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Background: We sought to clarify the prevalence of occult hepatitis B virus (HBV) infection (OBI) and to 
determine whether OBI affects the surgical outcomes in curatively resected Japanese patients with hepatitis 
C virus (HCV)-related hepatocellular carcinoma (HCC).
Methods: A total of 257 patients with HCV-related HCC who underwent curative surgical resection were 
enrolled. All enrolled patients were serologically negative for HBV surface antigen and positive for HCV 
antibody. DNA was extracted from formalin-fixed paraffin-embedded liver tissue. OBI was determined by 
the HBV-DNA amplification of at least two different sets of primers by TaqMan real-time polymerase chain 
reaction. Surgical outcomes were evaluated according to overall survival (OS), disease-specific survival (DSS), 
and disease-free survival (DFS).
Results: OBI was identified in 15 of the 257 (5.8%) cases. In the multivariate analyses, the factors 
significantly correlated with OS were BMI >25 (P=0.0416), portal vein invasion (P=0.0065), and multiple 
tumors (P=0.0064). The only factor significantly correlated with DSS was T-stage (P=0.0275). The factors 
significantly correlated with DFS were liver fibrosis (P=0.0017) and T-stage (P=0.0001). The status of OBI 
did not show any significant correlation with OS, DSS or DFS, but a weak association with DSS (P=0.0603) 
was observed.
Conclusions: The prevalence of OBI was 5.8% in 257 cases of HCV-related HCC. Although a weak 
association between DSS and OBI was observed, and statistical analyses were limited by small number of 
OBI cases, no significant correlation between OBI and surgical outcomes was detected.
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Introduction

Hepatocellular carcinoma (HCC) is one of the most 
common malignant tumors, and in Japan it is the fourth 
leading cause of death among men and the sixth leading 
cause of death among women (1). Chronic hepatitis B virus 
(HBV) and hepatitis C virus (HCV) infections are major 
risk factors for HCC. The prevalence of HBV and HCV 
infections varies among geographic regions. In Japan, 
HCV infection is the most common etiology for HCC, 
accounting for approx. 70% of all HCC cases (2).

Occult HBV infection (OBI) is generally defined as 
negative HBV surface antigen (HBsAg) and positive or 
negative anti-hepatitis B core (anti-HBc) immunoglobulin 
G (IgG) status but HBV DNA is detectable in the serum 
and/or liver tissue (3), and OBI was recognized as one of 
the risk factors for the development of HCC (4). It has been 
speculated that OBI accelerates the progression of liver 
fibrosis in patients with chronic hepatitis C (CHC) and 
initiates the development of HCC in patients with CHC 
(4-13). However, several studies have reported that OBI is 
not associated with the disease progression of CHC or the 
development of HCC (14-18). The influence of OBI on 
patients with CHC thus remains controversial.

Although there have been several studies regarding OBI 
and HCC in Japan (7,10,18,19), the evidence obtained in 
those studies is not sufficient for any conclusion regarding 
the relationship between OBI and HCC (such as prevalence 
and clinicopathological characteristics) in a Japanese 
population. The accumulation of further studies regarding 
OBI and HCC in Japanese subjects is needed. We have 
focused on the influence of OBI on surgical outcomes of 
HCC patients, because no previous Japanese OBI studies 
focused on this issue, although curative surgical resection is 
the most frequent therapeutic strategy for HCC.

The mortality rate for HCC in Saga Prefecture (located 
on the island of Kyushu, the southwestern-most of Japan’s 
main islands) where our hospital is located, had been the 
worst in Japan for over 18 years. We thus consider that it is 
important to investigate the status of OBI in HCC patients 
in Saga Prefecture, particularly since the relationship 
between OBI and HCC is controversial. We previously 
investigated the prevalence and influence of surgical 
outcomes of OBI patients with neither hepatitis B nor 
hepatitis C (NBNC)-HCC treated at our hospital, and we 
found a 34.6% prevalence of OBI and no influence of OBI 
on the surgical outcomes of NBNC-HCC patients (20).  
As the next step in the investigation, we focused in the 

present study on the influence of OBI on patients with 
HCC based on HCV infection (C-HCC), which accounts 
for the majority of HCC patients in Saga Prefecture, and 
we determined the surgical outcomes of these patients after 
curative hepatic resection.

