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Background and Aims: Although antiviral treatment has been shown to reduce mortality 
in hepatitis B virus (HBV)-related hepatocellular carcinoma (HCC) patients with high HBV- 
DNA levels, it is still unclear whether it is useful in reducing mortality in patients with low 
HBV-DNA levels.
Methods: A retrospective analysis of 756 HBV-associated HCC patients at the Beijing Ditan 
Hospital with HBV-DNA levels < 500 IU/mL was conducted between January 2008 and June 2017. 
Patients were divided into antiviral and non-antiviral groups based on whether they received 
nucleos(t)ide analogue (NA) treatment when they were diagnosed with HCC in our hospital for 
the first time. We used 1:4 frequency matching by age, gender, tumor size, Barcelona Clinic Liver 
Cancer (BCLC) staging, anti-tumor therapy, cirrhosis, diabetes, and hyperlipoidemia to compare 
the antiviral (n = 366) and non-antiviral (n = 100) groups. A Cox multivariate regression analysis 
was employed to evaluate the effects of NA therapy on the hazard ratio (HR), and the Kaplan–Meier 
survival curve was used to determine the mortality risk in patients with HCC. A Log rank test was 
performed to analyze the effects of NA therapy on the survival rate of patients with HCC.
Results: After propensity score matching, the 1-, 3-, and 5-year overall survival (OS) rates 
for the antiviral and non-antiviral groups were 82.5%, 68.6%, and 52.2%, and 61.0%, 51.0%, 
and 38.0%, respectively. The l-year progression-free survival (PFS) rates for the two groups 
were 68.0% and 47.0%, respectively. The OS of the antiviral group was significantly higher 
than that of the control group (P < 0.001, P = 0.001, and P = 0.013, respectively). The 1-year 
PFS for the antiviral group was also significantly better than that for the non-antiviral groups 
(P = 0.005). After adjusting for confounding prognostic factors in the Cox model, the HR of 
5-year death after antiviral treatment was 0.721 (95% confidence interval [CI], 0.530–0.980, 
P = 0.037). Antiviral therapy is an independent protective factor for 5-year mortality in 
patients with HCC and low-level viremia.
Conclusion: Antiviral therapy significantly reduced mortality in HCC patients with low 
HBV-DNA levels.
Keywords: antiviral therapy, hepatitis B virus, low-level viremia, hepatocellular carcinoma, 
prognosis, nucleos(t)ide analog

Introduction
Primary liver cancer is the sixth most commonly diagnosed cancer and the third leading 
cause of cancer-related deaths worldwide.1 Hepatocellular carcinoma (HCC) is the 
dominant type of liver cancer. Hepatitis B virus (HBV) is the leading cause of incident 
cases of liver cancer and deaths worldwide, accounting for approximately 33%.2 
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Although there are several HCC treatment strategies, such as 
liver resection (LR), radiofrequency ablation (RFA), transar-
terial chemoembolization (TACE), or transplantation, as 
first-line therapy, the prognosis of HCC remains poor.3

In addition to anti-tumor treatment, antiviral therapy 
may benefit patients with HBV-associated HCC. Several 
studies have reported that antiviral therapy including 
TACE and RFA is minimally invasive, can improve the 
survival rate, and reduce the recurrence rate after 
resection.4–14 Therefore, it is recommended that HBV- 
associated HCC patients, particularly those with high 
viral loads, receive antiviral therapy. A retrospective 
cohort study recently revealed that 19.9% of chronic hepa-
titis B(CHB) patients had low-level viremia (LLV; 20– 
2000 IU/mL) after entecavir (ETV) treatment.15 

Although patients with HBV-DNA levels of < 2000 IU/ 
mL are typically identified as inactive or low-risk HBV 
carriers, the postoperative tumor recurrence and mortality 
rates among these patients are still high.16,17 Therefore, 
inhibiting HBV DNA replication and improving the reduc-
tion of the virus in vivo is still important in HCC patients 
with LLV. However, it is unclear whether antiviral therapy 
can improve patient survival or reduce recurrence.

