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Clinical outcomes after interruption of entecavir therapy in HBeAg-negative chronic hepatitis B patients with compensated cirrhosis
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Summary
Background: Long-term nucleos(t)ide analogs therapy may reduce hepatocellular carcinoma (HCC) in chronic hepatitis B patients with advanced fibrosis or cirrhosis. Aim: This retrospective-prospective study aimed to investigate whether this beneficial effect would be reduced in cirrhotic patients who discontinued a successful course of entecavir (ETV) therapy. Methods: The study included 586 hepatitis B e antigen (HBeAg)-negative patients with compensated cirrhosis, mean age of 53.8(10 years and 81% males, treated with ETV for at least 12 months. After ETV therapy for 46.5±22.9 months, 205 patients who achieved hepatitis B virus (HBV) DNA suppression discontinued therapy. The clinical outcomes were assessed and HCC incidence was compared between propensity score (PS)-matched patients who continued and patients who discontinued ETV therapy by APASL stopping rule. Results: During a mean duration of 59.3(19 months after start of ETV therapy, 9 and 6 HCC developed in an estimated annual incidence of 2.3% and 1.6% in 154 PS-matched patients who continued and who discontinued ETV therapy, respectively (p=0.587). Multivariate Cox proportional hazards regression analyses showed that age (HR 1.065, p<0.001) and HBV DNA (HR 1.216, p=0.048) were the significant factors for HCC development. The rates of adverse clinical outcomes were comparable. Conclusions: The clinical outcomes, including HCC, after cessation of a successful course of ETV therapy in patients with compensated cirrhosis were comparable to those who continued therapy. The results suggest that this strategy of finite therapy is safe and a feasible alternative to indefinite therapy, especially in low resources setting.
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Introduction
Liver cirrhosis is a major risk factor for hepatocellular carcinoma (HCC) development in chronic hepatitis B virus (HBV) infection [1-4]. The annual incidence of HCC was reported to be 2-6% in patients with cirrhosis, collectively estimated 5-year cumulative incidence to be 17% in East Asia and 10% in Western regions [5-7]. Studies have shown that lamivudine (LAM) treatment can reduce the incidence of hepatic decompensation and HCC in patients with advanced fibrosis or cirrhosis, even in those with drug resistance [8-9]. With adefovir (ADV) rescue for LAM resistance, a review summarizing studies including those from Europe showed that the annual incidence of HCC was reduced as compared with LAM monotherapy [10]. The third generation nucleos(t)ide analog (Nuc), entecavir (ETV) and tenofovir disoproxil fumarate (TDF), are more potent than LAM and has no or very low incidence of drug resistance [11-13]. As expected, long-term ETV treatment was shown to be better than LAM in reducing HCC in HBV-related patients with cirrhosis [14]. Other historical control study [15] or cohort studies tend to suggest that the incidence of HCC was reduced by ETV in Asian [16], but not adequately assessed with control group in European patients with cirrhosis [17]. A most recent review further showed that there was ~30% overall HCC risk reduction in patients with cirrhosis included in Asian studies with matched untreated controls, but a lower HCC risk was not demonstrated in Caucasian studies comparing with natural history data [18].
For hepatitis B e antigen (HBeAg) negative patients with chronic hepatitis B (CHB), indefinite or life-long Nuc therapy is recommended for patients with cirrhosis by the American Association for the Study of Liver Disease (AASLD) and the European Association for the Study of Liver disease (EASL) guidelines [11,12]. Weighted against the potential problems of indefinite Nuc therapy such as adherence/persistence and cost/reimbursement issues, the Asian Pacific Association for the Study of Liver (APASL) guidelines suggest that discontinuation of Nuc treatment can be considered after demonstration of undetectable serum HBV DNA on three separate occasions at least 6 months apart [13]. By this APASL stopping rule, recent studies have shown that ETV therapy can be safely stopped in cirrhotic patients if proper off-therapy monitoring is provided to restart therapy timely when needed [19,20]. Given the findings of remarkable fibrosis regression and even reversal of cirrhosis during 6-year (median) ETV therapy [21] or after 5-year TDF therapy [22], the outcomes, including HCC development, of ETV therapy for only 2-4 years were unknown and may be of clinical concerns. We therefore conducted this prospective-retrospective study in HBeAg-negative CHB patients with compensated cirrhosis to compare the HCC incidence between patients with continuing ETV therapy and those who had discontinued ETV therapy by the APASL stopping rule.
Methods
Study population
