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Highlights
� 240 weeks of TDF monotherapy provided an increasing

virologic response rate in patients with multidrug-resistant
HBV.

� Virologic breakthrough was rare and not associated with
emergence of additional resistance mutations.

� The HBeAg seroconversion rate was very low and no patient
achieved HBsAg seroclearance up to week 240.

� Prolonged continuous treatment may be needed to maintain
viral suppression in these patients.

� Progressive and significant decreases in renal function and
bone mineral density after week 144 raise safety concerns.
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Lay summary
In patients chronically infected with hep-
atitis B virus resistant to multiple drugs
including lamivudine, entecavir, and/or
adefovir, tenofovir disoproxil fumarate
(TDF) monotherapy showed non-inferior
efficacy compared with the combination
therapy of TDF plus entecavir. Nonethe-
less, short-term TDF monotherapy was
associated with suboptimal virologic re-
sponse, and its long-term safety was
uncertain. This study displayed that
240 weeks of TDF monotherapy provided
a virologic response in most of those
patients, but it was associated with poor
serological responses and decreasing re-
nal function and bone mineral density.
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virologic response, and its long-term safety was uncertain. This

HBV replication.3–6 Nevertheless, functional cure of chronic
Background & Aims: Tenofovir disoproxil fumarate (TDF)
monotherapy has displayed non-inferior efficacy to TDF plus
entecavir (ETV) combination therapy in patients with hepatitis
B virus (HBV) resistant to ETV and/or adefovir (ADV). Nonethe-
less, the virologic response rate was suboptimal in patients
receiving up to 144 weeks of TDF monotherapy. We aimed to
assess the efficacy and safety of TDF monotherapy given for
up to 240 weeks.
Methods: One trial enrolled patients with ETV resistance with-
out ADV resistance (n = 90), and another trial included patients
with ADV resistance (n = 102). Most patients (91.2%) also had
lamivudine resistance. Patients were randomized 1:1 to receive
TDF monotherapy or TDF + ETV combination therapy for
48 weeks, and then TDF monotherapy until week 240. We com-
pared efficacy between the studies and safety in the pooled pop-
ulation at 240 weeks.
Results: At week 240, the proportion of patients with serum
HBV DNA <15 IU/ml was not significantly different between
the ETV and ADV resistance groups in the full analysis set
(84.4% vs. 73.5%; p = 0.07), which was significantly different by
on-treatment analysis (92.7% vs. 79.8%; p = 0.02). Virologic blips
associated with poor medication adherence occurred in 7
patients throughout the 240 weeks. None developed additional
HBV resistance mutations. Among the 170 HBV e antigen
(HBeAg)-positive patients at baseline, 12 (7.1%) achieved HBeAg
seroconversion at week 240. None achieved HBV surface anti-
gen seroclearance. Significant decreases from baseline were
observed at week 240 in the estimated glomerular filtration rate
(�3.21 ml/min/1.73 m2 by the CKD-EPI equation, p <0.001) and
bone mineral density (g/cm2) at the femur (�2.48%, p <0.001).
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Conclusions: Up to 240 weeks of TDF monotherapy provided an
increasing virologic response rate in heavily pretreated patients
with HBV resistant to ETV and/or ADV. However, it was associ-
ated with poor serological responses and decreasing renal func-
tion and bone mineral density.

(ClinicalTrials.gov No, NCT01639066 and NCT01639092).
Lay summary: In patients chronically infected with hepatitis B
virus resistant to multiple drugs including lamivudine, ente-
cavir, and/or adefovir, tenofovir disoproxil fumarate (TDF)
monotherapy showed non-inferior efficacy compared with the
combination therapy of TDF plus entecavir. Nonetheless,
short-term TDF monotherapy was associated with suboptimal
study displayed that 240 weeks of TDF monotherapy provided a
virologic response in most of those patients, but it was associ-
ated with poor serological responses and decreasing renal func-
tion and bone mineral density.
� 2019 European Association for the Study of the Liver. Published by
Elsevier B.V. All rights reserved.

Introduction
Persistently high serum hepatitis B virus (HBV) DNA levels are
an independent risk factor for disease progression to cirrhosis
and hepatocellular carcinoma (HCC) in patients with chronic
hepatitis B (CHB).1–3 Multiple studies have shown that long-
term treatment with nucleos(t)ide analogue (NUC) therapy
reduces the risk of mortality and HCC through inhibition of
HBV infection (HBV surface antigen [HBsAg] seroclearance) is
very rarely achievable, necessitating almost life-long NUC ther-
apy in most patients.7,8

Worldwide, many patients with CHB have been exposed to
low-potency, low genetic barrier NUCs, i.e., lamivudine (LAM)
and adefovir dipivoxil (ADV), and developed multiple resistance
mutations of HBV.9 Treatment options are severely limited for
these patients who have HBV resistant to multiple NUCs, such
as LAM, ADV, and entecavir (ETV).

