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Aim. The efficacy of tenofovir disoproxil fumarate (TDF) monotherapy as maintenance therapy in multidrug-resistant (MDR)
hepatitis B virus (HBV) patients after complete virologic suppression (CVS) has not been well evaluated. We evaluated the
efficacy of maintenance TDF monotherapy compared with conventional TDF plus entecavir combination therapy after CVS of
MDR HBV. Methods. In this single-center retrospective study, patients with MDR HBV who were previously treated with
entecavir plus TDF combination therapy and achieved CVS were included. Patients were either maintained on entecavir plus
TDF combination therapy or switched to TDF monotherapy after CVS. The primary endpoint was the virologic breakthrough,
and secondary outcomes were liver cirrhosis (LC) or hepatocellular carcinoma (HCC) development. To overcome immortal
time bias, time-varying Cox proportional hazard regression analysis was performed. Results. A total of 201 patients were
included, and 153 patients were maintained on entecavir plus TDF combination therapy (combination group); 48 patients were
converted from combination therapy to TDF monotherapy (single group) after CVS. Five patients experienced a virologic
breakthrough, one patient in the single group owing to poor transient compliance and four patients in the combination group
(P = 0 51). One new case of LC developed in the single group; five cases of LC developed in the combination group (P = 0 35).
No new HCC development occurred in the single group, while seven cases of HCC developments were noted in the
combination group. However, these results were not statistically significant (P = 0 54). Conclusions. For patients with
suppressed HBV DNA, the efficacy of TDF monotherapy as maintenance therapy is comparable to that of entecavir plus
TDF combination therapy.

1. Introduction

Treatment outcomes of patients with chronic hepatitis B
(CHB) have improved since the development of nucleos(t)ide
analogs (NAs), including lamivudine (LAM), adefovir
(ADV), telbivudine (LdT), entecavir (ETV), or tenofovir
disoproxil fumarate (TDF) [1–3]. Conversely, as the
duration of NA treatment prolongs, the incidence of
antiviral drug resistance increases, especially in patients
using low potent and low genetic barrier NAs, including
LAM or ADV. Many patients with single drug resistances
are treated with sequential monotherapies. Consequently,

multidrug-resistant (MDR) hepatitis B virus (HBV) has
emerged [4, 5]. MDR HBV is of particular interest because
MDR HBV has higher chances of increased viral loads,
elevated serum alanine aminotransferase (ALT) levels, and
development of liver cirrhosis (LC) or hepatocellular
carcinoma (HCC) owing to viral control difficulties as MDR
HBV has higher risks of resistance to other NAs [6–9].

Currently, most treatment guidelines recommend ETV
plus TDF combination therapy for treating MDR CHB
[10–13]. As TDF has a very high barrier to resistance, the
possibility of TDF monotherapy successfully treating MDR
CHB has increased. Recently, a randomized control trial

Hindawi
Gastroenterology Research and Practice
Volume 2018, Article ID 6948235, 9 pages
https://doi.org/10.1155/2018/6948235

http://orcid.org/0000-0001-7263-6866
http://orcid.org/0000-0002-9128-3610
http://orcid.org/0000-0001-9141-7773
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2018/6948235


comparing TDF monotherapy and ETV-TDF combination
therapy in patients with LAM-resistant, ETV-resistant, and
ADV-refractory CHB revealed no significant differences in
HBVDNA < 15 IU/mL and virologic breakthroughs between
the two treatment groups [10, 14, 15]. Based on this study,
the Korean Association Study for the Liver and the American
Association for the Study of Liver Diseases (AASLD) recom-
mend TDF monotherapy as an alternative choice to treat
MDR CHB [10, 12]. However, in a subgroup analysis, double
ADV mutation (rtA181T/V and rtN236T mutation) showed
significantly lower complete virologic suppression (CVS)
rates [14, 15]. Therefore, for MDR HBV, especially in
patients with ADV mutations, ETV-TDF combination ther-
apy will be a safer option than TDF monotherapy [16]. Con-
versely, the cost-effectiveness of ETV-TDF combination
therapy compared to TDF monotherapy needs further
investigation [17]. Here, we clarified the safety of mainte-
nance TDF monotherapy in patients with fully suppressed
MDR CHB who were previously treated with ETV-TDF
combination therapy.

2. Materials and Methods

2.1. Patient Selection and Inclusion and Exclusion Criteria.
This single-center (Seoul National University Hospital,
Seoul, Korea) retrospective study included consecutive
patients diagnosed with MDR CHB, treated with ETV-
TDF combination therapy for at least 6 months who reached
a “no HBV DNA detected” status in the serum HBV viral
load examination (<20 IU/mL). Patients with underlying
malignancies besides HCC, previous history of liver trans-
plantation, with antibodies against hepatitis C virus or
human immunodeficiency virus, or previous exposure to
TDF were excluded.