This prospective-retrospective study included a consecutive series of 586 HBeAg-negative CHB patients with compensated cirrhosis (Child-Pugh class A) who were treated with ETV 0.5mg daily for a minimum of 12 months at three medical centers, in which the principle investigators have same training background in the general management of CHB patients. Patients with decompensated liver cirrhosis (Child-Pugh class B and C), concurrent hepatitis C virus, delta virus or human immunodeficiency virus infection, alcoholic liver disease and autoimmune hepatitis were excluded. Patients with a history of HCC or who developed HCC within the first 12 months after initiation of ETV treatment were considered to have pre-existing HCC and therefore were excluded from the study. Patients were anonymized and de-identified for data collection.
Among the 586 patients, 381 continued ETV treatment during the follow-up period (“continued group”) and 205 had ever stopped ETV after achieving virological suppression (HBV DNA below detection limit of the PCR assay) at the discretion of their physicians. Among the 205 patients, 164 discontinued ETV by APASL stopping rule and these patients were selected as “discontinued group”. According to APASL guidelines, patients were retreated with ETV whenever HBV DNA ( 2000 IU/mL was detected regardless of alanine aminotransferase (ALT) level [13]. The patient disposition is shown in Figure 1. Of the 586 ETV-treated patients, 185 were Nuc-experienced [LAM: 132, LAM with resistance: 15; LAM resistance rescued with ADV: 28; ADV: 11; telbivudine (LdT): 3; LdT with resistance: 1].
The propensity score (PS) matching method was used to reduce the significant differences between groups, as described elsewhere [14,23]. A PS was computed using multiple regression analysis. The variables used in the model included age, gender, genotype, Nuc-experienced, Nuc-resistant, baseline serum HBV DNA level and total follow-up period. We performed the optimal matching method or the nearest neighbor matching method within a range of 0.01standard deviation (SD) on the estimated PS of continuing and discontinuing ETV treatment patients [24].
This study was approved by the institutional review board of Chang Gung Memorial Hospital.
Surveillance, diagnosis and assays
The baseline was set at the time of starting ETV therapy. The diagnosis of cirrhosis was made by histological findings in 397 of the 586 ETV treated patients. The remaining patients were diagnosed with repeated and consistent findings of ultrasonography (US) suggestive of cirrhosis [25] and supported by clinical features [26] such as thrombocytopenia (66 patients), esophageal/gastric varices (108 patients) or additional computed tomography (CT) findings suggestive of cirrhosis (15 patients). All patients were HBeAg negative and anti-HBe positive at baseline. They were followed up every 3 months or more frequently if clinically indicated. Follow-up studies included clinical assessment, liver biochemical tests, alpha-fetoprotein (AFP) and US. When liver nodules with suspicion of HCC were detected by US, dynamic CT or magnetic resonance imaging was performed. HCC was diagnosed by histology/cytology or US findings plus AFP level >400 ng/mL [26], or imaging findings of enhanced arterial contrast uptake followed by washout in the portal venous phase and equilibrium phase or the criteria of dynamic imaging studies in generally accepted guidelines [27].
HBV genotype was determined using PCR-restriction fragment length polymorphism of the surface gene of HBV. Serum HBV DNA was assayed using Roche Cobas Amplicor HBV Monitor test (Roche COBAS( TaqMan( HBV Test, lower limit of detection: 69 or 1.84 log10 copies/mL; 12 or 1.08 log10 IU/mL, Roche Diagnostics, Pleasanton, California).
Statistical analysis
Continuous variables were expressed as mean ( SD and were compared with independent student t-test. Categorical variables were expressed as number (%) and were compared using chi-square or Fisher’s exact tests where appropriate. Cumulative incidences of HCC development were analyzed using the Kaplan-Meier survival analysis with log-rank test. The patients were censored when development of HCC was confirmed or at the end of follow-up period in those with continuous ETV treatment and at the time of restarting ETV in patients who had ever stopped ETV. HCC developed within 12 months after restarting ETV treatment were included as an end point event of the “discontinued group” in the analyses. The incidence of HCC was compared between patients with continuous therapy (“continued group”) and those who had ever stopped ETV therapy by the APASL stopping rule (“discontinued group”). HBV DNA levels were logarithmically transformed for analysis. Variables such as age, gender, HBV genotype, serum HBV DNA level, experience of Nucs, Nuc resistance and treatment continuity were analyzed using Cox proportional hazards regression analysis for the assessment of significant factors for HCC development. Statistic procedures were performed by Statistics Package for social science (SPSS) software (version 17.0, SPSS Inc, Chicago, IL, USA). P value <0.05 was considered significant.
Results