Recently, in 2 separate randomized trials for 48 weeks, we
have demonstrated that tenofovir disoproxil fumarate (TDF)
monotherapy provides a virologic response rate non-inferior
019 vol. 71 j 35–44
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to that of combination therapy with TDF and ETV in patients
who acquired multiple HBV mutations resistant to ETV and/or
ADV through previous exposure to multiple NUCs.10,11 How-

ever, the virologic response rate was not optimal with up to
144 weeks of TDF therapy in patients resistant to ETV (82.2%)

or ADV (67.7%),12 which raised concerns about the efficacy
and safety of long-term TDF monotherapy, especially in those
with ADV resistance. Moreover, long-term TDF use may be
linked to renal toxicity and reductions in bone mineral density
(BMD) in patients with CHB.13–15

Therefore, in this study we aimed to compare the antiviral
efficacy of long-term (up to 240 weeks) TDF monotherapy
between the patients with ETV resistance and those with ADV
resistance as extensions of our 2 previous trials. We also aimed
to assess the renal and bone safety of TDF monotherapy up to
240 weeks in the pooled population.

Patients and methods
Study design
This was an extension study combining 2 multicenter open-
label randomized trials in patients with CHB, detectable serum
HBV DNA levels, and genotypically confirmed resistance muta-
tions to ADV (IN-US-174-0202) or ETV (IN-US-174-0205). The
trials were originally designed to compare the efficacy and
safety of TDF monotherapy with that of TDF + ETV combination
therapy in patients with multiple drug-resistant HBV infection.
The 2 trials were identical in design, except that IN-US-174-
0202 enrolled only patients with documented ADV-resistant
HBV mutations (ClinicalTrials.gov ID NCT01639092) and IN-
US-174-0205 enrolled only patients with documented HBV

mutations resistant to ETV without resistance mutations to
ADV (ClinicalTrials.gov ID NCT01639066). After 48 weeks, TDF
monotherapy was shown in both studies to be non-inferior to
TDF + ETV combination therapy in antiviral efficacy, as mea-
sured by rates of suppression of HBV DNA expression to
<15 IU/ml.10,11 All who completed 48 weeks in either study
were rolled over to TDF monotherapy for 192 additional weeks.
Study conduct and methods were previously described.10–12

This study was approved by the institutional review board of
each investigational site.

Study participants
Study patients were recruited between September 2012 and
August 2013 from 5 tertiary referral hospitals in Korea. Patients
had to have a positive result in serum HBsAg test for ≥6 months
and serum HBV DNA levels >60 IU/ml, despite continued treat-
ment with various NUCs other than TDF. All the patients had
documented ETV-resistance mutations (rtT184A/C/F/G/I/L/S,
rtS202G, or rtM250L/V, on the presence of rtM204V/I) or ADV-
resistance mutations (rtA181V/T and/or rtN236T). They were
20–75 years old and had serum creatinine <1.5 mg/dl. Patients
were excluded if they had prior exposure to tenofovir, evidence
or history of decompensated hepatic function, malignancy, or
coinfection with other hepatotropic virus or human immunod-
eficiency virus.

Study visits occurred every 12 weeks until treatment week
48, after which study visits occurred every 24 weeks.

Outcomes
The efficacy endpoints for the analysis at 240-weeks were the
proportion of patients achieving a virologic response (defined
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as serum HBV DNA <15 IU/ml), the proportion of patients with
serum HBV DNA <60 IU/ml, changes in serum HBV DNA levels
from baseline, the proportion of patients with normal alanine
aminotransferase (ALT), and the proportion of patients achiev-
ing HBV e antigen (HBeAg) seroclearance/seroconversion (only
for HBeAg-positive patients) and HBsAg seroclearance/serocon-
version. The occurrence of virologic breakthrough (rise of serum
HBV DNA levels ≥1 log10 IU/ml by 2 consecutive tests) was
assessed during the study. Genotypic analysis for the develop-
ment of new drug-resistant mutations were conducted for the
cases with virologic breakthrough during the study or consider-
able HBV DNA levels (>60 IU/ml) at study discontinuation and at
240-weeks.

Clinical and laboratory adverse events were assessed during
the study period. Estimated glomerular filtration rate (eGFR)
was calculated by using the Chronic Kidney Disease Epidemiol-
ogy Collaboration (CKD-EPI) equation as follows:16 for women
with serum creatinine ≤0.7 mg/dl, eGFR was calculated as
144 � (serum creatinine/0.7)�0.329 � (0.993)age; for women
with serum creatinine >0.7 mg/dl, eGFR was calculated as
144 � (serum creatinine/0.7)�1.209 � (0.993)age; for men with
serum creatinine ≤0.9 mg/dl, eGFR was calculated as 141 �
(serum creatinine/0.9)�0.411 � (0.993)age; and for men with
serum creatinine >0.9 mg/dl, eGFR was calculated as 141 �
(serum creatinine/0.9)�1.209 � (0.993)age. The BMDs of the lum-
bar spine and femur were measured using dual-energy x-ray
absorptiometry (DXA) at baseline and every 48 weeks. We
assessed the adherence to study drugs by counting the number
of unused pills and empty blister packets returned at each visit.
Low adherence was defined as <80%.

