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Tenofovir disoproxil fumarate (TDF) monotherapy is a therapeutic option for chronic hepatitis B (CHB) patients infected with
hepatitis B virus (HBV) variants resistant to lamivudine (LAM). We evaluated the antiviral efficacy and safety of TDF alone com-
pared to those of TDF plus LAM or telbivudine (LdT) combination in patients harboring HBV variants with genotypic resistance
to LAM. This multicenter retrospective study included consecutive patients who had LAM-resistant HBV variants and were
treated with TDF alone (monotherapy group) or TDF combined with LAM or LdT (combination therapy group) for at least 6
months. Inverse probability of treatment weighting (IPTW) for the entire cohort was applied to control for treatment selection
bias. Overall, 153 patients (33 in the monotherapy group and 120 in the combination therapy group) were analyzed. The overall
probability of achieving complete virologic suppression at month 12 was 91.6%: 88.6% in the monotherapy group and 92.6% in
the combination therapy group. Combination therapy was not superior to monotherapy in viral suppression before and after
IPTW (P � 0.562 and P � 0.194, respectively). Hepatitis B e antigen (HBeAg) loss, biochemical response, and virologic break-
through did not differ between treatment groups. The probabilities of complete virologic suppression were comparable between
treatment groups in the subsets according to HBeAg status and HBV DNA levels at baseline. No patient experienced any signifi-
cant renal dysfunction during the treatment period. In conclusion, TDF monotherapy has antiviral efficacy comparable to that
of TDF plus LAM or LdT combination therapy, with a favorable safety profile in CHB patients with LAM-resistant HBV variants.

Lamivudine (LAM), which is the first oral antiviral drug ap-
proved for chronic hepatitis B (CHB) treatment, has been

widely prescribed for patients with chronic hepatitis B virus
(HBV) infection (1). However, the major drawback of LAM is a
low barrier to resistance; resistance to LAM occurs in approxi-
mately 24% of patients after 1 year of treatment and progressively
increases, such that 70% of patients demonstrate resistance after 5
years of LAM therapy (2, 3).

Based on clinical evidence (4, 5), international guidelines rec-
ommend adding on adefovir (ADV) therapy rather than switching
to ADV or entecavir (ETV) monotherapy as a treatment for CHB
patients infected with HBV variants resistant to LAM (6, 7). How-
ever, because combination therapy with LAM and ADV has lim-
ited antiviral efficacy in LAM-resistant patients, a substantial
number of patients show persistent viremia while on the rescue
therapy with LAM plus ADV combination, which may then result
in selection for multidrug-resistant HBV variants and progression
of liver disease (8, 9). Other treatment options for patients har-
boring LAM-resistant HBV include tenofovir disoproxil fumarate
(TDF) with or without other nucleoside analogues. Preceding in
vitro and clinical studies demonstrated that TDF has antiviral ac-
tivity against LAM-resistant HBV isolates as well as wild-type iso-
lates superior to that of ADV (10–14). In a previous retrospective
cohort study, the virologic response to TDF monotherapy was not
impaired by the presence of substitutions associated with LAM
resistance (15). Moreover, a recent clinical trial demonstrated that
TDF monotherapy has an efficacy comparable to that of TDF plus

emtricitabine (FTC) combination therapy, without resistance de-
velopment in patients with LAM-resistant HBV variants (16, 17).

However, whether switching to TDF monotherapy is as effec-
tive as adding TDF to LAM in patients harboring HBV variants
with genotypic resistance to LAM is still controversial (2, 18, 19).
Therefore, we aimed to assess the antiviral efficacy and safety of
TDF monotherapy compared to combination therapy with TDF
plus LAM or telbivudine (LdT) in CHB patients with confirmed
genotypic resistance to LAM.
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MATERIALS AND METHODS
Study population. This study was a multicenter retrospective cohort
study and included CHB patients from three large-volume centers in Ko-
rea who developed LAM resistance and were treated with TDF mono-
therapy or combination therapy with TDF plus LAM or LdT as rescue
therapy for at least 6 months. LAM resistance was defined as the presence
of HBV variants with amino acid substitutions conferring resistance
against LAM (rtM204V/I � rtL180M). In total, 153 consecutive patients
who started these therapeutic regimens from May 2012 to October 2013
were included. Patients with the following conditions at the initiation of
rescue treatment were excluded: prior exposure to TDF; presence of ge-
notypic resistance to ADV or ETV; a serum HBV DNA level of �50 IU/ml;
a creatinine clearance of �50 ml/min, estimated by the Cockcroft-Gault
formula; or a history of organ transplantation or coinfection with hepati-
tis C virus, hepatitis D virus, or human immunodeficiency virus (HIV).