Of the whole series of 586 patients with mean age of 53.8(10 years and 81% males, undetectable HBV DNA was achieved during ETV therapy in 96.6%. Varices bleeding occurred in 22 patients, ascites/spontaneous bacterial peritonitis in 30 patients, hepatic encephalopathy in 6 patients and liver disease-related death in 17 patients. HBsAg seroclearance was documented in 3 patients who discontinued ETV therapy and in 2 patient who continued ETV therapy. Among 586 patients, HCC occurred in 81 (13.8%) and 37 of them developed between 1 to 3 years during follow-up. The 3-year and 5-year cumulative incidence of HCC was 6.6% and 15.7%, respectively, with an estimated annual incidence of 2.98%. The incidence was significantly lower than a PS matched cohort of untreated patients with compensated cirrhosis [9.8%, p<0.001, data not shown].
A total of 205 patients have ever stopped ETV treatment, 164 were by APASL stopping rules (selected as “discontinued group”) and 41 were not. As shown in Table 1, the baseline clinical features and outcomes (including HCC development) of these two subgroups were comparable but the mean duration of ETV treatment and consolidation therapy were significantly longer in patients who discontinued ETV by APASL stopping rule (30.3 vs 14.2 months, p<0.001 and 22.9 vs 8.2 months, p<0.001, respectively).
HCC development in patients continued and those discontinued ETV treatment
The clinical features and outcomes of the “continued group” and “discontinued group” are compared in Table 2. HCC developed in 65 (17.1%) of the 381 patients in the “continued group” with a 5-year cumulative incidence of 18.4% during a mean follow-up duration of 56.9(20.6 months. Of the 164 patients in the “discontinued group”, HCC developed in 12 (7.3%) patients with a 5-year cumulative incidence of 9.1% (p=0.008) during a mean follow-up duration of 54.6(20.6 months [Figure 2A]. The estimated annual incidence of HCC was 3.6% and 1.6% (p=0.004), respectively. PS-matching method performed for the difference in age, gender, HBV genotype, Nuc-experienced, Nuc-resistant, baseline HBV DNA level and follow-up period produced 77 patients each in the “continued” and “discontinued” group [Table 2]. Among the PS matched patients, the mean ETV treatment duration was 59.8(18.6 and 30.6(9.8 months in the “continued” and “discontinued” group, respectively (p<0.001). Of the PS-matched “discontinued” group, 41 patients restarted ETV treatment and 36 remained untreated with a mean off-ETV periods of 18.2 and 42.8 months, respectively (p<0.001). The clinical characteristics of these two subgroups are compared in Table 1. The mean duration of consolidation therapy was significantly shorter in retreated patients than those non-retreated (20.6 vs 25 months, p=0.027). Otherwise, there was no significant difference in age, gender, genotype, percentage of previous exposure to Nuc and Nuc-resistance, baseline HBV DNA level and ETV treatment duration [Table 1].
Among the 154 PS-matched patients, HCC developed in 9 (11.7%) patients of “continued” group and in 6 (7.8%) of “discontinued” group (p=0.587) during a mean follow-up period of 59-60 months from the start of ETV therapy. Three of the 15 HCC patients occurred between 1 to 3 years during follow-up. Of the 6 HCC patients in the “discontinued group”, 4 developed in 36 patients who maintained HBV DNA < 2000 IU/mL during post-treatment follow-up and remained untreated. The median ETV treatment duration and the time from the start of ETV therapy to HCC development was 32.1 (19.3-42.7) and 64 (50.8-83.1) months, respectively. The remaining 2 developed in 41 retreated patients 4-5 months after restart of ETV treatment. The ETV treatment duration and the time from the primary start of ETV therapy to HCC development were 18.7, 28.4 and 52.9, 37.8 months, respectively. Nine of the 77 PS-matched patients in the “continued group” developed HCC after a median ETV treatment duration of 40.4 (24.2-46.2) months. The 5-year cumulative incidence of HCC was 12.5% and 7.5%, respectively (p=0.182) [Figure 2B], and the estimated annual incidence was 2.3% and 1.6%, respectively (p=0.587) in “continued” and “discontinued” groups. The incidence between 9 (11.7%) HCC patients in 77 of PS-matched “continued group” and 4 (11.1%) in 36 non-retreated patients of PS-matched “discontinued group” was not different (p=1.000).
Of the whole group of 205 patients who had ever stopped ETV therapy, 87 patients (including 36 patients using APASL stopping rule) have never been retreated during a median/mean off-therapy follow-up of 33.8 (6.5-86.2)/39.8±22.2 months or a total follow-up duration of 67.6 (22.9-106.4)/69.8±19.8 months from the start of ETV therapy till their last visit. Nine of them developed HCC at 16.5 (7.2-55.2)/22.5±15.9 months after cessation of ETV therapy. The 5-year cumulative HCC incidence was 8.4% since the start of ETV therapy (1.75% per year) and 15.1% since the end of ETV therapy.
