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Abstract
Background Chronic HBV plays an important role in hepatocellular carcinoma pathogenesis. Previously, most studies have been
focusing on HBV DNA levels before the primary curative hepatectomy. However, the association of virus level before repeat
hepatectomy with the degrees of inflammation and fibrosis on histopathology and prognosis has not been surveyed.
Methods From January 2002 to December 2009, all patients who were seropositive for hepatitis B surface antigen (HBsAg) were
enrolled and assigned into four groups based on their HBV DNA levels before the primary and repeat hepatectomies. The cancer
prognoses of these four groups of patients after the first and second operations were assessed and compared. The disease-free
survival and overall survival were estimated by the Kaplan-Meier method. Univariate and multivariate analyses were performed
to identify risk factors for the primary and repeat hepatectomies.
Results For the 385 patients in this study, a low level of serum HBV DNA before repeat hepatectomy, but not primary hepatec-
tomy, was significantly associated with improvement in prognosis, in terms of tumor recurrence, liver fibrosis, and liver-related
mortality.
Conclusion The levels of HBV DNA before hepatectomies were crucial prognostic risk factors of HBV-related hepatocellular
carcinoma patients. Surveillance of serum HBV DNA levels at multiple time points, rather than at a single time point, and
antiviral therapy to suppress the virus to a low level had beneficial effects for these patients.
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Introduction

Hepatocellular carcinoma (HCC) is a major health prob-
lem, being the fifth most common malignancy in men
and the eighth in women and the third leading cause of
cancer-related death worldwide.1–4 Hepatitis B virus
(HBV) plays a pivotal role in hepatocarcinogenesis and
has been linked epidemiologically to the development of
HCC. The incidence of HCC is the highest in regions such
as Asia and Africa where chronic HBV infection is
endemic.1,3 Chronic HBV infection (CHB) is responsible
for approximately 54% of all cases of HCC and 70–90% of
such HBV-related HCC arising from cirrhosis. Most of
these patients undergo progressive chronic liver diseases,
including hepatitis, fibrosis, cirrhosis, and finally HCC.5,6

HBV viral replication is now recognized as the key driver
of liver injury and liver cancer.7

Recent studies have identified a significant association be-
tween serum HBV DNA level (which reflects the level of
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intrahepatic viral replication) and liver injury, liver fibrosis,
cirrhosis, and liver failure in patients with HBVinfection.6,8–11

Higher serum HBV DNA levels are also found to be associ-
ated with increased incidence of HCC.12,13 Consistently, anti-
viral therapy, which lowers HBV viral levels, is associated
with the restraint of clinical and histological disease
progressions.2,14–17 Meta-analyses show the incidence of
HCC in patients with CHB infection can even be reduced
using antiviral therapy.18,19

Both preoperative serum HBV DNA levels and liver his-
tology on inflammation and fibrosis in non-cancerous liver
tissues have been identified to be independent risk factors in
predicting prognosis after curative hepatectomy for HCC.
However, whether there is a causal link between HBV DNA
level and liver histology has not been well-established.
Additionally, although high HBVDNA levels have frequently
been linked to increased incidences of HCC and to recurrence
after curative resection for HCC,12,20 most previous studies
were based on serum HBV DNA levels at a single time point.
These observations did not take into account that HBV DNA
levels fluctuate in the natural progression of chronic HBV
infection and with antiviral therapy. Thus, the association of
a static HBV DNA level with HCC progression is unreliable.
A recent study demonstrated that persistently elevated serum
HBV DNA levels documented at two time points strongly
predicted the incidence of HCC.21–23

Here, we conducted a retrospective study to determine the
serum HBVDNA levels before primary Bcurative^ and repeat
Bcurative^ hepatectomies for patients with locally recurrent
HBV-related HCC. The study aimed to correlate the influence
of preoperative serum HBV DNA levels before the two oper-
ations with the degrees of inflammation and fibrosis in non-
cancerous liver tissues on histopathology and prognosis after
the operations.

Methods

Patient Identification

Between January 2002 and December 2009, all patients with
recurrent HBV-related HCC after primary curative hepatecto-
my who underwent repeat curative hepatectomy at the Liver
Surgery Unit were enrolled in this study. These patients were
all seropositive for hepatitis B surface antigen (HBsAg) before
the primary hepatectomy. A histopathological diagnosis of
HCC was confirmed after each of the two hepatic resections.
Curative hepatectomy was defined as the complete removal of
all tumors detected preoperatively and intraoperatively with a
clear microscopic margin.