Serum assays

Serum levels of HBV DNA were measured by a real-time PCR
assay (15 IU/ml to 1 � 109 IU/ml of linear dynamic detection
range; Abbott Laboratories, Chicago, IL, USA). Restriction frag-
ment mass polymorphism analyses and direct sequencing of
the reverse transcriptase region of the HBV polymerase gene
(pol/RT) were used to determine HBV resistance mutations.
Serum HBsAg levels were tested quantitatively (lower detection
limit, 0.05 IU/ml; Architect assay, Abbott Laboratories). HBeAg,
anti-HBe, and anti-HBs were measured using enzyme
immunoassays (Abbott Laboratories). Normal ALT was defined
as <40 IU/L by local laboratory criteria, and as ≤25 IU/L for
females and ≤35 IU/L for males by the American Association
for the Study of Liver Diseases (AASLD) criteria.17

Statistical analyses
The primary analyses for efficacy and safety were conducted in
the full analysis set including all patients who were randomized
in accordance with the principle of the intention-to-treat anal-
ysis. Individuals who stopped the study early before week 240
were regarded as failures for all endpoints after discontinuation.
On-treatment analysis was also performed including only indi-
viduals on study with non-missing data at each time point.

Between-group comparisons were conducted using the chi-
square test, t test, Fisher’s exact test, or analysis of variance
for categorical or continuous variables as appropriate. The pro-
portion of individuals achieving a virologic response were com-
pared between weeks 48 and 240 by the McNemar test. We
conducted subgroup analyses for the baseline ADV-resistance
mutations as predefined.

2019 vol. 71 j 35–44
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R (http://cran.r-project.org/; v3.0) was used for the statistical
analyses. A p value of <0.05 was considered statistically
significant.

Results
Patient disposition
Of the 102 ADV-resistant patients originally randomized and
treated in the IN-US-174-0202 trial, 94 (92.2%) completed
240 weeks of TDF therapy. Of the 90 ETV-resistant patients orig-
inally randomized and treated in the IN-US-174-0205 study, 82
(91.1%) completed 240 weeks of TDF therapy (Fig. 1).

The baseline patient characteristics of the 2 studies were
similar except HBV resistance profiles and treatments prior to
the studies (Table 1). The mean age was 50 years, and males
comprised 81.2% of the study population. Cirrhosis was present
in 40 patients (20.8%), and 88.5% were HBeAg positive. All
patients were being treated with various NUCs other than teno-
fovir at baseline. All had HBV genotype C. The median level of
serum HBV DNA was 3.71 log10 IU/ml. Most patients had expo-
sure to multiple NUCs. Most patients had resistance mutations
to LAM (91.2%), ETV (67.7%), and ADV (53.1%) in diverse
combinations.

Virologic response
In the full analysis set, the proportion of individuals with serum
HBV DNA <15 IU/ml at 240-weeks was 78.6% (151/192), which
was significantly increased from 67.2% at week 48 (p = 0.003),
without significant differences between patients with ETV resis-
tance only and those with ADV resistance (84.4% vs. 73.5%;
p = 0.07; Table 2 and Fig. 2A).

By the on-treatment analysis, the proportion of patients with
serum HBV DNA <15 IU/ml at week 240 was significantly higher
in the ETV resistance group than in the ADV resistance group
(92.7% vs. 79.8%, p = 0.02; Table 2 and Fig. 2B). The proportion
of patients who had HBV DNA <60 IU/ml at week 240 was also
significantly higher in the ETV resistance group than in the ADV
resistance group (98.8% vs. 91.5%, p = 0.03; Table 2 and Fig. S1).

Among the 176 patients who completed treatment up to
week 240, 25 had serum HBV DNA ≥15 IU/ml at week 240, with
median levels of 41 IU/ml (range, 16–380 IU/ml) with no signif-
icant difference between ETV and ADV resistance groups
(p = 0.44; Table 2).

Virologic response in the patient subgroups
Three groups were classified by baseline ADV-resistance
mutations, namely no ADV-resistance mutation, single
ADV-resistance mutation (rtA181T/V or rtN236T), and double
ADV-resistance mutations (rtA181T/V and rtN236T). The 3
groups did not differ significantly in the proportion of patients
achieving HBV DNA <15 IU/ml at 240-weeks in the full analysis
set (84.4% [76/90] vs. 76.5% [52/68] vs. 67.6% [23/34], p = 0.11;
Fig. 3A). The 3 groups also showed no significant difference in
the proportion of patients with serum HBV DNA <60 IU/ml
throughout the study (90.0% vs. 82.4% vs. 88.2% at week 240,
p = 0.36; Fig. 3B).

Biochemical and serological responses
The proportion of patients with normal ALT levels at week 240
did not significantly differ between the ETV- and ADV-
resistance groups by local laboratory criteria (84.1% vs. 87.2%;
p = 0.56) and the AASLD criteria (70.7% vs. 77.7%, p = 0.29;
Table 2).