We conducted the present study to clarify the prevalence 
of OBI in a series of curatively resected Japanese C-HCC 
patients, and we attempted to determine whether OBI 
affects the surgical outcomes of such patients.

Methods

Patient backgrounds

This study was approved by Saga University’s medical 
ethics committee. Initially, 478 consecutive patients 
with primary hepatocellular carcinoma undergoing 
hepatic resection during the period from January 
1984 to December 2012 were enrolled. Among them,  
301 patients were serum HBsAg-negative and HCV 
antibody (Ab)-positive and thus considered C-HCC. 
Among these 301 patients, 276 underwent curative 
resection. Among these 276 patients, 19 were excluded 
because of lack of tissue or inappropriate tissue. Finally, 
257 patients with C-HCC were subjected to the study. 
All patients enrolled in this study had no lymph node 
metastasis or distant metastasis at the time of surgery.

Clinicopathological data such as age, gender, habitual 
alcohol drinking, diabetes, body mass index (BMI), Child-
Pugh classification, and indocyanine green retention rate 
at 15 minutes (ICG R15), serum albumin level, serum total 
bilirubin level, serum alpha-fetoprotein (AFP) level, serum 
protein induced by vitamin K absence or antagonists-II 
(PIVKA-II), tumor size, number of tumors, portal vein 
invasion (Vp), and survival information were extracted from 
the patients’ electronic medical records. ICGR15 data were 
unavailable for two patients, and serum PIVKA-II data were 
unavailable for 26 patients.

Histopathological analysis

The degree of fibrosis of noncancerous liver tissue was 
evaluated by two pathologists (K Kai and S Aishima). We 
used the New Inuyama classification, which is frequently 
used in Japan (F0, no fibrosis; F1, portal fibrosis widening; 
F2, portal fibrosis widening with bridging fibrosis; F3, 
bridging fibrosis plus lobular distortion; and F4, liver 
cirrhosis).
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DNA extraction from liver tissue

DNA was extracted from sections cut from formalin-fixed 
paraffin-embedded (FFPE) tissue blocks of noncancerous 
liver tissue (<10 mg) using a NucleoSpin® DNA FFPE 
system (Takara Bio, Shiga, Japan) per the manufacturer's 
instruct ions .  When we could not  obtain enough 
noncancerous liver tissue, FFPE tissue of the tumor was 
alternatively subjected to the DNA extraction. The DNA 
was eluted in 30 μl of Tris Borate EDTA buffer. The 
amount and quality of extracted DNA was confirmed by 
NanoDrop® (Thermo Fisher Scientific, Yokohama, Japan).

Detection of HBV-DNA and the determination of OBI

The regions of HBs, hepatitis B core (HBc), and hepatitis 
B x (HBx) in the HBV DNA were analyzed by TaqMan 
real-time polymerase chain reaction (PCR) per the 
manufacturer’s guidelines (TaqMan Fast Universal PCR 
Master Mix; Applied Biosystems, Foster City, CA). The 
oligonucleotide primers and probes which were specific 
for the S, X, and C regions of HBV were as described by 
Kondo et al. (19) Plasmid pBRHBadr72 (full-length HBV 
DNA) was used as an internal standard. Only the cases 
in which HBV DNA was detected by the TaqMan real-
time PCR using at least two different sets of primers were 
considered to exhibit OBI.

Statistical analysis

The statistical analyses were performed using JMP ver. 13 
software and SAS software ver. 9.4 (SAS Institute, Cary, 
NC). Student’s t-test, χ2 test, and Fisher’s exact test were 
used as appropriate for comparisons between two groups. 

Disease-free survival (DFS) was determined as the length 
of time after surgery that the patient survived without new 
lesions of HCC. Overall survival (OS) was determined from 
the time of surgery to the time of death or the most recent 
follow-up. Disease-specific survival (DSS) was determined 
from the time of surgery to the time of cancer-related 
death or the most recent follow-up. The maximum follow-
up period of our cohort is 10 years and median follow-
up period including all death cases is 5.3 years. A Cox 
proportional hazards model was used for the univariate 
and multivariate analyses. The purpose of the multivariate 
analysis was to adjust potential covariates for the comparison 
of OBI status; then, age, gender, and OBI status were always 
kept in the model and others were selected by the stepwise 
procedure with the P value threshold of 0.2. P values were 
two-sided, and those <0.05 were considered significant. 
All statistical analyzes were supervised by statisticians  
(S Komukai, A Kawaguchi).