MDR was defined as “genotypic resistance” to two or
more NAs or single ADV resistance mutation since ADV
mutation is closely related to TDF mutation [4]. Genotypic
resistance was defined as the identification of amino acid sub-
stitution mutations that confer LAM resistance (rtL180M/V
or rtM204I/V/S), LdT (rtL180M+M204V, rtA181T/V, or
rtM204I), ADV (rtA181T/V or rtN236T), or ETV
(rtL180M+ rtM204V/I± rtI169T± rtV173L± rtT184A/G/L/
S± rtS202G/I±M250V) using direct polymerase chain
reaction-based DNA sequencing methods [18]. Patients with
previous history of LAM or LdT were evaluated separately.

Basic demographic information and laboratory findings
were obtained at the index date. This study was approved
by the institutional review board of the Seoul National
University Hospital.

2.2. Follow-Up. The endpoint (virologic breakthrough, LC
development, and HCC development) was recorded as
follow-up duration. In almost every follow-up, HBV viral
load, liver function test, and renal monitoring, which
includes monitoring serum creatinine levels, estimated
glomerular filtration rate (eGFR), and serum phosphate
levels, were performed at 3-6-month intervals. Increases
in HBV DNA by >1 log10 compared to nadir or in
patients with previously undetected HBV DNA and
HBV DNA elevations ≥100 IU/mL were defined as viral
breakthroughs [12]. Minor virologic breakthrough was
defined as any quantitative HBV DNA detection (HBV DNA
≥ 20 IU/mL). Imaging studies (liver sonography, dynamic
abdomen computed tomography, or magnetic resonance
imaging) were performed at least one time per year for HCC
and LC surveillance.

LC diagnosis was based on the presence of at least one of
the following criteria: (1) presence of stage F4 fibrosis in a

Patients who received entecavir and tenofovir combination treatment
and achieved complete virologic suppression

(n = 279) (Jan. 2012 –Jun. 2016)

78 patients were excluded by following reasons
(i) Underlying malignancy other than HCC (n = 16)
(ii) Liver transplantation or other transplantation throughout

treatment period (n = 6)
(iii) No evidence of laboratory/clinically multidrug resistant HBV (n = 5)
(iv) Insufficient initial lab data (n = 37)
(v) Previous exposure to tenofovir (n = 14)

201 patients were analyzed in the study

Entecavir + tenofovir disoproxil
fumarate combination (n = 153)

(combination group)

Tenofovir disoproxil fumarate
single therapy

conversion (n = 48)
(single group)

Figure 1: Flow diagram. A total of 279 patients were identified, and 78 patients were excluded by exclusion criteria. The final sample consisted
of 201 patients, who were classified into 2 groups according to maintenance therapy (combination group versus single group).
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liver biopsy; (2) detected portal hypertension, defined as a
hepatic venous pressure gradient of least 6mmHg, ascites
detected in physical exam, or gastroesophageal varices
detected in esophagogastroduodenoscopy; and (3) at least
two signs of cirrhosis: nodular liver surface or portal vein
diameter of >12mm, spleen size of >12 cm, or platelet
count of >100 k/mm3 in two consecutive imaging or
laboratory studies [19–21]. HCC diagnosis was determined
by tissue biopsy or typical imaging findings according to
AASLD guidelines [22].

To evaluate renal complications, event of hypophospha-
temia and chronic kidney disease (CKD) progression was

checked in all patients. A hypophosphatemia event was
defined as a serum phosphorous level lower than 2mg/dL,
and CKD progression was defined as new onset eGFR lower
than 60mL/min (CKD stage 3a) or stage progression of CKD
stage 3a to 3b or higher. The CKD stage was defined in the
Kidney Disease Improving Global Outcomes guideline [23].

2.3. Maintenance Monotherapy Conversion. When HBV
DNA viral loads became undetectable (HBV DNA <20 IU/
mL), conversion to monotherapy was performed. TDF was
chosen as the monotherapy drug. The decision to incorpo-
rated TDFmonotherapy depended on physicians’ preference.

Table 1: Demographic and baseline characteristics of the patients.

