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Abstract
Hepatocellular carcinoma (HCC) is a major cause of 
cancer death, and chronic hepatitis B is a serious 
worldwide problem. The epidemiology of HCC is dis-
tinctive. Hepatitis B virus (HBV) plays a major role 
in hepatocarcinogenesis. Prevention of HBV-related 
HCC is a key issue in current hepatology. This paper 
describes the prevention and clinical features of HBV-
related HCC, along with a short review of the disease.
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INTRODUCTION
Persistent infection by hepatitis C virus (HCV) or hepa-
titis B virus (HBV) is a background factor in almost all 
cases of  hepatocellular carcinoma (HCC) in Japanese 
patients, as it causes chronic hepatitis and liver cirrhosis, 
and ultimately HCC. Several studies have indicated that 
HCC develops mainly in the cirrhotic liver and alongside 
chronic liver diseases. It is widely accepted that viral 
cirrhosis caused by HBV or HCV infection is an impor-
tant risk factor for the development of  HCC. However, 
HCC can develop in non-cirrhotic livers, particularly in 
countries where HBV is endemic. The present paper 
discusses the clinical features of  HBV-related HCC and 
the importance of  viral status and viral eradication for 
improving the prognosis of  HBV-related HCC.

CARCINOGENIC FACTORS AFFECTING 
CHRONIC LIVER DISEASE (TYPE B)
It is believed that the incidence of  carcinogenesis is low 
in cases with fibrotic severity index F0 according to the 
new Inuyama classification of  chronic hepatitis related 
to HBV, whereas it increases with a decrease in cure rate 
in association with an increase in the fibrotic severity 
index F. It is thus believed that the incidence of  carcino-
genesis also increases with increased severity of  cirrhosis 
in patients with chronic hepatitis.

Accordingly, we examined carcinogenesis-modulating 
factors by long-term observation of  patients with HBV-
related liver cirrhosis[1].

Several studies have indicated that HCC develops 
mainly in the cirrhotic liver. It is widely accepted that viral 
cirrhosis due to infection by HBV or HCV is an impor-
tant risk factor for the development of  HCC. It has also 
been indicated that various factors and their interactions 
are involved in the etiology and pathogenesis of  HCC. We 
thus determined the rate of  HCC development to assess 
the risk factors for hepatocellular carcinogenesis in pa-
tients with HBV-related compensated viral cirrhosis.
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We previously concluded that a high HBV-DNA ti-
ter (more than 3.7 LGE/mL) was the most predictive 
factor of  the development of  HCC in HBsAg-positive 
liver cirrhosis. It was found by univariate analysis that 
the incidence of  carcinogenesis was affected by the fol-
lowing three factors with statistical significance: alanine 
aminotransferase (ALT) ≥ 100 IU/L (P = 0.008), lactate 
dehydrogenase (LDH) ≥ 480 IU/L (P = 0.014), and 
HBV-DNA ≥ 3.7 LGE/mL (P = 0.008). Relative risks 
for HCC were 2.04 (95% CI: 1.10-4.68), 2.00 (95% CI: 
1.08-4.56), and 2.84 (95% CI: 1.27-6.34) for these respec-
tive factors[1].

It was found by multivariate analysis using these fac-
tors that ALT and HBV-DNA levels were independent 
significant risk factors for HCC. The risk ratio in patients 
with ALT ≥ 100 IU/L to that in those with ALT <  
100 IU/L was 4.53, while the risk ratio in patients with 
HBV ≥ 3.7 LGE/mL to that in those with HBV-DNA 
< 3.7 LGE/mL was 7.71 (Table 1).

In fact, the interval from suspected diagnosis of  cirrho-
sis to development of  HCC in the high-HBV DNA group 
was shorter than that in the persistently low-HBV DNA 
group (Figure 1). Moreover, ALT in the high-HBV-DNA 
titer group was higher than that in the low-HBV-DNA 
titer group. Despite this finding, serum ALT level was not 
correlated with HBV-DNA level (Figure 2, P = 0.353)[1].

As in our data, Ikeda et al[2] reported that the develop-
ment of  HCC in the high-HBV-DNA group was shorter 
than that in the low-HBV-DNA group. Moreover, they 
reported that interferon could be effectively adminis-
tered in a selected group of  patients as a strategy for 
cancer prevention, even in those with cirrhosis. In addi-
tion, many reports have revealed that continuous treat-
ment with lamivudine (LAM) delays clinical progression 
in patients with chronic hepatitis B and advanced fibro-
sis or cirrhosis, significantly reducing the incidence of  
hepatic decompensation and the risk of  HCC[3,4].

