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INTRODUCTION 

Ultimately, the treatment for chronic hepatitis B (CHB) aims to 

suppress hepatitis B virus (HBV) replication, relieve inflammation, 

prevent fibrosis and hepatocellular carcinoma (HCC), and increase 

the survival rate.1,2 However, chronic HBV infection is not com-

pletely eradicated due to persistence of covalently closed circular 

DNA (cccDNA) of nucleus in the infected hepatocytes, and this can 

result in HBV reactivation.3-5 So it is important to decrease and 

maintain serum HBV DNA level to the undetectable level as the ac-
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tual purpose of treatment for CHB.6-8 The current guidelines advise 

to check suboptimal responders by monitoring a virologic response 

at each timepoint in the use of nucleos(t)ide analogues (NAs), to 

provide an opportunity to modify a treatment so as to improve the 

antiviral efficacy.9,10

Partial virologic response (PVR) is defined as more than 2 log10 

IU/mL decrease in HBV DNA but in detectable level by real-time 

PCR at week 242,10 in the Korean Association for the Study of the 

Liver (KASL) and the American Association for the Study of Liver 

Disease (AASLD) guidelines or when a HBV DNA decreases more 

than 1 log10 IU/mL but is detectable to the patients treated for at 

least 6 months with satisfactory compliance in the European As-

sociation for the Study of Liver (EASL) guidelines1. PVR is related 

to a failure of treatment, progression of liver damage, and usually  

increased risk of viral resistance.1,11 To determine changing drugs, 

measurement of PVR has been recommended at 24 week after 

treatment of lamivudine and telbivudine with low genetic barrier 

or 48 week after treatment of adefovir (ADV), entecavir (ETV) and 

tenofovir (TDF) with high genetic barrier, respectively.1,2,12,13

However, there has been a lot of controversy over the long-term 

prognosis prediction and the optimal treatment of patients with 

PVR to ETV. It is recommended to decide whether ETV monother-

apy continue or not according to the HBV DNA level at week 48 

and kinetics during 48 weeks.1,14 When an additional decline of 

HBV DNA does not occur in spite of favorable drug compliance, it 

is advised to add another drug in order to prevent the resistant vi-

rus in the long-term. However, we are still unsure whether or not 

combination treatment of ETV and other drug is more effective in 

case that a resistant virus is not certainly identified. Some studies 

showed that the virologic response rate kept increasing till after 

1-4 years and the risk of resistance was low when even patients 

with PVR at week 48 were continuously treated with ETV mono-

therapy.11,13,15,16 Furthermore, HBV DNA level of higher than 7 to 8 

log10 IU/mL before treatment, poor drug compliance, and high viral 

load during treatment are considered as factors which enable to 

predict the delayed treatment response in use of ETV.11,13,17

This study was designed to review the long-term duration (me-

dian follow-up duration 144 weeks, range 96-312 weeks) and cu-

mulative treatment results on prolonged ETV monotherapy to the 

treatment-naïve CHB patients with PVR, to compare the differenc-

es of factors between patients with VR within 48 weeks and pa-

tients with VR after 48 weeks, and to analyze an independent 

factor which predicts PVR at week 48.

METHODS

Patients and follow-up

This retrospective study included treatment-naïve CHB patients 

who were treated with 0.5 mg ETV daily for more than 48 weeks 

between April 2007 and November of 2012 at Daegu Catholic 

University Hospital. CHB was defined as a detectable serum hepa-

titis B surface antigen (HBsAg) level for more than 6 months, se-

rum HBV DNA level ≥20,000 IU/mL for hepatitis B e antigen 

(HBeAg)-positive or ≥2,000 IU/mL for HBeAg-negative patients, 

and elevated serum alanine aminotransferase (ALT) levels. Patients 

with a history of previous NAs treatment, antibodies against hep-

atitis C virus, or human immunodeficiency virus were excluded. In 

the anaylsis, 364 treatment-naïve CHB patients were included, 

which contained 28 patients diagnosed with HCC.