Overall (n = 201) Combination group (n = 153) Single group (n = 48) P value

Male (%) 153 (71.2) 111 (72.5) 33 (68.8) 0.74

Age, years (IQR) 53 (48–60) 54.0 (48–60) 51 (47–58.3) 0.44

HBeAg-positive (%) 117 (54.4) 79 (51.6) 29 (60.4) 0.37

Previous drug exposure, n (%)

LAM 182 (84.7) 131 (85.6) 39 (81.3) 0.49

LdT 29 (13.5) 11 (7.2) 12 (25.0) 0.003

ETV 166 (77.2) 111 (72.5) 36 (75.0) 0.85

ADV 156 (72.6) 121 (79.1) 34 (70.8) 0.32

HBV-resistant mutations, n (%)

To LAM+LdT 13 (6.5) 10 (6.5) 3 (6.3)

To LAM+ETV 2 (1.0) 2 (1.3) 0 (0.0)

To LAM+LdT+ ETV 106 (52.7) 77 (50.3) 29 (60.4)

To LAM+LdT+ADV 15 (7.5) 11 (7.2) 4 (8.3)

To LAM+ETV+ADV 1 (0.5) 1 (0.7) 0 (0.0)

To LAM+LdT+ ETV+ADV 15 (7.5) 12 (7.8) 3 (6.3)

To LdT+ADV 46 (22.9) 37 (24.2) 9 (18.8)

To ADV only 3 (1.5) 3 (2.0) 0 (0.0)

Mutation location, n (%)

rtL180 141 (65.6) 96 (62.7) 35 (72.9) 0.23

rtA181 72 (33.5) 55 (35.9) 15 (31.3) 0.60

rtT184 65 (30.2) 42 (27.5) 20 (41.7) 0.07

rtS202 62 (28.8) 44 (28.8) 14 (29.2) 1.00

rtM204 158 (73.5) 107 (69.9) 39 (81.3) 0.14

rtN236 24 (11.2) 17 (11.1) 7 (14.6) 0.61

rtM250 6 (2.8) 3 (2.0) 3 (6.3) 0.15

rtA181 and rtN236 15 (7.0) 10 (6.5) 5 (10.4) 0.36

Underlying LC, n (%) 99 (46.0) 77 (50.3) 18 (37.5) 0.14

Previous history of HCC, n (%) 45 (20.9) 36 (2354) 6 (12.5) 0.11

Laboratory data, median (IQR)

AST (IU/L) 27 (23–34) 27 (22–35) 27 (23–34) 0.37

ALT (IU/L) 26 (21–36) 26 (21–34) 26.5 (17.8–37) 0.21

Total bilirubin (mg/dL) 0.9 (0.7–1.2) 0.9 (0.7–1.2) 0.8 (0.6–1.2) 0.60

Albumin (g/dL) 4.4 (4.2–4.6) 4.4 (4.2–4.5) 4.4 (4.3–4.6) 0.46

Creatinine (mg/dL) 0.9 (0.8–1.0) 0.9 (0.8–1.0) 0.9 (0.8–1.0) 0.31

Phosphorous (mg/dL) 3.3 (3.0–3.6) 3.3 (2.9–3.6) 3.3 (3.1–3.5) 0.78

Data are n (%) or median (IQR). ADV: adefovir; ALT: alanine aminotransferase; AST: aspartate aminotransferase; ETV: entecavir; HBV: hepatitis B virus; HCC:
hepatocellular carcinoma; IQR: interquartile range; LAM: lamivudine; LC: liver cirrhosis; LdT: telbivudine; SD: standard deviation.
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2.4. Data Analysis and Statistics. The index date was set at
the date when CVS was achieved. Primary outcomes were
viral breakthrough or minor virologic breakthrough after
the index date. Secondary outcomes were the development
of LC or HCC after the index date.

Categorical variable comparisons were performed using
the chi-square or Fisher exact tests. Categorical variables
were evaluated as proportions, and continuous variables
were evaluated as medians (standard deviations). Continu-
ous variable comparisons were performed using either the
Mann-Whitney U test or the student t-test.

To compare viral breakthroughs and LC/HCC develop-
ment, the Firth regression method was performed [24].
The initiation date of TDF monotherapy varied among
patients. This different initiation date could lead to immortal
time bias in clinical outcomes. To overcome immortal time
bias, the time-varying Cox proportional hazards regression
method was applied [25, 26]. Exposure of TDF monotherapy
was treated as a time-dependent variable. Initially, TDF
monotherapy patients were coded as the ETV-TDF combi-
nation group (the combination group) before the initiation
of TDF monotherapy (defined as “pre-monotherapy time”)
and after initiating TDF monotherapy, TDF monotherapy
patients were coded as the TDF monotherapy group (the
single group) [26]. If the number of clinical outcomes was
less than ten events, multivariable analysis was not per-
formed since multivariable analysis of data less than ten
events per variable might lead to incorrect results [27].
All analyses were performed using R language version 3.43
(R Foundation for Statistical Computing, Vienna, Austria).
P values of <0.05 were considered statistically significant.