Randomized
N = 102

TDF monotherapy
n = 50

TDF + ETV combination
n = 52

Completed 48-week
n = 50

2 Discontinued due to
adverse events

Completed 48-week
n = 50

CHB patients with ADV-resistant HBV 
(IN-US-174-0202)
Screened, N = 105

3 Screening failure

Randomized
N = 90

TDF monotherapy
n = 45

TDF + ETV combination 
n = 45

Completed 48-week
n = 44

Completed 48-week
n = 45

CHB patients with ETV-resistant HBV 
(IN-US-174-0205)
Screened, N = 101

11 Screening failure

1 Withdrew consent

B
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TDF monotherapy
n = 100

4 Withdrew consent
2 Died

Completed 240-week treatment
n = 94

Fig. 1. Patient flow diagram. ADV, adefovir dipivoxil; CHB, chronic hepatitis
Journal of Hepatology
TDF monotherapy
n = 89

4 Withdrew consent
3 Died

Completed 240-week treatment
n = 82

; ETV, entecavir; TDF, tenofovir disoproxil fumarate.
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Among HBeAg-positive patients, the rate of HBeAg serocon- from baseline was 15 (16.7%) in the ETV resistance group and

Table 1. Baseline characteristics of the study patients.

Characteristics Total ETV resistance
(no ADV resistance)

ADV resistance p value

N 192 90 102
Age*, years 50 ± 10 51 ± 9 50 ± 10 0.28
Male, n (%) 156 (81.2%) 68 (75.6%) 88 (86.3%) 0.06
ALTy, IU/L 32 (11–275) 33 (20–44) 32 (12–275) 0.58
Normal ALT, n (%) 135 (70.3%) 62 (68.9%) 73 (71.6%) 0.69
Bilirubiny, mg/dl 0.9 (0.3–2.5) 0.8 (0.6–1.0) 0.9 (0.3–2.5) 0.18
Albuminy, g/dl 4.4 (2.8–5.2) 4.4 (4.2–4.6) 4.4 (3.4–5.2) 0.51
INRy 0.99 (0.85–1.40) 1.00 (0.93–1.04) 0.99 (0.85–1.40) 0.82
Creatininey, mg/dl 0.9 (0.5–1.4) 0.9 (0.8–1.0) 0.9 (0.5–1.4) 0.93
eGFR by CKD-EPI equation*, ml/min/1.73 m2 93 ± 15 91 ± 15 95 ± 15 0.12
Phosphatey, mg/dl 3.2 (1.7–5.0) 3.2 (2.8–3.6) 3.2 (1.7–4.5) 0.95
Cirrhosis�, n (%) 40 (20.8%) 21 (23.3%) 19 (18.6%) 0.42
Diabetes Mellitus, n (%) 20 (10.4%) 9 (10.0%) 11 (10.8%) 0.86
Hypertension, n (%) 38 (19.8%) 22 (24.4%) 16 (15.7%) 0.13
BMI ≥25 kg/m2, n (%) 88 (45.8%) 43 (47.8%) 45 (44.1%) 0.61
HBsAg*, log10 IU/ml 3.53 ± 0.52 3.51 ± 0.60 3.55 ± 0.43 0.60
HBeAg-positivity, n (%) 170 (88.5%) 80 (88.9%) 90 (88.2%) 0.89
HBV DNAy, log10 IU/ml 3.71 (1.78–9.00) 4.02 (3.08–5.24) 3.38 (1.78–9.00) 0.10
HBV genotype C, n (%) 192 (100%) 90 (100%) 102 (100%) >0.99
LAM-resistance mutations§, n (%) 175 (91.2%) 90 (100%) 85 (83.3%) <0.01
ETV-resistance mutations§, n (%) 130 (67.7%) 90 (100%) 40 (39.2%) <0.01
ADV-resistance mutations§, n (%) 102 (53.1%) 0 102 (100%) <0.01
Single (rtA181T/V or rtN236T) 68 (35.4%) 0 68 (66.7%)
Double (rtA181T/V and rtN236T) 34 (17.7%) 0 34 (33.3%)

Treatment at baseline, n (%) <0.01
ADV 11 (5.7%) 1 (1.1%) 10 (9.8%)
ETV 34 (17.7%) 29 (32.2%) 5 (4.9%)
ADV + LAM 23 (12.0%) 3 (3.3%) 20 (19.6%)
ADV + LdT 15 (7.8%) 8 (8.9%) 7 (6.9%)
ADV + ETV 109 (56.8%) 49 (54.4%) 60 (58.8%)

Response to treatments at baseline, n (%) 0.33
Partial virologic response 165 (85.9%) 75 (83.3%) 90 (88.2%)
Virologic breakthrough 27 (14.1%) 15 (16.7%) 12 (11.8%)

Previously exposed NUC–, n (%) N/A
ADV, LAM, and ETV 112 (58.3%) 51 (56.7%) 61 (59.8%)
ADV, LAM, LdT, and ETV 24 (12.5%) 9 (10%) 15 (14.7%)
LAM and ETV 16 (8.3%) 16 (17.8%) 0
ADV and LAM 15 (7.8%) 1 (1.1%) 14 (13.7%)
ADV and ETV 11 (5.7%) 7 (7.8%) 4 (3.9%)
ADV, LAM, and LdT 6 (3.1%) 0 6 (5.9%)
ETV only 5 (2.6%) 5 (5.6%) 0
ADV only 2 (1.0%) 0 2 (2%)
ETV and LdT 1 (0.5%) 1 (1.1%) 0

Prior treatment with interferon, n (%) 8 (4.2%) 1 (1.1%) 7 (6.9%) 0.07
Overall duration of prior NUC treatmenty, months 95 (11–273) 78 (55–117) 109 (11–194) 0.03