Results

OBI status

The patients’ OBI status is summarized in Table 1. Among 
the total of 257 cases, 15 (5.8%) were defined as OBI. The 
details of HBV-DNA amplification by the TaqMan real-
time PCR of each HBV-DNA region were as follows:  
21 cases (8.2%) in the HBs region, 21 cases (8.2%) 
in the HBx region, and 43 cases (16.7%) in the HBc 
region. Seventy-one (27.6%) cases showed HBV-DNA 
amplification in at least one region.

Comparison of clinicopathological features of the OBI and 
non-OBI groups

The clinicopathological features of the 257 C-HCC patients 
are summarized in Table 2. The average patient’s age was 
67.5 years and there were 190 males (73.9%) and 67 females 
(26.1%). In the comparison of clinicopathological factors 
between the OBI group (n=15) and non-OBI group 
(n=242), only diabetes mellitus showed a significant 
difference (P=0.0468); all of the diabetes mellitus cases 
were in the non-OBI group. No significant difference was 
observed between the OBI and non-OBI groups regarding 
age, gender, alcohol-drinking habit, BMI, Child-Pugh 
classification, ICG R15, liver fibrosis, serum albumin 
level, serum total bilirubin level, serum AFP level, serum 
PIVKA-II level, tumor size, number of tumors, Vp, T-stage, 

Table 1 Status of occult HBV infection (n=257)

Status Number (%)

Occult HBV infection

Positive 15 (5.8)

Negative 242 (94.2)

Details of HBV amplification

HBc region 43 (16.7)

HBs region 21 (8.2)

HBx region 21 (8.2)

Amplification of at least one region 71 (27.6)
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Table 2 Clinicopathologic features of the patients with C-HCC (n=257) according to OBI status 

Characters Total cases (n=257) OBI (n=15) Non-OBI (n=242) P value

Age (years) 67.5±8.4 69.6±9.1 67.4±8.4 0.3203

Gender 0.2286

Male 190 (73.9) 9 (60.0) 181 (74.8)

Female 67 (26.1) 6 (40.0) 61 (25.2)

Habitual alcohol drinking 0.2941

(+) 123 (47.9) 5 (33.3) 118 (48.8)

(−) 134 (52.1) 10 (66.7) 124 (51.2)

Diabetes mellitus 0.0468

(+) 56 (21.8) 0 (0) 56 (23.1)

(−) 201 (78.2) 15 (100) 186 (76.9)

BMI (kg/m2) 22.5±3.3 22.0±2.2 22.5±3.4 0.5578 

Child Pugh classification 0.5319

A 199 (77.4) 13 (86.7) 186 (76.9)

B 58 (22.6) 2 (13.3) 56 (23.1)

ICG R15 (%) (n=255) 18.4±8.9 18.8±8.5 18.3±8.9 0.8321 

Liver fibrosis 0.7799

F0–2 83 (32.3) 4 (26.7) 79 (32.6)

F3/F4 174 (67.7) 11 (73.3) 163 (67.4)

Serum albumin (g/dL) 3.8±0.44 3.7±0.11 3.9±0.03 0.1605

Serum total bilirubin (mg/dL) 0.85±0.32 0.83±0.34 0.85±0.32 0.8774

AFP 743±2,813 555±1,387 754±2,879 0.7903 

PIVKA-II (n=231) 2,740±17,033 4,610±15,834 2,628±17,130 0.6846 

Tumor size (mm) 38.1±26.0 38.5±27.6 38.1±26.0 0.9607 

Solitary/multiple 0.1629

Solitary 167 (65.0) 7 (46.7) 160 (66.1)

Multiple 90 (35.0) 8 (53.3) 82 (33.9)

Vp 0.1299

(+) 70 (27.2) 7 (46.7) 63 (26.0)

(−) 187 (72.8) 8 (53.3) 179 (74.0)