All patients were monitored at baseline and every 3 months dur-

ing ETV therapy for the clinical assessment of tolerability, a physi-

cal examination, blood chemistry, HBV DNA level, HBeAg, and an-

tibody against HBeAg (anti-HBe). The clinical diagnosis of cirrhosis 

was based on imaging findings (abdominal ultrasonography or 

computed tomography or magnetic resonance imaging) and com-

patible clinical features.

Laboratory tests and definitions

Serum HBV DNA was quantified by real-time polymerase chain 

reaction (PCR) assay using the COBAS Taq-Man HBV quantitative 

test (Roche Molecular Systems Inc., Branchburg, NJ, USA), which 

had a lower limit of quantification of 20 IU/mL. Serum HBsAg, an-

tibodies to HBsAg, HBeAg, and anti-HBe were detected by elec-

trochemiluminescence immunoassay (Roche Diagnostics, 

Mannheim, Germany). Serum ALT normalization, HBeAg loss or 

seroconversion were monitored during follow-up. Complete viro-

logic response (CVR) was defined as undetectable serum HBV 

DNA (<20 IU/mL) by PCR at week 48.2
 A virologic response (VR) 

was defined as undetectable HBV DNA (<20 IU/mL) by real-time 

PCR assay during any treatment period,2 and delayed virologic re-

sponse was defined as reaching VR after 48 weeks. Virologic 

breakthrough was defined as an increase in the serum HBV DNA 

level of more than 1 log10 IU/mL from the nadir during continued 

treatment.2 When PVR developed at week 48, we checked for 

compliance. When a virologic breakthrough developed during the 

treatment period, we checked for compliance and tested a restric-

tion fragment mass polymorphism (RFMP, Genematrix, Youngin, 
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Korea) technology to identify the drug resistance mutation in the 

HBV polymerase gene.18,19

 Statistical analysis

HBV DNA levels were logarithmically transformed for analysis. 

Continuous variables were expressed as the mean±standard devi-

ation (SD) and categorical variables were expressed as frequen-

cies. The chi-squared test was used to analyze categorical vari-

ables, and comparisons of continuous variables were analyzed 

using a t-test. Multiple linear regression analysis was applied to 

study which of pre or on-treatment factors were independently as-

sociated with the PVR to ETV monotherapy. The cumulative prob-

ability of achieving VR was estimated by way of Kaplan-Meier 

analysis. The P-values of <0.05 were considered statistically sig-

nificant. Data was collected in Microsoft EXCEL (Microsoft Excel 

2007; Microsoft Corp., Seattle, WA, USA) and analyzed using 

SPSS version 19.0 for Windows (SPSS Inc., Chicago, IL, USA).

RESULTS

Baseline characteristics of study patients

The baseline characteristics of the patients are summarized in Table 

1. A total of 364 patients were enrolled between April 2007 and No-

vember 2012. All patients were treatment-naïve and received 0.5 mg 

of ETV once daily for more than 12 months. The mean age of the pa-

tients was 51.1±11.9 years. There were 200 men (54.9%) and 202 

patients (55.5%) with cirrhosis. The mean baseline serum ALT level 

was 217.5±415.3 IU/L and the serum HBV DNA level was 8.2±9.0 

log10 IU/mL. Of the total 364 patients, 202 patients (55.5 %) were 

HBeAg-positive and 162 patients (44.5 %) were HBeAg-negative. Of 

the 28 patients with HCC,  their staging according to modified Union 

for International Cancer Control (UICC) classification were I in 4 pa-

tients, II in 10 patients, III in 13 patients, and IVA in 1 patient, and 

their staging according to Barcelona Clinic Liver Cancer (BCLC) classi-

fication were A in 16 patients, B in 7 patients, and C in 5 patients. In 

the HCC group, 9 patients were treated by surgical resection, 5 pa-

tients were treated by radiofrequency ablation, 12 patients were 

treated by  transcatheter arterial chemoembolization, 1 patient was 

treated by sorafenib, and 1 patient had no treatment.

