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Abstract
AIM: To investigate the risk factors and characteristics of hepatocellular carcinoma (HCC) in the patients with drug-resistant chronic hepatitis B (CHB).
METHODS: A total of 432 patients with drug-resistant CHB were analyzed retrospectively from January 2004 to December 2012. The patients were divided into two groups: the HCC group (n = 57) and the non-HCC group (n = 375). Two groups compared using logistic regression for various patients and viral characteristics in order to identify associated risk factors for HCC. Secondarily, patient and tumor characteristics of HCC patients with naïve CHB (N group; n = 117) were compared to the HCC group (R group, n = 57) to identify any difference in HCC characteristics between them.
RESULTS: A significant difference was found for age, platelet count, alpha-fetoprotein (AFP), positivity of HBeAg, seroconversion rate of HBeAg, virologic response, the Child-Pugh score, presence of rtM204I, and the duration of antiviral treatment in non-HCC and HCC group. Cirrhosis, age (> 50 years), HBeAg (+), virologic non-responder status, and rtM204I mutants were independent risk factors for the development of HCC. The R group had lower serum C-reactive protein (CRP) and AFP levels, earlier stage tumors, and a shorter mean tumor surveillance period than the N group. However, the total follow-up duration was not significantly different between the two groups.
CONCLUSION: 13.2% of patients with drug-resistant CHB developed HCC. Age, cirrhosis, YIDD status, HBeAg status, and virologic response are associated with risk of HCC. Patients with drug-resistant CHB and these clinical factors may benefit from closer HCC surveillance.  

© 2013 Baishideng. All rights reserved.
Key words: Carcinoma; Hepatocellular; Hepatitis B; Drug resistance; Risk factors; Characteristics
Core tip: There are few studies on hepatocarcinogenesis in patients with drug-resistant chronic hepatitis B (CHB) or on the characteristics of tumors arising from drug-resistant CHB. In the present study, the cumulative incidence rate of hepatocellular carcinoma (HCC) in patients with drug-resistant CHB was 4.6%, 6.9%, 8.87%, and 11.8% at the end of 1, 2, 3, and 5 years, respectively. Additionally, cirrhosis, age > 50 years, HBeAg (+), YIDD mutations, and a virologic non-responder status were independent risk factors for the development of HCC in CHB patients with drug resistance. Furthermore, there was a trend of poorer survival in patients with HCC arising from resistant CHB than in patients with HCC arising from naive CHB. 
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INTRODUCTION 

Chronic hepatitis B (CHB) is an important cause of morbidity and mortality worldwide
 ADDIN EN.CITE 

[1,2]
. The main goals of therapy for CHB patients are to prevent disease progression and to avoid the development of liver failure and hepatocellular carcinoma (HCC)3[]
. 

The introduction of oral nucleos(t)ide analogue (NA) therapy during the last two decades has revolutionized the CHB treatment
 ADDIN EN.CITE 

[4,5]
. 

Although nucleoside/nucleotide analogues (NAs) are very effective at inhibiting HBV reverse transcriptase, the long-term use of NAs leads to the development of drug resistance. The risk of developing lamivudine (LAM) resistance is 14%-32% in the first year and up to 70% by the fifth year. For LAM resistance, the signature rtM204V/I and rtL180M mutations occur in more than 70% of CHB patients
 ADDIN EN.CITE 

[6]
 7[]
. The rtM204V/I, a mutation located at the catalytic YMDD motif
 ADDIN EN.CITE 

[8-10]
, and the rtL180M mutations serve as compensatory mutations10[]
. The rtA181T mutation has also been reported in a substantial proportion of LAM-resistant patients
 ADDIN EN.CITE 

[9]
. The risk of developing adefovir (ADV) resistance is 2-3% and 28-29% by the second and fifth year of monotherapy treatment in naïve patients, respectively
 ADDIN EN.CITE 

[11,12]

. The major ADV-resistant mutants were rtN236T and rtA181T/V

[13]
. Resistance to entecavir (ETV) is rare when being used to treat naïve patients (1.5% by the fifth year)5[]
. However, in the presence of the rtM204I/V mutation, ETV resistance can occur if the rtI169T, rtT184A/F/G/I/L/S, rtS202G/I, or rtM250V mutation also exist
 ADDIN EN.CITE 

[14,15]
. 