3. Results

3.1. Baseline Characteristics. Between January 2010 and June
2016, 201 patients received ETV-TDF combination therapy
and met the eligibility criteria (Figure 1). Among the 201
patients, 153 were treated with maintenance ETV-TDF

combination therapy (combination group) and 48 were
treated with maintenance TDF monotherapy (single group).
The median follow-up period was 47.7 months [interquartile
range (IQR):34.6–53.4 months]. All patients had an experi-
ence in other NAs before ETV-TDF combination therapy,
and 182 patients were exposed to LAM and 25 patients were
exposed to LdT. The most common treatment just before
ETV-TDF combination therapy was ETV-based therapy
(N = 119, ETV single n = 60, ETV+ADV n = 59) followed
by LAM and ADV combination therapy (N = 47). Baseline
characteristics of the study population are represented in
Table 1. There were no significant differences between the
two groups except for the previous exposure to LdT
(P = 0 003) (Table 1). The median time from CVS to TDF
monotherapy conversion was 29.8 months (IQR 21.4–
38.0 months), and the median treatment duration of the
single group was 20.8 months (IQR 7.5–23 months). The
median treatment duration of the combination group
(including the pre-monotherapy time) was 42.5 months
(IQR 28.9–52.0 months).

3.2. Comparison of Virologic Breakthroughs between Both
Groups. During the study period, one case (2.1%) of viro-
logic breakthroughs was observed in the single group, and
four cases (3.2%) of virologic breakthrough were observed
in the combination group. All events were transient
(Supplementary Table S1), and most cases were related to
a compliance issue (i.e., drug loss). There were no viral
breakthrough events in the rtA181T/V and rtN236T double
mutation patient group throughout the study period.

Cumulative virologic breakthroughs were analyzed
with the time-varying Cox proportional hazards regression
model, and there were no significant differences between
the two groups (hazard ratio HR = 2 16, 95%, confidence
interval CI = 0 22–21.31, P = 0 51) (Figure 2, Table 2).

For further evaluation, a minor virologic breakthrough
was evaluated; during the follow-up, 43 cases of minor
virologic breakthrough were detected (3 cases in the single
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Figure 2: Extended Kaplan-Meier curves of cumulative incidence of virologic breakthrough, stratified by time-varying TDF monotherapy
status. The index date was set as the date of complete virologic suppression. Hazard ratio (HR), 95% confidence intervals (CI), and P
values were calculated by the time-varying Cox proportional hazard model with the time-varying covariate. CI: confidence interval; HR:
hazard ratio; no.: number; TDF: tenofovir disoproxil fumarate.

4 Gastroenterology Research and Practice



group and 40 cases in the combination group). Most cases
occurred without definite cause, but all cases were transient.
There were no significant differences between the two groups
(HR = 1 12, 95% CI = 0 33–3.83, P = 0 85), and mutations
did not affect minor virologic breakthroughs (Supplementary
Table S2 and Figure S1). Positive HBeAg results were related
to minor virologic breakthrough (HR = 2 92, 95% CI = 1 44–
5.93, P = 0 002).

3.3. Subgroup Analysis of LC and HCC Development. In total,
105 patients (combination group, N = 75; single group,
N = 30) initially had noncirrhotic livers, and during treat-
ment and follow-up, six patients (5.7%) were newly diag-
nosed with LC. One patient in the single group and five in
the combination group were newly diagnosed with LC, but
there were no significant differences between the two groups

(HR = 3 06, 95%, CI = 0 28–32.35, P = 0 35) (Figure 3,
Table 3).

Initially, 159 patients had no previous history of HCC
(combination group N = 117, single group N = 42), and
during the treatment period, seven new cases of HCC
(6.0%) were diagnosed. There were no new HCC develop-
ments in the single group and no significant differences
between the two groups (HR = 0 37, 95% CI = 0 02–9.06,
P = 0 54) (Figure 4). The baseline aspartate aminotransfer-
ase level was strongly related to HCC development
(HR = 1 11, 95% CI = 1 07–1.16, P < 0 001) (Table 4).

3.4. Safety. Renal complication occurred in 16 patients
(combination group, N = 14, single group, N = 2), and sin-
gle therapy did not increase the risk of TDF monotherapy
(HR = 1 95, 95% CI = 0 40–9.52, P = 0 41) (Supplementary
Table S3). In multivariable analysis, high baseline
creatinine significantly increase the risk of CKD
progression (HR = 11 32, 95% CI = 1 37–93.27, P = 0 02).

Since ten patients had insufficient phosphorus data,
191 patients were analyzed for hypophosphatemia event
(combination group, N = 144, single group, N = 47). Nine-
teen patients experienced hypophosphatemia (combination
group, N = 16, single group, N = 3). TDF monotherapy did
not increase the risk of hypophosphatemia (HR = 2 01,
95% CI = 0 53–7.64, P = 0 31) (Supplementary Table S4).