ADV, adefovir dipivoxil (10 mg/day); ALT, alanine aminotransferase; BMI, body mass index; ETV, entecavir (1 mg/day); eGFR, glomerular filtration rate estimated by the
CKD-EPI equation; HBeAg, HBV e antigen; HBV, hepatitis B virus; INR, international normalized ratio; IQR, interquartile range; LAM, lamivudine (100 mg/day); LdT,
telbivudine; NUC, nucleos(t)ide analogue; TDF, tenofovir disoproxil fumarate (300 mg/day).
Between-group comparisons were conducted using the chi-square test for categorical or continuous variables and independent samples t test for continuous variables.
*Mean ± SD.
ymedian (IQR).
�Cirrhosis was diagnosed using ultrasonography with identification of liver surface nodularity and splenomegaly.
§Genotypic resistance test was performed by both direct sequencing and RFMP analysis. HBV resistance mutation to LAM was defined as rtM204V/I ± rtL180M. HBV
resistance mutation to ETV was defined as rtT184A/C/F/G/I/L/S, rtS202G, or rtM250L/V, in addition to rtM204V/I

–NUCs that were used >6 months. Normal ALT was defined as <40 IU/L.

Research Article Viral Hepatitis
version at week 240 was low (7.1%), with no significant differ-
ence between the 2 groups (7.5% vs. 6.7%; p = 0.83; Table 2).

There was no patient who achieved HBsAg seroclearance.
The mean change in HBsAg levels from baseline was
�0.45 log10 IU/ml in the ETV resistance group and �0.42 log10 -
IU/ml in the ADV resistance group at week 240, without signif-
icant between-group difference (p = 0.33; Table 2 and Fig. S2).
The number of patients with HBsAg level decline ≥1 log10 IU/ml
38 Journal of Hepatology
12 (11.8%) in the ADV resistance group (p = 0.33; Table 2).

Virologic breakthrough and resistance surveillance
During the 240-week study period, 3 and 4 patients in the ETV
resistance and the ADV resistance groups, respectively, showed
virologic breakthrough (Table 2), which was related to lowmed-
ication adherence (<80%) and was transient. No modification of
treatment was required. Some of the resistance mutations of
2019 vol. 71 j 35–44



Table 2. Virologic, biochemical, and serologic responses at week 240 (year 5).

Endpoint All HBV resistance mutation profiles at baseline

ETV resistance
(No ADV resistance)

ADV resistance p value

HBV DNA <15 IU/ml, % (n/N)
Full analysis 78.6 (151/192) 84.4 (76/90) 73.5 (75/102) 0.07
On-treatment analysis 85.8 (151/176) 92.7 (76/82) 79.8 (75/94) 0.02

HBV DNA <60 IU/ml, % (n/N)
Full analysis 87.0 (167/192) 90.0 (81/90) 84.3 (86/102) 0.24
On-treatment analysis 94.9 (167/176) 98.8 (81/82) 91.5 (86/94) 0.03

HBV DNA change from baseline, log10 IU/ml, mean ± SD �3.85 ± 1.62 �4.18 ± 1.52 �3.56 ± 1.66 0.01
Residual HBV DNA level*, IU/ml, median (range) 41 (16–380) 33.5 (20–100) 41 (16–380) 0.44
Virologic breakthroughy, % (n/N), Full analysis 3.6 (7/192) 3.3 (3/90) 3.9 (4/102) >0.99
ALT, IU/L, median (range), median (range) 25 (10–137) 26 (11–76) 25 (10–137) 0.98
ALT change from baseline, IU/L, median (range) �4 (-250–108) �2 (-216–40) �4 (-250–108) 0.39
ALT normal�, % (n/N), On-treatment analysis 85.8 (151/176) 84.1 (69/82) 87.2 (82/94) 0.56
ALT normal by AASLD criteria§, % (n/N), On-treatment analysis 74.4 (131/176) 70.7 (58/82) 77.7 (73/94) 0.29
HBeAg seroclearance–, % (n/N), Full analysis 27.1 (46/170) 28.8 (23/80) 25.6 (23/90) 0.64
HBeAg seroconversion–, % (n/N), Full analysis 7.1 (12/170) 7.5 (6/80) 6.7 (6/90) 0.83
HBeAg seroclearance–, % (n/N), On-treatment analysis 29.5 (46/156) 31.5 (23/73) 27.7 (23/83) 0.60
HBeAg seroconversion–, % (n/N), On-treatment analysis 7.7 (12/156) 8.2 (6/73) 7.2 (6/83) 0.82
HBsAg seroclearance, % (n/N), On-treatment analysis 0 0 0 –
HBsAg change from baseline, log10 IU/ml, mean ± SD �0.43 ± 0.49 �0.45 ± 0.47 �0.42 ± 0.50 0.33
HBsAg level decrease from baseline ≥1 log10 IU/ml, % (n/N) 14.1 (27/192) 16.7 (15/90) 11.8 (12/102) 0.33