One hundred and 85 patients were Nuc-experienced among 586 ETV treated compensated cirrhotic patients. The mean age (53.3 vs 54, p=0.414), gender (males 85.4 vs 78.8%, p=0.076), genotype (B 62 vs 61.3%, p=0.941) were comparable with Nuc-naïve patients, whereas mean baseline HBV DNA level was significantly higher (6.2 vs 5.7 log IU/mL, p<0.001) than Nuc-naïve patients. Among 185 Nuc-experienced patients, 44 (23.8%) were found Nuc resistant and 5 of them developed HCC after a median follow-up period of 53 (12.2-119.6) months. The 3-year and 5-year cumulative incidence of HCC was 6.4% vs. 7.0% and 16% vs. 15.3% in Nuc-naive and Nuc-experienced patients, respectively (p=0.931 at 5 year). There was no statistically significant difference in the incidence of HCC between the Nuc-naive and Nuc-experienced patients (13.7 vs. 14.1%, p=1.000).
Associated factors with development of HCC
Factors associated with HCC development were analyzed using Cox proportional hazards regression model. In the analysis of the 586 patients with ETV treatment, age (HR 1.065, 95% CI 1.038-1.092, p<0.001) and baseline HBV DNA (HR 1.216, 95% CI 1.002-1.476, p=0.048) were the significant independent factors in multivariate analysis for the development of HCC [Table 3]. Gender, genotype, ETV off-therapy duration, Nuc resistance and Nuc-experienced treatment were not associated with the HCC development.
Discussion
The present study showed an estimated annual HCC incidence of 2.98% in 586 HBeAg-negative patients with compensated cirrhosis (mean age 53.8±10.0) treated with ETV for 2-5 years. The annual incidence of HCC in ETV-treated patients with cirrhosis was significantly reduced, as compared with that of the untreated controls. These results have confirmed the findings of earlier studies that around 3 years of ETV therapy significantly reduced HCC as compared with LAM therapy or untreated controls in Asian studies [14,15].
In untreated patients with cirrhosis, the 5-year cumulative incidence of HCC was calculated to be 17% in East Asia and 10% in Western regions [7]. The 5-year cumulative HCC incidence of 15.7% in our patients (62% genotype B, 38% genotype C, mean age 53.8 years) treated with ETV for a median period of 54.4 months seems lower than 19.1% in Korean patients with compensated cirrhosis (all genotype C, mean age 47.7 years) treated with ETV for a median of 37 months [16]. However, it was higher than 10.9% in patients with cirrhosis (mainly genotype A and D, mean age 51 years) treated with ETV for a median of 167 weeks in Caucasians, as reported in a recent European multicenter real-life cohort study [17]. Perhaps the differences in the main HBV genotype(s) and ethnic origin are among the reasons for this difference across studies. Of note is that all studies comparing with untreated control patients invariably show significant reduction in HCC development [14,15,28]. However, there is seemingly no such benefit in the European cohort [17] when compared with the natural history data of patients with great different age [7]. Then, well matched controlled studies in European patients are warranted to confirm or refute the notion that long-term HBV suppression by Nuc therapy may reduce HCC development in patients with cirrhosis.
Perhaps the most important finding of the present study is that the beneficial effects of ETV therapy did not reduced in HBeAg-negative patients with compensated cirrhosis who discontinued a 2-4 year successful course of ETV therapy by the APASL stopping rule.  This approach did not increase the risk of HCC as compared with the risk in patients who continued ETV therapy of longer duration (5-year cumulative incidence 7.5 vs 12.5%, p=0.182) [Table 2 and Figure 2B]. In particular, the 5-year cumulative incidence (8.4%) did not increase in the 87 of the 205 patients who had never been retreated for up to 86 months off therapy. Age and baseline HBV DNA were the significant independent factors for the development of HCC in ETV treated patients, whereas ETV off-therapy was statistically insignificant [Table 3]. Among the 77 patients of PS-matched “discontinued group”, 36 non-retreated patients had comparable ETV treatment duration to but significantly longer consolidation therapy period than the 41 retreated patients. The latter finding was similar to the observation by Chi that prolongation of consolidation therapy decreased the risk of virological relapse [29]. Furthermore, shorter off-ETV therapy period with early virological relapse (>2000 IU/mL) prompted early ETV retreatment in the 41 patients and therefore the incidence of HCC in the retreated subgroup (4.9%) did not increase when compared to the non-retreated subgroup (11.1%, p=0.410) [Table 1]. In addition, the incidence of HCC in PS-matched “continued group” (9/77, 11.7%) under virological suppression was comparable to that in non-retreated subgroup of PS-matched “discontinued group” with HBV DNA <2000 IU/mL till last visit (4/36, 11.1%) (p=1.000). These findings suggest that the benefit of a successful finite course of ETV therapy in reducing HCC may sustain as long as HBV DNA remains below 2000 IU/mL.
