigen;
HBeAg: hepatitis B e antigen; ALT: alanine transaminase; AST: aspartate aminotransferase.

aNumber of available data.

Cumulative incidence of HCC recurrence at 1
year and 3 years after curative resection was
25.5% and 46.6%, respectively. Most recur-
rences (80.0%) clustered within two years of
surgery (early recurrence). The tumor stage
according to the 7th edition of the AJCC/UICC
staging system was as follows: stage |, 468
(56.7%); stage Il, 221 (26.8%); stage lll, 135
(16.3%); and stage IVA, 2 (0.2%). The survival
curves according to AJCC/UICC staging showed
significant differences between stages |, Il, I,
and IV (p < 0.001). Univariate analysis revealed
that HBeAg seropositivity, and higher levels of
ALT, serum HBsAg, and HBV viral load were
associated with a higher cumulative incidence
of HCC recurrence (Figure 2A-D). In addition,
other risk factors, including aspartate amino-
transferase (AST) > 37 U/L,peptidase (GT) > 61
U/L, alkaline phosphatase (ALP) > 129 U/L,
prothrombin time (PT) > 13 s, AFP > 20 pg/L,
multinodularity, larger tumor size, cutting mar-
gin > 1 cm, no capsule formation, portal vein
invasion, microvascular invasion, and higher
rank of Edmonson grading were found to be
associated with HCC recurrence (Table 2).
Those patients who received antiviral therapy

764

HBeAg status (95.0%
Cl: 1.052-1.928, p =
0.022), y-GT (95.0%
Cl: 1.164-2.093, p =
0.003), PT (95.0% ClI:
1.047-2.011, p = 0.025), tumor number (95.0%
Cl: 1.183-2.222, p = 0.003), tumor size (95.0%
Cl: 1.044-1.424, p = 0.012), and portal vein
invasion (95.0% CI: 1.184-2.836, p = 0.007)
were independent prognostic factors affecting
cumulative incidence of HCC recurrence follow-
ing curative resection (Table 2).

Correlation of serum HBsAgZ levels at time of
resection with clinicopathological features

To further understand the impact of serum
HBsAg levels at time of resection on HCC recur-
rence, the clinicopathological characteristics
between HCC patients with HBsAg levels <
2000 S/CO and HCC patients with HBsAg lev-
els > 2000 S/CO were compared. Compared
with HCC patients with lower HBsAg levels,
those with HBsAg levels > 2000 S/CO had a
higher prevalence of seropositive HBeAg, his-
tory of antiviral therapy, and cirrhosis; were
younger; and had higher levels of ALT, AST, and
serum HBV viral load. There appeared to be a
higher percentage of patients with prealbumin
levels < 170 mg/L in the high-HBsAg group
than in the low-HBsAg group, although the sta-
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HighHBsAgLevel | High HBsAgLevel
Does Not Favor| Favors
HBsAg<20005/'CO,No. HBsAg=20005/'CONo. Hazard Ratio Recurrence [ Recurrence
Subgroup Patients  Recurrence Patients  Recurrence (95%CD
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Figure 3. Multivariable stratified analyses on the association between HBsAg (hepatitis B surface antigen) level
and HCC (hepatocellular carcinoma) recurrence. HCC patients with HBsAg levels < 2000 S/CO had lower cumula-
tive incidences of recurrence than those with higher HBsAg levels when alanine transaminase (ALT) level was < 41
U/L, aspartate aminotransferase (AST) level was < 37 U/L, hepatitis B e antigen (HBeAg) status was seronegative,
hepatitis B virus (HBV) DNA level was < 2000 IU/mL, or cirrhosis was absent.

tistical significance of the difference was just
above the threshold (p = 0.054) (Table 3). Other
factors including sex, hospital stay, diabetes,
metformin use, PLT, WBC count, ALB, TBIL,
y-GT, ALP, and all the tumor-associated charac-
teristics had no statistically significant differ-
ence between the two groups (p > 0.05)

(Supplementary Table 2).