This study was conducted in accordance with the ethical guidelines of
the World Medical Association Declaration of Helsinki and approved by
the Institutional Review Board of each investigational site.

Definitions and study endpoints. The primary endpoint was the
achievement of complete virologic suppression, which was defined as an
HBV DNA level of �20 IU/ml by quantitative PCR assay. Secondary end-
points were the reduction in serum HBV DNA level from baseline, bio-
chemical response (normalization of serum alanine aminotransferase
[ALT]), serologic response (loss of hepatitis B e antigen [HBeAg]), and
virologic breakthrough during the treatment period. Virologic break-
through was defined as an increase of serum HBV DNA level of �1 log10

IU/ml above the lowest level achieved during rescue treatment (2, 18).
Study measurements. Serum levels of ALT, creatinine, phosphorus,

HBV DNA, HBeAg, and anti-hepatitis B e antibody were assessed for all
patients every 2 to 3 months. Serum HBV DNA levels were measured at
baseline and each follow-up visit using either Roche COBAS TaqMan
(lower limit of detection, 20 IU/ml; Roche Molecular Systems, Branch-
burg, NJ) or Abbott m2000 (lower limit of detection, 15 IU/ml; Abbott
Diagnostics, Chicago, IL) (20). At baseline, testing for genotypic resis-
tance, which was defined as the detection of HBV variants with substitu-
tions conferring antiviral drug resistance, was performed for all study
patients and was repeated for patients who experienced virologic break-
through during the treatment period. Amino acid substitutions confer-
ring resistance to LAM (rtM204V/I/S and rtL180M), ADV (rtA181T/V
and rtN236T), and ETV (rtL180M � rtM204V/I � rtI169T � rtV173L �
rtM250V/I/L/M � rtT184S/A/I/L/G/C/M � rtS202I/G) were analyzed (2,
19). Direct PCR-based DNA sequencing using the BigDye Terminator
Cycle Sequencing Ready Reaction kit (Applied Biosystems, Foster City,
CA) with an ABI Prism 3730 genetic analyzer (Perkin-Elmer, Foster City,
CA) or matrix-assisted laser desorption ionization–time of flight mass
spectrometry using an ABI Prism 3500 genetic analyzer (Applied Biosys-
tems) was performed for genotypic testing as previously described
(21, 22).

Statistical analysis. Group-wise comparisons were performed using
the Mann-Whitney U test for continuous variables and using �2 test or
Fisher’s exact test for categorical variables. Times to events and cumula-
tive probabilities were estimated with the Kaplan-Meier method and
compared using the log rank test. The Cox proportional hazards model
was applied to identify independent factors associated with complete vi-
rologic suppression. Subgroup analyses were also conducted according to
HBV DNA levels and the status of HBeAg at baseline.

Inverse probability of treatment weighting (IPTW) based on the pro-
pensity score was applied to adjust for differences in baseline characteris-
tics between treatment groups (23, 24). Propensity scores were generated
using a logistic regression model in which baseline clinical and demo-
graphic characteristics were included and treatment with TDF mono-
therapy was deemed an outcome. The calculated propensity score repre-
sents the probability of being treated with TDF monotherapy. This
propensity model yielded a c-statistic of 0.822. Each patient was then
weighted by the inverse of the probability of receiving the treatment that

the patient received in reality. After IPTW, the balance of baseline char-
acteristics between treatment groups was verified, and weighted Cox
models were fitted thereafter. All tests were conducted as 2-sided tests, and
a P value of �0.05 was considered statistically significant. SAS version 9.3
(SAS Inc., Cary, NC) and PASW version 18.0 (IBM, Chicago, IL) were
used for all statistical analyses.