It has been shown that fibrosis regression was demonstrated in up to 59% at 1 year [21,30] and 85% at 3 year [31] during ETV therapy and 60-74% at 3 to 5 year during LAM, ADV or TDF therapy [22, 32] in patients with advanced fibrosis or cirrhosis. This may be one of the reasons for the long-term beneficial effect observed in patients who were treated with ETV for only 2-4 years in the present study. Actually, the effect of ETV therapy on HCC incidence in earlier studies became evident (during 2.3-4.3 years) before a significant fibrosis regression is expected [14,15], implicating that some elements in the carcinogenesis may be independent of liver pathology [18]. Anyway, this finding adds support to the APASL guidelines that cessation of Nuc therapy can be considered after a successful course of therapy in HBeAg-negative CHB patients with or without cirrhosis [13]. Of note is that the incidences of adverse clinical outcomes in the PS-matched patients who stopped ETV therapy were similar to those with continued ETV therapy [Table 2]. Taken together, this strategy of finite ETV therapy is safe and effective [18,19,33,34] if proper off-therapy monitoring plan offered, and can be considered as a feasible alternative to indefinite Nuc therapy. This strategy is particularly important for low resources countries where cost/reimbursement is a problem and where Nucs with high resistance are still used in substantial number of patients, not only in Asian countries including rich Singapore [35,36] but also in some European countries such as Poland and Turkey in up to 45% of the patients [37].
There are some limitations in the present study. First, this is a retrospective-prospective study comparing within the treated patients using PS matching method. Given the AASLD and EASL recommendation of indefinite or even lifelong Nuc therapy for patients with cirrhosis [11,12], a randomized controlled study is not possible and comparing with a PS matched control group may be the second best approach. Second, because limited patients discontinued ETV by APASL stopping rule, the patient number after PS matching method was relatively small in both “continued” and “discontinued” groups. In addition, PS matching method excluded some patients who developed HCC between one to three years during follow-up period and might lead to study bias. However, the results of the present study have provided a basis for the future prospective randomized control study to test the beneficial efficacy on reducing HCC development between indefinite and finite Nuc therapy. Third, the off-therapy follow-up period in “discontinued” group may be too short because 58% of the patients were retreated with ETV when off-therapy HBV DNA >2000 IU/mL was detected. However, analyses in a subset of 87 patients who had never received off-therapy retreatment showed a comparable 5-year cumulative incidence of HCC during a median off-therapy follow-up of 33.8 (6.5-86.2) months. Fourth, some patients did not have sufficient stored serum for retrospective assays of HBV genotype, HBsAg level and genomic mutations. Our recent study showed that basal core promoter double mutation was a factor for cirrhosis, not directly for HCC development [38].
In conclusion, ETV treatment could reduce the incidence of HCC in HBeAg-negative CHB patients with compensated cirrhosis. More importantly, the beneficial effect in reducing incidence of HCC did not decreased after cessation of a successful course of ETV treatment by the APASL stopping rule during a median observation duration of 45 months. Then, cessation of a successful course of Nuc therapy in patients with cirrhosis is a feasible alternative strategy, which is also safe if timely retreatment is provided in case of virological relapse.
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Figure legends
Figure 1. Disposition of the patients with compensated cirrhosis who continued and discontinued entecavir (ETV) therapy. Among the 586 ETV-treated compensated cirrhotic patients, 381 with continuing ETV and 205 with ETV cessation. Propensity score matching method performed to continued and discontinued groups produced 77 patients in each group. HCC developed in 9 and 6 patients of continued and discontinued group, respectively (p=0.587). ETV cessation: after achieving HBV DNA suppression (undetectable). APASL stopping rules: undetectable HBV DNA on 3 separate occasions at least 6 months apart. Retreat (+): restart ETV when HBV DNA (2000 IU/mL regardless of ALT level. Retreat (-): follow-up HBV DNA <2000 IU/mL after cessation of ETV.
Figure 2. The Kaplan-Meier survival analysis revealed no significant difference in the cumulative incidence of HCC between patients “continued” (solid line) and “discontinued” (broken line) entecavir (ETV) therapy. [A]. All patients; [B]. Propensity score matched patients. The reference starting point is beginning of ETV treatment. The 5-year cumulative incidence of HCC was 18.4% and 9.1% in 381 ETV-continued patients and 205 ETV-discontinued patients, respectively (p=0.008) in overall patients. Under propensity score matching method, the 5-year cumulative incidence of HCC was 12.5% and 7.5% in 77 continued and discontinued patients, respectively (p=0.182).
Table 1. The clinical characteristics and comparison between patients discontinued ETV therapy by APASL rule and those not and between retreated and non-retreated patients in PS-matched discontinued group
	