It has been demonstrated that in patients with compensated cirrhosis, LAM therapy significantly reduces the risk of liver failure and HCC
 ADDIN EN.CITE 

[16]
. However, in patients who have developed LAM resistance, this beneficial effect is drastically compromised
 ADDIN EN.CITE 

[17]
. One study reported that old age, male gender, family history of HCC, HBeAg positivity, genotype C, and increased levels of ALT, HBV DNA and HBsAg were risk factors for the development of HCC in chronic hepatitis B patients18[]
. However, there are few studies on hepatocarcinogenesis in patients with drug-resistant CHB. 

Therefore, we determined the risk factors for the development of HCC in patients with drug-resistant CHB
. We also compared the tumor characteristics between HCC patients with drug-resistant CHB and HCC patients with CHB who were treated with antivirals.

MATERIAL AND METHODS

Patients and methods
Six hundred and forty-one patients with a documented CHB mutation who had experienced a viral breakthrough at our institution (Chonnam National University Hospital, Gwangju, Korea) between January 2004 and December 2012 were selected for this retrospective study. The 209 patients who were excluded included those whose entire set of laboratory data were not available at the end of the follow-up period, those who were co-infected with HIV, hepatitis C or hepatitis D, those who were chronic alcohol drinkers, those who had poor medication compliance and those who had been diagnosed with HCC before the CHB mutation occurred. In total, the data of 432 CHB patients (most of them, genotype C, we did not check the genotype of all patients (n = 90/432), but 100% of the 92 patients whose genotypes were checked were genotype C) with drug resistance were finally evaluated (Figure 1). To determine the risk factors for the development of HCC in patients with drug-resistant CHB, the patients were divided into two groups according to the occurrence of HCC (57 patients with HCC vs 375 patients without HCC). 

To compare the tumor characteristics between the HCC patients with drug-resistant CHB (R group) and the HCC patients with CHB treated with antivirals, we selected 119 HCC patients who had received first line antiviral treatment without evidence of drug resistance (N group) during the same period (Figure 1). 

The diagnosis of HCC was based on the following guidelines proposed by the Korea Liver Cancer Study Group and the National Cancer Center19[]
: (1) nodules > 2 cm in diameter with a typical pattern of HCC in one imaging study or AFP levels >200 ng/mL; and (2) nodules between 1 and 2 cm in diameter with a coincidental typical vascular pattern in two imaging studies. If these criteria were not met, biopsies were performed. Clinical staging was based on the modified UICC tumor-node-metastasis classification and the Cancer of the Liver Italian Program (CLIP) scores.
 ADDIN EN.CITE 

[19,20]
 
Clinicoradiological and virological variables and the occurrence of HCC were compared between the two groups. The clinicoradiological variables were age, sex, the Child-Pugh score, blood chemistry, AFP positivity, and the duration of the antiviral treatment. The virological variables were positivity of HBeAg, seroconversion of HBeAg, HBV DNA level, virologic response rate, and mutant type. Informed consent was obtained from all patients about the nature and purpose of the treatment modalities. 

Marker of HBV infection 

The hepatitis B e antigen (HBeAg) and antibodies to HBeAg (anti-HBe) were determined by commercially available radioimmunoassay systems (Abbott Laboratories, Abbott Park, IL, United States). The serum HBV DNA was quantified by the TaqMan® real time polymerase chain reaction (PCR) system (Applied Biosystems, Foster city, CA, United States). The lower limit of detection was 100 copies/mL.

Mutations were identified at the baseline using restriction fragment mass polymorphism (RFMP) analysis. 

Diagnosis and surveillance of HCC
All patients were examined for HCC by abdominal ultra-sonography (US) and/or abdominal computed tomography (CT) ± serum alpha-fetoprotein (AFP) examination every 3-12 mo. If HCC was suspected, additional procedures, such as CT, magnetic resonance imaging (MRI), angiography, and US guided biopsy, were performed as necessary to confirm the diagnosis. 

Definitions

A primary non-response was defined as a less than 1 log copy/mL decrease in the HBV DNA level from the baseline at 3 mo of treatment. A partial virologic response was defined as a ≥1 log copy/mL decline in the HBV DNA level from the baseline, but with a detectable load, at week 24. A complete virologic response was defined as an undetectable HBV DNA level by a sensitive PCR assay21[]
.  

The R group was defined as patients with HCC arising from drug-resistant CHB, and the N group was defined as patients with HCC arising from CHB receiving first line antiviral treatment without evidence of drug resistance. 