4. Discussion

This single-center retrospective study showed that in
patients with MDR HBV who achieve CVS with combina-
tion antiviral therapies, the conversion to maintenance
TDF monotherapy was comparable to continuous combi-
nation therapy in terms of HBV suppression and LC or
HCC development without additional adverse events such
as hypophosphatemia or CKD progression.

As the presence of MDR and high HBV DNA titer are
known risk factors for CHB disease progression [2, 11],
effective antivirals are especially important for treating the
high viral load of MDR HBV. Lee et al. showed that after
treating patients with MDR HBV with ETV-TDF combina-
tion therapy, 67.8–93.3% of patients achieved CVS at 12
months, irrespective of resistance profiles [16]. Recently, a
randomized control trial showed that TDF monotherapy
has comparable virologic responses at week 48 to ETV-
TDF combination therapy [14]. Follow-ups to 144 weeks
have been recently reported; no significant virologic break-
throughs in patients who received TDF monotherapy were
reported, and 74.5% of patients achieved CVS in the TDF
monotherapy group [15]. Thus, current treatment guidelines
for MDR HBV can be divided into two methods. The first is
to change combination therapies (i.e., TDF+ETV) [10–13],
and the other is to switch to TDF monotherapies [10, 12].
Currently, there is no recommendation for how to treat
patients with MDR HBV who achieve CVS.

Nam et al. recently reported that the rate of viral
suppression was related to HCC or LC development [28].
Patients who failed to achieve CVS until 1 or 2 years showed
higher incidences of HCC and LC compared with those who

Table 2: Univariable Cox proportional hazard analysis for virologic
breakthrough (HBV DNA titer ≥ 100 IU/mL).

Parameter
Virologic breakthrough

HR (95% CI) P value

Treatment

Combination group 1 (reference)

Single group 2.16 (0.22–21.31) 0.51

Age (per year) 0.97 (0.89–1.05) 0.45

Male 2.04 (0.24–17.29) 0.52

HBeAg

Negative 1 (reference)

Positive 3.93 (0.46–33.67) 0.21

Previous history of HCC

Absent 1 (reference)

Present 0.75 (0.09–6.43) 0.79

Underlying LC

Absent 1 (reference)

Present 1.11 (0.22–5.48) 0.90

AST (per 1 IU/L) 1.02 (0.97–1.07) 0.50

ALT (per 1 IU/L) 1.004 (0.96–1.05) 0.87

Total bilirubin (per 1mg/dL) 0.38 (0.04–3.99) 0.42

Albumin (per 1 g/dL) 0.93 (0.11–8.20) 0.95

rtA181 mutation∗

Absent 1 (reference)

Present 0.38 (0.04–3.29) 0.38

rtN236 mutation∗

Absent 1 (reference)

Present 0.51 (0.004–4.34) 0.61

Minor virologic breakthrough

Absent 1 (reference)

Present 0.51 (0.02–12.22) 0.68

Time-varying Cox was applied for analysis. Virologic breakthrough was
defined as HBV DNA titer ≥ 100 IU/mL. Minor virologic breakthrough was
defined as HBV DNA titer ≥ 20 IU/mL. ∗Univariable factors were analyzed
with Firth method. ALT: alanine aminotransferase; AST: aspartate
aminotransferase; CI: confidence interval; HBV: hepatitis B virus; HCC:
hepatocellular carcinoma; HR: hazard ratio; LC: liver cirrhosis.
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achieved CVS within 1 or 2 years [28]. As the viral load and
time to CVS are related to LC and HCC development, for a
rapid viral load reduction, combination therapy is more
favorable than TDF monotherapy [14, 29].

In vitro, the rtA181T/V and rtN236T double mutation
group showed a 10-fold reduction in susceptibility to TDF
compared to patients infected with the wild-type virus [30].
Lim et al. reported that when patients with both rtA181T/V
and rtN236T mutations were treated with TDF monother-
apy, the viral HBV load decrease rate was significantly slower
than that of patients treated with ETV-TDF combination
therapy [14]. Chung et al. recently reported that patients
who experienced ADV achieved less CVS and longer dura-
tions to CVS [29]. Both less-achieved CVS and prolonged
durations to CVS favor ETV-TDF combination therapy,
rather than TDF monotherapy.