The Management of Hepatocellular Carcinoma guide-
lines issued by the European Association for the Study of 
the Liver 2018 did not recommend any antiviral treatment 
for HBV-associated HCC. There is little evidence that 
HCC patients can benefit from antiviral therapy, and anti-
viral treatment has no direct anti-tumor effect. The 
Hepatitis B Management Guidelines issued by EASL 
2017 indicate that antiviral therapy should be provided to 
patients with compensated or decompensated cirrhosis, 
with detectable HBV-DNA levels.18 However, a recent 
study revealed that low-level viremia was associated with 
an increased risk of HCC, indicating that LLV is not 
harmless.20 Increasing evidence shows that antiviral ther-
apy with entecavir, tenofovir disoproxil, and tenofovir 
alafenamide can reduce the incidence of HCC in HBsAg- 
positive patients regardless of HBV-DNA levels.21–29 

However, it remains unclear whether HCC patients with 
low HBV-DNA levels can be effectively treated with anti-
viral therapy. This study was conducted to investigate this 
question.

We evaluated the role of antiviral therapy in HCC 
patients with LLV. The assessment of nucleos(t)ide analog 
(NA) therapy-attributable mortality and recurrence using 
propensity score matching (PSM) analysis was conducted 
to reduce heterogeneity between groups for further 

analysis. The potential prognostic characteristics of OS 
and PFS were also investigated.

Methods
Study Design and Participants
This retrospective cohort study was conducted to test the 
efficacy of antiviral therapy in HBV-associated HCC 
patients with low HBV-DNA levels and was approved by 
the Beijing Ditan Hospital. Between January 2008 and 
June 2017, 756 patients with HBV-DNA levels < 500 
IU/mL were newly diagnosed with HCC. Based on the 
2017 guideline approved by the European Association for 
the Study of the Liver (EASL), lamivudine (LAM), telbi-
vudine (TBV), entecavir (ETV), adefovir dipivoxil 
(ADV), tenofovir disoproxil fumarate (TDF), and tenofo-
vir alafenamide (TAF) were administered as the antiviral 
drugs.18 Patients in the antiviral group received NAs, 
whereas those in the non-antiviral group did not receive 
any antiviral treatment. Until there was unacceptable toxi-
city or consent was withdrawn, antiviral treatment was 
continued. The study was designed and driven by 
researchers and was not supported by any pharmaceutical 
company.

Patients who were newly diagnosed with HBV- 
associated HCC between January 2008 and June 2017 
were eligible for enrollment. HCC was diagnosed based 
on criteria provided by the European Association for the 
Study of the Liver.19

The inclusion criteria for this study were (1) age 18 to 
75 years, (2) radiologic diagnosis of HCC,19 (3) positive 
test for hepatitis B surface antigen (HBsAg), (4) initial 
serum HBV-DNA level < 500 IU/mL, and (5) good renal 
function (serum creatinine level < 133 mmol/L).

The exclusion criteria were (1) positive tests for anti-
bodies against the hepatitis C virus (HCV-Ab) and human 
immunodeficiency virus (HIV); (2) previous treatment of 
HCC; (3) complicated with other malignancies; and (4) 
treated with best support care.

Diagnosis and Treatments for HCC
The diagnosis and staging of HCC were established 
according to criteria provided by the European 
Association for the Study of the Liver.19 LR, RFA, and 
TACE are the initial treatment methods for HCC. After the 
initial treatment with LR, RFA, or TACE, patients who 
were eligible for subsequent treatments received RFA, 
TACE, and/or sorafenib as required. The subsequent 
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treatments depended on tumor burden, liver function, and 
patient requirements. After LR, RFA, or TACE for 6–8 
weeks, patients whose residual tumor enhancement and 
vascularity could be observed on CT imaging or hepatic 
artery angiography were recommended to repeat TACE or 
RFA combined with sorafenib therapy. Patients who were 
not suitable for any follow-up treatment were recom-
mended for sorafenib treatment. Liver transplantation 
was not performed in our institute; therefore, it was not 
used as a follow-up treatment for any patient in this study. 
The follow-up ended on June 31, 2017.

