
Abstract. Background/Aim: We aimed to examine the
relationship between antibodies to hepatitis B core antigen
(anti-HBc) positivity and survival in patients with non-B non-
C hepatocellular carcinoma (NBNC-HCC) who underwent
curative treatment. Patients and Methods: A total of 260
patients with NBNC-HCC who underwent curative therapy
were analyzed. They included 124 anti-HBc-positive patients
(47.7%) and 136 anti-HBc-negative patients (52.3%). Overall
survival (OS) and recurrence-free survival (RFS) rates were
compared. Results: The 3-year cumulative OS rates were
75.9% in the anti-HBc-positive group and 82.3% in the anti-
HBc-negative group (p=0.069). The corresponding RFS rates
were 29.8% in the anti-HBc-positive group and 43.0% in the
anti-HBc-negative group (p=0.001). Multivariate analyses
identified anti-HBc positivity (p=0.006), aspartate
aminotransferase ≥40 IU/l (p=0.037) and des-γ-carboxy
prothrombin ≥100 mAU/ml (p=0.046) as significant adverse
predictors were linked to RFS. Conclusion: Anti-HBc
positivity can be a useful predictor for recurrence in patients
with NBNC-HCC after curative therapy. 

Hepatocellular carcinoma (HCC) is a major health problem
worldwide. It is the fifth most common type of cancer in the
world and the third most common cause of cancer-related death
(1-3). Although most cases of HCC are associated with viral
infections such as hepatitis B virus (HBV) and hepatitis C virus
(HCV) infections, a substantial proportion of HCC patients are
negative for markers of HBV-surface antigen (HBsAg) and
HCV antibody (HCVAb) [non-B non-C HCC (NBNC-HCC)].

The frequency of NBNC-HCC has been reported to range from
5-15% (4-6), and the number of patients with NBNC-HCC in
Japan is currently increasing (7). 

HCC frequently recurs after treatment, leading to high
mortality. Recurrence only occurs at intrahepatic sites in 68-
96% of patients (8, 9). Hence, the identification of predictive
factors and effective management of HCC recurrence are
essential for improving survival, even after curative treatment. 

The serum antibody to hepatitis B core antigen (anti-HBc),
which indicates a past history of HBV infection, has recently
been attracting attention as a predictor of liver carcinogenesis
in patients with various kinds of background liver diseases (5,
6, 10-14). HBV DNA may be present in a latent form, even
after seroclearance of HBsAg, referred to as occult HBV
infection (10, 15). Anti-HBc is reported to be a surrogate
marker for such latent carriers (16). Moreover, previous
studies indicated that the so-called occult HBV infection,
reflected by anti-HBc positivity, was highly-prevalent in a
number of patient sub-groups, including those with HCV
infection, cryptogenic liver disease, and HCC, and may play
an important role in liver carcinogenesis (5, 12, 17-20).

Several studies have reported on the relationship between
anti-HBc positivity and liver carcinogenesis in HCV-related
liver disease (10-12, 14). Moreover, HBV DNA was found
to be integrated into the human genome in NBNC-HCC,
causing hepatocarcinogenesis (21). However, it remains
unknown whether anti-HBc positivity constitutes an
additional risk, in terms of poorer survival after curative
therapy for NBNC-HCC. The aim of the present study was,
therefore, to examine the relationship between anti-HBc
positivity and survival of patients with NBNC-HCC who
underwent curative treatment. 