RESULTS
Characteristics of the study population. Thirty-three patients
were treated with TDF (300 mg once daily) monotherapy (mono-
therapy group), and 120 patients were treated with TDF plus an
L-nucleoside (LAM [100 mg once daily] or LdT [600 mg once
daily]) combination therapy (combination therapy group; 58 pa-
tients received the TDF-LAM combination and 62 patients re-
ceived the TDF-LdT combination). Of the 153 study patients, 141
were directly switched from their previous antiviral treatment to
the current rescue treatment. Genotypic resistance to LAM but
not to ETV or ADV was confirmed in all study patients at baseline
of rescue treatment. The median duration of the rescue therapy
was 15.6 (range, 7.2 to 25.0) months. Table 1 summarizes baseline
clinical and demographic characteristics of the 153 patients. The
baseline characteristics, including age, gender, serum levels of
HBV DNA, ALT, and creatinine, liver cirrhosis, and duration of
prior antiviral treatment, were not significantly different between
treatment groups. However, patients in the combination therapy
group had experienced more lines of prior antiviral treatment and
had a higher proportion of prior ADV exposure (P � 0.016 and
P � 0.037, respectively). The proportion of HBeAg-positive pa-
tients in the combination therapy group was higher than in the
monotherapy group; however, the difference was not statistically
significant (P � 0.056).

Virologic responses. The overall mean changes in serum HBV
DNA levels at months 3, 6, and 9 were �2.67 log10 IU/ml, �3.01
log10 IU/ml, and �3.31 log10 IU/ml, respectively, and the decline
in HBV DNA levels was not significantly different between treat-
ment groups at any time point (P � 0.450, P � 0.135, and P �
0.087, respectively) (Table 2). Overall, 140 out of 153 patients
(91.5%) achieved complete virologic suppression during the com-
plete observation period: 29 of 33 (87.9%) in the monotherapy
group and 111 of 120 (92.5%) in the combination therapy group.
The median times required to reach an HBV DNA level of �20
IU/ml were 3.6 (95% confidence interval [CI], 1.7 to 5.4) months
in the monotherapy group and 3.2 (95% CI, 2.8 to 3.7) months in
the combination therapy group. The probabilities of complete
virologic suppression after 12 months of rescue treatment were
88.6% in the monotherapy group and 92.6% in the combination
therapy group (Table 2). There was no significant difference be-
tween treatment groups during the treatment period (P � 0.562)
(Fig. 1). Among the pretreatment clinical factors, rescue therapy
regimen was not an independent predictor for complete virologic
suppression (monotherapy versus combination therapy; hazard
ratio [HR], 1.007; 95% CI, 0.661 to 1.535; P � 0.974) after adjust-
ment for HBV DNA level, HBeAg status, the presence of cirrhosis,
and biochemical breakthrough at baseline in the multivariate Cox
regression analysis (Table 3).

The cumulative probabilities of achieving complete virologic
suppression were comparable between treatment groups among
both HBeAg-positive patients (monotherapy versus combination
therapy; HR, 0.699; 95% CI, 0.378 to 1.294; P � 0.249) (see Fig.
S1A in the supplemental material) and HBeAg-negative patients
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(monotherapy versus combination therapy; HR, 0.837; 95% CI,
0.467 to 1.499; P � 0.548) (see Fig. S1B in the supplemental ma-
terial). In the entire cohort, the probability of complete virologic
suppression was significantly influenced by HBV DNA level at the

initiation of rescue treatment (HBV DNA level of �103 IU/ml
versus �103 IU/ml; HR, 2.212; 95% CI, 1.559 to 3.139; P � 0.001)
(see Fig. S2 in the supplemental material). The probabilities of
complete virologic suppression were comparable between the

TABLE 1 Baseline demographics and disease characteristics by treatment group

Characteristic Monotherapy (n � 33) Combination therapy (n � 120) P valuea

Age (yrs)b 54 (31–74) 54 (25–75) 0.875
Gender, male, n (%) 22 (66.7) 84 (70.0) 0.832
Serum HBV DNA (log10 IU/ml)b 2.83 (1.75–8.23) 2.77 (1.71–8.23) 0.238

