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Abstract 

Viral breakthrough is related to poor adherence to medication in some chronic hepatitis B patients 
treated with nucleos(t)ide analogues (NAs). Our study aimed to examine how adherence to 
medication is associated with viral breakthrough in patients treated with NAs. A total of 203 pa-
tients (135 ETV and 68 LAM) were analyzed in this retrospective analysis. Physical examination, 
serum liver enzyme tests, and hepatitis B virus marker tests were performed at least every 3 
months. We reviewed medical records and performed medical interviews regarding to patients’ 
adherence to medication. Adherence rates <90% were defined as poor adherence in the present 
study. Cumulative viral breakthrough rates were lower in the ETV-treated patients than in the 
LAM-treated patients (P<0.001). Seven ETV-treated (5.1%) and 6 LAM-treated patients (8.8%) 
revealed poor adherence to medication (P=0.48). Among ETV-treated patients, 4 (3.1%) of 128 
patients without poor adherence experienced viral breakthrough and 3 (42.8%) of 7 patients with 
poor adherence experienced viral breakthrough (P<0.001). Only 3 of 38 (7.8%) LAM-treated pa-
tients with viral breakthrough had poor adherence, a lower rate than the ETV-treated patients 
(P=0.039). Nucleoside analogue resistance mutations were observed in 50.0% of ETV- and 94.1% 
of LAM-treated patients with viral breakthrough (P=0.047). Viral breakthrough associated with 
poor adherence could be a more important issue in the treatment with especially stronger NAs, 
such as ETV. 
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INTRODUCTION 
Two billion people have been exposed to hepati-

tis B virus (HBV), and 350-400 million people remain 
chronically infected worldwide. In Japan, the preva-
lence of HBV carriers is estimated at ~1% of the pop-
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ulation, but HBV is a major health issue because it 
causes acute hepatitis, chronic hepatitis, cirrhosis, and 
hepatocellular carcinoma (HCC) [1, 2]. 

Lamivudine (LAM) is a reverse-transcriptase in-
hibitor of HBV DNA polymerase that possesses ex-
cellent profile of safety and tolerability and causes 
inhibition of viral replication. LAM was the first nu-
cleos(t)ide analogue (NA) to be approved for antiviral 
treatment of hepatitis B patients [3, 4]. Entecavir 
(ETV), a deoxyguanosine analogue, is a potent and 
selective inhibitor of HBV replication. The in vitro 
potency of ETV is 100- to 1,000-fold greater than that 
of LAM, and it has a selectivity index (concentration 
of drug required to reduce viable cell number by 50% 
[CC50] / concentration of drug required to reduce 
viral replication by 50% [EC50]) of approximately 8,000 
[5, 6]. LAM (until 2005) and ETV (from 2006) have 
been used as first-line NAs for most patients with 
chronic hepatitis B in Japan. Most patients with 
chronic hepatitis B have been undergoing treatment 
for longer durations, and prolonged treatment is as-
sociated with increasing rates of viral breakthrough 
[7]. It has been reported that not all cases are associ-
ated with resistance mutations [8, 9]. We have also 
reported that some cases of viral breakthrough during 
ETV treatment were related to poor adherence to 
medication [10]. 

Adherence rates are usually lower in patients 
with long-term treatment regimens, such as for hy-
pertension, than in patients with short-term regimens, 
such as for gastric ulcers [11]. It has been reported that 
74.8% of patients with hypertension were determined 
to have an adherence rate ≥80% [12], and that 55.3% of 
patients with chronic hepatitis B had an adherence 
rate >90% [8].  

In the present study, we aimed to investigate 
whether drug adherence is related to viral break-
through in chronic hepatitis B patients treated with 
LAM or ETV. We also investigated the pattern of poor 
adherence and suggested how adherence to medica-
tion could be improved. 

MATERIALS AND METHODS 
Patients 

Two hundred seventy-five NA-treated naïve pa-
tients (185 ETV- and 90 LAM-treated patients), who 
were admitted to Chiba University Hospital between 
April 2000 and September 2011, were enrolled (Figure 
1). Some of these patients had already been included 
in a previous report [10]. Between November 2011 
and April 2012, doctors performed medical interviews 
of those patients to determine their adherence to 
medication. Seventy-two patients (50 ETV- and 22 
LAM-treated patients) were excluded from this ret-
rospective analysis, because their adherence to medi-
cation could not be confirmed. One hundred thir-
ty-five patients were administered 0.5 mg of ETV 
daily and 68 patients were administered 100 mg of 
LAM daily (Table 1). In all patients, serum hepatitis B 
surface antigen (HBsAg) and HBV DNA were posi-
tive. All patients had negative results for hepatitis C 
virus or human immunodeficiency virus antibodies. 
Physical examinations, serum liver enzyme tests, and 
HBV marker tests were performed at least every 3 
months. The study was carried out in accordance with 
the Helsinki Declaration, and was approved by the 
Ethics Committee of Chiba University, Graduate 
School of Medicine (No. 977). 