Multivariable stratified analysis

To eliminate confounding factors and further
investigate the impact of perioperative HBsAg
level on postoperative HCC recurrence, we
stratified the patients according to HBeAg sta-
tus, cirrhosis status, and levels of ALT, AST, and
HBV viral load. We found that an HBsAg level <
2000 S/CO was associated with a reduced risk
of HCC recurrence in the following categories:
noncirrhotic (HR, 1.782; 95% Cl, 1.094-2.901),
HBV DNA < 2000 IU/mL (HR, 1.655; 95% ClI,
1.097-2.497), ALT <41 U/L (HR, 1.554; 95% Cl,
1.062-2.275), AST < 37 U/L (HR, 1.489; 95%
Cl, 1.017-2.180), and seronegative HBeAg (HR,
1.466; 95% Cl, 1.044-2.059) (Figure 3).

Factors affecting HCC recurrence risk in
HBeAg-negative patients with low viral load

In HBeAg-negative patients with low viral load
(HBV DNA level < 2000 IU/mL), univariate anal-
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ysis showed that HCC recurrence was associ-
ated with diabetes, HBsAg level > 2000 S/CO,
AST level > 37 U/L, y-GT level > 61 U/L, preal-
bumin level < 170 mg/L, multinodularity, larger
tumor size, cutting margin > 1 cm, lack of cap-
sule formation, portal vein invasion, microvas-
cular invasion, and higher rank of pTNM stage
but not with ALT or HBV DNA level (Figure 4A-C).
Of this population, noncirrhotic patients
appeared to have a lower cumulative incidence
of HCC recurrence than cirrhotic patients,
although the difference was not statistically
significant (p = 0.098) (Table 4). In HBeAg-
negative and noncirrhotic patients with low
viral load, we found that higher HBsAg level was
associated with late recurrence of HCC (p =
0.032) (Figure 4D) but not with early recur-
rence. HBV DNA level was not associated with
either early (p = 0.206) or late recurrence (p =
0.557).

Discussion

Although the association between HBsAg level
and risk for HBV-related HCC development has
been previously documented, the impact of
HBsAg level on HBV-related HCC recurrence fol-
lowing curative resection remains unclear. In
the present study, we not only showed that a
higher level of HBsAg was associated with a
higher cumulative incidence of postoperative
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Figure 4. HCC recurrence in HBeAg-negative patients with low viral load. HCC recurrence was associated with HBsAg
level >2000S/CO (A), but not with ALT (B) or HBV DNA level (C). (D) In HBeAg-negative and noncirrhotic patients with

low viral load, higher HBsAg level was associated with late recurrence of HCC.

HCC recurrence but also found that HBsAg level
among HBeAg-negative patients with low viral
load, but not HBV DNA or ALT level, was still pre-
dictive of recurrence risk. These data suggest-
ed that HBsAg level might complement HBV
DNA level in predicting HCC recurrence, espe-
cially in HBeAg-negative patients with low viral
load.

Surgical resection has been an effective cure
for some HCC patients. However, postoperative
prognosis is poor because of the high recur-
rence rate. The 1- and 3-year cumulative inci-
dences of HCC recurrence following surgical
resection have been reported to be 9.4%-
30.1% and 36.9%-62.3%, respectively [5, 6,
18-21]. These values are similar to those of our
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study. Many factors are reported to be associ-
ated with postoperative HCC recurrence, includ-
ing hepatic functional parameters such as albu-
min level, PT, and Child-Pugh class; cirrhosis;
and tumor characteristics such as AFP level,
tumor number, tumor size, capsule formation,
vascular invasion, Edmonson grading, and
pTNM stage [4-7]. In the current study, we dem-
onstrated that a higher cumulative incidence of
postoperative HCC recurrence was associated
with the following disease characteristics: ele-
vated levels of ALT, AST, y-GT, ALP, PT, and AFP,
multinodularity, larger tumor size, cutting mar-
gin < 1 cm, lack of capsule formation, portal
vein invasion, microvascular invasion, and high-
er rank of Edmonson grading or pTNM stage.
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Table 4. Univariate and multivariate analysis of factors associated with HCC recurrence in HBeAg
negative patients with low viral load

Recurrence Univariate Multivariate Hazard
Factor n rate (%) analysis Analyses ratio 95% ClI
lvyear 3year (pvalue) (p value)