The inclusion criteria for this study were as follows: (1)
seropositivity for HBsAg before the primary hepatectomy;
(2) histopathological diagnosis of HCC after the first and

repeat hepatectomies; (3) no extrahepatic metastasis; (4)
curative hepatectomies which were defined as the removal
of all tumors detected preoperatively and intraoperatively
with a negative resection margin using histopathological
examination (R0 resection); (6) no radiologic evidence of
invasion into major portal/hepatic venous branches; (7)
good liver function with Child-Pugh class A and baseline
serum alanine aminotransferase (ALT) levels of less than
two times the upper limit of normal (reference range <
40 IU/L) and no history of encephalopathy, ascites which
was refractory to diuretics, or esophagogastric variceal
bleeding; (8) good renal function (a serum creatinine level
< 133 μmol/L); and (9) no previous treatment for the HCC
patients before the first hepatectomy. The exclusion criteria
are listed in the patient flow chart in Fig. 1. This study was
conducted at the time when the importance of routine anti-
viral therapy was not recognized to be important as part of
treatment for patients with HBV-related HCC undergoing
liver resection.

This retrospective study was approved by the ethics
committee of the Eastern Hepatobiliary Surgery Hospital
(Shanghai, China). Informed consent was obtained from
all the patients for their data to be used for research
purposes.

Perioperative Management

All patients had blood tests including serum HBsAg, hepatitis
B virus e antigen (HBeAg) and its antibody, serumHBVDNA
levels, hepatitis C virus antibody (HCV-Ab), serum α-
fetoprotein (AFP), serum albumin, serum total bilirubin
(TB), aspartate aminotransferase (AST), ALT, and prothrom-
bin time (PT). Imaging studies included chest radiography
(CR), abdominal ultrasonography (US), contrast computer-
ized tomography (CT), and/or magnetic resonance imaging
(MRI).

After each operation, the resected HCC and its surrounding
liver tissues were examined both microscopically and macro-
scopically by a pathologist who was blinded to the patients’
clinical and biochemical information. Histopathological char-
acteristics of the tumor, including tumor number, tumor diam-
eter, tumor encapsulation, macroscopic vascular invasion, mi-
crovascular invasion, and resection margins, were evaluated.
The histological grade of HCC differentiation was determined
by the Edmonson-Steiner classification. The histological
grades of inflammation and fibrosis in the non-cancerous tis-
sues were assessed according to the scoring system by Ishak
and his associates.24

Surgical Procedures

The extent of liver resection was based on Couinaud’s
classification of liver segments. A major resection was
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defined as the resection of three segments or more, while a
minor resection involved two segments or less. Repeat
hepatectomy was recommended as the first choice for re-
sectable recurrent HCC. The selection criteria and surgical
procedures for repeat hepatectomy were the same as that
for the primary tumor. Preoperative evaluation of resect-
ability was determined by tumor factors, liver functional
reserve, and general physiological condition of patients.
During surgery, a bilateral subcostal incision was used.
The abdominal cavity was then carefully inspected for
the extent of local disease, extrahepatic metastases, and
peritoneal seeding. After liver mobilization, intraoperative
ultrasonography was performed routinely to determine the
position and the size of tumors and to assess their relation-
ship with vascular structures. Pringle maneuver was used
to occlude the blood inflow of the liver, with clamp/
unclamp cycles of 15/5 min. Liver transection was carried
out by a clamp-crushing method.

Postoperative Management

All the patients received the same postoperative care by the
same team of surgeons. They were all managed in the inten-
sive care unit during the early postoperative period.
Subsequent need for stay in the intensive care unit was deter-
mined by the patient’s condition. Liver function tests and
clotting profiles were monitored. No postoperative adjuvant
therapies were given to the patients.

Follow-Up

After discharge from the hospital, the patients were followed
up regularly at a monthly interval for the first year and then
once every 3 months thereafter. Patients were examined by
abdominal CT or MRI every 3–6 months. When recurrence
or metastasis was suspected, further investigations, such as
angiography and/or positron emission tomography-

Fig. 1 The patient flow chart for
this retrospective study. Of
18,329 patients, 385 patients were
finally included in the study
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computed tomography (PET-CT), were performed. The
recurrence-free survival was defined as the interval between
hepatectomy and diagnosis of recurrence. For further recur-
rence after repeat hepatectomy, radiofrequency ablation
(RFA), transarterial chemoembolization (TACE), or percuta-
neous ethanol injection (PEI) was chosen according to the
patient’s liver function, location of recurrent tumor, and extent
of intrahepatic metastasis. For patients with advanced or ex-
trahepatic metastatic HCC, sorafenib or symptomatic treat-
ment was given.