In the full analysis, patients with missing data were counted as failures. In the on-treatment analysis, patients with missing data were excluded.
AASLD, American Association for the Study of Liver Diseases; ADV, adefovir dipivoxil; ALT, alanine aminotransferase; ETV, entecavir; HBeAg, HBV e antigen; HBV, hepatitis B
virus; HBsAg, hepatitis B surface antigen.
Between-group comparisons were conducted using the chi-square test, Fisher exact test, or independent samples t test for categorical or continuous variables as
appropriate.
*In patients who had HBV DNA detectable at week 240.
yCumulative number of patients with virologic breakthrough. Virologic breakthrough was defined as an increase in HBV DNA ≥1 log10 IU/ml from nadir.
�Normal ALT was defined as <40 IU/L by local laboratory criteria.
§Normal ALT was defined as ≤25 IU/L for females and ≤35 IU/L for males.
–Among HBeAg-positive patients at baseline.
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HBV that were present at baseline were detected during the
virologic breakthrough without emergence of additional resis-
tance substitutions (Table 3).

Of 12 patients who stopped the study early, none experi-
enced virologic breakthrough at dropout, but 2 had serum
HBV DNA >60 IU/ml at the last time point in the study and were
assessed for genotypic resistance analysis; no additional
Journal of Hepatology
resistance substitutions were identified compared with the
baseline (Table 3).

At week 240, 1 patient in the ETV resistance group and 8
patients in the ADV resistance group had HBV DNA >60 IU/ml
(p = 0.04) and were assessed for genotypic resistance. Two
patients in the ADV resistance group had at least 1 detectable
HBV resistance mutation at week 240 (Table 3), which were
2019 vol. 71 j 35–44 39
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patients with serum HBV DNA <15 IU/ml. (B) Proportion of patients with serum
Patients who discontinued the study prior to week 240 for any reason were con
HBV DNA suppression. Error bars indicate 95% confidence intervals. The p val
square test. ADV, adefovir dipivoxil; ETV, entecavir; HBV, hepatitis B virus.

Table 3. Resistance surveillance in patients with a virologic breakthrough

Study group Patient
No.

HBV DNA level at
test (log10 IU/ml)

Week
at test

Treatm
at test

Patients with virologic breakthrough
ETV resistance 1,001 7.99 48 TDF

ETV resistance 1,012 2.90 192 TDF
ETV resistance 1,062 2.62 120 TDF

ADV resistance 2,064 8.04 36 TDF
ADV resistance 2,014 5.36 120 TDF

ADV resistance 2,015 2.59 96 TDF

ADV resistance 2,045 2.00 36 TDF/ET

Patients with HBV DNA >60 IU/ml at discontinuation
ETV resistance 1,001 2.68 96 TDF
present at baseline. None of the patients developed additional
resistance substitutions compared with baseline.

Safety
Table 4 summarizes safety profiles during 240 weeks of treat-
ment with TDF. Reasons for discontinuing the study before

ADV resistance 2,098 2.84 60 TDF

Patients with HBV DNA >60 IU/ml at week 240
ETV resistance 1,012 2.00 240 TDF
ADV resistance 2,064 2.58 240 TDF
ADV resistance 2,014 2.20 240 TDF
ADV resistance 2,100 2.13 240 TDF
ADV resistance 2,050 2.00 240 TDF
ADV resistance 2,030 1.99 240 TDF

ADV resistance 2,036 1.90 240 TDF

ADV resistance 2,005 1.82 240 TDF
ADV resistance 2,020 1.80 240 TDF

Genotypic resistance test was performed by both direct sequencing and restriction fr
hepatitis B virus.

40 Journal of Hepatology
BV DNA <60 IU/ml. All the patients randomized were included in the analysis.
dered failures for all end points after the time of discontinuation, regardless of
s are for the between-group comparisons at weeks 48, 144, and 240 by chi-

r HBV DNA >60 IU/ml at dropout and week 240.

nt HBV mutation at baseline HBV mutation at test

rtM204V + rtL180M + rtM250V rtM204V + rtL180M
+ rtM250V

rtM204V/I + rtL180M + rtM202G not detected
rtM204V + rtL180M + rtM250V rtM204V + rtL180M

+ rtM250V
+ rtM202G
rtM204V/I + rtL180M + rtA181T/V
+ rtN236T

not detected

rtM204V/I + rtL180M + rtA181T/V
+ rtN236T + rtT184L

rtM204V/I + rtL180M
+ rtT184L

rtM204V + rtL180M + rtM250V rtM204V + rtL180M
+ rtM250V
week 240 were withdrawal of consent for logistical reasons
(n = 8), adverse events (n = 3), death by HCC (n = 3), and death
by other causes (n = 2). Among 39 serious adverse events, none
was considered to be related with the study drugs. HCC was
diagnosed in 3 and 5 patients in the ETV resistance and ADV
resistance groups, respectively. One patient in the ETV

rtM204V/I + rtL180M + rtA181T/V
+ rtM202G

rtL180M + rtM202G

rtM204V/I + rtL180M + rtM202G not detected
rtM204VI + rtL180M + rtA181T A181T
rtL180M + rtM204VI + rtA181T + rtS202G not detected
rtA181T/V not detected
rtA181TV + rtN236T + rtM250V A181T + rtN236T
rtM204V/I + rtL180M + rtA181T/V
+ rtN236T

not detected

rtM204V/I + rtL180M + rtA181T/V
+ rtT184L + rtS202G

not detected

rtM204V/I + rtL180M + rtA181T not detected
rtM204V/I + rtL180M + rtA181T/V
+ rtN236T + rtM202G + rtM250V

not detected

agment mass polymorphism analysis. ADV, adefovir dipivoxil; ETV, entecavir; HBV,
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resistance group died of sudden cardiac arrest and 1 in the ADV
resistance group died of sleep apnea.