Gender 0.331 NA NA NA
Male 253 24.5 43.5
Female 50 16.0 40.0

Age 0.670 NA NA NA
<50 118 22.9 39.8
50-59 105 24.8 45.7
>60 80 21.3 43.8

Cirrhosis 0.098 0.075 1.550 0.957-2.509
Yes 170 24.7 47.6
No 133 211 36.8

Diabetes 0.001 0.188 1.649 0.783-3.472
Yes 13 15.4 84.6
No 290 23.4 41.0

Serum HBsAg level (S/CO) 0.014 0.107 1.549  0.910-2.638
<2000 84 19.0 31.0
>2000 219 24.7 47.5

Serum HBV DNA level (IU/ml) 0.550 NA NA NA
<1000 273 23.1 42.5
1000-1999 30 23.3 46.7

ALT (U/L) 0.186 NA NA NA
<41 228 23.7 40.4
> 41 75 21.3 50.7

AST (U/L) 0.045 0.483 0.818 0.465-1.436
<37 226 20.4 39.8
> 37 77 31.2 51.9

TBIL (umol/L) 0.918 NA NA NA
<18.8 252 22.2 43.3
>18.8 51 27.5 41.2

y-GT (U/L) <0.001 0.001 2.346  1.430-3.849
<61 181 171 30.4
> 61 122 32.0 61.5

ALP (U/L) 0.103 NA NA NA
<129 269 21.9 41.6
> 129 34 32.4 52.9

AFP (ug/L) 0.140 NA NA NA
<20 135 14.8 40.0
> 20 168 29.8 45.2

ALB (g/L) 0.285 NA NA NA
<34 2 0.0 0.0
>34 301 23.3 43.2

Prealbumin (mg/L) 0.006 0.383 1.265 0.746-2.147
<170 59 35.6 57.6
>170 244 20.1 39.3

PT (s) 0.392 NA NA NA
<13 270 21.9 42.2
>13 33 333 48.5

WBC (*10°/L) 0.825 NA NA NA
<4 51 25.5 45.1
>4 252 22.6 42.5
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PLT (*10°/L)

<100 44 25.0 45.5

>100 259 22.8 42.5
Tumor number

single 250 19.2 38.4

multiple 53 41.5 64.2
Tumor size (cm)

<3 95 8.4 30.5

3~5 99 20.2 39.4

5~10 82 354 56.1

> 10 27 48.1 59.3
Capsule formation

Yes 244 20.9 39.8

No 59 32.2 55.9
Edmonson grading

| 6 16.7 33.3

Il 70 10.0 329

I 216 25.9 45.4

v 11 54.5 63.6
Portal vein invasion

Yes 29 55.2 79.3

No 274 19.7 39.1
Microvascular invasion

Yes 104 42.3 58.7

No 199 13.1 34.7
Cutting margin (cm) (n = 224)?

<1 187 25.7 45.5

>1 37 10.8 18.9

0.805 NA NA NA
<0.001 0.941 1.020 0.606-1.716
<0.001 0.230 1.178  0.901-1.541

0.002 0.007 0.488 0.291-0.819

0.071 0.649 0.897 0.563-1.431
<0.001 0.812 1.080 0.571-2.043
<0.001 0.001 2.215 1.367-3.589

0.004 0.067 0.470  0.210-1.055

HCC, hepatocellular carcinoma; HBV, hepatitis B virus; HBsAg, hepatitis B surface antigen; HBeAg, hepatitis B e antigen;
WBC, white blood cell; PLT, platelet; AFP, alpha-fetoprotein; TBIL, total bilirubin; ALT, alanine aminotransferase; AST, aspartate

aminotransferase; ALB, albumin; PT, prothrombin time; y-GT, y-glutamyl transpeptidase; ALP, alkaline phosphatase. 2Number of

available data.