 
Figure 1. Patients, adherence rates, and the prevalence of viral breakthrough in this study. ETV, entecavir; LAM, lamivudine. 
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Table 1. Baseline characteristics of patients. 

 ETV LAM P-values 
Number of cases 135 68  
Age (years) 51.7 + 11.7 45.5 + 12.1 <0.001 
Gender (male/female) 83/52 49/19 0.135 
HBeAg (+/-) 64/71 45/23 0.011 
Genotype (A/B/C/unknown) 0/11/78/46 1/6/57/4 0.427 
HBV DNA (log IU/mL) (<5.0/> 
5.0/unknown) 

27/108/0 3/55/10 0.009 

ALT (IU/L) 161 + 195 353 + 394 <0.001 
Platelets (×104/mm3) 16.3 + 5.9 16.9 + 7.0 0.556 
APRI 2.49 + 4.19 6.52 + 6.98 <0.001 
Follow-up period (months) 26.9 + 21.6 49.0 + 39.7 <0.001 
ETV, entecavir; LAM, lamivudine; HBeAg, hepatitis B e antigen; N.D., not determined; HBV DNA, hepatitis B virus deoxyribonucleic acid; ALT, alanine ami-
notransferase; APRI, aspartate aminotransferase platelet ratio index. Continuous variables are expressed as mean + standard deviation. 

 
Blood examinations 

Aspartate aminotransferase (AST) and alanine 
aminotransferase (ALT) levels, and platelet counts 
were reviewed in the present study. We also calcu-
lated the aspartate aminotransferase platelet ratio 
index [APRI: AST (IU/L)/ 35/platelet count (103/µL) 
x 100], which is significantly correlated with the 
staging of liver fibrosis, with a higher correlation co-
efficient than platelet count or AST level alone [13]. 

Detection of HBV markers 
HBsAg, hepatitis B e antigen (HBeAg) and an-

ti-HBe antibody were determined by ELISA (Abbott, 
Chicago, IL, USA) or CLEIA (Fujirebio, Tokyo, Ja-
pan)[14]. HBV genotype was determined by ELISA 
(Institute of Immunology, Tokyo, Japan) [15]. HBV 
DNA was measured by Roche Amplicor PCR assay 
(detection limits: 2.6 log IU/mL; Roche Diagnostics, 
Tokyo, Japan). 

Follow-up period 
The follow-up period ended when the NA was 

switched to another NA or another NA was added, or 
it was discontinued for various reasons. 

Definition of adherence to medication 
To obtain information regarding adherence to 

medication, we reviewed medical records. We also 
interviewed patients about their adherence to medi-
cation. We expressed the rate of adherence to medica-
tion as a percentage calculated by the number of days 
of taking a pill divided by the follow-up period 
(days). Adherence rates <90% were defined as poor 
adherence in the present study. 

Definition of viral breakthrough 
Viral breakthrough was defined as an increase of 

> 1 log IU/mL in serum HBV DNA level from nadir. 

Sequence analysis of HBV DNA 
The YMDD motif was analyzed by PCR-ELMA 

in sera of patients who had experienced viral break-
through, as reported by Kobayashi et al [16]. HBV 
polymerase/reverse transcriptase (RT) substitutions 
were also analyzed in sera of ETV-treated patients 
who had experienced viral breakthrough. Briefly, 
HBV DNA was extracted from 100 µL of sera using 
SepaGene (Sanko Junyaku, Tokyo, Japan). Nested 
PCR was performed using LA Taq polymerase 
(Takara Bio, Otsu, Shiga, Japan) under the following 
conditions: 5-min denaturation at 94oC, 35 cycles with 
denaturation at 94oC for 40 s, annealing at 58oC for 1 
min, and extension at 68oC for 1.5 min [2]. An 862 
base-pair fragment (nt 242-1103) containing the pol-
ymerase RT domain was amplified on the PCR 
Thermal Cycler Dice Model TP600 (Takara Bio). The 
primers for the first PCR were 5’-CAG AGT CTA 
GAC TCG TGG-3’ (sense, nt 242-258) and 5’-GGC 
GAG AAA GTG AAAGCC-3’ (antisense, nt 
1103-1086). The PCR product was sequenced using 
the primers: 5’-TGG CTC AGT TTA CTAGTG CC -3’ 
(nt 668-687) and 5’-GGC ACT AGT AAA CTGAGC 
CA-3’ (nt 687-668), and these primers were also used 
for the second PCR. To prepare the sequence tem-
plate, PCR products were treated with ExoSAP-ITR 
(Affymetrix, Inc., Santa Clara, CA, USA), and then 
sequenced using the BigDye(R) Terminator v3.1 Cycle 
Sequencing Kit (Life Technologies, Tokyo, Japan). 
Sequences were performed with Applied Biosystems 
3730xl (Life Technologies) [17]. 