Serum ALT (IU/liter)b 29 (9–522) 26 (9–1,103) 0.283
�ULN,c n (%) 12 (36.4) 31 (25.8) 0.275

Serum creatinine (mg/dl)b 0.90 (0.49–1.30) 0.90 (0.50–1.40) 0.552
HBeAg, positive, n (%) 16 (48.5) 80 (66.7) 0.056
Liver cirrhosis,d n (%) 8 (24.2) 27 (22.5) 0.833
Lines of prior antiviral treatment 2 (1–5) 3 (1–5) 0.016
Duration of prior antiviral treatment (mo)b 74.2 (18.0–155.7) 79.3 (7.0–171.9) 0.761
Prior or current ADV, n (%) 21 (63.6) 97 (80.8) 0.037

Time point of rescue therapy
Virologic breakthrough, n (%) 16 (48.5) 56 (46.7) 0.853
Biochemical breakthrough, n (%) 12 (36.4) 31 (25.8) 0.233

a Mann-Whitney U test and �2 test (or Fisher’s exact test) were used to analyze the differences between treatment groups.
b Data are medians, and data in parentheses are ranges.
c ULN, upper limit of normal.
d Liver cirrhosis was diagnosed when the platelet count was below 100,000/mm3 and associated splenomegaly or esophageal-gastric varices were detected.

TABLE 2 Virologic, biochemical, and serologic responses by treatment groupa

Outcome Monotherapy (n � 33) Combination therapy (n � 120) P value

Virologic response
Change in HBV DNA (log10 IU/ml), median (range)

3 mo �2.47 (�8.23 to �0.27) �2.39 (�7.93 to 0.51) 0.450
6 mo �2.83 (�8.23 to �0.91) �2.58 (�8.23 to 0.86) 0.135
9 mo �3.70 (�8.23 to �1.29) �2.77 (�8.23 to 0.52) 0.087

Complete virologic suppression 0.562b

3 mo 42.4 (33) 35 (120)
6 mo 72.7 (33) 75.2 (120)
9 mo 84.8 (31) 87.9 (116)
12 mo 88.6 (25) 92.6 (103)

Virologic breakthrough 0.761b

3 mo 0 (33) 0 (120)
6 mo 0 (33) 1.7 (120)
9 mo 0 (31) 1.7 (116)
12 mo 5.6 (25) 1.7 (103)
15 mo 5.6 (18) 3.4 (68)

Biochemical response (normalization of serum ALT) 0.222b

3 mo 33.3 (12) 29 (31)
6 mo 66.7 (12) 45.2 (31)
9 mo 66.7 (11) 58.1 (29)
12 mo 83.3 (9) 66.5 (26)
15 mo 83.3 (6) 72 (19)

Serologic response (HBeAg loss) 0.115b

3 mo 15.4 (16) 4.5 (80)
6 mo 30.8 (16) 7.6 (80)
9 mo 30.8 (15) 12.6 (77)
12 mo 30.8 (12) 16.4 (68)
15 mo 30.8 (10) 20.1 (45)

a Unless otherwise indicated, data are cumulative probabilities, of the response at the indicated time points, based on the Kaplan-Meier method (no. of patients under observation).
b Log rank test was used to compare the hazard rates between treatment groups.
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monotherapy group and the combination therapy group within
the subgroups of both patients with baseline HBV DNA levels of
�103 IU/ml (monotherapy versus combination therapy; HR,
0.958; 95% CI, 0.552 to 1.662; P � 0.877) (see Fig. S3A in the
supplemental material) and those with �103 IU/ml (HR, 0.852;
95% CI, 0.458 to 1.584; P � 0.610) (see Fig. S3B in the supplemen-
tal material).

Biochemical and serologic responses. Thirty-one out of 43
patients (72.1%) who had elevated ALT levels above the upper
limits of the normal range achieved biochemical response during
the treatment period. The cumulative probabilities of biochemical
response after 12 months of treatment were 83.3% in the mono-

therapy group and 66.5% in the combination therapy group,
which were comparable between treatment groups (monotherapy
versus combination therapy; HR, 1.594; 95% CI, 0.748 to 3.396;
P � 0.222) (Table 2).