Recently, the roles of virological factors such as
HBV viral load, HBeAg status, and antiviral ther-
apy in HCC recurrence have also been investi-
gated [8-11]. Kubo et al first reported that high
viral load is an independent risk factor for HCC
recurrence after liver resection in HBV-related
HCC patients [22]. Hung et al found that HBV
viral load of > 2000 IU/mL is associated with
HCC recurrence after liver resection with an
odds ratio as high as 22.3 [11]. Our data also
suggested that higher HBV viral load is signifi-
cantly associated with an increased risk of
postoperative HBV-related HCC recurrence. In
addition, Sun et al reported that seropositive
HBeAg is associated with higher risk of early
recurrence and is an independent risk factor
for postoperative recurrence of HBV-related
HCC [23], and a recent meta-analysis study fur-
ther confirmed the result [24]. Our data also
demonstrated that HBeAg positivity is a signifi-
cant independent risk factor for HCC recur-
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rence. Nucleoside analogues have been shown
to be associated with a lower risk of HCC and
other cirrhosis-related complications in those
with chronic hepatitis and cirrhosis [25-28].
Several recent studies further demonstrated
that nucleoside analogues are associated with
a lower risk of recurrence among patients with
HBV-related HCC after liver resection [8-10].
Our data suggested that nucleoside analogues
may significantly reduce the risk of HCC late
recurrence and further confirmed that antiviral
therapy may play an important role in reducing
HCC recurrence after curative resection.

HBsAg is produced by HBV and serves as an
important serological marker for the diagnosis
and monitoring of patients with chronic hepati-
tis B. Recently, HBsAg quantification has
become increasingly recognized as an impor-
tant method for evaluating viral activity and
possible host immune control over HBV infec-
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tion as well as predicting HBsAg loss and viro-
logical response to antiviral therapy [12, 14, 17,
29-32]. A lower HBsAg level was shown to be
associated with a higher chance of HBsAg loss
and lower risk of hepatitis activity in patients
with HBV genotype B or C infection [15, 17].
There is also a known positive correlation
between HBsAg and HBV DNA levels [16]. This
correlation has been shown to be higher at the
HBeAg-positive phase, lower at the HBeAg-
negative phase, and lowest at the lowly replica-
tive phase [13, 14]. In our cohort, HCC patients
with higher levels of HBsAg also had a higher
prevalence of seropositive HBeAg as well as a
higher level of HBV DNA and hepatitis activity.
Another recent study suggested that a high
level of HBsAg may increase the risk of HCC in
patients with low HBV load [16]. Because a
higher HBsAg level usually signifies a worse
prognosis, it is of clinical interest to know
whether a higher HBsAg level would also indi-
cate a higher risk of HCC recurrence. Very
recently, Sohn et al first reported that HBsAg
levels were associated with late recurrence
after curative resection in HBV-related HCC
[33]. Huang et al further found a preoperative
HBsAg level of 1000 IU/mL or greater is an
independent risk factor for HCC recurrence in
patients with low HBV DNA levels. In this study,
we also found that a higher HBsAg level was an
independent risk factor associated with HCC
recurrence after curative resection [34].
Multivariable stratified analyses showed that
HCC patients with higher HBsAg levels tended
to have a higher incidence of HCC recurrence in
several subgroups of patients with the following
characteristics: noncirrhotic; low viral load; nor-
mal ALT or AST; and seronegative HBeAg. These
observations further confirmed the association
between higher levels of HBsAg and increased
risk of HCC recurrence in HBV-related HCC
patients after tumor resection. Furthermore,
when we evaluated patients with negative
HBeAg and low viral load, HBsAg level was still
predictive of recurrence risk, while HBV DNA or
ALT levels were not. These data suggested that
HBsAg level might complement HBV DNA level
in predicting HCC recurrence, especially in
HBeAg-negative patients with low viral load.

There are several limitations to the present
study. First, the unit of HBsAg level is S/CO in
our study instead of IU/mL. Thus, we could not
use the cutoff value of > 1000 IU/mL, the use-
fulness of which has been confirmed in previ-
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ous studies [15, 16, 35, 36]. We recalculated
the cutoff level of HBsAg with the unit of S/CO
based on the ROC curves and found that
Youden’s index (YI) reached a maximum near
HBsAg = 2000 S/CO. Second, we did not
exclude patients who received antiviral therapy
when we determined whether higher levels of
HBsAg were associated with increased risk of
recurrence in HBeAg-negative patients with low
viral load. In this study, more patients in the
high-HBsAg cohort had received antiviral thera-
py than in the low-HBsAg cohort. Because anti-
viral therapy is associated with lower risk of
HCC recurrence, the higher baseline HBsAg
level in the patients who received antiviral ther-
apy may have led to a more conservative esti-
mation of the association in the present study.