Statistical analysis 
Statistical analyses were performed using SAS 

9.3 Software (SAS Institute, Cary, NC, USA). Contin-
uous variables were expressed as mean + standard 
deviation and were compared by Student’s t-test or 
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Welch’s t-test. Categorical variables were compared 
by chi-square test or Fisher’s exact probability test. 
The Kaplan-Meier method was used to calculate viral 
breakthrough rates. Baseline was taken as the date 
when the first dose of LAM or ETV was taken. Statis-
tical significance was considered at a P-value < 0.05. 

RESULTS 
Baseline characteristics of patients 

Baseline characteristics of patients are shown in 
Table 1. In ETV-treated patients, the age was higher, 
the prevalence of HBeAg-negative patients was high-
er, HBV DNA was lower, ALT levels were lower, and 
APRI was lower (ie., liver fibrosis was milder) than in 
LAM-treated patients. HBV genotype C was domi-
nant in both groups. The follow-up period in 
ETV-treated patients was shorter than that in 
LAM-treated patients, based on the fact that ETV was 
a newer drug and many ETV-treated patients had 
started treatment more recently. 

Adherence to medication, and viral break-
through between ETV- and LAM-treated pa-
tients 

Most patients presented good adherence to 
medication in the present study. Seven ETV-treated 
(5.1%) and 6 LAM-treated patients (8.8%) had poor 
adherence (Figure 1). The number of patients with 
poor adherence was not significantly different be-
tween the ETV- and LAM-treated groups (P=0.48). 
The characteristics of the 13 patients with poor ad-
herence are shown in Table 2. Cumulative viral 
breakthrough rates were lower in the ETV-treated 

patients than in the LAM-treated patients (P<0.001) 
(Figure 2). 

Viral breakthrough in HBeAg-positive and 
-negative patients 

Among the LAM-treated patients, cumulative 
viral breakthrough rates in HBeAg-positive patients 
at baseline (n=45; 25.0% at 1 year, 55.1% at 3 years, 
and 67.0% at 5 years) were similar to those in 
HBeAg-negative patients at baseline (n=23; 9.5% at 1 
year, 38.2% at 3 years, and 44.4% at 5 years; P=0.16). 
Among the ETV-treated patients, cumulative viral 
breakthrough rates in HBeAg-positive patients at 
baseline (n=64; 2.2% at 1 year, 18.1% at 3 years, and 
18.1% at 5 years) were also similar to those in 
HBeAg-negative patients at baseline (n=71; 1.6% at 1 
year, 1.6% at 3 years, and 1.6% at 5 years; P=0.050). 

Among the LAM-treated patients who were 
HBeAg-positive at baseline, cumulative viral break-
through rates in patients who converted to 
HBeAg-seronegative were lower than those in pa-
tients who maintained HBeAg seropositivity 
(P<0.001) (Figure 3). All LAM-treated patients who 
did not become HBeAg-seronegative experienced 
viral breakthrough. Among the ETV-treated patients 
who were positive for HBeAg at baseline, conversion 
to HBeAg seronegativity did not affect the rate of viral 
breakthrough (data not shown). 

There were no differences in HBV viral loads at 
study entry between HBeAg-positive patients with 
and without viral breakthrough. There were also no 
differences in HBV viral loads between 
HBeAg-negative patients with and without viral 
breakthrough. 

 
Figure 2. Cumulative viral breakthrough rates. ETV, entecavir; LAM, lamivudine. 
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Table 2. Patients with poor adherence to medication. 

