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Background: The antiviral effect of HBV in different nucleos (t) ide analogues is still not well known. This study was con-
ducted to compare the effectiveness of lamivudine (LMV), adefovir dipivoxil (ADV), telbivudine (LdT), and en-
tecavir (ETV) monotherapy in chronic HBeAg-negative hepatitis B patients with medium load of HBV DNA.

Material/Methods: The effective data of 207 patients treated by LMV (n=43), ADV (n=57), LdT (n=54) or ETV (n=53) were collect-
ed and analyzed during 144-week follow-up by retrospective analysis.
Results: Serum HBV DNA levels were significantly lower in the ETV group 1.91+0.45 log,, IU/ml) than in the LdT group
(2.09+0.62 log, , 1U/ml), ADV group (2.26+0.73 log,,1U/ml), and LMV group (2.08+0.75 log, IU/ml) at 12 weeks
(P=0.0464). HBV DNA levels were maintained at lower levels in the ETV group compared to other 3 groups dur-
ing follow-up (48 weeks, P<0.001; 96 weeks, P<0.001). Multivariate Cox regression analysis showed that LMV
(P=0.001), ADV, (P<0.001), and LdT (P<0.001) were all negative predictors of HBV DNA-negative time, but ETV
was not. Viral breakthrough occurred in 34.8% (15/43) of patients in the LMV group; 5.26% (3/57) in the ADV
group, 7.4.0% (4/54) in the LdT group, and 0% (0/53) in the ETV group at the end of follow-up. No significant
differences were found in mean ALT levels (all P>0.05) or in cumulative normalization rates (P=0.473).

Conclusions: ETV was more potent and faster for viral response and lower viral breakthrough in medium load of HBV DNA

when compared to LMV, ADV, or LdT monotherapy in HBeAg-negative CHB.
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Background

Hepatitis B is a serious global health issues and about 0.5 to
1.2 million deaths per year are attributed to HBV-associated
complications, including cirrhosis, hepatic decompensation, and
liver cancer [1-3]. A very important goal of hepatitis B thera-
py is to reduce HBV DNA replication, which can improve pa-
tient survival by preventing disease progression from cirrho-
sis and hepatocellular carcinoma [4,5].

Lamivudine (LMV), adefovir dipivoxil (ADV), telbivudine (LdT),
entecavir (ETV), and tenofovir (TDF) are now available nucleos
(t) ide analogues (NAs) for HBV used in China. LMV LdT, and
especially ADV are relatively less potent than ETV or tenofo-
vir in suppressing viral replication [6,7]. But it is reported that
ADV showed good effectiveness, tolerance, and safety profiles
in chronic hepatitis B (CHB) patients with a relatively lower viral
load [8]. This is why some patients chose ADV or LMV for an-
tiviral therapy in China. On the other hand, LMV, ADV, and LdT
showed a lower resistant barrier than ETV and TDF [9]. More
common use of these medicines could increase the resistant
risk in long-term therapy. As a result, they were no longer rec-
ommended as first-line drugs for anti-HBV therapy in Europe
and elsewhere [1,10]. On the other hand, TDF has only been ap-
proved in CFDA for less than 1 year, so there is insufficient data
on its effects; thus, we did not compare TDF in this research.

As a compromise, all 4 NAs approved are recommended by the
Chinese guideline for management of chronic hepatitis B [10].
Actually, many more CHB patients in China, especially in sec-
ond-tier cities or rural areas, chose LMV, ADV, or LdT than ETV
for antiviral therapy.

We have good reason to believe that LMV, ADV, and LdT would
show a relatively poorer effectiveness than ETV in CHB patients
with a higher viral load, but they might show the same effect
while in patients with a medium HBV DNA (the amount of HBV
DNA load was between 4-6 log,, IU/ml). It will be very use-
ful in making decision of choosing the NAs when patient with
medium HBV DNA load and there will have more choices for
antiviral drugs. Because HBeAg-negative CHB had lower HBV
DNA levels in most situation, we conduct this study to evalu-
ate the effectiveness in real life of the 4 NAs in relatively lower
viral load (HBV DNA 4-5 log,  1U/ml) in HBeAg-negative CHB,
which would be good beneficial for most patients in China.