Subgroup analysis according to tumor surveillance interval, the R’ group was defined as patients with HCC arising from drug-resistant CHB who underwent frequent tumor surveillance (≤6 mo), and the N’ group was defined as patients with HCC arising from CHB treated with antivirals who underwent frequent tumor surveillance (≤6 mo). 

Statistical analysis 
The parametrical data were expressed as the means ± standard deviation (SD) when a normal distribution was assumed and were expressed as a median (range) when a normal distribution was not assumed to be present. The group comparisons were performed using the Pearson’s chi-square test and Mann-Whitney U-test. 

Logistic regression analysis was performed to evaluate the factors for the development of HCC. Factors that were significant in the univariate analysis were entered into a stepwise multivariate analysis to find the most significant risk factors. The hazard function data were estimated using the Kaplan–Meier curve and compared using the log rank test. A p-value of less than 0.05 was considered to be statistically significant. We performed statistical analysis using SPSS 20.0 (SPSS Inc., Chicago, USA).

RESULTS
Baseline characteristics of patients with drug-resistant CHB 
The median follow-up duration was 49.3 mo (range: 0-137 mo). The mean age of the patients was 48.48 (range 16-81) years. The mean duration of the antiviral treatment was 30.55 mo (4-120 mo). There were 309 men (71.5%) and 123 women (28.5%) included in the study. Additionally, 127 patients (29.4%) had cirrhosis; 350 patients (81%) were positive for HBeAg; 118 patients (27.3%) were rtM204I-positive; 54 patients (12.5%) were rtM204I/rtL180 M-positive; 39 patients (9.0%) were rtM204I+V/rtL180 M-positive; 125 patients (28.9%) were rtM204 V/rtL180 M-positive; 25 patients (5.8%) were rtA181T-positive; 2 patients (0.4%) were rtA181T/V-positive; 12 patients (2.7%) were rtN236T-positive; and 57 patients (13.2%) were positive for other mutations. 

The clinical characteristics of the two groups (HCC-positive group vs HCC-negative group) are shown in Table 1. There were no significant differences between the two groups for sex, initial HBV DNA level, serum aspartate aminotransferase (AST) level, alanine aminotransferase (ALT) level, or total bilirubin or albumin. A significant difference was found for age, platelet count, AFP, positivity of HBeAg, seroconversion rate of HBeAg, virologic response, the Child-Pugh score, presence of rtM204I, and the duration of antiviral treatment. 

Clinical and virologic factors associated with HCC occurrence
The univariate analysis showed that cirrhosis, age >50 years, partial virologic response, complete virologic response, the rtM204I (YIDD) mutation, HBeAg (+), platelet count, the Child-Pugh score, and the duration of antiviral treatment were associated with the development of HCC. The multivariate analysis showed that cirrhosis, age >50 years, negative complete virologic response, HBeAg (+), and the rtM204I (YIDD) mutation were independent risk factors for the development of HCC (Table 2).
Cumulative incidence of HCC in patients with drug-resistant CHB
The cumulative hepatocarcinogenesis rate in patients with drug-resistant CHB was 4.6%, 6.9%, 8.87%, and 11.8% at the end of 1, 2, 3, and 5 years, respectively. 

Kaplan-Meier analysis for the incidence rate of HCC in patients with drug-resistant CHB stratified by the patient and viral factors identified in multivariate analysis is shown in Figure 2.
The cumulative occurrence rate of HCC in cirrhotic patients with drug-resistant CHB was 3.93%, 5.55%, 6.71%, and 9.02% at the end of 1, 2, 3 and 5 years, respectively. The cumulative occurrence rate of HCC in HBeAg (+) patients was 3.0%, 5.09%, 6.01%, and 7.87% at the end of 1, 2, 3 and 5 years, respectively. The cumulative occurrence rate of HCC in rtM204I (YIDD) mutant patients was 2.3%, 3.0%, 4.16%, and 6.01% at the end of 1, 2, 3 and 5 years, respectively. The cumulative occurrence rate of HCC in patients greater than 50 years of age was 6.9%, 11.5%, 20.8%, and 23.1% at the end of 1, 2, 3 and 5 years, respectively. 