T-stage 0.1053

T1/T2 144 (56.0) 5 (33.3) 139 (57.4)

T3/T4 113 (44.0) 10 (66.7) 103 (42.6)

BCLC staging 0.2744

0 22 (8.6) 0 22 (9.1)

A 120 (46.7) 6 (40.0) 114 (47.1)

B 45 (17.5) 2 (13.3) 43 (17.8)

C 70 (27.2) 7 (46.7) 63 (26.0)

Recurrence 0.3925

(+) 180 (70.0) 9 (60.0) 171 (70.7)

(−) 77 (30.0) 6 (40.0) 71 (29.3)

Data are shown as mean ± SD or number (percentage). OBI, occult HBV infection; SD, standard deviation; BMI, body mass index; Vp, 
portal vein invasion; BCLC staging, Barcelona clinic liver cancer staging.
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Barcelona clinic liver cancer (BCLC) staging and recurrence 
status.

Univariate analyses for OS, DSS and DFS

The results of the univariate analyses for OS, DSS and 
DFS are summarized in Table 3. The factors significantly 

correlated with OS were BMI >25 kg/m2 [P=0.0357, hazard 
ratio (HR) =0.64], Vp (P=0.0005, HR =1.83), T-stage 
(P=0.0005, HR =1.74), and multiple tumors (P=0.0002, 
HR =1.83). The factors significantly correlated with DSS 
were Vp (P=0.0423, HR =1.67) and T-stage (P=0.0141,  
HR =1.76). The factors significantly correlated with DFS 
were liver fibrosis (P=0.0014, HR =1.72), T-stage (P=0.0001, 

Table 3 Univariate analyses for OS, DSS and DFS after hepatic resection 

Characteristics n
OS DSS DFS

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

Age (years) 0.5210 0.4928 0.4943 

≤67 122 1 1 1

>67 135 1.11 (0.81–1.52) 0.85 (0.54–1.34) 1.11 (0.83–1.48)

Gender 0.6707 0.3067 0.2933 

Female 67 1 1 1

Male 190 1.08 (0.75–1.57) 1.34 (0.76–2.36) 0.84 (0.61–1.16)

Occult HBV infection 0.3128 0.0610 0.8321 

Absent 242 1 1 1

Present 15 1.39 (0.73–2.64) 2.10 (0.97–4.58) 0.93 (0.48–1.82)

Habitual alcohol drinking 0.8079 0.8574 0.2027 

Absent 134 1 1 1

Present 123 1.04 (0.76–1.42) 1.04 (0.66–1.63) 0.83 (0.62–1.11)

Diabetes mellitus 0.8293 0.8579 0.5913 

Absent 201 1 1 1

Present 56 1.04 (0.72–1.52) 1.05 (0.61–1.80) 1.10 (0.77–1.57)

BMI (kg/m2) 0.0357 0.3034 0.1839 

≤25.0 202 1 1 1

>25.0 55 0.64 (0.42–0.97) 0.74 (0.41–1.32) 0.78 (0.55–1.12)

Fibrosis 0.1781 0.2048 0.0014 

F0–2 83 1 1 1

F3,4 174 1.27 (0.90–1.79) 0.75 (0.47–1.17) 1.72 (1.23–2.40)

Vp 0.0005 0.0423 0.1085 

Absent 187 1 1 1

Present 70 1.83 (1.30–2.57) 1.67 (1.02–2.75) 1.32 (0.94–1.84)

T12/T34 0.0005 0.0141 0.0001 

T12 144 1 1 1

T34 113 1.74 (1.27–2.38) 1.76 (1.12–2.76) 1.79 (1.34–2.41)

Solitary/multiple 0.0002 0.0893 0.0021 

Solitary 167 1 1 1

Multiple 90 1.83 (1.33–2.52) 1.50 (0.94–2.40) 1.62 (1.19–2.20)

OS, overall survival; DSS, disease-specific survival; DFS, disease-free survival; HR, hazard ratio; CI, confidence interval; BMI, body mass 
index; Vp, portal vein invasion.
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HR =1.79), and multiple tumors (P=0.0021, HR =1.62). No 
significance was observed for OBI status in the analysis of 
OS, DSS or DFS, although a tendency of poor outcome 
(P=0.0610, HR =2.10) was observed for OBI status in the 
DSS analysis.