Material and Methods

Study protocol

This study was retrospectively conducted in our follow-up clin-
ic. All patients enrolled in this study were enrolled between
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January 2012 and December 2015. All of the enrolled patients
were managed according to the 2015 Chinese official guide-
lines for the treatment of CHB [10].

Definition

Medium HBV DNA level were defined as HBV DNA levels in the
serum >4 log,  IU/ml, but no more than 6 log, ,1U/ml; HBV DNA-
negative was defined as HBV DNA levels less than the detection
limit (100 1U/ml). Complete viral response (CVR) was defined
as HBV DNA lower than the detection limit at any time. Viral
breakthrough (VB) was defined as an increase in serum HBV
DNA by >1 log,, IU/ml above last treatment. The rate of anti-
viral drugs altered was defined as the need to change antivi-
ral drugs because of resistance, partial virological response, or
adverse events. HBeAg serum conversion is defined as change
of HBeAg from positive to negative. ALT normalization is de-
fined as ALT level decreased into the normal range (5-35 U/L).

Exclusions

None of the subjects had ever received anti-HBV therapy be-
fore. Patients were excluded for: HBV DNA levels that were too
low or too high (<4 log,, IU/ml or >6 log,, IU/ml) ; co-infected
with HCV infection and other virus-related hepatitis; autoim-
mune hepatitis; hepatocellular carcinoma; Wilson’s disease;
coexistent with human immunodeficiency infection; hepato-
toxicity; steatogenic; antineoplastic; systemic immuno-mod-
ulator treatment within a period of 6 months before the start
of antiviral therapy; primary biliary cirrhosis, primary scleros-
ing cholangitis; and a history of psychiatric disease.

Among 463 patients treated with 4 NAs, 255 were excluded
because of various reasons (all show in Figure 1). Finally, 207
NAs-naive patients with CHB were enrolled and treated with
LMV (LMV group, n=43), ADV (ADV group, n=57), LdT (LdT
group n=54) or ETV (ETV group, n=53) monotherapy. These
patients received 100 mg/day LMV (GlaxoSmithKline), 10 mg
mg/day ADV (GlaxoSmithKline), 600 mg/day LdT (Novartis), or
0.5 mg/day ETV (Bristol-Myers Squibb,) respectively.

Assessment of clinical and laboratory data

The baseline demographic and serologic data were obtained
from the patients; we aimed to find associated factors of the
4 groups before the antivirus treatment. Then the patient bio-
chemical data were monitored every 3 months, including HBV
DNA level, hepatis surface antigen (HBsAg), Hepatitis B e an-
tigen (HBeAg), anti-HBe HBeAg, ALT, aspartate aminotrans-
ferase (AST), total bilirubin (TB), and creatinine (Cr) until the
end of follow-up.
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463 NAs naive CHB patients

24 with HBV DNA level more than 6 log 10 [U/MI
12 with HBV DNA level more than 4 log 10 IU/MI
13 confected with hepatitis C virus

19 used TDF as antivirus drug

16 in liver cirrhosis

123 HbeAg positive

256 patients enrolled

16 loss follow up

6 withdraw informed consent

3 had pregnancy during therapy
24 within a period of 6 months

v ' ' '

LMV group ADV group LdT group ETV group
(n=43) (n=57) (n=54) (n=53)

Figure 1. The flow chart of the patients enrolled.

HBV DNA was quantified by real-time PCR (Da a Genetics, low-
er limits of detection: 1001U/ml). HBsAg, anti-HBs, HBeAg, and
anti-HBe were measured using commercially available chemi-
luminescence assay kits (Roche Diagnostic Systems).