The cumulative occurrence rate of HCC in virologic non-responder patients was 2.3%, 4.6%, 11.5%, and 23.1% at the end of 1, 2, 3 and 5 years, respectively. 
Tumor characteristics of patients with HCC and drug-resistant CHB compared to patients with HCC and naïve CHB 
To compare the tumor characteristics between HCC patients with drug-resistant CHB (R group) and HCC patients with CHB treated with antivirals, we selected 119 HCC patients with CHB who received antiviral treatment (N group). The clinical characteristics of the two groups (R group vs N group) are shown in Table 3. There were no significant differences between the two groups for sex, age, presence of cirrhosis, tumor type, serum ALT, the Child-Pugh score, or the total follow-up duration. A significant difference was found for portal vein thrombosis, tumor stage (CLIP score, modified UICC), distant metastasis, platelet count, serum AST, C-reactive protein (CRP), AFP, and the mean tumor surveillance interval. The R group had lower serum CRP and AFP levels and earlier stage tumors than the N group. The total follow-up duration was not significantly different between the two groups. 

Subgroup analysis according to tumor surveillance interval 
The R group had tumors of an earlier stage and a lower AFP than the N group because of frequent tumor surveillance. Therefore, we performed a subgroup analysis to exclude the frequent tumor surveillance effect on tumor prognosis. Patients were divided into two groups (>6 mo vs ≤6 mo) according to the interval of their surveillance. 

Thirty-seven patients with drug-resistant CHB (R’ group) and 39 patients with naïve CHB who received antiviral treatment (N’ group) (surveillance interval ≤6 mo) were selected. The clinical characteristics of the two groups (R’ group vs N’ group) are shown in Table 4. There were no significant differences between the two groups for most variables analyzed. A significant difference was found in the serum CRP and AFP levels, the duration of the antiviral treatment, and the total follow-up duration. The R’ group had lower serum CRP and AFP levels than the N’ group at a similar stage. However, the total follow-up duration was shorter in the R’ group than the N’ group. 

In addition, 20 patients with drug-resistant CHB and 80 patients with CHB who received antiviral treatment (surveillance interval >6 mo) were selected. There were no significant differences between the two groups for most of the variables analyzed, including tumor stage, serum CRP and AFP levels, and total follow-up duration. 

DISCUSSION 
Antiviral therapy was shown to significantly reduce the risk of liver failure and HCC in patients with compensated cirrhosis and CHB 
 ADDIN EN.CITE 

[16]
. However, the development of LAM-resistance significantly compromises the effectiveness of this strategy
 ADDIN EN.CITE 

[17]
. Until now, there have been few studies about hepatocarcinogenesis in patients with drug-resistant CHB. 

Data regarding the characteristics of HCC that arise in patients with drug-resistant CHB are also lacking. 

Many countries rely on LAM as first-line antiviral therapy for CHB, and over time many patients will develop drug resistance.

Therefore, it is imperative that clinical and virologic factors associated with the development of HCC in this group of patients be delineated. 

In our study, we demonstrated that the cumulative incidence rate of HCC in patients with drug-resistant CHB was 4.6%, 6.9%, 8.87%, and 11.8% at the end of 1, 2, 3, and 5 years, respectively, and that cirrhosis, age >50 years, HBeAg (+), the rtM204I (YIDD) mutation, and virologic non-responder status were independent risk factors for the development of HCC in CHB patients with drug resistance. 
Previous studies primarily identified the rate of hepatocarcinogenesis with varying results. Akuta et al
 ADDIN EN.CITE 

[22]
. reported a cumulative hepatocarcinogenesis rate in LAM resistant hepatitis B genotype C patients of 2.2%, 5.9%, and 8.1% at the end of 1, 2, and 3 years, respectively, and they indicated that these hepatocarcinogenesis rates were similar to those in cirrhosis patients who had not received antiviral therapy (namely, the high-risk group for HCC development)
 ADDIN EN.CITE 

[23]
. Hosaka et al24[]
. reported that HCC developed in 18 of the 247 (7.3%) patients who had received adefovir add-on lamivudine during a 5-year period. Consistent with the results of other studies, the cumulative incidence rate of HCC in patients with drug-resistant CHB in our study was 4.6%, 6.9%, 8.87%, and 11.8% at the end of 1, 2, 3, and 5 years, respectively; however, our study had a larger number of cases than the other two studies. 