In conclusion, we found that higher levels of
HBsAg were associated with a higher risk of
HCC recurrence among patients with HBV-
related HCC after curative resection. Among
HBeAg-negative patients with low viral load,
HBsAg level was still predictive of recurrence
risk, but HBV DNA and ALT levels were not.
Therefore, HBsAg level may be used as an addi-
tional marker to complement HBV DNA level in
predicting HCC recurrence, especially in HBeAg-
negative patients with low viral load.
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Supplementary Table 1. Antiviral therapy and early and late
recurrence of HCC following curative resection

Early recurrence rate (%) Late recurrence rate (%)

Antiviral therapy
1-year 2-year p n  3-year p

Yes 216 26.4 403 0475 129 70 0.049
No 66 34.8 439 37 135

HCC: hepatocellular carcinoma.

Supplementary Table 2. Comparison of clinicopathological
features of HCC patients according to the serum HBsAg level

HBsAg level (S/CO)

<2000 >2000  pvalue
(n=137) (n=689)
Gender (M/F) 117/20 600/89 0.595
Hospital stay (days) 15.7+6.4 15.1+4.4 0.197
Diabetes (%) 4 (2.9) 42 (6.1) 0.139
Metformin use (%)? 0 (0.0) 8(1.2) 0.365
TBIL (umol/L) 0.587
>18.8 22 (16.1) 124 (18.0)
<18.8 115(83.9) 565 (82.0)
r-GT (U/L) 0.141
> 61 57 (41.6) 334 (48.5)
<61 80 (58.4) 355 (51.5)
ALP (U/L) 0.752
> 129 15 (10.9) 82 (11.9)
<129 122 (89.1) 607 (88.1)
AFP (ug/L) 0.300
> 20 76 (55.5) 415 (60.2)
<20 61 (44.5) 274 (39.8)
ALB (g/L) 0.486
<34 1(0.7) 13(1.9)
>34 136 (99.3) 676(98.1)
PT (s) 0.951
>13 20 (14.6) 102 (14.8)
<13 117 (85.4) 587 (85.2)
WBC (*10°/L) 0.108
<4.0 19 (13.9) 136 (19.7)
>4.0 118 (86.1) 553 (80.3)
PLT (*10°/L) 0.195
<100.0 20 (14.6) 133 (19.3)
>100.0 117 (85.4) 556 (80.7)
Tumor number 0.165
single 118 (86.1) 559 (81.1)
multiple 19 (13.9) 130 (18.9)
Tumor size (cm) 0.879
<3 45 (32.8) 214 (31.1)
3~5 43 (31.4) 229 (33.2)
5~10 34 (24.8) 182 (26.4)
> 10 15 (10.9) 64 (9.3)
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Capsule formation
Edmonson grading

|

Il

11

\%
Portal vein invasion
Microvascular invasion
Cutting margin (cm) (n = 590)?

<1

>1
pTNM stage

|

Il

11

IVA

109 (79.6)

2 (1.5)
29 (21.2)
104 (75.9)

2 (1.5)
14 (10.2)
46 (33.6)

82 (78.8)
22 (21.2)

78 (56.9)

33(24.1)

25 (18.2)
1(0.7)

582 (84.5)

7(1.0)
170 (24.7)
494 (71.7)
18 (2.6)
48 (7.0)
215 (31.2)

396 (81.5)
90 (18.5)

390 (56.6)

188 (27.3)

110 (16.0)
1(0.1)

0.156
0.619

0.187
0.585
0.534

0.575

HCC, hepatocellular carcinoma; HBV, hepatitis B virus; HBsAg, hepatitis B sur-
face antigen; WBC, white blood cell; PLT, platelet; AFP, alpha-fetoprotein; TBIL,
total bilirubin; ALB, albumin; PT, prothrombin time; y-GT, y-glutamyl transpepti-
dase; ALP, alkaline phosphatase. eNumber of available data.