Antiviral Therapy
We collected information about patients who received 
NAs. According to the EASL Clinical Practice 
Guidelines,18 we recommended that every patient with 
chronic hepatitis B receives antiviral treatment before or 
after LR, TACE, or RFA regardless of the presence of 
cirrhosis. During our study, lamivudine, adefovir, telbivu-
dine, and entecavir were the available treatment options in 
China. However, patients were allowed to make choices 
and decisions (including receiving NAs and the type of 
NAs) according to their socioeconomic status. The patients 
treated with NA therapy (n = 715) were initially treated 
with lamivudine, adefovir, telbivudine, or entecavir. 
Patients were recommended to use alternative or addi-
tional NAs when HBV resistance was diagnosed. Among 
these, patients who were initially treated with lamivudine 
or telbivudine were administered adefovir as an additional 
NA (tenofovir was not available during the study period at 
our institute). Patients initially treated with adefovir were 
switched to entecavir.

Statistical Analysis
Continuous data are expressed as mean ± standard devia-
tion. Non-normally distributed data are expressed as 
medians with ranges. Serum HBV-DNA levels are 
expressed logarithmically. The social science statistical 
program (SPSS 22.0) and R statistical software (version 
4.1.0) was used for statistical analysis. The Student’s 
t-test or Mann–Whitney nonparametric U-test was used 
to compare quantitative values. Categorical variables 
were tested using the chi-square test or Fisher’s exact 
test. PSM was performed to reduce heterogeneity 
between the antiviral and non-antiviral groups. The pro-
pensity score was estimated based on the tumor size and 
Barcelona clinical liver cancer (BCLC) staging. The 
Kaplan–Meier method was used to calculate overall 

survival (OS) and progression-free survival (PFS), and 
the Log rank test was used to compare the differences. 
The Cox proportional hazard regression model was used 
to gradually select variables for univariate and multi-
variate analyses. Univariate and multivariate Cox analy-
sis (backward stepwise, maximum likelihood ratio 
method) were used to elucidate independent risk factors 
affecting 1-year or 5-year survival of patients. Statistical 
significance was defined as a P-value < 0.05.

Results
Patients’ Characteristics
As shown in Figure 1, from January 2008 to June 2017, 
2111 patients were diagnosed with HBV-associated HCC 
at the Beijing Ditan Hospital, Beijing, China, and 853 
patients exhibited HBV-DNA levels < 500 IU/mL.

The number of patients with HBV-associated HCC 
enrolled in this study according to the inclusion and exclu-
sion criteria was 756, including 583 men and 173 women. 
The age range was 45–67 years, with a median age of 55 
years. The NA treatment and control groups were deter-
mined based on whether the patient received NA antiviral 
therapy. Table 1 presents the differences between the two 
groups in the baseline data of hyperlipoidemia, cirrhosis, 
HBeAg level, white blood cell count (WBC), platelet 
(PLT), and alanine aminotransferase (ALT) levels (P < 0.05).

Survival Analysis Before and After PSM 
Processing
As shown in Figure 2, before PSM, the 1-year OS rates of 
the antiviral treatment and control groups were 84.9% and 
69.8%, respectively, and the Log rank test difference was 
statistically significant (P < 0.001). The 1-year PFS rates 
of the two groups were 67.7% and 51.9%, respectively, 
and the Log rank test was statistically different (P = 
0.0013). As shown in Figure 2, the 5-year OS rates of 
the antiviral treatment and control groups were 37.7% and 
32.1%, respectively, and the Log rank test difference was 
statistically significant (P = 0.0016). The PFS rates of the 
two groups were 20.0% and 11.3%, respectively, and the 
Log rank test was statistically different (P = 0.016). All 
patients were followed up for 1 year or 5 years, and the OS 
and PFS rates of the patients in the antiviral treatment 
group were superior to those of the patients in the control 
group.

As shown in Table 2, after 1:4 frequency matching by 
age, gender, tumor size, Barcelona Clinic Liver Cancer 
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(BCLC) staging, anti-tumor therapy, cirrhosis, diabetes, 
and hyperlipoidemia of the antiviral treatment and control 
groups, the 1-, 3-, and 5-year OS rates were 82.5%, 68.6%, 
and 52.2%, and 61.0%, 51.0%, and 38.0%, respectively. 
All values exhibited statistical differences (P < 0.05), and 
the survival rate of the antiviral treatment group was 
higher than that of the control group. The 1-year PFS 
rates of the two groups were 68.0% and 47.0%, respec-
tively. The 1-year PFS for the antiviral group was also 
significantly better than that for the non-antiviral groups (P 
= 0.005).