Case Drug Adher-
ence 
rate (%) 

Age 
(years) 

Gen
der 

Gen-
otype 

HBe
Ag 

HBV 
DNA 
(log 
IU/m
L) 

ALT 
(IU/L) 

APRI  HBeAg- 
seroneg-
ative 

HBV 
DNA 
nega-
tivity 

V
T 

Duration 
of 
treatment 
before VT 
(months) 

Resis-
sis-
tance 
muta-
tions 

Treatment 
after VT 

Clinical 
out-
come 

1 ETV 50 55 F B - 3.8 16 0.33 N.A. + + 6 - ETV good 
2 ETV 75 49 M C + 7.3 107 1.60 + + + 28 + LAM+ADV good 
3 ETV 85 38 M C + 6.9 59 2.80 - + + 29 N.D. ETV good 
4 ETV 80 39 M C + 5.8 51 0.63 + + - N.A. N.A. ETV good 
5 ETV 85 37 F C + 6.9 160 2.25 + + - N.A. N.A. ETV good 
6 ETV 85 66 M N.D. + 7.7 68 0.95 - - - N.A. N.A. ETV good 
7 ETV 85 38 M C + 6.5 478 7.94 - + - N.A. N.A. ETV good 
8 LAM 50 47 F C + 6.5 455 2.54 + + + 45 - LAM good 
9 LAM 80 36 M C + 7.0 110 4.25 + + + 41 + LAM+ADV good 
10 LAM 85 23 M C + >7.6 161 3.53 - + + 11 - cessation flare 
11 LAM 85 32 M C + >7.6 343 1.30 + + - N.A. N.A. LAM good 
12 LAM 85 54 F C - 4.1 196 2.68 N.A. + - N.A. N.A. LAM good 
13 LAM 85 36 M C + 6.7 1576 15.78 + + - N.A. N.A. LAM good 
Cases 2 and 3 had already been included in a previous report.[10] HBeAg, hepatitis B e antigen; HBV DNA, hepatitis B virus deoxyribonucleic acid, ALT, alanine 
aminotransferase; APRI, aspartate aminotransferase platelet ratio index; VT, viral breakthrough; ETV, entecavir; LAM, lamivudine; ADV, adefovir; F, female; M, 
male; N.D., not determined; N.A., not available; HBeAg-seronegative, conversion to HBeAg-seronegative after administration of a nucleoside analogue; HBV 
DNA negativity, achieving HBV DNA negativity after administration of a nucleoside analogue; flare, fluctuating ALT after treatment after VT. 

 
 
 

 
Figure 3. Cumulative viral breakthrough rates in lamivudine (LAM)-treated patients with HBe antigen (HBeAg)-positive at baseline. (-), 
maintaining HBeAg seropositivity; (+), conversion to HBeAg-seronegative. 

 
 

Viral breakthrough in patients who achieved, 
and did not achieve HBV DNA negativity 

Among the LAM-treated patients, cumulative 
viral breakthrough rates in patients who did not 

achieve HBV DNA negativity were higher than in 
those who achieved HBV DNA negativity (P<0.001) 
(Figure 4). All patients who did not achieve HBV 
DNA negativity experienced viral breakthrough. In 
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contrast, among the ETV-treated patients, cumulative 
viral breakthrough rates in patients who did not 
achieve HBV DNA negativity were similar to the rates 
in those who achieved HBV DNA negativity (data not 
shown).  

Correlation between adherence to medication 
and viral breakthrough 

We also compared viral breakthrough rates ac-
cording to adherence to medication. Among 62 
LAM-treated patients who did not have poor adher-
ence, 35 patients (56.4%) experienced viral break-
through (Figure 5). Among 6 LAM-treated patients 
with poor adherence, 3 patients (50.0%) experienced 
viral breakthrough. In LAM treatment, poor adher-
ence did not contribute to viral breakthrough 
(P=0.89). However, among 128 ETV-treated patients 
who did not have poor adherence, 4 patients (3.1%) 
experienced viral breakthrough. Among 7 
ETV-treated patients with poor adherence, 3 patients 
(42.8%) experienced viral breakthrough. In the treat-
ment with ETV, poor adherence contributed to viral 
breakthrough (P<0.001). 

Resistance mutations 
Resistance mutations were analyzed in some pa-

tients who experienced viral breakthrough. They were 
analyzed in 34 LAM-treated patients and 4 
ETV-treated patients (Table 3). Thirty-two 
LAM-resistant patients had 10 YVDD, 17 YIDD, and 5 
YV/IDD motifs, and 2 ETV-resistant patients had two 
YVDD motifs. Resistance mutations were not ob-
served in 2 LAM-treated patients (5.8%) and 2 
ETV-treated patients (50.0%) (P=0.047). 

 

Table 3. Patients with viral breakthrough. 