These findings suggest that clinical efforts for viral 
eradication or reduction of  viral load will reduce the risk 
of  HCC in both HBV and HCV-related liver disease. 
However, in contrast to chronic hepatitis C, the carcino-
genesis in chronic hepatitis B in many cases is not cor-
related with the severity of  the fibrotic changes. These 
epidemiological results suggest that there may be differ-
ences in disease activity and mode of  disease progres-
sion, as well as cancer development, between hepatitis B 
and hepatitis C viral infections.

HBV-related hepatocarcinogenesis is associated with vi-
ral DNA integration into the host genome. Suppression of  
inflammation and regeneration may reduce the opportunity 
for DNA integration and, hence, the risk of  HCC, although 
this effect remains to be confirmed in clinical trials[5,6]. Most 
cases of  late-phase recurrence are thought to be due to 
metachronous multicentric or de novo carcinogenesis.

HBV-related hepatocellular carcinogenesis appears 
to be caused by the hepatitis virus itself  rather than the 
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Table 1  Carcinogenic factors involved in hepatocellular carcinoma in patients with type B cirrhosis[1]

Variable n Univariate analysis Multivariate analysis

P -value1 RR2 95% CI P -value3 RR2 95% CI

ALT (IU/L)
   ≥ 100 14 0.0083 2.044 1.098-4.677 0.025 4.525   1.202-17.030
   < 100 51 1.000 1.000
LDH (IU/L)
   ≥ 480 30 0.0138 2.000 0.878-4.558 NS (0.081) 2.880 0.881-9.412
   < 480 35 1.000 1.000
HBV-DNA (LGE/mL)
    ≥ 3.7 46 0.0082 2.836 1.269-6.340 0.014 7.712   1.511-39.365
    < 3.7 19 1.000 1.000

1P-values were obtained by using the log-rank test; 2Relative risks were calculated by comparing classes using a Cox regression analysis; 3P-value were 
obtained by using a Cox regression analysis. HBV: Hepatitis B virus; ALT: Alanine aminotransferase; LDH: Lactate dehydrogenase; NS: Not significant.
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Figure 1  Comparison of the cumulative incidence of hepatocellular carcinoma 
by viral level in patients with type B cirrhosis[1]. HBV: Hepatitis B virus.
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Figure 2  Correlation between HBV-DNA and alanine aminotransferase 
(ALT) levels in patients with type B cirrhosis[1].



inflammatory state characteristic of  hepatitis. Persistent 
high HBV-DNA concentration may itself  increase the 
risk of  carcinogenesis. Furthermore, clinical and patho-
logical differences exist between HBV genotypes B and 
C, and genotype C has a higher risk of  HCC develop-
ment than genotype B[7]. Genotype B-related HCC is less 
associated with liver cirrhosis and has a higher frequency 
of  solitary tumor as well as more satellite nodules than 
genotype C-related HCC[7].

Sequential analysis of  HBV-DNA is the key to assess-
ing the risk of  carcinogenesis. HCC develops in younger 
patients at a higher incidence and more rapidly due to 
HBV-DNA integration in the early stages of  chronic in-
fection.

Previous studies have reported that the incidence of  
HCC is higher in males than in females, and that the rate 
of  progression of  HBV infection is faster in males. As 
to HBV genotype, on the other hand, no Japanese HCC 
patients under 35 years in age had the B genotype (geno-
type Bj), which is different from the B genotype identi-
fied in Taiwan (genotype Ba): the genotype Bj is believed 
to give a relatively good prognosis[8].

Furthermore, HBV-related HCC often occurs in chil-
dren, and HCC induced by chronic HBV infection also 
tends to occur much earlier in patients infected in child-
hood than that in those infected in adulthood. 

CLINICAL CHARACTERISTICS OF 
HBV-RELATED HCC
HBV-related HCC occurs more often in younger pa-
tients with mild inflammation and fibrosis than in pa-
tients with HCV-related HCC. It has been reported in a 
domestic multicenter clinical study that liver function is 
relatively good in patients with HBV-related HCC and 
they are in disease stage Ⅰ in many cases, and that the 
diagnostic age of  HBV-related HCC is 52.1 years, while 
that of  HCV-related HCC is 62.9 years, about 10 years 
later than in HBV-related HCC patients[9].