 Efficacy of ETV therapy at week 48

Of the 364 patients, 312 patients (85.7%) had CVR, but 52 

Table 2. Characteristics of seven  patients whose treatment was adapted

Patient
1

(TDF)
2

(TDF)
3

(TDF)
4

(TDF)
5

(TDF)
6

(TDF)
7

(ETV+ADV)

Age (yr) 24 33 36 28 22 48 37

Gender Male Male   Male Male Male Female Male

HBeAg Positive Positive Positive Positive Positive Negative Positive

Baseline HBV DNA (IU/mL) 4.1×10
8

2.3×10
6

1.1×10
9

1.1×10
10

2.3×10
8

2.8×10
8

4.3×10
8

ALT (IU/L) 95 33 120 59 73 86 69

HBV DNA at week 48 (IU/mL) 6,990,000 1,210 724 2,070 1,140 121 66,200

HBV mutant - - - - - - rtL180M
rtM204V
rtS202G

T�ime of treatment adaptation after PVR 
(weeks)

156 68 52 68 44 60 80

TDF, tenofovir; ETV, entecavir; ADV, adefovir; HBeAg, hepatitis B e antigen; HBV, hepatitis B virus; ALT, alanine aminotransferase.

Table 1. Baseline characteristics of the patients 

Variables Patients (n = 364)

Age (yr) 51.1±11.9

Male 200 (54.9)

Cirrhosis 202 (55.5)

ALT (IU/L) 217.5±415.3

Baseline HBV DNA (log10 IU/mL) 8.2±9.0

HBeAg positivity 202 (55.5)

HCC 28 (7.7)

Data are presented as mean±SD or number (%).
ALT, alanine aminotransferase; HBV, hepatitis B virus; HBeAg, hepatitis B e 
antigen; HCC, hepatocellular carcinoma.
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(14.3%) had PVR at week 48. In HBeAg-positive patients, 155 of 

202 patients (76.5%) achieved VR and in HBeAg-negative pa-

tients, 157 of 162 patients (97%) achieved VR for a year. Overall 

mean reductions in serum HBV DNA levels from baseline were 

-6.0±1.5 log10 IU/mL. Thirteen CVR patients (4.2%) and 7 PVR pa-

tients (13.5%) showed virologic breakthrough during 48 weeks 

therapy. At first, we checked and encouraged compliance to these 

patients and continued prolonged ETV monotherapy. And then, 

we performed genetic mutation test in 6 patients who had kept 

drug compliance (1 patient in CVR and 5 patients in PVR at 48 

weeks), and there was no genotypic resistance to ETV by RFMP 

analysis. Of the 52 patients with PVR at 48 weeks, their HBV DNA 

levels were categorized as 24 patients (46.2%) whose titer above 

than 1,000 IU/mL, 12 patients (23.0%) whose titer of 1,000-100 

IU/mL, and 16 patients (30.8%) whose titer of 100-21 IU/mL. 

Outcomes during continuous ETV therapy

Among the patients with PVR at week 48, 6 switched to TDF 

monotherapy, 1 switched to ETV+ADV combination therapy, and 

there were 4 of follow-up loss. We summarized characteristics of 

7 patients who changed the regimen of therapy in Table 2. Except 

for them, 41 patients with PVR at week 48 were treated with pro-

longed ETV monotherapy for over 96 weeks (Fig.1, median follow-

up duration 144 weeks, range 96-312 weeks). Among these pa-

tients for 96 weeks, thirty-two (78.0%) of 41 patients achieved a 

VR beyond week 48. Moreover, 8 patients needed more than 96 

weeks of continuous ETV therapy to achieve a VR.

The overall cumulative rates of VR at week 96, 144, 192 were 

78.0%, 92.7% and 95.1%, respectively (Fig. 2, median duration of 

reaching VR was 78 weeks, range 60-288 weeks). The rates of VR 

were 97.2% (35/36) in HBeAg-positive patients and 100% (5/5) in 

HBeAg-negative patients, and the overall rates of virologic break-

through during follow-up was 14.6% (n=6). The patients with vi-

rologic breakthrough were educated to keep drug compliance and 

a genetic resistance test was performed for them. There was no 

one with genetic resistance and 5 patients achieved VR again dur-

ing follow-up.