Univariate and Multivariate Analyses for 
1-Year OS After PSM Processing
Univariate Cox analysis revealed that antiviral therapy, γ- 
glutamyl transferase (γ-GGT) level, MELD score, alpha- 
fetoprotein (AFP) level, tumor size, and BCLC stage were 
significantly associated with 1-year OS (Table 3).

NA therapy was determined to be an independent pro-
tective factor for 1-year OS (hazard ratio [HR] = 0.564, 
95% confidence interval [CI] 0.382–0.833, P = 0.004), and 
γ-GGT (≥ 60 U/L, P < 0.001), MELD group (MELD score 
≥ 6.3, P < 0.001), AFP (≥ 400 ng/mL, P = 0.008), tumor 
size (≥ 5 cm, P < 0.001), and BCLC stage (C-D, P < 
0.001) were identified as independent risk factors for 
1-year OS using multivariate analysis.

Univariate and Multivariate Analyses for 
5-Year OS After PSM Processing
Univariate Cox analysis revealed that antiviral therapy, 
anti-tumor therapy, MELD score, AFP, tumor size, and 
BCLC stage were significantly associated with 5-year OS 
(Table 4).

NA therapy was determined to be an independent pro-
tective factor for 5-year OS (HR = 0.721, 95% CI 0.530– 
0.980, P = 0.037), and anti-tumor therapy (Minimally 
invasive or Systemic therapy, P < 0.05), MELD group 
(MELD score ≥ 6.3, P < 0.001), AFP (≥ 400 ng/mL, P < 
0.001), tumor size (≥ 5 cm, P < 0.001), and BCLC stage 
(C-D, P = 0.027) were identified as independent risk 
factors for 5-year OS by multivariate analysis.

Subgroup Analysis for 1-Year PFS After 
PSM Processing
The PFS meantime of the antiviral group was 10.79 
months, significantly longer than that of the control 
group (5.92 months, HR 0.575; 95% CI 0.41–0.807, P = 
0.001). The association between PFS and all baseline 
stratification factors was analyzed using the Cox propor-
tional hazards model. This analysis demonstrated that the 
most significant benefit of NA therapy was observed in 
patients with the following characteristics: age ≥50 years, 
male sex, without diabetes or hyperlipoidemia, presence of 
cirrhosis, PLT ≤ 100*10^9/L, ALT < 50 IU/L, tumor size ≥ 

Figure 1 Flow chart of patient enrollment.
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5 cm, BCLC grade 0 – A and C, and minimally invasive 
(Figure 3).

Subgroup Analysis for 1- and 5-Year OS 
After PSM Processing
The 1-year OS meantime of the antiviral group was 12.00 
months, significantly longer than that of the control group 
(12.00 months, HR 0.408; 95% CI 0.274–0.608, P < 
0.001). The association between 1-year OS and all base-
line stratification factors was analyzed using the Cox pro-
portional hazards model. This analysis demonstrated that 
the significant benefit of opting for NA therapy was 
observed in patients with the following characteristics: 
age ≥ 50 years, without diabetes or hyperlipoidemia, pre-
sence of cirrhosis, BCLC grade 0 - C, minimally invasive, 
and systemic therapy (Figure 4).

The 5-year OS meantime of the antiviral group was 
32.58 months, significantly longer than that of the control 
group (21.09 months, HR 0.681; 95% CI 0.51–0.911). The 
association between 5-year OS and all baseline stratifica-
tion factors was analyzed using the Cox proportional 
hazards model. This analysis demonstrated that the signif-
icant benefit of NA therapy was observed in patients with 
the following characteristics: age ≥50 years, male sex, 
without diabetes or hyperlipoidemia, the presence of cir-
rhosis, HBeAg < 1 S/CO, PLT ≤ 100*10^9/L, AFP ≥ 8.8 
ng/mL, tumor size ≥ 5 cm, and BCLC grade 0 - 
A (Figure 5).

Discussion
At present, the lower limit of detection of serum HBV 
DNA is generally 300–1000 copies/mL or 20–100 IU/mL. 