	Cessation of ETV (n=205)
	
	PS-matched discontinued group (n=77)
	

	Characteristics
	APASL guideline yes (n=164)
	APASL guideline no (n=41)
	p
	Non-retreated

 (n=36)
	Retreated

(n=41)
	p

	Age(y)
	53.4(9.6
	54.4(8.7
	0.562
	50.9(7.8
	54.1(9.3
	0.112

	Gender
Male

Female
	138(84.1)

26(15.9)
	36(87.8)

5(12.2)
	0.733
	33(91.7)

3(8.3)
	37(90.2)

4(9.8)
	1.000

	Genotype
B

C
	96(65.8)

50(34.2)
	32(80)

8(20)
	0.126
	21(58.3)

15(41.7)
	31(75.6)

10(24.4)
	0.170

	Nuc- experienced
	71(43.3)
	16(39)
	0.751
	14(38.9)
	15(36.6)
	1.000

	Nuc- resistant
	20(12.2)
	4(9.8)
	0.791
	2(5.6)
	4(9.8)
	0.679

	Platelet
	144.4(48.6
	133.9(61.9
	0.459
	160.8(60.7
	141.1(41.6
	0.368

	HBV DNA
	5.9(1.5
	5.9(1.4
	0.981
	6.0(1.3
	6.0(1.3
	0.941

	ETV treatment duration (m)
	30.3(10.8
	14.2(2.1
	<0.001
	32.3(9.2
	29.1(10.2
	0.157