The overall rates of ALT normalization and HBeAg seroconver-

sion during follow-up were observed in 97.6% (n=40) and 2.5% 

(n=1) of patients, respectively. Among those who had PVR at 

week 48, a 30-year-old male HBeAg-positive CHB patient with 7.3 

log10 IU/mL of baseline HBV DNA, whose drug compliance was 

fine. His viral load steadily decreased and stagnated in 100-1,000 

IU/mL at week 60. He could not visit to our hospital from personal 

reasons when drug modification was considered according to the 

virologic breakthrough at week 120.

Figure 1. Flow diagram of the enrolled patients. HBeAg, hepatitis B e an-
tigen; PVR, partial virologic response; ETV, entecavir; ADV, adefovir; TDF, 

tenofovir; HBV, hepatitis B virus. 

Figure 2. Cumulative probabilities of achieving virologic response dur-
ing prolonged entecavir monotherapy for ≥96 weeks in patients with 
partial virologic response at week 48 by Kaplan-Meier analysis.
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Factors associated with delayed virologic response

In comparison with characteristics in the patients with complete 

virologic responders and delayed virologic responders, there was 

no significant difference among age, gender, cirrhosis, and HCC 

(Table 3). HBeAg positivity (49.5% vs. 90%; P<0.001), baseline 

HBV DNA level (6.0±1.5 log10 IU/mL vs. 7.4±1.6 log10 IU/mL; 

P<0.001), HBV DNA level at week 12 (1.1±1.4 log10 IU/mL vs. 

3.3±1.3 log10 IU/mL; P<0.001), and HBV DNA level at week 24 

(0.5±1.1 log10 IU/mL vs. 2.8±1.8 log10 IU/mL; P<0.001) were higher 

in delayed virologic responders than in patients with CVR, but ini-

tial ALT level (235.9±445.9 IU/L vs. 127.2±125.9 IU/L; P=0.001), 

HBeAg loss (34.5% vs. 5%; P=0.004), HBeAg seroconversion 

(22.7% vs. 2.5%; P=0.003) were higher in patients with CVR than 

in delayed virologic responders.

The duration of reaching VR of the delayed virologic responders 

was much longer (4.7±3.5 months vs. 26.3±15.5 months; 

P<0.001) but no difference was found in ALT normalization (96.7% 

vs. 97.5%; P=0.981) and VR rate (100% vs. 97.6%; P=1.000). In 

multivariate analysis, HBeAg positivity (odds ratio [OR], 9.231; 95% 

confidence interval [CI], 1.03-82.91; P=0.047) and a high baseline 

HBV DNA level (OR, 0.170; 95% CI, 0.08-0.37; P=0.000) were in-

dependently associated with a delayed virologic response (Table 4).

DISCUSSION

In a less potent antiviral agent prior to ETV, achieving VR at a 

certain timepoint was an important predictor which helps expect 

Table 3. Comparison of clinical features between patients exhibiting complete and delayed virologic responses 

Variables
Complete virologic response

(n=312)
Delayed virologic response

(n=40)
P-value

Age (yr) 52.1±11.6 48.8±11.3 0.097

Male 165 (53.4) 22 (55) 0.624

Cirrhosis 163 (52.8)    13 (32.5) 0.078

HCC 24 (7.8)    3 (7.5) 0.953

HBeAg positivity 153 (49.5) 36 (90) <0.001

ALT (IU/L) 235.9±445.9 127.2±125.9 0.001

ALT normalization 294 (96.7)   39 (97.5) 0.981

HBeAg loss   77 (34.5) 2 (5) 0.004

HBeAg seroconversion   51 (22.7)   1 (2.5) 0.003

Baseline HBV DNA (log10 IU/mL) 6.0±1.5 7.4±1.6 <0.001

HBV DNA at week 12 (log10 IU/mL)  1.1±1.4 3.3±1.3 <0.001

HBV DNA at week 24 (log10 IU/mL)  0.5±1.1 2.8±1.8 <0.001

Mean duration of reaching VR (months)   4.7±3.5 26.3±15.5 <0.001

Data are presented as mean±SD or number (%).
CVR, complete virologic response; HCC, hepatocellular carcinoma; HBeAg, hepatitis B e antigen; ALT, alanine aminotransferase; HBV, hepatitis B virus; VR, 
virologic response.