Statistical Analysis

Statistical analysis was performed using the SPSS 18.0
software. All values were expressed as mean ± standard
deviation or median with range as appropriate. Quantitative
values were compared using Student’s t test or the Mann-
Whitney non-parametric U test as appropriate. Frequencies
were compared by Pearson’s χ2 test. Paired observations were
compared by Student’s t test or the Wilcoxon signed-rank test
as appropriate. Multivariate analysis was carried out by the
Cox proportional hazard regression model. A two-tailed
P value of less than 0.05 was considered statistically
significant. Disease-free survival (DFS) and overall survival
(OS) curves were estimated by the Kaplan-Meier method, and
statistical comparisons were based on the log-rank test. When
four curves were compared, a P value of less than 0.05 was
considered statistically significant. When two of the four
curves were compared, a P value of less than 0.001 was
considered statistically significant.

Results

Patient Enrollment and HBV DNA Levels

From January 2002 to December 2009, partial hepatectomy
was performed on 18,329 patients with a preoperative
diagnosis of HCC at the Department of Liver Surgery, the
Eastern Hepatobiliary Surgery Hospital, China. Of these
patients, 17,944 (97.9%) were excluded from the study and
the remaining 385 patients were included in this retrospective
study according to the inclusion and exclusion criteria. They
all underwent repeat hepatectomy for intrahepatic HCC
recurrence (Fig. 1).

These 385 patients were divided into the following four
groups according to the preoperative HBV DNA levels
before the primary and the repeat hepatectomies
(Table S1): The persistently low group (group A), with
122 patients with persistently low HBV DNA levels (<
2000 IU/mL); the elevated group (group B), with 62 pa-
tients with low HBV DNA levels (< 2000 IU/mL) before
the first but high HBV DNA levels (≥ 2000 IU/mL) before

the second hepatectomy; the decreased group (group C),
with 130 patients with high HBV DNA levels (≥ 2000 IU/
mL) before the first and low HBV DNA levels (< 2000 IU/
mL) before the second hepatectomy; and the persistently
high group (group D), with 71 patients with persistently
high HBV DNA levels (≥ 2000 IU/mL) before the first
and the second hepatectomies.

The clinicopathological characteristics of these 385 pa-
tients are presented in Tables S2 and S3. Before the pri-
mary hepatectomy, there were no significant differences
in the variables between the patients in group A and in
group B and in group C and in group D, respectively
(Table S2). However, in the repeat hepatectomy, some
of these variables became significantly different: when
compared with group A, patients in group B had signif-
icantly higher levels of AST and ALT (P < 0.001), longer
prothrombin time (P = 0.016), and different HBeAg-
positivity profiles (P = 0.003). Similarly, patients in
group D had significantly higher levels of ALT and
AST (P < 0.001), longer PT (P = 0.032), and lower
ALB (P = 0.006), when compared with group C
(Table S3).

The Influence of Preoperative HBV DNA Levels
on the Degrees of Inflammation and Fibrosis
in Non-cancerous Liver Tissues

To determine whether there were any differences in the in-
flammation and fibrosis scores in non-cancerous liver tissues
within the different individual groups of patients between the
first and the repeat hepatectomies, Knodell inflammation
score and Ishak fibrosis score were calculated. As shown in
Fig. 2a, c, for patients in group A and group C who had low
HBV DNA levels before the repeat hepatectomy, the liver
inflammation and fibrosis scores in the non-cancerous tissue
were significantly lower in the repeat than in the primary hep-
atectomies. For patients in group B and in group D who had
high HBV DNA levels before the repeat hepatectomy, the
fibrosis scores were significantly higher in the repeat hepatec-
tomy, indicating that the livers developed degenerative chang-
es associated with the high HBVDNA levels before the repeat
hepatectomy (Fig. 2b, d). The representative HE images are
shown in Fig. S1.