	Consolidation therapy (m)
	22.9(10.7
	8.2(2.1
	<0.001
	25.0(9.4
	20.6(7.5
	0.027

	Off-ETV period (m)
	25.5(18.6
	38.3(28.2
	0.001
	42.8(18.4
	18.2(11.7
	<0.001

	Follow-up(m)
	54.6(20.6
	48.8(26.0
	0.130
	72.4(16.7
	46.7(12.9
	<0.001

	Retreatment
	92(56.1)
	26(63.4)
	0.502
	(
	(
	(

	Varices bleeding
	7(4.3)
	1(2.4)
	1.000
	0
	0
	(

	Ascites
	6(3.7)
	1(2.4)
	1.000
	0
	0
	(

	Encephalopathy
	0(0)
	0(0)
	(
	0
	0
	(

	HCC
	12(7.3)
	4(9.8)
	0.532
	4(11.1)
	2(4.9)
	0.410

	Death
	1(0.6)
	1(2.4)
	0.361
	0
	0
	(


ETV: entecavir; PS: propensity score; HCC, hepatocellular carcinoma; Nuc, nucleos(t)ide analogue; HBV DNA, log IU/mL
Table 2. The baseline demographics and outcomes of overall and propensity score matched patients who continued and those discontinued (by APASL guideline) ETV treatment
	
	ETV-treated patients
	
	PS matched patients
	

	Characteristics
	Continued

(n=381)
	Discontinued by APASL guideline (n=164)
	p
	Continued

 (n=77)
	Discontinued by APASL guideline (n=77)
	p

	Age(y)

mean(SD
	53.9(10.3
	53.4(9.6
	0.579
	54.0(9.9
	52.6(8.7
	0.380

	Gender
Male

Female
	300(78.7)

81(21.3)
	138(84.4)

26(15.9)
	0.180

	67(87)

10(13)
	70(91)

7(9)
	0.607


	Genotype
B

C
	184(57.7)

135(42.3)
	96(65.8)

50(34.2)
	0.121

	57(74)

20(26)
	52(67.5)

25(32.5)
	0.478


	Nuc- experienced
	98(25.7)
	71(43.3)
	<0.001
	28(36.4)
	29(37.7)
	1.000

	Nuc- resistant
	20(5.2)
	20(12.2)
	0.008
	4(5.2)
	6(7.8)
	0.744

	Platelet
	121.8(53.2
	144.4(48.6
	0.001
	129.0(51.9
	149.2(50.5
	0.104

	HBV DNA
mean(SD
	5.8(1.4
	5.9(1.5
	0.744
	6.1(1.3
	6.0(1.2
	0.464

	ETV treatment duration (m)
	56.9(20.6
	30.3(10.8
	<0.001
	59.8(18.6
	30.6(9.8
	<0.001

	Follow-up(m)

mean(SD
	56.9(20.6
	54.6(20.6
	0.230
	59.8(18.6
	58.7(19.5
	0.724

	Varices bleeding
	14(3.7)
	7(4.3)
	0.930
	1(1.3)
	0
	1.000

	Ascites
	22(5.8)
	6(3.7)
	0.415
	2(2.6)
	0
	0.497

	Encephalopathy
	6(1.6)
	0(0)
	0.185
	0
	0
	(

	HCC
	65(17.1)
	12(7.3)
	0.004
	9(11.7)
	6(7.8)
	0.587

	Death
	15(3.9)
	1(0.6)
	0.049
	3(3.9)
	0
	0.245


ETV: entecavir; PS: propensity score; HCC, hepatocellular carcinoma; Nuc, nucleos(t)ide analogue; HBV DNA, log IU/mL

 Table 3. Multivariate Cox proportional hazards regression analysis for factors associated with HCC development in ETV treated patients with compensated cirrhosis
	Factors
	Hazard ratio (95% CI)
	p

	Age (year)
	1.065 (1.038-1.092)
	<0.001

	Gender

F

M
	1

1.209 (0.637-2.296)
	0.562

	Genotype

B

C
	1

1.153 (0.686-1.939)
	0.591

	HBV DNA (log IU/mL)
	1.216 (1.002-1.476)
	0.048

	Nuc experienced
	1.037 (0.594-1.811)
	0.898

	Nuc resistant
	0.409 (0.094-1.774)
	0.233

	ETV off-therapy
	0.993 (0.980-1.007)
	0.349


HCC: hepatocellular carcinoma; PS: propensity score; CI: confidence interval; Nuc: nucleos(t)ide analog; ETV: entecavir