Multivariate analyses for OS, DSS and DFS

The results of multivariate analyses for OS, DSS and 
DFS are summarized in Table 4. The factors significantly 
correlated with OS were BMI >25 kg/m2 (P=0.0416,  
HR =0.64), Vp (P=0.0065, HR =1.64), and multiple tumors 
(P=0.0064, HR =1.59). The factor significantly correlated 
with DSS was only T-stage (P=0.0275, HR =1.67). The 
factors significantly correlated with DFS were liver fibrosis 
(P=0.0017, HR =1.74) and T-stage (P=0.0001, HR =1.82). 
No significance was observed for OBI in each multivariate 
analysis of OS, DSS and DFS, although a tendency of poor 

outcome (P=0.0603, HR =2.15) was observed for OBI status 
in the DSS analysis.

Discussion

Although many studies have described the co-infection 
of HCV and OBI, the prevalence of OBI varies widely 
from region to region worldwide (5-8,10-18,21-25). 
The prevalence and HBV-DNA detection method used 
to examine previous series of HCV-infection cases are 
summarized in Table 5. The previously reported prevalence 
of OBI in cases with HCV infection varies from 5.2% to 
76% (5-8,10-18,21-25). The prevalence of OBI in the 
present investigation of 257 patients with HCV infection 
was 5.8%. This result seems relatively low compared to the 
previous studies. However, all of the prior Japanese studies 
analyzing OBI in HCV-infected patients reported low OBI 
prevalence values, ranging from 5.2% to 7.8% (7,10,18), 
and our present result is thus reasonable for a Japanese 
population. As demonstrated in Table 5, our study is the 
largest analysis regarding OBI and C-HCC in a Japanese 
population.

Previous studies conducted in Japan and our present 
findings suggest that the prevalence of co-infection of 
HCV and OBI is lower in Japan than other countries. 
However, the differences in the prevalence of OBI may be 
due in part to the lack of methodological uniformity among 
the different studies (26). The previous Japanese series 
and the present study used real-time PCR using TaqMan 
probes, which have high specificity (7,10,18), whereas many 
previous studies from other countries regarding OBI and 
C-HCC (Table 5) were based on single-step or nested PCR 
(6,11-13,22), and the definition of OBI is not uniform 
among the studies.

The 2008 Taormina expert meeting (26) defined OBI as 
“the presence of HBV-DNA in the liver (with detectable 
or undetectable HBV DNA in the serum) of individuals 
testing HBsAg-negative by currently available assays” and 
recommended the analysis of DNA extracts from liver as 
well as from blood samples by real-time PCR or nested 
PCR using oligonucleotide primers specific for different 
HBV genomic regions. In the present study, OBI was 
determined by the HBV-DNA amplification of at least two 
different sets of primers by TaqMan real-time PCR.

The distinctive feature of present study is the use of 
DNA extracts from FFPE samples. As all previous OBI 
studies were based on frozen/raw liver tissue or serum 