Ethics statement

The study was approved by the Third Affiliated Hospital Ethics
Committee of Sun Yat-sen University and adhered to the guide-
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Statistical analysis

All data were entered and analyzed by using the SPSS software
vision 20.0 (SPSS 20.0 Inc., USA). Categorical data were pre-
sented as counts and percentages and were analyzed by using
the chi-Square test or the Fisher exact test. Continuous quan-
titative data are showed as mean + standard deviation (SD)
and were analyzed by Student’s t test. Cox regression analysis
was performed in search of variables determining the virolog-
ical response. Cumulative rates of complete viral suppression
were analyzed by the Kaplan-Meier method. P<0.05 was con-
sidered statistically significant. All statistical tests were two-
tailed and p-values less than 0.05 were considered as statis-
tically significant.

Results

Subject disposition

A total of 207 patients were enrolled in this retrospective
study. Baseline demographic and disease characteristics in-
cluding serum ALT levels and HBV DNA levels were compara-
ble in the 4 treatment groups (Table 1). The mean HBV DNA
level was 4.93+0.73 log10 IU/ml. In all, 43 (20.7%), 57 (27.5%),
54 (26.1%), and 53 (25.6%) patients were in the LMV, ADV,
LdT, and ETV groups, respectively. All NAs-naive patients of

CHB remained for the duration of all antiviral treatment dur-
ing 144 weeks.

lines of the Declaration of Helsinki. The study design and man-
uscript preparation fully followed the guidelines from the
STROBE statement [11]. Informed consent was obtained from
each enrolled patient. Virologic response

Serum HBV DNA levels were significantly lower in the ETV
group (1.91+0.45 log10 IU/ml) than in the LdT group (2.09+0.62
log10 IU/ml), ADV group (2.26+0.73 log10 1U/ml), and LMV

Table 1. Baseline of patients with HBeAg negative CHB patients in LMV, ADV, LdT, ETV patients respectively.

Baseline LMV (n=43) ADV (n=57) LDT (n=54) ETV (n=53)

Age (years) 40.0+8.7 40.1+11.9 40.4+11.6 44.7+9.1 0.0697
Csex(Male,n % 35614 4589 n@59) 8673 0484
B e 07:19 20820 207:15 06:16 0772

;?Sioﬁ;og,z)rtion of alcohol 18.6 (8/43) 29.8 (17/57) 16.7 (9/54) 30.2 (16/53) 0219

The proportion of smoking 32.6 (14/43) 22.8 (13/57) 31.5 (17/54) 226 (12/53) 0.524

history (%)

Family history of HBV, n (%) 48.8 (21/43) 31.6 (18/57) 22.2 (12/54) 17.0 (9/53) 0.04
ATt 10374516 10058035 1380£1289 1266832 0251
HBVODNAlog, IU/ml  492:074 4785079 4931076 5106060 01464
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Table 2. HBV DNA levels in different time points during the whole follow up periods in four groups patients.

HBV DNA
(log,, 1U/ml) LAM (n=43) ADV (n=57) LdT (n=54) ETV (n=53)
Baseline 4.92+0.74 4.78+0.79 4.9310.76 5.10+0.60 0.146
12 week 2.08+0.75 2.26+0.73 2.09+0.62 1.91+0.45 0.0464
24 week 1.80+0.38 1.93+0.63 1.79+0.39 1.91+0.45 0.3459
48 week 2.48+1.52 1.82+0.45 1.73+0.19 1.70+0.01 <0.001
96 week 2.03+0.82 1.80+0.36 1.734£0.15 1.70+0.11 <0.001
144 week 1.79+0.29 1.75+0.22 1.81+0.46 1.70+0.02 0.292
A 6 1.00+
ALL P>0.05
5 R —o—|AM
= 5 o iy
S 4- X —-1DT
8‘9 E 060 —a—ETV
S 3 2
] S
= < 0404
S 21 e
= =
= S 020
- [==)
= P>0.001
0 T T T T T T 000 T T T T T T
0 12 24 43 9% 144 0 12 24 36 48 60 72 84 96 108 132 96 144
Duration from antivirus therapy (weeks) Duration from antivirus therapy (weeks)