Conversely, as TDF resistance is related to rtA181T/V
and rtN236T mutations, TDF monotherapy has potential
risks of TDF treatment failure in these patients. In our study,
there were no virologic breakthrough events during the
follow-up period in patients with rtA181T/V and rtN236T
mutations, and neither rtA181T/V mutation nor rtN236
mutation was significantly associated with LC development
or new HCC development. This result can be carefully inter-
preted and suggests that when HBV is completely sup-
pressed with sufficient antivirals, TDF monotherapy can
sufficiently prevent HBV viral breakthrough. Based on the
previous and current studies, initially treating patients with
MDR CHB with ETV-TDF combination therapy and chang-
ing the treatment regimen to TDF monotherapy after CVS
may provide another treatment option, even in patients with
reduced susceptibility to TDF mutations or patients previ-
ously treated with ADV.

The combination therapy did not increase drug-related
adverse events [31], but increased economic burden is
another issue among treated patients. Although generic
drugs have been released, combination therapy doubles the
cost. As life-long treatment of NAs is required, changing
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Figure 3: Extended Kaplan-Meier curves of cumulative incidence of liver cirrhosis development, stratified by time-varying TDF
monotherapy status. The index date was set as the date of complete virologic suppression. Hazard ratio (HR), 95% confidence intervals
(CI), and P values were calculated by the time-varying Cox proportional hazard model with the time-varying covariate. CI: confidence
interval; HR: hazard ratio; LC: liver cirrhosis; no.: number; TDF: tenofovir disoproxil fumarate.

Table 3: Univariable Cox proportional hazard analysis for
LC development.

Parameter
Univariable analysis

HR (95% CI) P value

Treatment

Combination group 1 (reference)

Single group 3.06 (0.28–32.35) 0.35

Age (per year) 1.04 (0.94–1.14) 0.44

Male 0.31 (0.06–1.54) 0.15

HBeAg

Negative 1 (reference)

Positive 2.92 (0.34–25.02) 0.32

AST (per 1 IU/L) 1.02 (0.93–1.12) 0.69

ALT (per 1 IU/L) 1.02 (0.98–1.06) 0.27

rtA181 mutation

Absent 1 (reference)

Present 0.35 (0.04–3.00) 0.34

rtA181 and rtN236 mutation

Absent 1 (reference)

Present 1.06 (0.05–23.64) 0.97

Virologic breakthrough

Absent 1 (reference)

Present 4.88 (0.12–207.22) 0.41

Minor virologic breakthrough

Absent 1 (reference)

Present 0.40 (0.02–9.64) 0.57

Time-varying Cox was applied for analysis. Virologic breakthrough was
defined as HBV DNA titer ≥ 100 IU/mL. Minor virologic breakthrough was
defined as HBV DNA titer ≥ 20 IU/mL. ALT: alanine aminotransferase;
AST: aspartate aminotransferase; CI: confidence interval; HBV: hepatitis B
virus; HR: hazard ratio; LC: liver cirrhosis.
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patients who are virally suppressed to TDF monotherapy
will decrease the patient’s economic burden by one half,
without additional risks of LC or HCC development.

This study has a few limitations. First, this study was a
retrospective cohort study; thus, patient selection and lack
of clinical data with respect to bone loss complications
derived from TDF were not completely evaluated in the
study. Fortunately, previous studies that evaluated the risk
of TDF complications found no significant increases in
adverse events in TDF monotherapy and discovered that
the continued use of single TDF did not increase compli-
cations compared to ETV-TDF combination therapies
[15]. Tenofovir alafenamide is available worldwide, the
use of which will further decrease TDF-related complica-
tions. Further investigations of the efficacy of tenofovir
alafenamide as a single-agent maintenance therapy for
MDR HBV is warranted.

Second, comparable long-term outcomes, such as LC
or HCC development, between the single group and the
combination group might have occurred by the small sam-
ple size of the single group or short follow-up period.
Although there was no significant difference in the risk
of virologic breakthrough, which is known to be related
to LC or HCC development [32], between the single group
and the combination group, long-term and large sample
follow-up data might be needed for further validation.

5. Conclusions

Changing ETV-TDF combination therapy to TDF mono-
therapy after CVS is another treatment option for patients
with MDR HBV, and there was no additional risk of viral
breakthrough. There might have no significant difference
in LC or HCC development compared to ETV-TDF com-
bination therapy, but further long-term evaluation is
needed for validation.

0.20

0.15

0.10

0.05

0.00

Combination group

H
CC

 d
ev

elo
pm

en
t (

pr
ob

ab
ili

ty
)

0 6 12 18 24 30 36 42 48
Time (months)No. at risk

Combination
group
Single group

159 156 148 143 135 115 92 81 57

0 2 6 7 8 14 21 21 20

HR = 0.37, 95% CI (0.02−9.06), P = 0.54

Single group

Figure 4: Extended Kaplan-Meier curves of cumulative incidence of hepatocellular carcinoma (HCC) development, stratified by time-varying
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Table 4: Univariable Cox proportional hazard analysis for
HCC development.