Table 1 Demographic and Clinical Characteristics of Study Patients

Non-Antiviral Group, n =106(%) Antiviral Group, n =650(%) P value

Age, years (mean ± SD) 56.5(50.0, 63.0) 56.0(50.0, 63.0) 0.745
Gender (Male) 80(75.5%) 503(77.4%) 0.664

Diabetes 21(19.8%) 147(22.6%) 0.520

Hyperlipoidemia 12(11.3%) 36(5.5%) 0.024*
Cirrhosis (Yes) 89(84.0%) 605(93.1%) 0.002*

HBeAg, S/CO 0.40(0.33, 0.53) 0.44(0.34, 1.16) 0.01*

WBC, 109/L 5.54(3.80, 7.30) 4.25(2.96, 5.61) <0.001*
Hemoglobin, g/L 132.2(117.3, 141.4) 133.4(115.0, 146.3) 0.356

Platelets, 109/L 125.6(80.5, 168.4) 89.4(58.9, 138.9) <0.001*
Albumin, g/L 39.1(33.2, 42.9) 38.6(34.0, 41.8) 0.726

Total bilirubin, umol/L 16.7(10.7, 37.4) 16.6(11.5, 23.8) 0.632

ALT, IU/L 32.8(21.0, 53.6) 26.2(19.5, 36.1) 0.001*
Creatinine, μmol/L 66.6(56.0, 80.0) 66.9(57.0, 77.1) 0.918

Prothrombin activity, % 81.7(68.4, 95.8) 81.7(69.8, 92.0) 0.739

α-Fetoprotein, ng/mL 10.5(3.5, 77.1) 10.9(4.0, 84.9) 0.975

Tumor size, cm 0.715

<5 70(66.0%) 458(70.5%)
>5 36(34.0%) 192(29.5%)

Tumor multiplicity (solitary) 74(69.8%) 436(67.1%) 0.577

BCLC staging 0.191

0-A 52(49.1%) 353(54.3%)
B 29(27.4%) 195(30.0%)

C 15(14.2%) 69(10.6%)

D 10(9.4%) 33(5.1%)

Anti-tumor therapy 0.966

Resection 12(11.3%) 77(6.2%)
Minimally invasive 88(83.0%) 533(82.0%)

Systemic therapy 6(5.7%) 40(6.2%)

Note: *p < 0.05. 
Abbreviations: HBeAg, hepatitis B early antigen; WBC, white blood cell; ALT, alanine aminotransferase; BCLC, Barcelona Clinic Liver Cancer.
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A B

C D

Figure 2 Kaplan–Meier curves of overall survival (OS) and progression-free survival (PFS) of 756 patients. (A) OS (P <0.001) and (B) PFS (P = 0.001) for 1 year, and (C) OS 
(P = 0.005) and (D) PFS (P <0.001) for 5 years.
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The serum HBV-DNA level of the patient is not equal to 
the viral load in the patient’s body fluids or liver.

Although serum HBV DNA cannot be detected in the 
vast majority of HBsAg-positive patients, the replication of 
the virus has not stopped. A considerable number of 
patients, particularly those with HCC development, have 
sustained HBV transcription and reverse transcription 
activities in the liver. Other steps including viral transcrip-
tion, translation, and further downstream events are not 
inhibited, as reflected by the continuous detection of viral 

proteins and nucleic acids, such as HBV pre-genomic RNA 
(pgRNA), covalently closed circular DNA (cccDNA), 
HBsAg, and other viral biomarkers, in the serum and 
liver.30–32 Therefore, in HBV-related HCC patients, 
although the serum virus level is low, persistent HBV infec-
tion may be an important factor for tumor recurrence and 
abnormal liver function.8 In addition, patients undergoing 
HCC anti-tumor therapy such as LR or TACE may develop 
HBV reactivation.33,34 Although novel compounds are 
emerging, current therapeutic options are still limited to 

Table 2 Baseline Characteristics of the Study Patients After the 1:4 Propensity Score Analysis

Non-Antiviral Group, n =100(%) Antiviral Group, n =366(%) P value

Age, years 57(50, 63) 55(49, 62) 0.520
Gender (Male) 76(76.0%) 281(76.8%) 0.871

Diabetes 19(19.0%) 59(16.1%) 0.494

Hyperlipoidemia 9(9.0%) 21(5.7%) 0.239
Cirrhosis (Yes) 87(87.0%) 330(90.2%) 0.361