Regarding the risk factors that influence the development of HCC, Hosaka et al24[]
. reported that AST>70 IU/L, the rtM204I (YIDD) mutation, age >50 years and cirrhosis were independent risk factors for the development of HCC. Additionally, Yeh et al
 ADDIN EN.CITE 

[9]
 reported that the rtA181T mutation, age >50 years, and liver cirrhosis were significantly associated with the occurrence of HCC. In another study
 ADDIN EN.CITE 

[22]
, the cumulative HBV DNA non-detectable rate and ALT normalization rate were not significantly different with regards to the development of HCC. Our study showed, distinctly from other studies, that cirrhosis, age >50 years, a negative complete virologic response, the rtM204I (YIDD) mutation, and HBeAg (+) were independent risk factors for the development of HCC. In our study, the rtA181T mutation and HBV DNA level at the time of the documentation of the drug mutation were not associated with the occurrence of HCC. Consistent with other studies on naïve CHB patients18[]
, HBeAg (+) and a negative complete virologic response were associated with the development of HCC.
HCC arising from drug-resistant CHB (R group) had lower serum CRP and AFP levels and earlier stage tumors than HCC arising from naïve CHB (N group). Although the R group had an earlier stage tumors and lower serum CRP and AFP levels, the total follow-up duration was not significantly different between the two groups. We think these differences may be attributed to more frequent tumor surveillance in the R group. The R group may have had the same survival rates even if the R group had better prognostic factors, such as low tumor stage and low AFP and CRP levels compared to the N group. Therefore, we performed a subgroup analysis to exclude the frequent tumor surveillance effect on the tumor prognosis. The subgroup analysis showed that the patients with HCC arising from drug-resistant CHB who underwent frequent tumor surveillance (≤ 6 mo) (R’ group) had lower serum CRP and AFP levels than patients with HCC arising from CHB treated with antiviral treatment who underwent frequent tumor surveillance (≤ 6 mo) (N’ group) at the same stage. However, the total follow-up duration was shorter in the R’ group than the N’ group, paradoxically. Recent studies reported that an increased serum CRP level is associated with poor prognosis (tumor recurrence after a surgical resection, large tumor size, and poorly defined tumor type) of patients with HCC25[,26]
. Additionally, serum AFP is well known as a prognostic factor for patients with HCC
 ADDIN EN.CITE 

[27,28]
. These finding suggest that HCC patients with naïve CHB may have a better prognosis than HCC patients with resistant CHB, irrespective of the tumor stage or serum CRP or AFP levels in the frequent tumor surveillance group. That is, patients with HCC arising from resistant CHB may have poorer survival than patients with HCC arising from naïve CHB. These findings may be explained by the R group having poorer liver function because of incomplete viral suppression during follow-up. In fact, hepatic failure was the main cause of death in the R group (data not shown). To us, this is the most striking finding. 

However, in the HCC surveillance group, in which the surveillance exceeded 6 mo, there were no significant differences between the two subgroups for most of the variables analyzed, including tumor stage, serum CRP and AFP levels, and total follow-up duration. 

The first limitation of our study is that it was a retrospective single center study. Therefore, our results may not be generalizable to other patient populations.
The second limitation is a single data point for various viral markers (e.g., viral DNA) and laboratory values is another limitation since these factors are not static over time. Third, the relationship between risk factors, such as nucleotide substitution and the development of HCC, could not be presented. Fourth, we did not check the genotype of all patients (n = 90/432), but 100% of the 92 patients whose genotypes were checked were genotype C. In South Korea, it is well known that the genotype of CHB patients is almost always genotype C. 

Larger, prospective studies will be needed to confirm these findings. 
In summary, frequent HCC surveillance may identify early HCC in these high-risk patients, and patients with HCC arising from resistant CHB may have poor survival, irrespective of tumor stage or serum CRP or AFP levels. 

COMMENTS
Background
In patients with compensated cirrhosis, antiviral therapy significantly reduces the risk of liver failure and hepatocellular carcinoma (HCC). However, in patients who have developed drug resistance, this beneficial effect is drastically compromised. However, there are few studies on hepatocarcinogenesis in patients with drug-resistant chronic hepatitis B (CHB) or on the characteristics of tumors arising from drug-resistant CHB. 

Related publication

Hosaka et al reported that AST > 70 IU/L, the rtM204I (YIDD) mutation, age > 50 years and cirrhosis were independent risk factors for the development of HCC. Yeh et al reported that the rtA181T mutation, age > 50 years, and liver cirrhosis were significantly associated with the occurrence of HCC.