ALT flares (rise of ALT >5 times the upper normal limit) were
observed in 9 patients throughout the study period. Five
patients had the flare within the first 12 weeks of treatment
in association with a rapid reduction in serum HBV DNA levels
of >2 log10 IU/ml, while 4 patients had the flare at a later period
of the study without a preceding increase in HBV DNA levels
(Fig. S3). No flares were associated with bilirubin increase or
hepatic decompensation. ALT levels returned to baseline levels
with continued treatment in all patients, except 1 patient who
received herbal medication prior to the flare and withdrew from
the study. All patients were HBeAg(+) at baseline, and 4 patients
with the former pattern and 1 patient with the latter pattern of
ALT flare experienced HBeAg seroclearance during the study.
Concomitant medications and abrupt body weight gain were
suspected as causes for the latter pattern of ALT flares.

The estimated GFR (eGFR) by CKD-EPI equation significantly
decreased from baseline at 240-weeks (�3.21 ml/min/1.73 m2,
p <0.001) with no significant difference between the ETV and
ADV resistance groups (p = 0.52; Fig. 4A).

Table 4. Safety profiles.

Adverse event category Total

N 192
Serious adverse events 39 (20.3%)
Hepatocellular carcinoma 8 (4.2%)
Deaths 5 (2.6%)
Discontinuation due to adverse eventy 3 (1.6%)
Dose reduction due to adverse event� 2 (1.0%)
Bone fracture§ 3 (1.6%)
ALT flare* 9 (4.7%)
eGFR decrease ≥20% 10 (5.2%)
Serum phosphate <2.0 mg/dl 2 (1.0%)

ADV, adefovir dipivoxil; ALT, alanine aminotransferase; eGFR, estimated glomerular fi
*ALT flares (increase in ALT >5 times the upper limit of the normal range) were not
yDue to epigastric pain by TDF, headache by ETV, and ALT flare of uncertain cause.
�TDF dose was reduced owing to transient elevation of creatinine level attributed
associated with TDF treatment.
§Bone fractures were associated with trauma.
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The mean percent decrease in BMD (g/cm2) at week 240
from baseline was significant at the femur (�2.48%, p <0.001)
but not at the spine (�0.63%, p = 0.23; Fig. 4B). Baseline DXA
scans for the lumbar spine and femur showed that 15 patients
(7.8%) had osteoporosis (T scores, <�2.5) and 66 (34.4%) had evi-
dence of osteopenia (T-score range, �1 to > � 2.5). At week 240,
the numbers of patients with osteoporosis and osteopenia were
10 (5.8%) and 68 (39.5%), respectively, which did not differ sig-
nificantly compared with the numbers at baseline (p = 0.26).
Bone fractures associated with trauma occurred in 3 patients
(at weeks 72, 112, and 136). Females experienced a greater
decline in eGFR and femur BMD than males during the study
period (Fig. S4).

Discussion
Our present 5-year trials in patients with CHB and multidrug-
resistant HBV after exposure to multiple NUCs, showed that
the virologic response rate gradually increased with TDF
monotherapy, irrespective of the presence of ADV resistance
at baseline. Although the virologic response rate in patients
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with ADV resistance was slower than that in those with ETV
resistance, most patients in both studies showed effective viral
suppression with TDF monotherapy at week 240. TDF
monotherapy was associated with a marked reduction and no
additional emergence in detectable HBV resistance mutations.
A few virologic blips occurred during the study period, which
were related with low adherence to TDF. The overall retention
rate of the study patients was high (91.7%) at week 240, and
the treatment was well tolerated. However, the HBeAg serocon-
version rate was only 7.1% and none achieved HBsAg seroclear-

ance at week 240. Significant decreases in eGFR and femoral

BMD were observed between weeks 144 and 240.

Previous in vitro studies showed that HBV mutants with
ADV-resistance mutations, namely rtA181T/V and/or rtN236T,
demonstrated reduced susceptibility to tenofovir, ranging from
2.9- to 10-fold of that of the wild-type HBV.18 The presence of a
double ADV-resistance mutation (rtA181T/V and rtN236T) was
associated with a further 7- to 10-fold reduction in susceptibil-
ity to tenofovir, compared with that of the single rtA181T
mutant.18,19 Several cohort studies also showed low TDF effi-
cacy in patients with ADV-resistant HBV.20,21 The short-term
probability of achieving HBV DNA <400 copies/ml with TDF
monotherapy was significantly impaired in patients with ADV-
resistant HBV compared to those without ADV-resistant
HBV.21 We also previously reported a significantly lower viro-
logic response rate in patients with double ADV-resistance
mutations than those with no or single resistance mutations
to ADV, when receiving up to 144 weeks of TDF monotherapy.12