HBeAg, S/CO 0.42(0.35, 0.48) 0.42(0.35, 0.76) 0.112

WBC, 109/L 5.49(4.04, 7.33) 4.14(2.90, 5.57) <0.001*
Hemoglobin, g/L 131.2(114.0, 141.2) 129.4(108.7, 145.0) 0.728

Platelets, 109/L 126.0(83.4, 177.0) 85.2(56.3, 139.7) <0.001*
Albumin, g/L 37.9(32.4, 42.5) 37.5(32.0, 40.9) 0.244

Total bilirubin, umol/L 17.4(10.8, 37.3) 12.1(17.9, 29.1) 0.788

ALT, IU/L 33.8(21.0, 53.4) 26.7(19.8, 37.1) 0.002*
Creatinine, μmol/L 66.0(55.7, 76.0) 66.0(58.0, 77.0) 0.869

Prothrombin activity, % 79.7(63.5, 94.4) 79.0(65.2, 91.0) 0.904

α-Fetoprotein, ng/mL 14.6(3.6, 108.2) 12.6(4.6, 124.8) 0.907

Tumor size, cm 0.465

<5 68(68.0%) 219(59.8%)
>5 32(32.0%) 147(40.2%)

Tumor multiplicity (solitary) 65(65.0%) 232(63.4%) 0.766

BCLC staging 0.988

0-A 50(50.0%) 184(50.3%)
B 28(28.0%) 105(28.7%)

C 13(13.0%) 48(13.1%)

D 9(9.0%) 29(7.9%)

Anti-tumor therapy 0.881

Resection 12(12.0%) 45(12.3%)
Minimally invasive 84(84.0%) 302(82.5%)

Systemic therapy 4(4.0%) 19(5.2%)

Progress

1 year 47(47.0%) 117(32.0%) 0.005*

Death

1 year 39(39.0%) 64(17.5%) <0.001*

3 year 49(49.0%) 115(31.4%) 0.001*
5 year 62(62.0%) 175(47.8%) 0.013*

Note: *p < 0.05. 
Abbreviations: HBeAg, hepatitis B early antigen; WBC, white blood cell; ALT, alanine aminotransferase; BCLC, Barcelona Clinic Liver Cancer.
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NAs and pegylated interferon (PEG-IFN). NAs are well 
tolerated and can effectively suppress HBV replication.35 

Long-term NA treatment induced marked depletion of 
cccDNA in the majority of patients.36 Antiviral therapy 
can reduce HBV postoperative reactivation in HCC patients 
with preoperative HBV-DNA levels < 100 IU/mL.37 

Therefore, the NA that inhibits HBV DNA replication and 
increases the reduction of the virus in vivo is still important 
in HCC patients with low viral loads.

The present results showed that in HBV-associated 
HCC patients with low viral loads, antiviral therapy sig-
nificantly reduced the recurrence rate of the tumor in 
patients after 1 year or even 5 years after matching the 
main tumor factors of the antiviral and control groups. 
This was consistent with the findings of previously 
reported HBV-associated HCC patients with high HBV 
levels, exhibiting a high degree of consistency.4 

Furthermore, NA therapy significantly enhanced not only 
1-year PFS but also 1- and 5-year OS in patients with 
HCC, particularly those with normal ALT. Antiviral 

therapy can reverse liver dysfunction and normalize ALT 
levels in patients with HBV-associated HCC.38 Our study 
has revealed that antiviral therapy can improve the prog-
nosis of patients with HCC although the viral loads are 
low and liver function is normal. Therefore, regardless of 
HBV-DNA and ALT levels, antiviral treatment is crucial 
in patients with HBV-associated HCC.