Table 4. Factors associated with delayed virologic response during entecavir therapy by multivariate analysis

Variables OR 95% CI P-value

HBeAg positivity 9.231 1.03-82.91 0.047

ALT (IU/L) 0.998 0.99-1.00 0.353

HBeAg loss 3.342 0.32-35.33 0.316

HBeAg seroconversion 1.462 0.10-20.94 0.780

Baseline HBV DNA (log10 IU/mL) 0.170 0.08-0.37 0.000

HBV DNA at week 12 (log10 IU/mL) 1.850 0.81-4.22 0.143

HBV DNA at week 24 (log10 IU/mL) 0.426 0.18-1.01 0.052

OR, odds ratio; CI, confidence interval; HBeAg, hepatitis B e antigen; ALT, alanine aminotransferase; HBV, hepatitis B virus.
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the long-term treatment response. It is reported that reaching a 

VR of lamivudine and telbivudine at week 24, and of ADV at week 

48 is related to the lower incidence of resistance, improved chance 

of maintained VR in both HBeAg-positive and HBeAg-negative 

patients, and higher chance of HBeAg seroconversion in the 

HBeAg-positive patients.12,20-23 It is not a failure of the initial treat-

ment, but the current guidelines recommend considering treat-

ment adaptation because PVR without achieving VR at timepoints 

has a greater risk of genetic resistance during ETV therapy.1,11,13 

Though these on-treatment predictors can be useful for treatment 

with above mentioned antiviral agents, they can differ for each 

drug and their usefulness in ETV as a predictor at timepoints 

based on the study of the previous less potent drugs is not estab-

lished.1,14

The ETV is, as to TDF, a drug with a high genetic barrier barrier 

and its antiviral potency is more extraordinary than the previous 

NAs. From a study on the treatment result of ETV, the VR rate of 

HBeAg-positive patients was 67%24 for a year and 90%16,25 for 

more than 3 years. The VR rate of HBeAg-negative patients was 

90%26 for a year and over 95%27 for 3-5 years. In terms of resis-

tance incidence, it was reported that the cummulative resistance 

rate was 1.2% at 5 year of ETV therapy.25,28 The former clinical 

and virological studies say that drug compliance test and drug re-

sistance test are necessary and treatment adaptation should be 

considered as soon as possible when an oral antiviral agent is 

used and virologic breakthrough is shown.29-35 According to other 

studies, it is very likely that one reason why virologic breakthrough 

is shown during ETV treatment to NAs-naïve patients is mostly 

poor compliance of patients.28,36 Then they report that the encour-

agement of patients’ drug compliance and continuous ETV treat-

ment are helpful in inhibiting a virus in the long-term.28,36

In the multicenter cohort study by Zoutendijk et al, thirty-six pa-

tients (21%) with PVR at week 48 among patients treated with 

ETV monotherapy continued the treatment. Twenty-nine of them 

(81%) reached VR beyond 48 weeks, and 10 of them did beyond 

96 weeks. During follow-up of 3 years, no one had resistance to 

ETV and 21 of 22 patients (95%) with HBV DNA <1,000 IU/mL at 

week 48 reached VR compared with 8 of 14 patients (57%) with 

HBV DNA ≥1,000 IU/mL. This means that a case of HBV DNA 

≥1,000 IU/mL at week 48 is a factor to predict a delayed treat-

ment response.13

In the open-label prospective studies by Ko et al, 18 patients 

(14%) who received ETV monotherapy for more than one year and 

showed PVR at week 48 among 128 of naïve CHB patients contin-

ued the treatment. Based on the monitoring result for 2 years, 9 

of 13 patients (69.2%) reached VR. According to this study, the 

independent factor to predict PVR was a substantial viral load (>7 

log10 IU/mL) from the baseline and was not relevant to a result of 

HBeAg test, presence of liver cirrhosis, and ALT level.11

Upon the retrospective study by Kwon et al, ETV monotherapy 

was constantly performed to 64 patients (28.2%) who received 

ETV treatment for more than one year and showed PVR at week 

48 among 227 naïve CHB patients. As the patients were moni-

tored for 3 years, the cumulative rate of VR was 45.2% at week 

96 and 73.8% at week 144, and the rate of resistance was not 

different from the early VR patients group. This study showed the 