Patients and Methods

Patients. A total of 1,636 treatment-naïve patients with HCC
received curative therapy at our institution between June 2001 and
July 2012. Curative therapy was defined as therapy resulting in no
apparent viable tumor on dynamic computed tomography (CT)
performed within one month after initial treatment. Out of these,
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283 patients (17.3%) had NBNC-HCC, negative for both HBsAg
and HCVAb. Patients with excessive alcohol intake (n=21) and
patients with primary biliary cirrhosis (n=2) were excluded from the
study. Excessive alcohol consumption was defined as an alcohol
intake >80 g/day (22). A total of 260 patients were thus analyzed in
the present study (Figure 1). After diagnosis of HCC, the most
appropriate therapeutic procedure was selected by discussions with
surgeons and physicians, according to the tumor characteristics and
underlying liver functional reserve of each patient. Patients were
classified into two groups: anti-HBc-positive group (n=124, 47.7%)
and anti-HBc-negative group (n=136, 52.3%). Overall survival (OS)
and recurrence-free survival (RFS) rates were compared between
the two groups. A diagnosis of diabetes mellitus was based on past
medical history or 75-g oral glucose tolerance test results (23). 

Written informed consent was obtained from all patients prior to
each therapy, and the study protocol complied with all of the
provisions of the Declaration of Helsinki. This study was approved
by the Ethics Committee of Osaka Red Cross Hospital, Japan
(approval number, 433) and the need for written informed consent in
the current study was waived because the data were analyzed
retrospectively and anonymously. The present study comprised of a
retrospective analysis of patient records registered in our database,
and all treatments were conducted in an open-label manner.

HCC diagnosis. HCC was diagnosed using abdominal ultrasound
and dynamic CT scans (hyperattenuation during the arterial phase
in all or some part of the tumor and hypoattenuation in the portal-
venous phase) and/or magnetic resonance imaging (MRI), based
mainly on the recommendations of the American Association for the
Study of Liver Diseases (24). Arterial- and portal-phase dynamic
CT images were obtained at approximately 30 s and 120 s,
respectively, after the injection of the contrast material. HCC stage
was determined using the Liver Cancer Study Group of Japan
staging system (25). HCC was confirmed pathologically only in
patients who underwent surgery. 

Serological studies. HBsAg and anti-HBc were detected using
commercial enzyme immunoassay kits (Dainabot, Tokyo, Japan) (26).
The results of anti-HBc assays were expressed as the percentage of
inhibition, and the specimen was considered to be anti-HBc-positive
when the percentage of inhibition was >50% (27). HCVAb was
assessed using second-generation assays (Dainabot) (26).

Follow-up. Follow-up after each therapy consisted of periodic blood
tests and monitoring of tumor markers, including α-fetoprotein
(AFP) and des-γ-carboxy prothrombin (DCP), using
chemiluminescent enzyme immunoassays (Lumipulse PIVKAII
Eisai, Eisai, Tokyo, Japan). Dynamic CT scans and/or MRI were
obtained every 2-4 months after each therapy. Chest CT, whole-
abdominal CT, brain MRI, and bone scintigraphy were performed
when extrahepatic HCC recurrence was suspected. 

Statistical analysis. Data were analyzed using univariate and
multivariate analyses. Continuous variables were compared using
unpaired t-tests and categorical variables were compared using
Fisher’s exact tests. Time-to-recurrence was defined as the interval
between each therapy and first confirmed recurrence. For analysis
of RFS, follow-up ended at the time of first recurrence; other
patients were censored at their last follow-up visit or the time of
death from any cause without recurrence. For analysis of OS,

follow-up ended at the time of death from any cause, and the
remaining patients were censored at the last follow-up visit. The
cumulative OS and RFS rates were calculated using the
Kaplan–Meier method, and tested using the log-rank test. Factors
with a p-value <0.1 in univariate analysis were subjected to
multivariate analysis using the Cox proportional hazards model.
These statistical methods were used to estimate the interval from
initial treatment. Data were analyzed using SPSS software (SPSS
Inc., Chicago, IL, USA) for Microsoft Windows. Data are expressed
as means±standard deviation (SD). Values of p<0.05 were
considered to be statistically significant.

Results

Baseline characteristics. The baseline characteristics of the
patients in the two groups are shown in Table I. The median
observation periods were 3.0 years (range=0.3-10.3 years) in
the anti-HBc-positive group and 3.1 years (range=0.3-11.4
years) in the anti-HBc-negative group. 