The liver inflammation and fibrosis scores were then com-
pared among the four groups. In the non-cancerous tissues
from the primary hepatectomy, no significant differences in
Knodell inflammation score and Ishak fibrosis score were
found between group A and group B and between group C
and group D (Fig. 3a). However, in the non-cancerous tissues
from the repeat hepatectomy, there were significant differ-
ences in Knodell inflammation score and Ishak fibrosis
score between group A and group B (P < 0.001) and be-
tween group C and group D (P < 0.001) (Fig. 3b). These
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Fig. 2 Liver inflammation and fibosis before primary and repeat hepatectomies regarding the four groups of patients (a–d) were measured by Knodell
and Ishak scoring system. The distribution of the Knodell (left) and Ishak (right) scores were shown
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results suggested that there was a direct link between HBV
DNA levels and the degrees of liver inflammation and
fibrosis. The Knodell inflammation score and Ishak
fibrosis score in group C were significantly higher than in
group A (P < 0.001) in the non-cancerous tissues from the
primary hepatectomy. However, there were no significant
differences between group C and group A in the non-
cancerous tissues from the repeat hepatectomy. Similarly,
the Knodell inflammation score and Ishak fibrosis score in
group D in the non-cancerous tissues from the primary
hepatectomy were significantly higher than in group B
(P < 0.001), but the differences between group B and
group D for the non-cancerous tissues from the repeat hep-
atectomy were not significant even though the HBV DNA
levels were high in these two groups (Fig. 3). In the non-
cancerous tissues from both the primary and the repeat
hepatectomies, the Knodell inflammation score and Ishak
fibrosis score in group D were significantly higher than in
group A (P < 0.001). In the non-cancerous tissues from the
primary hepatectomy, the Knodell inflammation score and
Ishak fibrosis score in group C were significantly higher
than in group B (P < 0.001). These results were reversed
in the non-cancerous tissues from the repeat hepatectomy
(Fig. 3).

Antiviral Treatment

Two hundred thirty-six patients with HBV levels ≥ 2000 IU/
mL were given oral nucleoside analogs (lamivudine, 25 pa-
tients; adefovirdipivoxil, 135 patients; entecavir, 76 patients).
No antiviral treatment other than nucleoside analogs was ad-
ministrated in this study. One hundred six (25.7%) patients
received antiviral treatment before the primary hepatectomy,
and 130 (33.8%) patients received antiviral treatment before
the repeat hepatectomy.

The Influence of Preoperative HBV DNA Levels
on Disease-Free and Overall Survival Rates

There were 280 patients (280/385, 72.7%) who developed
intrahepatic HCC recurrence and 234 patients (60.8%) who
died within 48.9 + 26.9 months of follow-up. Most of these
patients died of cancer recurrence (n = 221), and 13 died of
liver failure. The mortality rate of liver failure for patients in
groups B and D was significantly higher than in group A and
group C (B/A, 6.5 vs 0.8%; D/C, 8.5 vs 1.5%, respectively).

For all the patients who were included in this study (n =
385), the disease-free survival rates for the 1st, 3rd, and 5th
year after repeat hepatectomy were 87.3, 48.1, and 31.6%,

Fig. 3 aDistribution of Knodell and Ishak scores of the four patient groups associated with the primary hepatectomy. bDistribution of Knodell and Ishak
scores of the four patient groups associated with the repeat hepatectomy
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respectively. The corresponding overall survival rates were
95.6, 59.2, and 44.7%, respectively. Using the Kaplan-Meier
survival analysis, the disease-free and overall survival rates in
group A and group C were significantly better than in group B
and group D (log-rank test, P = 0.001 and P = 0.002), suggest-
ing that changes in the preoperative HBV DNA levels be-
tween the two operations influenced the prognosis of HCC
patients after repeat hepatectomy (Fig. 4a, b).

Using the Kaplan-Meier analysis on the different groups of
patients, the disease-free survival and overall survival rates of
groupAwere significantly better than that of group B (log-rank
test, P = 0.003, P = 0.007) (Fig. 5a). The disease-free survival
rate in group C was significantly better than in group D (log-
rank test, P = 0.006), but the overall survival rate was not
significantly different (log-rank test, P = 0.018, Fig. 5b). As
the HBV DNA levels in group D were persistently high before
the first and the repeat hepatectomies, this suggested that the
HBV DNA levels were independent factors of prognosis.