independent factor to predict PVR was a case of more than 8 log10 

IU/mL of serum HBV DNA from the baseline, more than 2,000 IU/

mL of serum HBV DNA at week 12, and when a serum HBV DNA 

was detectable at week 24.17

The PVR rate of ETV treatment in this study was similar or lower 

compared to the former studies. The rate of VR was quite high; 

76.5% in HBeAg-positive patients and 97% in HBeAg-negative 

patients for a year. We monitored the viral loads of treatment-na-

ïve patients with PVR and continuously maintained ETV mono-

therapy as long as genetic mutation was not detected in spite of 

virologic breakthrough. It resulted that 40 of 41 patients who 

were followed up for more than 6 years reached the VR. This VR 

rate (97.6%) was higher than those of any previous studies and no 

one showed genetic mutation. As mentioned in other previous 

studies, this indicates the strong antiviral effect of ETV and its 

safety. Even though it did not make patients to reach VR in a short 

time, the treatment effect still maintained after prolonged treat-

ment.

Furthermore, the initial high level of HBV DNA was shown to be 

an independent factor that enabled to predict the delayed virolog-

ic response in this study, and it matches the result of previous 

studies. The HBV DNA level at week 12 or 24 was not predictive 

of delayed virologic response although it has significant difference 

from that of CVR patients group. What we newly found is that the 

initial HBeAg positivity can be an independent factor to predict 

the delayed virologic response. Because most people with PVR at 

week 48 reached VR, we could not find out any predictive factor 

for VR. According to the study of Ko et al, the rate of delayed viro-

logic response was determined by the level of 1,000 IU/mL in HBV 

DNA at week 48.11 However, in our study, the rate (39%) of de-

layed virologic response of 16 patients whose HBV DNA level was 

more than 1,000 IU/mL at week 48 did not show a significant dif-

ference from that (61%) of 25 patients whose HBV DNA level was 

less than 1,000 IU/mL at week 48.
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While only treatment-naïve patients were followed up in our 

study, the patients who experienced oral antiviral agents were in-

cluded in some studies. They reported that the PVR rate of pa-

tients with lamivudine-resistance was significantly high and that 

poor VR and ETV-resistance could be predicted by the occurrence 

of PVR at week 24 or 48.18,37 Therefore, in treatment-experienced 

CHB patients, an adequate plan of treatment monitoring and ad-

aptation should be made through detailed history taking and drug 

resistance test in use of oral antiviral agents.

Our study has some limitations. First, as this study is a retro-

spective study and was performed at a single tertiary care center, 

characteristics of patients could be limited. And the patients with 

PVR were very few, so there is a limitation in regarding this result 

as a general idea of monitoring for more than 6 years. However, 

several studies on the prolonged ETV treatment reported the high 

rate of achieving VR and its safety recently. They become basis on 

monotherapy without treatment adaptation. Therefore, it is neces-

sary to discuss the prolonged ETV treatment based on these stud-

ies in treatment-naïve CHB patients.

Second, outcome might be different if 7 treatment-adapted pa-

tients with PVR have prolonged ETV monotherapy. It was appro-

priate to change the treatment to one patient because he showed 

genetic mutation after PVR, but the other 6 patients could have 

chances to be in prolonged ETV monotherapy. Although the num-

ber of patients was small, this point has probabilities to affect the 

results of our study.

In conclusion, long-term ETV monotherapy is effective for 

achieving VR in treatment-naïve CHB patients with PVR to ETV. 

HBeAg positivity and a high baseline HBV DNA level were inde-

pendently associated with a delayed virologic response. Additional 

studies about optimal management of patients with PVR to ETV 

are necessary.
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