Active replication of HBV initiates the development of 
liver cancer through both direct and indirect 
carcinogenesis.39–44 Persistent viremia has been shown to 
impair tumor immune surveillance leading to viral replica-
tion and hepatocellular carcinoma development.45–47 

A recent study proposed that HBV-pgRNA in HBV- 
associated HCC patients with undetectable serum HBV- 
DNA predicts the response to NA treatment more sensitively 
and promotes proliferation, stemness, and tumorigenicity of 
HCC cells. Mechanistically, pgRNA could upregulate the 
expression of IGF2BP3, a well-proven oncoprotein, at the 
post-transcriptional level.48 These patients are more likely to 
develop multicentric cancer in the liver and exhibit 

Table 3 Univariate and Multivariate Cox Hazards Analysis for 1-Year Overall Survival of All Patients with Hepatocellular Carcinoma

Univariate Cox Analysis Multivariate Cox Analysis

P HR 95% CI P AdjustHR 95% CI

Gender (Male vs Female) 0.947 1.013 [0.691 1.486]

Age, years (≥50 vs <50) 0.726 0.936 [0.647 1.354]
History of smoking (yes vs no) 0.585 1.118 [0.749 1.670]

Alcohol abuse (yes vs no) 0.046* 1.504 [1.006 2.248]

Family history of CHB (yes vs no) 0.434 1.144 [0.817 1.601]
Family history of HCC (yes vs no) 0.897 0.943 [0.386 2.300]

Diabetes (yes vs no) 0.549 1.122 [0.770 1.634]

Hyperlipoidemia (yes vs no) 0.311 1.358 [0.752 2.453]
Cirrhosis (yes vs no) 0.055 2.226 [0.983 5.038]

WBC, 109/L (≥4 vs <4) 0.063 1.391 [0.983 1.968]

Platelets, 109/L (≥100 vs <100) 0.579 1.095 [0.794 1.512]
ALT, IU/L (≥50 vs <50) 0.861 0.964 [0.636 1.459]

HBeAg, S/CO (≥1 vs <1) 0.579 0.940 [0.755 1.170]

Anti-tumor therapy 0.219
Minimally invasive vs Resection 0.082 1.729 [0.934 3.200]

Systemic therapy vs Resection 0.251 1.674 [0.694 4.041]

Antiviral(yes vs no) 0.000* 0.474 [0.327 0.687] 0.004* 0.564 [0.382 0.833]
γ-GGT, IU/L (≥60 vs <60) 0.000* 3.524 [2.484 4.999] 0.000* 2.568 [1.726 3.821]

MELD score (≥6.3 vs <6.3) 0.003* 1.693 [1.198 2.393] 0.000* 1.990 [1.360 2.912]

α-Fetoprotein, ng/mL (≥400 vs <400) 0.000* 2.575 [1.840 3.604] 0.008* 1.675 [1.143 2.455]
Tumor Size, cm (≥5 vs <5) 0.000* 5.102 [3.585 7.261] 0.000* 2.709 [1.817 4.040]

BCLC staging (C-D vs 0-B) 0.000* 3.131 [2.197 4.462] 0.000* 2.082 [1.379 3.142]

Note: *p < 0.05. 
Abbreviations: CHB, chronic hepatitis B; HCC, hepatocellular carcinoma; WBC, white blood cell; ALT, alanine aminotransferase; HBeAg, hepatitis B early antigen; γ-GGT, 
γ-glutamyl transpeptidase; MELD, model for end-stage liver disease; BCLC, Barcelona Clinic Liver Cancer.
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upregulation of adhesion molecules that are present on the 
cell wall of the hepatic sinus wall, thereby indicating 
enhanced tumor development.

Many tumor characteristics are irreversible in HBV- 
associated HCC patients. However, antiviral therapy can 
alter the status of HBV infection. The major therapeutic 
effects of antiviral therapy are to prevent HBV reactiva-
tion, inhibit hepatitis activity, reduce inflammation in the 
liver, reverse cirrhosis, and improve liver function.49 

Antiviral therapy may reduce tumor recurrence by down-
regulating hepatic inflammation and related nuclear signal-
ing pathways, leading to tumor transformation at the 
cellular level, reversing fibrosis, and reducing regenerative 
stimulation at the tissue level.36,50,51 Antiviral therapy also 
reduces the expression of hepatitis B virus X protein 
(HBx), preventing HBV-DNA from integrating into the 
host chromosome or harnessing its malignant potential at 
the genomic level.52,53 Moreover, we observed that anti-
viral therapy significantly reduced the rate of tumor recur-
rence and improved the OS of the patients. Therefore, for 
HCC patients with low HBV-DNA levels, we recommend 

that the concept of antiviral therapy be changed from 
“rigid monitoring” to “the lower the better, the sooner 
the better.”