However, in many cases of  HBV-related HCC, the tu-
mor disease stage is advanced (stage Ⅲ/Ⅳ), presenting 
an undifferentiated cancer type with portal vein infil-
tration, suggesting that HBV-related HCC has a worse 
prognosis and a more refractory character than HCV-
related HCC. Moreover, HBV-related HCC is infiltra-
tive, showing multinodular growth, unlike HCV-related 
HCC[10-12].

HBV-related HCC is often accompanied by portal 
vein tumor thrombus (PVTT). In our study, HBsAg-
positive cases were found in 70% of  PVTT patients, 
while anti-HCV serology was positive in 30% of  them. 
Although the prognosis was poor in most patients with 
HCC accompanied by PVTT, our combination chemo-
therapy is likely to be effective in achieving long-term 
survival and appears to exert anti-tumor activities with 
tolerable adverse effects in patients with advanced HCC 
accompanied by PVTT[13].

Although recurrence of  HBV-related HCC occurs 
often within 3 years of  hepatic resection, the rate of  re-

currence decreases thereafter. In addition, large tumors 
are found in many cases of  HBV-related HCC, but there 
are few cases of  multicentric recurrence, suggesting that 
hepatic resection should be the first-choice therapy in 
such cases[14].

On the other hand, multicentric recurrence occurs at 
a high incidence after resection in HCV-related HCC pa-
tients with impaired liver function, infrequently showing 
multicentric carcinogenesis at the time of  resection in 
elderly patients, which is a characteristic of  HCV-related 
HCC. Nagasue et al[15] reported that the 5-year disease-
free survival rate was 58% in patients with HBV infec-
tion, whereas it was 6% in those with HCV infection (P 
< 0.001). Thus, major hepatectomy is recommended for 
treating HBV-related HCC without cirrhosis to prevent 
early recurrence.

Furthermore, Roayaie et al[16] have reported the 5-year 
disease-free survival rate to be significantly higher in 
HBV patients treated with resection than in patients 
with HCV (49% vs 7%, P = 0.0480). Depending on 
preoperative liver function and tumor location, a much 
higher proportion of  patients with HBV-related HCC 
may become candidates for hepatic resection. There are 
significant differences in preoperative status, tumor char-
acteristics and disease-free survival rate between HCC 
patients with chronic HBV infection and those with 
HCV infection whose liver disease has not yet reached 
the end stage.

In light of  these points, curative treatments such as 
hepatectomy may become the first choice therapy of  
HBV-related HCC, since many large tumors are found 
and there are few cases of  multicentric carcinogenesis, 
suggesting that systematic hepatectomy focusing on the 
morphological type of  the portal vein branch may be 
desirable.

Hepatitis B status, tumor factors, and surgical type 
affected cancer recurrence after resection in patients 
with HCC related by concurrent chronic HBV infection, 
whereas only tumor factors affected recurrence in patients 
with HCC related by previous chronic HBV infection. 
Furthermore, Kubo et al[14] have reported viral status, de-
fined by a high viral load, the presence of  HBeAg, the ab-
sence of  anti-HBe antibody, and the absence of  precore 
mutant type HBV, as well as low platelet count and posi-
tive surgical margin, to be risk factors for recurrence after 
resection of  HCC in HBsAg-positive patients.

In response to these findings, viral elimination has 
been suggested as a strategy for improving recovery 
from HBV-related HCC. This prompted Koike et al[17] to 
conduct a univariate analysis, in which they reported that 
degree of  fibrosis, pathological grade of  HCC, and serum 
AFP levels were significantly linked to intrahepatic recur-
rence. In their multivariate analysis, degree of  fibrosis was 
the strongest factor in the recurrence of  HCV-related 
HCC (P = 0.004). In contrast, degree of  fibrosis did not 
influence the recurrence of  HBV-related HCC (P = 0.51) 
or NBNC-related (P = 0.77) HCC. Risk factors for HCC 
recurrence varied according to the state of  viral infection.
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De novo carcinogenesis may be present not only in 
well-differentiated HCC, but also in less-differentiated 
HCC, especially in HBV-related HCC; and the carcino-
genesis in HBV-related HCC may have different impacts 
from that in HCV-related HCC. The clinical conditions 
of  hepatitis virus have an impact on the outcomes of  
resection of  HBV-related HCC, making it necessary to 
position antiviral therapy for prevention of  recurrence 
as one therapeutic option for treating HBV-related HCC.