Parameter
Univariable analysis

HR (95% CI) P value

Treatment

Combination group 1 (reference)

Single group 0.28 (0.01–6.38) 0.42

Age (per 1 year) 1.06 (0.98–1.15) 0.13

Male 2.21 (0.27–18.38) 0.46

HBeAg

Negative 1 (reference)

Positive 0.47 (0.10–2.10) 0.32

Underlying LC

Absent 1 (reference)

Present 4.91 (0.95–25.30) 0.06

AST (per 1 IU/L) 1.11 (1.07–1.16) <0.001
ALT (per 1 IU/L) 1.04 (1.02–1.07) 0.002

rtA181 and rtN236 mutation

Absent 1 (reference)

Present 3.58 (0.53–23.92) 0.19

Virologic breakthrough

Absent 1 (reference)

Present 1.60 (0.07–38.00) 0.77

Minor virologic breakthrough

Absent 1 (reference)

Present 1.08 (0.16–7.32) 0.93

Time-varying Cox was applied for analysis. Virologic breakthrough was
defined as HBV DNA titer ≥ 100 IU/mL. Minor virologic breakthrough was
defined as HBV DNA titer ≥ 20 IU/mL. ∗Univariable factors were analyzed
with the Firth method. AST: aspartate aminotransferase; ALT: alanine
aminotransferase; CI: confidence interval; HBV: hepatitis B virus; HR:
hazard ratio; LC: liver cirrhosis.
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NA: Nucleos(t)ide analogs
TDF: Tenofovir disoproxil fumarate.

Data Availability

All relevant data are within the paper and its supplementary
files.

Conflicts of Interest

The authors have no conflict of interests.

Acknowledgments

This research was supported by a grant from the Korea
Health Technology R&D Project, through the Korea Health
Industry Development Institute (KHIDI), which is funded
by the Ministry of Health & Welfare, Republic of Korea
(grant number: HI16C1074).

Supplementary Materials

Figure S1: extended Kaplan-Meier curves of cumulative
incidence of minor virologic breakthrough, stratified by
time-varying TDF monotherapy status. Supplementary
Table S1: patients’ characteristics who experienced virologic
breakthrough (≥100 IU/mL)/minor virologic breakthrough
(≥20 IU/mL). Supplementary Table S2: univariable and
multivariable Cox proportional hazard analysis for minor
virologic breakthrough (HBV DNA titer≥ 20 IU/mL).
Supplementary Table S3: univariable and multivariable Cox
proportional hazard analysis for chronic kidney disease
progression. Supplementary Table S4: univariable and
multivariable Cox proportional hazard analysis for
hypophosphatemia. (Supplementary Materials)

References

[1] P. Marcellin, T. T. Chang, S. G. Lim et al., “Adefovir dipivoxil
for the treatment of hepatitis B e antigen-positive chronic hep-
atitis B,” The New England Journal of Medicine, vol. 348, no. 9,
pp. 808–816, 2003.

[2] Y. F. Liaw, J. J. Sung, W. C. Chow et al., “Lamivudine for
patients with chronic hepatitis B and advanced liver disease,”
The New England Journal of Medicine, vol. 351, no. 15,
pp. 1521–1531, 2004.

[3] C.-L. Lai, M. Rosmawati, J. Lao et al., “Entecavir is superior to
lamivudine in reducing hepatitis B virus DNA in patients with
chronic hepatitis B infection,”Gastroenterology, vol. 123, no. 6,
pp. 1831–1838, 2002.

[4] F. Zoulim and S. Locarnini, “Management of treatment failure
in chronic hepatitis B,” Journal of Hepatology, vol. 56, Supple-
ment 1, pp. S112–S122, 2012.

[5] H. J. Yim, M. Hussain, Y. Liu, S. N.Wong, S. K. Fung, and A. S.
F. Lok, “Evolution of multi-drug resistant hepatitis B virus
during sequential therapy,” Hepatology, vol. 44, no. 3,
pp. 703–712, 2006.

[6] C.-L. Lai, J. Dienstag, E. Schiff et al., “Prevalence and clinical
correlates of YMDD variants during lamivudine therapy for
patients with chronic hepatitis B,” Clinical Infectious Diseases,
vol. 36, no. 6, pp. 687–696, 2003.

[7] S. Nafa, S. Ahmed, D. Tavan et al., “Early detection of viral
resistance by determination of hepatitis B virus polymerase
mutations in patients treated by lamivudine for chronic hepa-
titis B,” Hepatology, vol. 32, no. 5, pp. 1078–1088, 2000.