In the anti-HBc-positive group, surgical resection was
performed in 50 patients (40.3%), percutaneous ablation
therapy such as radiofrequency ablation (RFA) and
percutaneous ethanol injection (PEI), in 65 patients (52.4%),
and transcatheter arterial chemoembolization (TACE) in nine
patients (7.3%). In the anti-HBc-negative group, surgical
resection was performed in 67 patients (49.3%), RFA or PEI
in 59 patients (43.4%), and TACE in 10 patients (7.4%)
(p=0.326). There were no significant differences in baseline
characteristics between the two groups (p=0.041), except in
terms of gender.

Cumulative OS and RFS rates. The 1-, 3- and 5-year
cumulative OS rates were 95.2%, 75.9% and 49.8%,
respectively, in the anti-HBc-positive group and 95.6%,
82.3% and 68.6%, respectively, in the anti-HBc-negative
group (p=0.069) (Figure 2A). The corresponding RFS rates
were 65.1%, 29.8% and 14.0%, respectively, in the anti-HBc-
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Figure 1. Study profile. Anti-HBc indicates antibody to hepatitis B core
antigen. 



positive group and 78.9%, 43.0% and 36.7%, respectively, in
the anti-HBc-negative group (p=0.001) (Figure 2B).

Univariate and multivariate analyses of factors contributing
to OS. Univariate analysis identified the following factors as
being significantly associated with OS for all cases (n=260):
Child–Pugh classification (p=0.015); HCC stage (p=0.001);
tumor number (p=0.001); total bilirubin >1 mg/dl (p=0.020);
serum albumin >4.0 g/dl (p<0.001); aspartate
aminotransferase (AST) >40 IU/l (p=0.039); prothrombin
time >80% (p=0.014) and DCP >100 mAU/ml (p=0.001)
(Table II). The hazard ratios (HRs) and 95% confidence
intervals (CIs) calculated using multivariate analysis for the
10 factors with p-values of <0.1 in univariate analysis are
detailed in Table II. Serum albumin >4.0 g/dl (p=0.036) and
DCP >100 mAU/ml (p<0.001) were found to be significant
predictors linked to OS in multivariate analysis.  

Univariate and multivariate analyses of factors contributing
to RFS. Univariate analysis identified the following factors
as being significantly associated with RFS for all cases
(n=260): anti-HBc positivity (p=0.001); Child–Pugh
classification (p=0.001); HCC stage (p<0.001); tumor
number (p<0.001); serum albumin >4.0 g/dl (p=0.004); AST
>40 IU/l (p=0.006); platelets >13×104/mm3 (p=0.036);
prothrombin time >80% (p<0.001) and AFP >10 ng/ml
(p=0.045) (Table III). The HRs and 95% CIs calculated

using multivariate analysis for the 10 factors with p-values
of <0.1 in univariate analysis are detailed in Table III. Anti-
HBc positivity (p=0.006), AST >40 IU/l (p=0.037) and DCP
>100 mAU/ml (p=0.046) were found to be significant
adverse prognostic factors linked to RFS.  

Causes of death. Forty-seven patients in the anti-HBc-
positive group (37.9%) died during the follow-up period. The
causes of death were HCC recurrence in 29 patients, liver
failure in 14 patients and miscellaneous causes in four
patients. Thirty-seven patients in the anti-HBc-negative
group (27.2%) died during the follow-up period, and the
causes of death were HCC recurrence in 18 patients, liver
failure in 12 patients and miscellaneous causes in seven
patients. 

HCC recurrence. In the present study, 95 patients with anti-
HBc-positive status (76.6%) and 72 anti-HBc-negative
(52.9%) had HCC recurrence during the follow-up period.
The patterns of HCC recurrence after initial treatment in the
anti-HBc-positive group were: single HCC recurrence in the
liver in 35 patients; multiple HCC recurrences in the liver:
in 48 patients, with lung metastases in six, with lymph node
metastases in one, with peritoneal dissemination in three
patients, with portal-vein tumor invasion in one; and with
bile duct invasion in one patient. The patterns of HCC
recurrence after initial treatment in the anti-HBc-negative
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Table I. Baseline characteristics of the anti-HBc-postive and the anti-HBc-negative groups. 