Figure 2. The dynamic changes in HBV DNA levels and HBV DNA undetectable rates. HBV DNA levels (A) were decreased significantly
at week 12 and maintain at low levels after week 12 in four group patients, while LMV group were increased slightly at week
48 because of viral breakthrough. Cumulative incidence of patients with undetectable serum HBV DNA rates (B) were also
increased significantly at week 12 in four groups patients, especially in ETV group.

group (2.08+0.75 log10 IU/ml) at 12 weeks (P=0.0464), and
the HBV DNA levels were still lower in the ETV group compared
to the other 3 groups during follow-up (48 weeks, P<0.001;
96 weeks, P<0.001) (Table 2). The HBV DNA levels in the LMV
group were slightly increased from week 48 to 96 because of
many viral breakthroughs, but other groups did not show the
same trend (Figure 2A). HBV DNA undetectable rates were in-
creased in all 4 groups; the ETV group increased faster than
in the LMV, ADV, and LdT groups (P<0.001), and ADV and LdT
were increased nearly the same as each other (Figure 2B).
The median survival time of HBV DNA undetectable limits
of corresponding survival analysis in LMV, ADV, LdT, and ETV
groups were 12, 24, 36, and 12 weeks, respectively (P<0.001).
Multivariate Cox regression analysis showed that compared
to the ETV group, LMV (P=0.001, OR [odds ratio]=0.454), ADV
(P<0.001, OR=0.367), and LdT (P<0.001, OR=0.381) all were
negative predictors in HBV DNA-negative time (Table 3).

Virological breakthrough

Viral breakthrough occurred in 34.8% (5/43) in the LMV group,
5.26% (3/57) in the ADV group, 7.4.0% (4/54) in the LdT group,
and 0% (0/53) in ETV group at the end of follow-up (P<0.001).
Twelve patients in the LMV group with viral breakthrough
had genotypic resistance (all were rtM2041/V) at weeks 48 to
72, and 3 patients did not. All the patients with viral break-
through had ADV added at weeks 60 to 72 and they had good
viral response in followed-up. Two patients in the ADV group
who had viral breakthrough had genotypic resistance (one
was rtA181V at week 96 and the other was rtN236T at week
120) and they were switched to TDF; the other patient did
not have any genotypic resistance. All 4 patients in the LdT
group with viral breakthrough had rtM2041/V at weeks 60 to
96 and they were put on ADV to get a viral response after an-
other 12-week follow-up.
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Table 3. Multivariate Cox regression analysis in HBV DNA negative time.

Family history of of

" 060 .158 142 1 .706 1.062 778 1.448
hepatitis B
Alcohol history 054 218 061 1 .805 1.055 688 1.619
ETV 25.755 3 .000
LAM -.790 229 11.926 1 001 454 290 711
ADV -.978 222 19.401 1 000 376 243 581
LdT -.965 219 19.504 1 000 381 248 585
HBV DNA baseline level -.016 .109 021 1 884 .984 795 1.219
ALT baseline level .000 .001 .027 1 .869 1.000 998 1.001
A
160 - 1.00
—-LAM
£ 080
120 3
— X
s 1007 £ 060
EX) £
= 60 «—g 0407
- 2
40 = 02044
<<
20 P=0.473
0 T T T T T T 0.00 T T T T T T
0 12 24 48 96 144 0 12 24 36 48 60 72 84 96 108 132 96 144
Duration from antivirus therapy (weeks) Duration from antivirus therapy (weeks)

Figure 3. The mean ALT levels and cumulative ALT normalization rates during antiviral treatment in four groups patients. The mean
ALT levels (A) were declined significant to normal ranges from week 12 to the end of follow up. There was no significant
difference in any time point of the whole follow up periods. Cumulative incidence of patients of ALT normalization
(B) showed that ALT normalization rates were all increased in four groups and no significant differences were found either.