Innovations and breakthroughs

Cirrhosis, age > 50 years, HBeAg (+), YIDD mutants, and virologic non-responder status were independent risk factors for the development of HCC in CHB patients with drug resistance, and there was a trend of poorer survival in patients with HCC arising from resistant CHB than in patients with HCC arising from naive CHB. 
Applications

Frequent HCC surveillance may identify HCC early in these high-risk patients. 

Peer review
This is a large (n = 432) monocenter study aimed at evaluating the relationship between drug-resistant HBV chronic infection and the development of HCC. It is well written.
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Figure 1 Study patient flow. HCC: Hepatocellular carcinoma; CHB: Chronic hepatitis B.
A                                                                    B
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Figure 2 Cumulative risk. A, B: Hepatocellular carcinoma (HCC) in cirrhotic patients and in HBeAg (+) patients with drug-resistant chronic hepatitis B (CHB) (log rank test, P < 0.001, P = 0.008, respectively); C, D: HCC in YIDD patients and in patients > 50 years of age with drug-resistant CHB (log rank test, P =0.007, P = 0.001, respectively); E: HCC in complete virologic responders with drug-resistant CHB (log rank test, P = 0.003). 
Table 1 Characteristics of patients with drug-resistant chronic hepatitis B stratified by hepatocellular carcinoma status n (%)
	Variables
	Patients with HCC

(n = 57)
	Patients without HCC

(n = 375)
	P-value

	Gender (male)
	42(73.7)
	267(71.2)
	0.755

	Age (mean, yr)
	57.44±8.35
	47.03±12.25
	<0.001

	Presence of cirrhosis
	42 (73.7)
	85 (22.7)
	<0.001

	HBeAg positivity 
	36 (63.2)
	314 (83.7)
	0.003

	Seroconversion of HBeAg
	3 (5.3)
	78 (20.8)
	0.022

	Initial HBV DNA (< 2000 IU) 
	2 (3.5)
	27 (7.2)
	0.61

	Initial HBV DNA (>20000 IU)
	46 (80.7)
	314 (83.7)
	0.162

	Complete virologic response
	11 (19.3)
	135 (36)
	0.02

	Partial virologic response
	31 (54.4)
	271 (72.3)
	0.012

	Platelet count (103/mm3) (Median, range)
	103 (35-380)
	164.5 (34-330)
	<0.001

	AST U/L (Median, range)
	79.5 (22-707)
	63 (14-1494)
	0.126

	ALT U/L (Median, range)
	86.5 (11-590)
	82 (9-2280)
	0.770

	AFP IU/mL (Median, range)
	7.58 (1.54-1890)
	2.8 (0.65-980)
	<0.001

	Child-Pugh score
	5.51±0.85
	5.12±0.71
	0.002

	Viral mutation
	
	
	

	rtM204I
	25 (43.9)
	93 (24.8)
	0.004

	rtM204I/rtL180M
	4 (7)
	50 (13.3)
	0.098

	rtM204V/rtL180M
	14 (24.6)
	111 (29.6)
	0.492

	rtM204V+I/rtL180M
	3 (5.3)
	36 (9.6)
	0.451

	rtA181T
	3 (5.3)
	22 (5.9)
	1

	rtA181T/V
	1 (1.8)
	1 (0.26)
	0.224

	Duration of antiviral treatment (mo)
	24.31±15.28
	31.43±19.43
	0.004


HCC: Hepatocellular carcinoma; ALT: Alanine aminotransferase; AFP: Alpha-fetoprotein; AST: Aspartate aminotransferase; HBV: Hepatitis B virus.

Table 2 Multivariate analysis of the clinical and virologic factors associated with hepatocellular carcinoma occurrence
	Variables
	HR
	95%CI
	P-value

	Presence of cirrhosis
	8.196
	3.623-18.518
	<0.01

	Age >50 yr
	3.426
	1.445-8.123
	<0.01

	Complete virologic response
	0.164
	0.054-0.276
	<0.01

	Positivity of HBeAg
	2.893
	1.143-7.327
	<0.05

	Presence of rtM204I mutation
	3.412
	1.54-6.440
	<0.01


Table 3 Comparison of tumor characteristics between patients with hepatocellular carcinoma with resistant chronic hepatitis B (R group) and hepatocellular carcinoma with chronic hepatitis B treated with antivirals (N group) n (%)
	Variables
	R group (n = 57)
	N group (n = 119)
	P-value