There are a few limitations in the current study; some 
must be considered when interpreting the study findings. 
First, patients received variable NAs, and different timing 
and duration of antiviral treatment also affected HBV 
reactivation. Second, cirrhosis was defined by sonographic 
features that are qualitative and prone to variation between 
observers. Although the propensity score was matched, the 
median of serum white blood cells and platelets in the 
antiviral group was lower than that in the non-antiviral 
group (Table 2). More accurate markers of liver cirrhosis 
based preferably on noninvasive tests should be used to 
define cirrhosis status. Third, this was a single-institution 
study. Additional studies are required to better understand 
the effects of antiviral therapy on the prognosis of HCC in 
other ethnic or geographical regions. Finally, genotype 
data were not available. However, it is well known that 
HBV genotypes B and C are the most common in HBsAg- 
positive patients in the Asia Pacific region.54

Table 4 Univariate and Multivariate Cox Analysis for 5-Year Overall Survival of All Patients with Hepatocellular Carcinoma

Univariate Cox Analysis Multivariate Cox Analysis

P HR 95% CI P AdjustHR 95% CI

Gender (Male vs Female) 0.488 1.098 [0.844 1.427]

Age, years (≥50 vs <50) 0.077 1.272 [0.974 1.662]
History of smoking (yes vs no) 0.344 1.136 [0.872 1.480]

Alcohol abuse (yes vs no) 0.489 1.1 [0.839 1.442]

Family history of CHB (yes vs no) 0.725 0.958 [0.753 1.219]
Family history of HCC (yes vs no) 0.564 1.215 [0.627 2.354]

Diabetes (yes vs no) 0.620 1.067 [0.826 1.379]

Hyperlipoidemia (yes vs no) 0.060 0.631 [0.390 1.019]
Cirrhosis (yes vs no) 0.525 1.227 [0.653 2.303]

WBC, 109/L (≥4 vs <4) 0.929 1.011 [0.790 1.295]

PLT, 109/L (≥100 vs <100) 0.267 1.157 [0.894 1.497]
ALT, IU/L (≥50 vs <50) 0.356 1.145 [0.859 1.528]

HBeAg, S/CO (≥1 vs <1) 0.375 1.075 [0.916 1.261]

Anti-tumor therapy 0.000* 0.000*
Minimally invasive vs Resection 0.012* 2.102 [1.173 3.764] 0.000* 2.851 [1.753 4.637]

Systemic therapy vs Resection 0.000* 2.710 [1.835 4.004] 0.002* 2.861 [1.453 5.634]

Antiviral(yes vs no) 0.000* 0.586 [0.440 0.779] 0.037* 0.721 [0.530 0.980]
γ-GGT, IU/L (≥60 vs <60) 0.000* 1.886 [1.512 2.353]

MELD score (≥6.3 vs <6.3) 0.000* 1.682 [1.342 2.108] 0.000* 1.667 [1.273 2.182]

α-Fetoprotein, ng/mL (≥400 vs <400) 0.000* 2.011 [1.563 2.587] 0.000* 1.732 [1.281 2.341]
Tumor Size, cm (≥5 vs <5) 0.000* 2.228 [1.723 2.880] 0.000* 1.778 [1.343 2.355]

BCLC staging (C-D vs 0-B) 0.000* 2.298 [1.817 2.905] 0.027 1.396 [1.040 1.875]

Note: *p < 0.05. 
Abbreviations: CHB, chronic hepatitis B; HCC, hepatocellular carcinoma; WBC, white blood cell; ALT, alanine aminotransferase; HBeAg, hepatitis B early antigen; γ-GGT, 
γ-glutamyl transpeptidase; MELD, model for end-stage liver disease; BCLC, Barcelona Clinic Liver Cancer.
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Figure 3 Subgroup analysis for 1-year progression-free survival after PSM processing.
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Figure 4 Subgroup analysis for 1-year overall survival after PSM processing.
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Figure 5 Subgroup analysis for 5-year overall survival after PSM processing.
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In conclusion, prophylactic oral antiviral therapy 
reduced HCC recurrence and increased treatment efficacy 
in patients with low HBV-DNA levels. This ultimately 
improved the survival rate of patients with HBV-related 
HCC. This study suggests that patients with low serum 
HBV-DNA load should immediately receive potent anti-
viral therapy.
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