HBeAg loss was observed in 15 patients (15.6%) in the sub-
set of 96 HBeAg-positive patients, with comparable results ob-
served between treatment groups. At month 12, the probabili-
ties of HBeAg loss were 30.8% in the monotherapy group and
20.1% in the combination therapy group (monotherapy versus
combination therapy; HR, 2.447; 95% CI, 0.776 to 7.717; P �
0.115) (Table 2).

Virologic breakthrough. Four patients developed virologic
breakthrough during the observation period: 1 patient in the
monotherapy group and 3 patients in the combination therapy
group. The probability of developing virologic breakthrough after
12 months of treatment was 2.3% overall: 5.6% in the mono-
therapy group and 1.7% in the combination therapy group (Table
2). There was no significant difference between treatment groups
during the observation period (monotherapy versus combination
therapy; HR, 1.419; 95% CI, 0.147 to 13.731; P � 0.761) (Fig. 2).
For the 4 patients who experienced virologic breakthrough,
rtA181T/V, rtN236T, and rtM250L substitutions were newly de-
tected at the time of virologic breakthrough in 1 patient who ex-
hibited rtM204V and rtL180M substitutions at baseline and re-
ceived TDF alone. However, no additional substitution, other
than substitutions detected at baseline, was detected in the other 3
patients in the combination therapy group.

Treatment response analysis after inverse probability of
treatment weighting. After adjusting for treatment selection bias
by means of IPTW, baseline characteristics, including the status of
HBeAg, the number of lines of prior antivirals, and prior ADV
exposure, became well balanced between treatment groups (see
Table S1 in the supplemental material).

Weighted cumulative probabilities of achieving complete viro-
logic suppression after 12 months of treatment were 94.2% in the
monotherapy group and 92.3% in the combination therapy
group, which were still comparable between treatment groups
(P � 0.194) (Fig. 3). When a weighted Cox proportional hazards
model was fitted, rescue therapy regimen was not independently
associated with complete virologic suppression (monotherapy
versus combination therapy; HR, 1.266; 95% CI, 0.832 to 1.926;

FIG 1 Probability of complete virologic suppression by treatment group. Cu-
mulative probabilities of complete virologic suppression, HBV DNA levels of
�20 IU/ml, during the treatment period are shown for each group. TDF,
tenofovir disoproxil fumarate; LAM, lamivudine; LdT, telbivudine.

TABLE 3 Univariate and multivariate analysis of the factors predictive of complete virologic suppression

Variable

Univariate analysis Multivariate analysis

Hazard ratio (95% CI) P valuea Adjusted hazard ratio (95% CI) P valuea

Age (per year increase) 1.006 (0.991–1.021) 0.452
Baseline HBV DNA (per 1 log10 IU/ml increase) 0.762 (0.679–0.856) �0.001 0.816 (0.720–0.924) 0.001
ALT (per IU/liter increase) 0.998 (0.995–1.001) 0.138
HBeAg (positive vs. negative) 0.598 (0.424–0.844) 0.003 0.547 (0.376–0.797) 0.002
Liver cirrhosis (yes vs. no)b 0.613 (0.407–0.925) 0.020 0.534 (0.342–0.834) 0.006

Time point of rescue therapy
Virologic breakthrough (yes vs. no) 0.970 (0.695–1.353) 0.856
Biochemical breakthrough (yes vs. no) 0.485 (0.326–0.721) �0.001 0.713 (0.453–1.120) 0.142

Prior or current ADV (yes vs. no) 0.940 (0.630–1.403) 0.761
Rescue therapy regimen (TDF vs. TDF-LAM/LdT) 0.887 (0.588–1.336) 0.565 1.007 (0.661–1.535) 0.974
a P values were determined using Cox proportional hazards regression models. A P value of �0.05 indicated a significant difference.
b Liver cirrhosis was diagnosed when the platelet count was below 100,000/mm3 and associated splenomegaly or esophageal-gastric varices were detected.
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P � 0.271) after adjustment for HBV DNA level, HBeAg status,
presence of cirrhosis, and biochemical breakthrough at baseline
(see Table S2 in the supplemental material). Weighted probabili-
ties of developing virologic breakthrough were not significantly
different between treatment groups (monotherapy versus combi-
nation therapy; HR, 1.391; 95% CI, 0.115 to 16.869; P � 0.795).