ANTIVIRAL THERAPY OF HBV-RELATED 
HCC
Kubo et al[18] concluded that the prognosis after resection 
of  HCC was worse in HBeAg-positive patients than in 
HBeAg-negative patients. Among patients who had un-
dergone transarterial chemolipiodolization, high HBV 
viral load was the most important risk factor for post-
treatment recurrence in cases of  complete necrosis, ir-
respective of  the locational pattern of  recurrence. The 
current findings underscore the need for future studies to 
examine the applicability of  antiviral therapy for reducing 
the risk of  HCC recurrence[19].

Recently, LAM, a nucleoside analog that inhibits 
reverse transcriptase, has been developed. Long-term 
treatment with LAM has been found to inhibit HBV 
replication, attenuate hepatitis and improve histological 
findings of  the liver. However, LAM therapy is not free 
from problems that require resolving, such as relapse of  
hepatitis as a consequence of  the emergence of  YMDD 
viral mutants. The effects of  LAM on the therapeutic 
outcomes of  HBV-related HCC patients have not been 
confirmed in randomized clinical trials (RCTs).

Kubo et al[20] have reported that LAM therapy im-
proves the tumor-free survival rate after curative resec-
tion in HBV-related HCC patients showing a high serum 
concentration of  HBV DNA, although careful follow-
up was necessary for detection of  YMDD viral mutants. 
Kuzuya et al[21] reported that there was no significant dif-
ference in cumulative recurrence rate of  HCC between 
the LAM group and the control group (P = 0.622). How-
ever, the median Child-Pugh score at the time of  HCC re-
currence was significantly different, being 5 (range: 5-6) in 
the LAM group and 7 (range: 5-12) in the control group 
(P = 0.005).

LAM therapy may be beneficial in patients with HBV-
related HCC after initial treatment, since the treatment 
may contribute to improvement in remnant liver function; 
therefore, LAM therapy may reduce the risk of  liver fail-
ure and extend the therapeutic options available for treat-
ment of  recurrent HCC.

It is likely that other antiviral therapies such as inter-
feron (IFN) treatment will be effective in HCV-related 
HCC[22].

Since the HBV-DNA level is a recurrence factor after 
transcatheter arterial chemoembolization (TACE) in pa-
tients with HBV-related HCC, IFN therapy may suppress 
recurrence and improve convalescence. IFN is believed 

to suppress tumor recurrence after treatment of  HCC in 
patients with HBV-related cirrhosis, especially in the high-
aspartate transaminase (AST) subgroup. In any case, the 
usability of  the prescription of  LAM in the following 
therapy should be reviewed from the viewpoint of  ver-
satility. It is expected that the usefulness of  LAM will be 
verified by RCTs, although there is the potential issue of  
drug tolerance stock.

Therefore, it is likely that LAM will be replaced by en-
tecavir (ETV), the appearance rate of  tolerance stock of  
which is low, as a standard remedy in the future. In this 
context, it may be necessary to review anew the cancer-
suppressive effects as well as the recurrence-suppressive 
effects of  ETV. On the other hand, with respect to HBV-
related HCC, IFN was assumed to suppress tumor re-
currence after treatment of  HCC in patients with HBV-
related cirrhosis, especially in the high-AST subgroup[23].

It appears that IFN may suppress recurrence by 
reducing the viral level or by direct antitumor effects 
in both HBV-related HCC and HCV-related HCC. Re-
cently, Sun et al[24] conducted an RCT, reporting that IFN 
therapy improved overall survival of  patients with HBV-
related HCC after curative resection, probably by delay 
in recurrence.

It will be necessary to review the significance of  anti-
viral therapy in the future, focusing on whether antiviral 
drugs such as LAM, ETV and IFN can contribute to 
improved convalescence from HBV-related HCC[25]. Fu-
thermore, LAM will most likely be replaced by tenofovir. 
Although ETV and pegylated interferon are the other 
2 drugs recommended as first-line therapy for HBV, te-
nofovir remains the first choice. In the future, tenofovir 
may prove to be effective in preventing recurrence and 
further investigations involving more cases are needed.

CONCLUSION
Chronic HBV infection is the primary risk factor for the 
future development of  HCC worldwide. Prevention of  
HBV-related HCC is accomplished by preventing HBV 
infection via HBV vaccination. Broad public health strat-
egies should include routine testing to identify chronic 
HBV infection, improved health infrastructures including 
human resources to provide diagnosis and treatment as-
sessment. For persons who are already chronically infect-
ed, development of  more effective antiviral therapies that 
can result in sustained suppression of  viral replication and 
hepatic necroinflammation may reduce the incidence of  
HCC. In the future, it will be necessary to review the sig-
nificance of  antiviral therapy to improve convalescence 
from HBV-related HCC. 
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