Table 4 Multivariate analyses for OS, DSS, DFS

Type Characteristics HR (95% CI) P value

OS OBI 0.98 (0.50–1.92) 0.9621 

Age (>67 years) 1.02 (0.74–1.40) 0.9277 

Gender (male) 1.10 (0.75–1.60) 0.6403 

BMI > 25 kg/m2 0.64 (0.42–0.98) 0.0416 

Liver fibrosis 1.31 (0.92–1.88) 0.1397 

Vp 1.64 (1.15–2.35) 0.0065 

Multiple tumor 1.59 (1.14–2.22) 0.0064 

DSS OBI 2.15 (0.97–4.77) 0.0603 

Age (>67 years) 0.87 (0.55–1.38) 0.5637 

Gender (male) 1.36 (0.76–2.42) 0.2970 

T-stage 1.67 (1.06–2.63) 0.0275 

DFS OBI 0.67 (0.33–1.35) 0.2617

Age (>67 years) 1.16 (0.86–1.56) 0.3245

Gender (male) 0.86 (0.61–1.21) 0.3791

BMI >25 kg/m2 0.70 (0.48–1.01) 0.0532

Liver fibrosis 1.74 (1.23–2.46) 0.0017 

T-stage 1.82 (1.35–2.46) 0.0001

HR, hazard ratio; CI, confidence interval; Vp, portal vein 
invasion; OS, overall survival; DSS, disease specific survival; 
DFS, disease free survival; OBI, occult HBV infection; BMI, body 
mass index.
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samples (5-8,10-18,21-26), it was challenging to analyze the 
OBI status from FFPE samples. We therefore performed 
a pilot study using DNA extracted from FFPE tissues of 
overt HBV infection cases, and the results confirmed good 
HBV amplification in each primer set, even in old samples. 
We previously performed an analysis of OBI using FFPE 
liver tissue in 78 cases of NBNC-HCC and obtained the 
reasonable result of 34.6% OBI prevalence (20). Of course, 
although the ideal material for OBI testing is frozen/raw 
liver tissue, our studies suggest the usefulness of FFPE 
tissue for OBI testing.

Many previous studies evaluating the role of anti-HBcAb 
in the development of cirrhosis in HBsAg-negative patients 
with CHC (27) reported a significant association between 
anti-HBcAb and liver cirrhosis (28-35), but a few studies did 
not find such an association (36-38). Most of the previous 
OBI studies evaluating the role of HBV-DNA in serum and/
or liver tissue in the development of cirrhosis in HBsAg-
negative patients with CHC reported a negative association 
between OBI and cirrhosis (33,36,39-44), although other 
reports describe a significant association (6,13,45-47). In the 
present study, OBI status was not associated with the degree 
of liver fibrosis.

One of the main purposes of the present study was to 
verify whether OBI affects surgical outcomes of C-HCC 
patients. This issue has not been a focus of clinical research. 
We could find only one study from Taiwan analyzing 
surgical outcomes of 115 cases of C-HCC. Their results 
indicated that the OBI (n=16) or overt HBV (n=35) co-
infection of HCV served as an independent predictor for 
postoperative survival in C-HCC (8). In contrast, our 
present findings indicate a negative association between 
OBI and surgical outcomes of curatively resected C-HCC 
patients. However, a weak association between OBI 
and poor outcome was observed in both the univariate 
(P=0.0610, HR =2.10) and multivariate (P=0.0603,  
HR =2.15) analyses of DSS, although it was not significant. 
It is thus possible that if a greater number of cases were 
analyzed, a significant correlation of OBI and poor outcome 
may be observed. Taken together, our results suggest that 
to make any conclusion regarding the influence of OBI on 
surgical outcomes of C-HCC, a further accumulation of the 
studies is needed.

In the multivariate analyses, the factors significantly 
correlated with surgical outcomes were mostly tumor-
related factors, i.e., Vp, T-stage and multiple tumors. 
The natural history of C-HCC is that C-HCC often 
multicentrically develops in cirrhotic liver (48), and it T
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seems reasonable that the degree of fibrosis of background 
liver was significantly correlated with DFS in the present 
study. We also observed that obesity (BMI >25 kg/m2) is an 
independent favorable prognostic factor in OS. This result 
is consistent with a previous report that indicated obesity 
positively affected the surgical outcomes of patients with 
HCV-related HCC (49).

The limitations of our study were its retrospective 
nature, the long study period, the small number of patients 
(especially OBI patients), and the study's single-institution 
design. Information about neoadjuvant treatments, 
postoperative therapies, therapy for HCV infection, 
virological HCV status, serum HBc-Ab, HBs-Ab and 
serum HBV-DNA status was not available. Diagnostic and 
therapeutic modalities have also changed in recent years. 
Large retrospective or prospective studies adjusting pre- 
and post-operative therapeutic conditions would be ideal 
to determine the precise relationship between OBI and 
surgical outcomes of HCV-related HCC patients.

In conclusion, we analyzed the OBI status in 257 cases 
of C-HCC by using FFPE liver tissues. We identified OBI 
in 15 cases (5.8%). We found no significant correlation 
between OBI and surgical outcomes, although a weak 
association between DFS and OBI was observed and 
statistical analyses were limited by small number of OBI 
cases. We expect that further studies will clarify the 
relationship between OBI and C-HCC.
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