The HBV DNA levels in group A and group C were low
before the repeat hepatectomy although they were different
before the primary hepatectomy. The DFS and OS rates were
not significantly different between these two groups (P =
0.400, P = 0.253, respectively, Fig. 5c). Similarly, the DFS
and OS rates of group B and group D showed no significant
difference (P = 0.798, P = 0.611, respectively, Fig. 5d), sug-
gesting that the HBV DNA levels before the repeat hepatec-
tomy, rather than before the primary hepatectomy, were a
predicting factor of prognosis.

Patients in group A and group D had vastly different HBV
DNA levels before the two hepatectomies. However, the
Kaplan-Meier analysis showed both the DFS and the OS in
group A were significantly better than in group D (Fig. 5e).
Interestingly, although patients in group C had a better DFS
and OS rates than group B, the difference was not significant
(P = 0.017 and P = 0.082, respectively, Fig. 5f). This indicated
the HBV DNA levels before the primary hepatectomy con-
tributed to prognosis less than the HBVDNA levels before the
repeat hepatectomy.

The Risk Factors of HBV-Related HCC Recurrence After
Repeat Hepatectomy

Univariate analysis was carried out for the 385 patients to
identify the risk factors of HBV-related HCC recurrence.
Tables S4 and S5 summarized the variable factors associated
with the primary and repeat hepatectomies, respectively.
Among the pretreatment characteristics of the primary hepatic
resection, Ishak score > 3 (P = 0.033) and disease-free surviv-
al time ≥ 24 months (P < 0.001) were closely associated with
the DFS rate of the repeat hepatectomy (Table S4). For param-
eters of the repeat hepatectomy, HBeAg positivity (P = 0.003),
HBV DNA levels ≥ 2000 IU/mL (P < 0.001), ALT > 40 IU/L
(P = 0.003), tumor size > 5 cm (P = 0.038), tumor numbers

(P < 0.001), microvascular invasion (P < 0.001), tumor cap-
sule formation (P = 0.032), Knodell score > 6 (P < 0.001), and
Ishak score > 3 (P < 0.001) were correlated with worse
disease-free survival after the repeat hepatectomy (Table S5).

The risk factors significantly associated with disease-
free survival (P < 0.05) on univariate analysis were entered
into multivariable analysis using the Cox proportional haz-
ard regression model (Table 1). Of the parameters associat-
ed with the primary hepatic resection, only disease-free
survival time ≥ 24 (P = 0.009) was an independent risk fac-
tor of HCC recurrence after the repeat hepatectomy.
However, HBV DNA loading ≥ 2000 IU/mL (P = 0.002),
tumor numbers (P = 0.011), microvascular invasion (P <
0.001), and Ishak score > 3 (P = 0.042) were independent

Fig. 4 Comparison of disease-free survival (a) and overall survival (b)
among patient groups. Log-rank test was used to determine the signifi-
cance of difference. P values were shown in each plot
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risk factors of cancer recurrence after the repeat hepatecto-
my (Table 1).

The Risk Factors of Overall Survival Rate After Repeat
Hepatectomy

For all the 385 patients, univariable analysis was used to as-
sess the risk factors related to OS after the repeat hepatectomy.
Among the factors in the primary hepatic resection, Knodell
score > 6 (P = 0.026), Ishak score > 3 (P = 0.004), and
disease-free survival time ≥ 24 (P < 0.001) were significant
independent risk factors (Table S6). As factors for the repeat
hepatectomy, gamma-glutamyl transpeptidase (GGT) >
60 IU/L (P = 0.021), HBeAg positivity, HBV DNA ≥
2000 IU/mL (P < 0.001), PT > 13 s (P = 0.025), tumor num-
bers (P = 0.002), tumor capsule formation (P = 0.036), micro-
vascular invasion (P = 0.002), Knodell score > 6 (P < 0.001),
and Ishak fibrosis score > 3 (P < 0.001) were poor prognostic
factors of OS (Table S7).

Factors identified by univariable analysis (P < 0.05) were
subjected to multivariable analysis using the Cox proportional
regression model. Disease-free survival time ≥ 24 (P = 0.025)
was the only independent risk factor related to the primary
resection for OS. For the repeat hepatectomy, HBeAg positiv-
ity (P = 0.035), HBV DNA ≥ 2000 IU/mL (P = 0.021), num-
ber of nodules (P = 0.035), microvascular invasion (P <
0.001), and Ishak fibrosis score > 3 (P = 0.022) were signifi-
cant risk factors associated with poor OS for patients with
recurrent HCC (Table 2).