Biochemical response

Serum ALT levels decreased progressively during 144 weeks
of treatment in the 4 patient groups, as shown in Figure 3A.
Throughout the treatment period, the mean serum ALT lev-
els declined significantly at 12 weeks in all 4 group patients
compared to the beginning of antiviral therapy (all P<0.001),
and there was no significant difference from week 12 to 144
(all, P>0.05). The cumulative ALT normalization rates increased

after antiviral periods and no significant differences were ob-
served in the 4 groups (P=0.473, Figure 3B)

Safety

During antiviral therapy, no patients died or needed to re-
ceive liver transplantation. LdT was switched to LMV in 2 pa-
tients (2/54, 3.70%) due to increased serum creatine kinase,
but recovered after 3 months. The only adverse effect found
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was in 3 patients (3/57, 5.26%) in the ADV group who had in-
creased serum creatine. Although LMV had no drug-related
adverse events, 15 patients in the lamivudine group (15/43,
34.8%) had to add ADV to the treatment regimen because of
viral breakthrough or poor viral response during follow-up. No
patients had adverse events and none needed to change regi-
men in the ETV group patients

Discussion

Nowadays in China, LMV is still widely used as monotherapy
for CHB. Many patients with low viral load also choose ADV as
antiviral drugs. ETV is superior to LMV in terms of virologic, bio-
chemical, and histologic outcomes in NA-naive CHB patients,
and is also superior in economic analysis [12,13]. However, the
efficacy of antiviral drugs such as LMV, ADV, LdT, and ETV in
the medium HBV DNA level in HBeAg-negative CHB patients
is still unknown. In this study, we showed that ETV has better
virologic response than LMV, ADV, and LdT in NA-naive Chinese
patients with medium HBV DNA levels in HBeAg-negative CHB
during the 144-week treatment process.

HBV DNA levels in the 4 groups of CHB patients declined sig-
nificantly, especially in the ETV groups. Multivariate Cox regres-
sion analysis of HBV DNA-negative time also showed that LMV,
LdT, and ADV were all negative predictors compared to ETV.
These results suggest the potent antiviral capacity of ETV from
commencement of antiviral therapy up to 12 weeks. However,
with the extension of antiviral time after 12 weeks, the 4 NAs
had similar inhibition of HBV DNA replication if there was no
poor response or drug resistance. Regarding HBV DNA unde-
tectable rates, ETV was significantly higher than the other NAs
at 12 weeks. These results were similar to those of Lampertico
in a study of ETV monotherapy in 418 NA-naive CHB patients,
in which the HBV DNA undetectable rates increased progres-
sively from 68% at 6 months to 85% at 1 year [14]. Therefore,
ETV has earlier and faster inhibition effects on HBV DNA rep-
lication compared to other NAs.

The mean ALT levels declined significantly at the earlier stage,
were maintained at near normal range in all groups, and there

were no significant differences among different groups. The
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ALT normalization rates also showed the quick biomedical re-
sponse after antiviral treatment, although no significant dif-
ferences were found in the 4 groups. These results indicate
that for HBeAg-negative CHB patients with medium HBV DNA
levels, there was no significant difference in the ALT normal-
ization rates after antiviral treatment.

Viral breakthrough in ETV was very low in many clinical stud-
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recent study [15], and no ETV drug resistance was found in
our study. The rates of viral breakthrough in ETV were much
lower than in other groups, and complete viral response in
the ETV was highest. The rates of antiviral drugs altered in
the ETV group was also lower than in other groups. These re-
sults suggest that ETV is a faster and more potent antiviral
drug in HBV suppression.

Because of its retrospective design, there may be some limita-
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up time was short. Secondly, most results in this study were in
agreement with other research around the world. However, we
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Conclusions

In conclusion, even in the medium load of NA-naive CHB pa-
tients, ETV was more potent and faster for viral response and
lower viral breakthrough in medium load of HBV DNA when
compared to LMV, ADV, or LdT monotherapy in HBeAg-negative
CHB, while it no advantage in ALT normalization rates.
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