Adverse events. During the treatment period, no patient expe-
rienced significant deterioration of renal function, increase in se-
rum creatinine of �0.5 mg/dl from baseline, or decrease in creat-
inine clearance to �50 ml/min. The median changes in serum
creatinine levels at months 3, 6, and 12 from baseline were not
significantly different between treatment groups (P � 0.568, P �
1.000, and P � 0.086, respectively). Two patients (one patient
from each group) had transient hypophosphatemia, a decrease in
serum phosphorus to �2 mg/dl, which resolved without treat-
ment interruption or dose reduction. No patient experienced
muscle-related symptoms such as muscle pain or weakness.

DISCUSSION

In this study, we investigated the antiviral efficacy of TDF mono-
therapy versus combination therapy with TDF plus LAM or LdT
in patients infected with HBV variants resistant to LAM using
IPTW. The probability of achieving complete virologic suppres-
sion was 89% after 12 months of TDF monotherapy, indicating
that TDF alone has excellent antiviral efficacy in LAM-resistant
patients. TDF plus LAM or LdT combination therapy did not
demonstrate superior efficacy over TDF monotherapy in viral
suppression before and after adjustment for treatment selection
bias using IPTW. Overall, TDF monotherapy and TDF plus LAM
or LdT combination therapy were safe and well tolerated, without
significant renal events or myopathy.

This is the largest study to compare the efficacy and safety of
TDF monotherapy with TDF plus LAM or LdT combination ther-
apy in CHB patients with documented LAM resistance. In a small
prospective open-label study that assessed the efficacy of TDF
monotherapy or TDF plus LAM combination therapy in 60 pa-
tients with prior treatment failure of both LAM and ADV, com-
bination therapy with TDF and LAM did not significantly enhance
virologic response compared to TDF monotherapy. However,
that study included only 20 patients with confirmed LAM resis-
tance, and 17 of 60 study patients (28%) had substitutions confer-
ring ADV resistance at baseline. Moreover, patients who had per-
sistent viremia after 24 weeks of TDF monotherapy received LAM
in addition to TDF thereafter; thus, a direct comparison of anti-
viral efficacy of TDF monotherapy versus TDF plus LAM combi-
nation therapy was limited (25).

This study was a retrospective observational study. Although
we acknowledge that conducting a randomized controlled trial is
the best way to exactly compare different treatments under con-
trol for treatment selection bias, the results of such trials may not
reflect real-world practice, since patients enrolled in clinical trials
are often highly selected (26). Therefore, we aimed to reduce treat-
ment selection bias by means of IPTW. Before and after IPTW,
adding LAM or LdT to TDF did not strengthen the antiviral effi-
cacy of TDF in patients with genotypic resistance to LAM. This
finding is consistent with the results of a recent clinical trial com-
paring TDF monotherapy with TDF plus FTC combination ther-
apy in CHB patients with genotypic resistance to LAM; the study
demonstrated a similar proportion of patients who achieved an
HBV DNA level of �29 IU/ml between treatment groups (16).
However, taking into account the point that LAM or LdT used in

FIG 2 Probability of virologic breakthrough by treatment group. Cumulative
probabilities of virologic breakthrough, increase of HBV DNA levels of �1
log10 IU/ml, during the treatment period are shown for each group. TDF,
tenofovir disoproxil fumarate; LAM, lamivudine; LdT, telbivudine.

FIG 3 Weighted probability of complete virologic suppression by treatment
group. Weighted cumulative probabilities of complete virologic suppression
during the treatment period are shown for each group. TDF, tenofovir diso-
proxil fumarate; LAM, lamivudine; LdT, telbivudine.
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our study is a widely prescribed antiviral, while neither FTC alone
nor FTC in combination with TDF has been approved for the
treatment of chronic HBV infection in many countries, the pres-
ent study gives strong evidence for clinical practice (2, 18).