Discussion

Currently, surgical resection remains the optimal curative ther-
apy for patients with hepatocellular carcinoma (HCC).1,2,4

With advancement in surgical techniques and patient care,
safety of curative resection has been dramatically improved.
Perioperative mortality has been reduced from 15% in the
1980s to 3–5% nowadays.25–27 Unfortunately, prognosis after
hepatectomy is still unsatisfactory due to the high postopera-
tive recurrence rate. Tumor recurrences occur in 43 to 65% of
patients within 2 years of surgery and up to 85% within
5 years.28–31 Repeat liver resection is still the best curative
treatment for recurrent HCC after hepatectomy.32 Studies have
reported survival rates to range from 37 to 64% at 5 years,
which is better than most other treatments.23

,29,33,34

�Fig. 5 Comparison of disease-free survival and overall survival among
patient groups. The differences between group A and group B (a), group
C and group D (b), group A and group C (c), group B and group D (d),
group A and group D (e), and group B and group C (f) were determined
by the log-rank test, respectively. P values were indicated in each plot
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Many studies have now focused on identifying risk factors
related to prognosis after repeat hepatectomy.23,34–37 Female
gender, young age, poor tumor grade, microscopic vascular
invasion, recurrent tumors > 3 cm, and serum albumin level
< 35 g/L have been found to be significant risk factors of poor
prognosis after repeat hepatectomy. Unfortunately, the role of
preoperative HBV DNA levels before repeat hepatectomy has
not been fully investigated. A high HBV DNA load, besides
being a major tumorigenesis factor, has been found to be sig-
nificantly associated to liver injury, cirrhosis, and HBV-related
HCC progression.12,20,38,39 Wu et al. found high HBV DNA
load (> 106copies/mL or > 20,000 IU/mL) to be an indepen-
dent risk factor of late HCC recurrence after primary hepatic
resection.40 A high load of HBV virus is known to induce
persistent hepatic inflammation and fibrosis, and ongoing he-
patic inflammation and cirrhosis favor carcinogenesis.
Furthermore, a high viral load promotes virus DNA integration
into the host genome, resulting in hepatic gene mutation, chro-
mosome instability, and tumor transformation.41 Hence, anti-
viral therapy to maintain a low HBV viral load improves prog-
nosis after liver resection by reducing HCC recurrence rates
and alleviating liver damage from inflammation and fibrosis.17

The levels of HBV DNA change under certain circum-
stances. For instance, effective antiviral drugs significantly
suppress viral levels, the immune system of the host may
attack the virus after infection, or hepatic resections can sig-
nificantly modulate or dampen the immune response of the
host resulting in immuno-suppression and HBV reactivation
in the perioperative period.42,43 Thus, it is necessary to inves-
tigate the HBV DNA level at various time points for patients
with HBV-related HCC.

In the present study, the patients were classified into four
groups depending on the HBV DNA levels before the primary

and the repeat hepatectomies. The HBV DNA levels in groups
A and B were low before the primary hepatectomy, but they
remained low in group A andwere high in group B. Before the
repeat hepatectomy, blood ALT and AST and Knodell and
Ishak scores were significantly higher, and the disease-free
survival and overall survival were significantly worse in group
B. The high HBV DNA levels before the repeat hepatectomy
could therefore be used to predict poor postoperative results.
Similar results were obtained in group C and group D patients,
with HBV DNA levels being high before primary hepatecto-
my, but they became low in group C and remained persistently
high in group D before the repeat hepatectomy. Comparison of
group A and group C patients who have different HBV DNA
levels before the primary hepatectomy but both having low
HBV DNA levels before the repeat hepatectomy showed no
significant differences in the overall survival rates. Similarly, in
group B and group D patients who had high HBV DNA levels
before the repeat hepatectomy but different HBV DNA levels
before the primary hepatectomy, the overall survival rates
showed no significant differences. Taken together, while a
high/low HBV DNA level before the primary hepatectomy
was not important, this level before the repeat hepatectomy
was an independent risk factor associated with cancer progno-
sis. These results further suggested that HBV DNA levels
should be determined before and after each liver resection,
rather than at a single time point. A low HBV DNA level
before primary resection for HBV-related HCC may not nec-
essarily mean a better prognosis. The HBV DNA level may
subsequently rise after primary hepatectomy, resulting in fur-
ther liver inflammation and fibrosis. A long-term suppression
of virus using antiviral therapy should be considered. For
patients who have a high HBV DNA level before primary
hepatectomy, measures should be taken to reduce viral load