	Gender (male)
	42(73.7)
	100(84)
	0.158

	Age (mean, yr)
	57.44±8.35
	55.37±10.61
	0.161

	Presence of cirrhosis
	55 (96.5)
	117 (98.3)
	1

	Portal vein thrombosis 
	8 (14)
	43 (36.1)
	0.004

	Vascular invasion 
	20 (35.1)
	47 (39.5)
	0.623

	Multi-nodular tumor type
	21 (36.8)
	55 (46.2)
	0.259

	CLIP score 
	0.75±0.85
	1.67±1.43
	<0.001

	Modified UICC stage (<IVA)
	50 (87.7)
	73 (61.3)
	<0.001

	Modified UICC stage (I/II/III/IVA/IVB)
	13/18/19/6/1
	18/34/21/28/18
	

	LN involvement 
	1 (2.1)
	14 (11.7)
	0.071

	Distant metastasis
	0 (0)
	13 (10.9)
	0.019

	AST U/L (Median, range)
	48 (20-415)
	61 (16-481)
	0.022

	ALT U/L (Median, range)
	39 (8-532)
	44 (3-203)
	0.616

	Platelet count (103/mm3)

 (Median, range)
	103 (23-380)
	126 (24-426)
	0.009

	CRP (mg/dL) (Median, range)
	0.34±0.37
	1.71±2.75
	<0.001

	AFP IU/mL (Median, range)
	48 (2-40591)
	107 (2-50000)
	0.003

	Child-Pugh score
	5.51±0.85
	5.91±1.32
	0.344

	Duration of anti-viral Tx. (mo)
	20 (0-72)
	6 (1-276)
	0.001

	Mean tumor surveillance period (mo)
	6.35±1.69
	8.71±2.86
	<0.001

	Total follow-up duration (d)
	842.51±702.57
	801.74±713.24
	0.721


UICC: Union Internationale Contre le Cancer; CLIP: Cancer of the Liver Italian Program; LN: Lymph node; ALT: Alanine aminotransferase; AFP: Alpha-fetoprotein; AST: Aspartate aminotransferase; HBV: Hepatitis B virus; CRP: C-reactive protein. 
Table 4 Comparison of tumor characteristics between patients with hepatocellular carcinoma with resistant chronic hepatitis B (R’ group) and hepatocellular carcinoma with chronic hepatitis B treated with antiviral treatment (N’ group): subgroup analysis based on tumor surveillance interval (≤6 mo)  n (%)
	Variables
	R’ group (n = 37)
	N’ group (n = 39)
	P-value

	Gender (male)
	27(73)
	31(79.5)
	0.594

	Age (mean, yr)
	55.24±7.94
	56.08±10.3
	0.695

	Presence of cirrhosis
	36 (97.3)
	39 (100)
	1

	Portal vein thrombosis 
	5 (13.5)
	8 (20.5)
	0.546

	Vascular invasion 
	11 (29.7)
	8 (20.5)
	0.431

	Multi-nodular tumor type
	27 (73)
	27 (69.2)
	0.803

	CLIP score 
	0.59±0.72
	0.97±0.98
	0.061

	Modified UICC stage (<IVA)
	34 (91.9)
	35 (89.7)
	1.0

	Modified UICC stage (I/II/III/IVA/IVB)
	11/11/12/3/0
	11/15/9/2/2
	

	LN involvement 
	0 (0)
	2 (5.1)
	0.496

	Distant metastasis
	0 (0)
	1 (2.6)
	1

	AST U/L (Median, range)
	48 (20-141)
	52 (16-481)
	0.283

	ALT U/L (Median, range)
	38 (8-199)
	44 (11-150)
	0.14

	Platelet count (103/mm3) (Median, range)
	101 (23-232)
	131 (24-260)
	0.059

	CRP (mg/dL) (Median, range)
	0.3 (0-2)
	0.5 (0-16)
	0.029

	AFP IU/mL (Median, range)
	27 (2-737)
	52 (3-16644)
	0.039

	Child-Pugh score
	5.51±0.85
	5.91±1.32
	0.982

	Duration of anti-viral Tx
	21.5 (8-72)
	7 (1-60)
	<0.001

	Total follow-up duration
	791.95±643.06
	1114.23±646.84
	0.033


UICC: Union Internationale Contre le Cancer; CLIP: Cancer of the Liver Italian Program; LN: Lymph node; ALT: Alanine aminotransferase; AFP: Alpha-fetoprotein; AST: Aspartate aminotransferase; HBV: Hepatitis B virus; CRP: C-reactive protein. 
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