Variable Anti-HBc-positive group (n=124) Anti-HBc-negative group (n=136) p-Value

Age (years) 69.3±8.3 68.7±10.2 0.604a

Gender, male/female 102/22 97/39 0.041b

HCC stage
Stage I/II/III/IVA 18/66/34/6 22/72/36/6 0.989b

Initial treatment for HCC
Surgery/Ablation/TACE 50/65/9 67/59/10 0.326b

Maximum tumor size (cm) 4.0±2.9 3.8±2.5 0.356a

Tumor number, single/multiple 79/45 90/46 0.698b

Child-Pugh classification
Child-Pugh A/B 101/23 122/14 0.075b

AST (IU/l) 42.1±21.0 45.4±24.8 0.242a

ALT (IU/l) 32.6±36.1 35.7±21.4 0.398a

Serum albumin (g/dl) 3.87±0.52 3.91±0.51 0.533a

Total bilirubin (mg/dl) 0.99±0.60 0.91±0.54 0.246a

Prothrombin time (%) 85.3±20.7 87.7±16.8 0.312a

Platelets (×104/mm3) 14.0±7.1 14.3±7.3 0.693a
AFP (ng/ml) 1552.6±11575.9 149.7±632.2 0.180a

DCP (mAU/ml) 6846.3±46410.8 2697.9±8852.3 0.333a

Diabetes mellitus, yes/no 65/59 63/73 0.385b

Body mass index (kg/m2) 24.6±4.3 24.2±4.2 0.460a

Data are expressed as the number or mean±standard deviation. Anti-HBc: Antibody to hepatitis B core antigen; HCC: hepatocellular carcinoma;
TACE: transcatheter arterial chemoembolization; AST: aspartate aminotransferase; ALT: alanine aminotransferase; AFP: alpha-fetoprotein; DCP:
des-γ-carboxy prothrombin; a: unpaired t-test; b: Fisher’s exact test.
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Figure 3. Overall (OS) and recurrence-free survival (RFS) rates in male patients. A: Cumulative OS rates in anti-HBc-positive (n=102) and anti-HBc-
negative male patients (n=97). Anti-HBc indicates the antibody against hepatitis B core antigen. The difference was not significant (p=0.356). B:
Cumulative RFS rates in anti-HBc-positive (n=102) and anti-HBc-negative males (n=97). The difference was significant (p=0.019). 

Figure 2. Overall (OS) and recurrence-free survival (RFS) rates. A: Cumulative OS rates in anti-HBc-positive (n=124) and anti-HBc-negative cases
(n=136). Anti-HBc indicates the antibody against hepatitis B core antigen. The 1-, 3- and 5-year cumulative OS rates were 95.2%, 75.9% and
49.8%, respectively, in the anti-HBc-positive group and 95.6%, 82.3% and 68.6%, respectively, in the anti-HBc-negative group (p=0.069). B:
Cumulative RFS rates in anti-HBc-positive (n=124) and anti-HBc-negative cases (n=136). The 1-, 3- and 5-year cumulative RFS rates were 65.1%,
29.8% and 14.0%, respectively, in the anti-HBc-positive group and 78.9%, 43.0% and 36.7%, respectively, in the anti-HBc-negative group (p=0.001). 
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Figure 4. Overall (OS) and recurrence-free survival (RFS) rates in female patients. A: Cumulative OS rates in anti-HBc-positive (n=22) and anti-
HBc-negative female patients (n=39). Anti-HBc indicates antibody to hepatitis B core antigen. The difference was significant (p=0.015). B:
Cumulative RFS rates in anti-HBc-positive (n=22) and anti-HBc-negative females (n=39). The difference was significant (p=0.017). 