Table 1 Multivariable analysis of
prognostic factors for DFS of
patients with recurrent HCC

Patients, n (%) Hazard ratio 95% confidence interval P

Disease-free interval between the primary and repeat hepatectomies (month)

< 24 159 (41.3) 0.714 0.554–0.921 0.009
≥ 24 226 (58.7)

HBV DNAa, IU/mL

< 2000 252 (65.5) 1.554 1.182–2.044 0.002
≥ 2000 133 (34.5)

Tumor numbera

Single 319 (82.9) 1.480 1.096–1.998 0.011
Multiple 66 (17.1)

Microvascular invasiona

Yes 316 (82.1) 1.812 1.336–2.457 < 0.001
No 69 (17.9)

Ishak fibrosis scorea

≤ 3 150 (39.0) 1.318 1.010–1.720 0.042
>3 235 (61.0)

a Factor associated with the repeat hepatectomy
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to improve prognosis, and antiviral therapy to maintain a low
HBV DNA level is beneficial to all patients with HBV-related
HCC undergoing liver resection.

HBV induces inflammation, damages, and results in the
rapid proliferation of hepatocyte cells. During regeneration
and compensatory growth, the damage results in liver fibrosis,
which eventually develops into cirrhosis. Previous studies
have shown lamivudine and telbivudine therapies effectively
suppress HBV DNA levels and improve liver function in pa-
tients with decompensated cirrhosis,44,45 and the level of HBV
is associated with liver inflammation and fibrosis. In this
study, patient groups with low HBV DNA levels before the
repeat hepatectomy had significantly lower hepatic inflamma-
tion and fibrosis scores. This study further showed advanced
inflammation and fibrosis before the primary hepatectomy
could be attenuated or even reversed as long as low HBV
DNA levels were attained before the repeat hepatectomy.
High serum HBV DNA levels before the repeat hepatectomy
resulted in poor prognosis after surgery.

In this study, high correlations between HBV DNA levels
and cancer recurrence and between Ishak score > 3 and dis-
ease-free/overall survival after the repeat hepatectomy could
be explained by the majority of patients having cirrhosis or
moderate to advanced fibrosis. Ko et al. also found liver fibro-
sis > 2 to be an independent risk factor of HCC recurrence.46

As effective antiviral therapy suppresses HBV, reduces liver
injury, improves liver function, and reduces the risk of cancer
recurrence in patients with HBV-related HCC, a low HBV
DNA load should be maintained after hepatic resection.

This study has limitations. First, this is a retrospective study
which has the inherent defects of such a type of study; second,

the antiviral therapies given to the patients were different. As
antiviral treatment was only given to 25 and 33.8% of patients
before the primary and the repeat hepatectomies, respectively,
we were unable to draw any conclusions on the impact of the
different types of antiviral therapies on the final outcomes of
the patients.

In conclusion, this study measured the HBV DNA levels
before primary and repeat hepatectomies, thus providing bet-
ter prediction on prognosis. In addition, this study supports
prolonged antiviral treatment for HBV-related HCC. Better
oncological outcomes can therefore be expected based on fre-
quent HBV surveillance and antiviral treatment before and
after hepatic resection.
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Table 2 Multivariable analysis of
prognostic factors for OS of
patients with recurrent HCC

Patients, n (%) Hazard ratio 95% confidence interval P

Disease-free interval between the primary and repeat hepatectomies (month)

< 24 159 (41.3) 0.725 0.547–0.960 0.025
≥ 24 226 (58.7)

HBeAga

Negative 275 (71.4) 1.346 1.020–1.776 0.035
Positive 110 (28.6)

HBV DNAa, IU/mL

< 2000 252 (65.5) 1.434 1.055–1.948 0.021
≥ 2000 133 (34.5)

Tumor numbera

Single 319 (82.9) 1.426 1.025–1.983 0.035
Multiple 66 (17.1)

Microvascular invasiona

Yes 316 (82.1) 1.999 1.444–2.765 < 0.001
No 69 (17.9)

Ishak fibrosis scorea

≤ 3 150 (39.0) 1.412 1.010–1.050 0.022
>3 235 (61.0)

a Factor associated with the repeat hepatectomy
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