However, our present study showed that most of the patients

with double ADV-resistance mutations at baseline achieved

virologic response or had extremely low levels of HBV DNA
(median, 41 IU/ml), and there was a remarkable reduction in
detectable resistance mutations at week 240. The increasing
rate of virologic response without emergence of additional
resistance mutations up to 240-weeks of TDF monotherapy
was reassuring. These findings may be associated with the suf-
ficiently high TDF concentrations in vivo to suppress the replica-
tion of HBV variants, which may prevent the accumulation of
additional substitutions.22

Most patients without virologic response at week 240 had
low-level viremia in the range between 16 IU/ml and 380 IU/ml.
It was not within the scope of this study to analyze the clinical
significance of this persistent low-level viremia. However, it is
notable that many previous studies have shown that clinically
significant level of HBV DNA is >2,000 IU/ml, and many previous
pivotal clinical trials for ETV and TDF have used the definition of
virologic response as HBV DNA <60 IU/ml.17,23–26

Although most patients achieved and maintained a virologic
response, the HBeAg seroconversion rate and HBsAg level
decrease during long-term TDF treatment were minimal in this

study. Most patients (88.5%) were HBeAg positive at baseline,

and the HBeAg seroconversion rate was only 7.1% at 240 weeks,
which is a striking contrast to the HBeAg seroconversion rate of
39.6% reported with 336 weeks of TDF therapy in treatment-
naive patients with CHB.27 Our data are even lower than the

HBeAg seroconversion rate of 11.3% achieved with 240 weeks
of TDF therapy in patients with LAM resistance.28 These findings

suggest the influence of host immune factors in achieving sero-
logical responses and indicate that prolonged treatment is
inevitable in patients with multiple drug-resistant HBV variants.

ALT flares occurred in 9 patients during the study, and
showed 2 distinct patterns: first, those associated with a robust
42 Journal of Hepatology
decline in serum HBV DNA levels within the first 12 weeks of
TDF therapy (5 patients); second, those occurring at a later per-
iod of the study without a preceding increase in HBV DNA levels
(4 patients). The first pattern of ALT flares has previously been
reported to occur in up to 10% of patients during NUC therapy,
and suggested to be associated with a transient restoration of
HBV-specific T cell responses,29 as supported by high rate of
HBeAg seroclearance (4 of 5 patients) in our patients. Concomi-
tant medications and abrupt body weight gain were suspected
as possible causes for the latter pattern of ALT flares.

Although treatment with TDF was well tolerated, eGFR by the
CKD-EPI equation began to decrease afterweek 144. The decrease
in femoral BMD was also accelerated from week 144. Interest-
ingly, the decrease in spine BMD was not significant. Although
the reasons for the discrepancy in BMD changes between the
femur and spine are not known, these findings are similar with
those observed for 240 weeks of TDF therapy in patients with
LAM-resistant HBV.28 Clinically overt renal impairment was not
observed, and bone fractures were rare in our study patients.
However, the progressive decreases in eGFR and femoral BMD
were worrisome, given the necessity of long-term TDF treatment
in most patients with multidrug-resistant HBV.

This study has potential limitations. First, this was an
extended open-label single-arm study. Original randomized
comparisons between TDF monotherapy and TDF + ETV combi-
nation therapy for 48 weeks yielded no significant difference in
antiviral efficacy.10,11 Nevertheless, longer-term data were
required to better evaluate the safety and efficacy of TDF
monotherapy in a prospective manner. Second, all the patients
in this study had genotype C HBV. Although this may limit the
generalizability of the results, we did not find any evidence
that the antiviral efficacy of TDF is influenced by HBV geno-
types.25,30 That said, because a broad range of inclusion criteria
were applied in our trials, including cirrhotic patients and var-
ious degrees of HBV resistance, we believe that our results
could be generalized to the real-world population of heavily
pretreated patients with chronic HBV infection. Third, analysis
of the markers for subclinical renal tubular injury, such as
urine beta-2-microglobulin and urine retinol-binding protein,
were not planned and could not be measured in this study.
Of note, a randomized controlled trial to evaluate the safety
and efficacy of switching to tenofovir alafenamide (TAF) and
incorporating biomarkers for renal tubular dysfunction was
recently initiated in patients with multidrug-resistant CHB
receiving long-term TDF monotherapy (IN-US-320-4390;
NCT03241641).

In conclusion, up to 240 weeks of TDF monotherapy provided
a slowly increasing virologic response rate in patients chroni-
cally infected with multidrug-resistant HBV following previous
exposure to multiple NUCs, regardless of the presence of ADV-
resistant HBV mutants. Virologic breakthrough was rare and
was not associated with the emergence of additional resistance
mutations. Nonetheless, the HBeAg seroconversion rate was
very low, and no patient achieved HBsAg seroclearance up to
week 240, which suggests the necessity of prolonged continu-
ous treatment to maintain viral suppression in these patients.
However, the progressive and significant decrease in renal func-
tion and BMD after week 144 raises concerns about the safety of
TDF therapy in a longer-term setting. Further studies to evaluate
the safety and efficacy of TAF, which may provide improved
renal and bone safety than TDF, are warranted in patients with
multiple drug-resistant HBV.
2019 vol. 71 j 35–44
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