Figure 5. Overall (OS) and recurrence-free survival (RFS) rates in patients with Child–Pugh A class disease. A: Cumulative OS in anti-HBc-positive
(n=101) and anti-HBc-negative Child–Pugh A groups (n=122). Anti-HBc indicates the antibody against hepatitis B core antigen. The difference
was significant (p=0.045). B: Cumulative RFS rates in anti-HBc-positive (n=101) and anti-HBc-negative Child–Pugh A groups (n=122). The
difference was significant (p=0.001). 



group were: single HCC recurrence in the liver in 31
patients; multiple HCC recurrences in the liver: in 36
patients, with lymph node metastases in four, and with lung
metastases in one patient.

Treatment methods for the first HCC recurrence in the anti-
HBc-positive group were: surgical resection in three patients;
percutaneous ablation therapy in 40 patients; TACE in 28
patients; systemic chemotherapy in five patients; and no
specific treatment for 19 patients. Treatment methods for the
first recurrence in the anti-HBc-negative group were: surgical
resection in six patients; percutaneous ablation therapy in 37
patients; TACE in 16 patients; systemic chemotherapy in two
patients; and no specific treatment for 11 patients. 

Sub-group analyses according to gender. The proportion of
male patients in the anti-HBc-positive group was
significantly higher than in the anti-HBc-negative group. We,
therefore, performed sub-group analyses according to gender.
There was no significant difference in terms of OS between
male patients in the two groups [102 male patients (82.3%)
in the anti-HBc-positive group and 97 (71.3%) in the anti-
HBc-negative group] (p=0.356), but the difference in RFS
was significant (p=0.019) (Figure 3A and B). Both OS
(p=0.015) and RFS (p=0.017) differed significantly between
female patients in the two groups [22 female patients

(17.7%) in the anti-HBc-positive group and 39 (28.7%) in
the anti-HBc-negative group] (Figure 4A and B).

Sub-group analyses according to Child–Pugh classification.
Marginal significance was observed between the two groups in
terms of Child–Pugh classification (p=0.075), and we therefore
performed sub-group analyses according to Child–Pugh
classification. Significant differences were observed in both OS
(p=0.045) and RFS (p=0.001) between the two groups in
patients with Child–Pugh A [101 patients (81.5%) in the anti-
HBc-positive group and 122 (89.7%) in the anti-HBc-negative
group] (Figure 5A and B). In contrast, no significant
differences between the two groups were found in either OS
(p=0.672) or RFS (p=0.554) in patients with Child–Pugh B
[23 patients (18.5%) in the anti-HBc-positive group and 14
(10.3%) in the anti-HBc-negative group] (Figure 6A and B).

Discussion

To the best of our knowledge, this is the first reported
comparative study to investigate the relationship between
anti-HBc positivity and survival in patients with NBNC-HCC
who underwent curative therapy.

The results showed that anti-HBc positivity was the
strongest predictor associated with RFS in multivariate
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Figure 6. Overall (OS) and recurrence-free survival (RFS) rates in patients with Child–Pugh B class disease. A: Cumulative OS rates in anti-HBc-
positive (n=23) and anti-HBc-negative Child–Pugh B groups (n=14). Anti-HBc indicates the antibody against hepatitis B core antigen. The difference
was not significant (p=0.672). B: Cumulative RFS rates in anti-HBc-positive (n=23) and anti-HBc-negative Child–Pugh B patients (n=14). The
difference was not significant (p=0.554). 



analysis, although anti-HBc positivity was not significantly
associated with OS in multivariate analysis. However, when
patients with liver-unrelated deaths were excluded (four
patients in the anti-HBc-positive group and seven patients in

the anti-HBc-negative group), the difference in OS between
the two groups reached statistical significance (p=0.032, data
not shown). These results suggest that anti-HBc positivity
could be a useful marker for survival after curative therapy for
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Table II. Univariate and multivariate analysis of factors contributing to overall survival for all cases (n=260). 