 ETV LAM 
Adherence rate ≥90% <90% ≥90% <90% 
Resistance mutation (+) 1 1 31 1 
L180M 1 1 N.D. N.D. 

T184A 1 0 N.D. N.D. 
S202G 0 1 N.D. N.D. 
M204V 1 1 9 1 
M204I 0 0 17 0 
M204V/I 0 0 5 0 
M250V 0 0 N.D. N.D. 
Resistance mutation (-) 1 1 0 2 
ETV, entecavir; LAM, lamivudine; N.D., not determined. Numbers of amino 
acid positions were according to Refs. 2 and 10. 

 

 
 

 
Figure 4. Cumulative viral breakthrough rates in lamivudine (LAM)-treated patients who achieved HBV DNA negativity and those who 
did not. (-), maintaining HBV DNA positivity; (+), achieving HBV DNA negativity. HBV DNA negativity was unknown in 9 patients because 
of lack of data. 
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Figure 5. Association between adherence to medication and viral breakthrough. 

 

DISCUSSION 
The current study found that ETV-treated pa-

tients were not likely to acquire any resistance muta-
tions and experience an ALT flare. Therefore, patients 
with poor liver residual function, such as liver cirrho-
sis, were likely to be administered ETV rather than 
LAM. Unexpectedly, HBsAg loss was observed in 3 of 
28 LAM-treated patients without viral breakthrough 
(10.7%) and in 3 of 118 ETV-treated patients without 
viral breakthrough (2.5%). Long-term treatment with 
these drugs might result in HBsAg loss, although 
several reports have stated that one-year treatment 
with peg-interferon led to more HBsAg loss than 
these drugs [18-25].  

In the current study, adherence to medication of 
most patients was excellent. The reasons for this 
might be as follows: (1) Our setting was a University 
Hospital, and this may have strengthened their will to 
succeeded with the treatment; (2) some patients with 
poor adherence might have been excluded because 
they did not see a doctor during the interview period; 
and (3) the rate of adherence to medication was based 
on patient self-assessment. A previous report showed 
that adherence might be underestimated by the Med-
ication Event Monitoring System, a system that au-
tomatically records whenever a drug bottle is opened, 
and might be overestimated by pill counting and at 
interviews [26]. We classified the adherence rate as 
good at 90% or more, and as poor at less than 90%. 
However, we could not prove any significant influ-
ence of this classification on viral breakthrough as 
well as resistance mutation. 

In the 13 patients with poor adherence (Table 2), 
we examined the reasons for their failure to take the 
pills. All 13 patients displayed some carelessness 
about taking pills. Two ETV-treated patients did not 
see a doctor and could not take pills continuously for 
a certain period of time, which particularly appeared 
to affect their viral breakthrough. 

In LAM-treated patients, conversion of HBeAg 
to seronegative and achieving HBV DNA negativity 
was one of the important factors for successful treat-
ment (Figures 3 & 4). In contrast, among ETV-treated 
patients, maintaining HBeAg seropositivity or HBV 
DNA positivity was not associated with viral break-
through in the present study. Because of the stronger 
effect of ETV, it has been reported that long-term ETV 
treatment leads to a viral response in the vast majority 
of patients with detectable HBV DNA after 48 weeks 
[27]. Moreover, in the current study, poor adherence 
to medication was a major factor of viral break-
through in the ETV-treated patients, but not in the 
LAM-treated patients. Ha et al. [9] also reported that 
medication non-adherence is likely to be a more im-
portant contributor to treatment failure than antiviral 
resistance, especially with new anti-HBV agents such 
as ETV and tenofovir. In LAM-treated or ETV-treated 
patients, viral breakthrough without resistance muta-
tions might occur to some degree because of poor 
adherence to medication. In the present study, in 
LAM-treated patients, emergence of viral break-
through with resistance mutations was common. 
Therefore, viral breakthrough due to poor adherence 
to LAM might not be important, compared with 
ETV-treated patients. However, in ETV-treated pa-
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tients, viral breakthrough with resistance mutations 
was rare, and therefore, viral breakthrough due to 
poor adherence to ETV might be important.  

In conclusion, viral breakthrough associated 
with poor adherence could be an important issue in 
the treatment with strong nucleoside analogues, such 
as ETV. 

ABBREVIATIONS 
ALT: alanine aminotransferase  
ETV:  entecavir 
HBeAg: hepatitis B e antigen 
HBsAg: hepatitis B surface antigen 
HBV:  hepatitis B virus 
HCC:  hepatocellular carcinoma 
NA: nucleos(t)ide analogue 
LAM: lamivudine 
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