Pretreatment HBeAg negativity was determined to indepen-
dently predict favorable virologic response in this LAM-resistant
population. The reason why HBeAg status was an independent
predictive factor for virologic response in the present study could
be explained by impaired host immune response, which might be
involved in an attenuated virologic response in patients who can-
not clear HBeAg over a long period on antiviral treatment (27).
Nevertheless, in the present study, TDF alone and TDF combined
with LAM or LdT were comparably effective within the subgroups
of both HBeAg-positive and HBeAg-negative patients. When the
impact of the baseline HBV DNA level on viral suppression was
evaluated, we found that a lower baseline HBV DNA level was also
independently predictive of a favorable virologic response, and
viral suppression was impaired in patients with higher baseline
HBV DNA levels, as expected. However, viral suppressive activity
of TDF monotherapy was comparable to that of combination
therapy with TDF plus LAM or LdT, regardless of the baseline
HBV DNA levels. These findings indicate that close monitoring
for virologic response is needed for patients on TDF rescue treat-
ment, specifically patients who are positive for HBeAg or have
high HBV DNA levels at baseline.

Virologic breakthrough was noted for 4 patients during the
observation period. Notably, in one patient who developed viro-
logic breakthrough after 11.6 months of TDF monotherapy,
amino acid substitutions conferring multidrug resistance were
newly demonstrated by genotypic analysis. However, because this
patient had been treated with LAM plus ADV combination ther-
apy and 1 mg of ETV monotherapy sequentially before TDF treat-
ment, the possibility of the existence of multidrug-resistant HBV
variants at baseline of TDF treatment cannot be excluded, consid-
ering the limited sensitivity of genotypic testing used for this
patient (19). Virologic breakthrough in 3 other patients was de-
termined to be associated with nonadherence to antiviral medica-
tion. The probability of developing virologic breakthrough was
not significantly different according to the treatment regimens.
Regular investigation of adherence to antiviral medication and
close HBV DNA monitoring with genotypic testing are necessary
to avoid subsequent treatment failure, especially in patients who
fail to achieve early viral suppression with the rescue treatment (2,
19). The rates of developing virologic breakthrough in both the
monotherapy group and the combination therapy group were
higher than that in the treatment-naive patients who received TDF
treatment in the controlled environment of randomized clinical
trials (12). The main cause leading to virologic breakthrough in
our study was nonadherence to antiviral medication, which might
result from the nature of this real-life clinical study, as indicated in
a previous review article (28). In addition, all patients included in
our study had LAM-resistant HBV variants at baseline, and the
majority of them were treated with multiple lines of antivirals.
These critical differences between our study and the aforemen-
tioned randomized trial with treatment-naive patients made it
unsuitable to compare the results directly. Of course, since the
follow-up period of the current study was relatively short, further
long-term follow-up study for resistance surveillance is war-
ranted.

TDF treatment was well tolerated, without confirmed deterio-

ration of renal function in this study population, which included
patients with decompensated cirrhosis. Although two of the study
patients experienced hypophosphatemia, the episodes were tran-
sient and resolved without treatment intervention, such as treat-
ment interruption or dose modification. These results are consis-
tent with those of recently reported studies of TDF (16, 29, 30).
TDF in the treatment of HBV-monoinfected patients is thought to
be generally safe, whereas TDF-associated nephrotoxicity and de-
clines in bone mineral density have been reported for patients with
HIV infection (31–33). Regarding safety issues, additional long-
term studies to evaluate the safety of TDF for the treatment of
CHB, especially in cirrhotic patients, are needed.

In conclusion, the results of our study demonstrate that TDF
monotherapy is as effective and safe as combination therapy with
TDF plus LAM or LdT in CHB patients infected with LAM-resis-
tant HBV variants. TDF monotherapy may be a favorable thera-
peutic option with regard to antiviral efficacy as well as cost in
these patients. Further long-term follow-up studies are warranted
to determine whether there is an additional treatment benefit of
adding LAM or LdT to TDF, particularly to prevent subsequent
development of resistance.
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