Univariate analysis Multivariate analysis

Variables n p-Valuea HR 95% CI p-Valueb

Age ≥70 years (yes/no) 137/123 0.867
Gender (male/female) 199/61 0.739
Anti-HBc (positive/negative) 124/136 0.069 0.721 0.463-1.124 0.149
Child-Pugh classification (A/B) 223/37 0.015 1.032 0.526-2.025 0.927
HCC stage (I, II/III, IVA) 178/82 0.001 0.805 0.371-1.747 0.584
Maximum tumor size >3 cm (yes/no) 136/124 0.078 0.817 0.499-1.339 0.423
Tumor number (single/multiple) 91/169 0.001 0.704 0.340-1.458 0.345
Total bilirubin ≥1.0 mg/dl (yes/no) 88/172 0.020 0.731 0.420-1.272 0.267
Serum albumin ≥4.0 g/dl (yes/no) 131/129 <0.001 1.759 1.038-2.978 0.036
AST ≥40 IU/l (yes/no) 129/131 0.039 0.640 0.406-1.009 0.055
ALT ≥30 IU/l (yes/no) 120/140 0.484
Platelets ≥13×104/mm3 (yes/no) 134/126 0.314
Prothrombin time >80% (yes/no) 176/84 0.014 1.258 0.696-2.273 0.447
AFP ≥10 ng/ml (yes/no) 115/145 0.148
DCP ≥100 mAU/ml (yes/no) 143/117 0.001 0.403 0.245-0.663 <0.001
Diabetes mellitus (yes/no) 128/132 0.282
Body mass index ≥25 kg/m2 (yes/no) 116/144 0.955

HR: Hazard ratio; 95% CI: 95% confidence interval; Anti-HBc: antibody to hepatitis B core antigen; HCC: hepatocellular carcinoma; AST: aspartate
aminotransferase; ALT: alanine aminotransferase; AFP: alpha-fetoprotein; DCP: des-γ-carboxy prothrombin; a: Log-rank test; b: Cox proportional
hazard model.

Table III. Univariate and multivariate analysis of factors contributing to recurrence-free survival for all cases (n=260). 

Univarate analysis Multivariate analysis

Variable n p-Valuea HR 95% CI p-Valueb

Age ≥70 years (yes/no) 137/123 0.457
Gender (male/female) 199/61 0.845
Anti-HBc (positive/negative) 124/136 0.001 1.567 1.140-2.155 0.006
Child-Pugh classification (A/B) 223/37 0.001 0.955 0.585-1.560 0.854
HCC stage (I, II/III, IVA) 178/82 <0.001 0.758 0.434-1.324 0.330
Maximum tumor size ≥3 cm (yes/no) 136/124 0.484
Tumor number (single/multiple) 91/169 <0.001 0.609 0.357-1.040 0.069
Total bilirubin ≥1.0 mg/dl (yes/no) 88/172 0.189
Serum albumin ≥4.0 g/dl (yes/no) 131/129 0.004 1.111 0.769-1.604 0.575
AST ≥40 IU/l (yes/no) 129/131 0.006 0.709 0.513-0.979 0.037
ALT ≥30 IU/l (yes/no) 120/140 0.275
Platelets ≥13×104/mm3 (yes/no) 134/126 0.036 0.991 0.694-1.414 0.958
Prothrombin time >80% (yes/no) 176/84 <0.001 1.471 0.970-2.230 0.069
AFP ≥10 ng/ml (yes/no) 115/145 0.045 0.952 0.685-1.322 0.767
DCP ≥100 mAU/ml (yes/no) 143/117 0.064 0.717 0.517-0.995 0.046
Diabetes mellitus (yes/no) 128/132 0.751
Body mass index ≥25 kg/m2 (yes/no) 116/144 0.128

HR: Hazard ratio; 95% CI: 95% confidence interval; Anti-HBc: antibody to hepatitis B core antigen; HCC: hepatocellular carcinoma; AST: aspartate
aminotransferase; ALT: alanine aminotransferase; AFP: alpha-fetoprotein; DCP: des-γ-carboxy prothrombin; a: Log-rank test; b: Cox proportional
hazard model.



NBNC-HCC, and that patients with anti-HBc-positive NBNC-
HCC should be closely-monitored, even after curative therapy. 

Kusakabe et al. reported that 18 (40.0%) out of 45 patients
with NBNC-HCC were anti-HBc-positive (20), compared with
124 patients (47.7%) in the current study. The reason for the
slightly higher proportion of anti-HBc-positive cases in our
study is unclear. Ikeda et al. reported that in patients with
NBNC liver cirrhosis, occult HBV infection increased the
initial carcinogenesis rate, with a HR of 8.25 (95% CI=2.01-
33.93) (13), while in our analysis, anti-HBc positivity increased
the HCC recurrence rate after curative therapy with a HR of
1.567 (95% CI=1.140-2.155), indicating that anti-HBc
positivity was more strongly associated with initial, than with
second carcinogenesis in patients with NBNC liver disease. 

The anti-HBc-positive group included significantly more
male patients compared with the anti-HBc-negative group in
the current study. Ohki et al., in a large study of patients with
NBNC liver disease, also reported a significantly higher
proportion of male patients in the anti-HBc-positive group
compared with the anti-HBc-negative group (10). Moreover,
our sub-group analysis according to gender identified
significant differences in terms of both OS and RFS in
female patients, whereas the difference only reached
significance in terms of RFS in male patients. This suggests
that anti-HBc positivity may affect the clinical course in
women with NBNC-HCC more than in men. 

In the present study, the anti-HBc-positive group had more
advanced liver cirrhosis compared with the anti-HBc-
negative group, although the difference did not reach
significance. Previous studies also found that anti-HBc
positivity was correlated with advanced liver cirrhosis (11,
12), and our results were consistent with these reports.
Interestingly, subgroup analyses according to Child–Pugh
classification revealed significant differences between the
two groups in both OS and RFS in patients with Child–Pugh
A, while no significant differences in either OS or RFS were
found in patients with Child–Pugh B. Our results thus
indicate that anti-HBc positivity is associated with survival
in patients with NBNC-HCC with less advanced cirrhosis,
who have undergone curative treatment. 

Multivariate analysis identified high DCP levels as a
significant adverse prognostic factor linked to both OS and
RFS. High DCP levels indicate biologically aggressive HCC
(28). Kaibori et al. reported that preoperative serum DCP
levels were a prognostic indicator in NBNC-HCC (4). Our
results were in agreement with their reports, implying that
patients with NBNC-HCC with high pre-treatment DCP
levels need close observation even after curative therapy in
order to optimize their clinical outcomes. 

Serum albumin levels were significantly linked to OS in
multivariate analysis. Patients with liver cirrhosis and low
serum albumin levels can develop protein-energy malnutrition
with increased catabolism (29). Protein-energy malnutrition

is associated with high morbidity and mortality because of an
increased risk of life-threatening complications, such as
severe infections and bleeding, resulting in poor survival and
reduced quality of life (30). A high proportion of patients
with HCC have concurrent liver cirrhosis. Branched chain
amino-acid treatment may be effective for these patients (31). 

Elevated serum AST levels were significantly associated
with RFS, and almost significantly (p=0.055) with OS in
multivariate analysis. Kawamura et al. performed a large
retrospective study and reported that an AST level ≥40 IU/l
was an independent predictive factor for HCC development
in patients with non-alcoholic fatty liver disease (32).
Elevation of AST levels is also considered to be a useful
predictor in terms of HCC recurrence after curative treatment
for NBNC-HCC. 

There are several limitations to the present study. Firstly,
this was a single-center retrospective study. Secondly, the
median observation periods for the two groups were
relatively short for survival analysis. Larger prospective
studies with longer observation periods are, thus, needed to
confirm these results. However, the current study
demonstrated that anti-HBc positivity was associated with
poor survival of patients with NBNC-HCC who underwent
curative therapy. Anti-HBc positivity should, thus, be taken
into account when assessing the risk of HCC recurrence in
patients with NBNC-HCC. 
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