[8] M. F. Yuen, E. Sablon, C. K. Hui, H. J. Yuan, H. Decraemer,
and C. L. Lai, “Factors associated with hepatitis B virus DNA
breakthrough in patients receiving prolonged lamivudine ther-
apy,” Hepatology, vol. 34, no. 4, pp. 785–791, 2001.

[9] I. Varbobitis and G. V. Papatheodoridis, “The assessment of
hepatocellular carcinoma risk in patients with chronic hepati-
tis B under antiviral therapy,” Clinical and Molecular Hepatol-
ogy, vol. 22, no. 3, pp. 319–326, 2016.

[10] The Korean Association for the Study of the Liver, “KASL clin-
ical practice guidelines: management of chronic hepatitis B,”
Clinical and Molecular Hepatology, vol. 22, no. 1, pp. 18–75,
2016.

[11] P. Lampertico, K. Agarwal, T. Berg et al., “EASL 2017 Clinical
Practice Guidelines on the management of hepatitis B virus
infection,” Journal of Hepatology, vol. 67, no. 2, pp. 370–398,
2017.

[12] N. A. Terrault, N. H. Bzowej, K. M. Chang et al., “AASLD
guidelines for treatment of chronic hepatitis B,” Hepatology,
vol. 63, no. 1, pp. 261–283, 2016.

[13] S. K. Sarin, M. Kumar, G. K. Lau et al., “Asian-Pacific clinical
practice guidelines on the management of hepatitis B: a 2015
update,” Hepatology International, vol. 10, no. 1, pp. 1–98,
2016.

[14] Y. S. Lim, B. C. Yoo, K. S. Byun et al., “Tenofovir monotherapy
versus tenofovir and entecavir combination therapy in
adefovir-resistant chronic hepatitis B patients with multiple
drug failure: results of a randomised trial,” Gut, vol. 65,
no. 6, pp. 1042–1051, 2016.

[15] Y. S. Lim, Y. S. Lee, G. Y. Gwak et al., “Monotherapy with teno-
fovir disoproxil fumarate for multiple drug-resistant chronic
hepatitis B: 3-year trial,” Hepatology, vol. 66, no. 3, pp. 772–
783, 2017.

[16] Y. B. Lee, J. H. Lee, D. H. Lee et al., “Efficacy of entecavir-
tenofovir combination therapy for chronic hepatitis B patients
with multidrug-resistant strains,” Antimicrobial Agents and
Chemotherapy, vol. 58, no. 11, pp. 6710–6716, 2014.

[17] Y. S. Lim, “Management of antiviral resistance in chronic hep-
atitis B,” Gut and Liver, vol. 11, no. 2, pp. 189–195, 2017.

8 Gastroenterology Research and Practice

http://downloads.hindawi.com/journals/grp/2018/6948235.f1.pdf


[18] F. Zoulim and S. Locarnini, “Hepatitis B virus resistance to
nucleos (t) ide analogues,” Gastroenterology, vol. 137, no. 5,
pp. 1593–1608.e2, 2009.

[19] C. Aubé, F. Oberti, N. Korali et al., “Ultrasonographic diagno-
sis of hepatic fibrosis or cirrhosis,” Journal of Hepatology,
vol. 30, no. 3, pp. 472–478, 1999.

[20] A. Berzigotti, E. Ashkenazi, E. Reverter, J. G. Abraldes, and
J. Bosch, “Non-invasive diagnostic and prognostic evaluation
of liver cirrhosis and portal hypertension,” Disease Markers,
vol. 31, no. 3, 138 pages, 2011.

[21] S. Gaiani, L. Gramantieri, N. Venturoli et al., “What is the cri-
terion for differentiating chronic hepatitis from compensated
cirrhosis? A prospective study comparing ultrasonography
and percutaneous liver biopsy,” Journal of Hepatology,
vol. 27, no. 6, pp. 979–985, 1997.

[22] J. K. Heimbach, L. M. Kulik, R. S. Finn et al., “Aasld guidelines
for the treatment of hepatocellular carcinoma,” Hepatology,
vol. 67, no. 1, pp. 358–380, 2017.

[23] Kidney Disease Improving Global Outcomes, “Chapter 1: def-
inition and classification of CKD,” Kidney International Sup-
plements, vol. 3, no. 1, pp. 19–62, 2013.

[24] D. Firth, “Bias reduction of maximum likelihood estimates,”
Biometrika, vol. 80, no. 1, pp. 27–38, 1993.

[25] A. K. Shintani, T. D. Girard, S. K. Eden, P. G. Arbogast, K. G.
M. Moons, and E. W. Ely, “Immortal time bias in critical care
research: application of time-varying Cox regression for obser-
vational cohort studies,” Critical Care Medicine, vol. 37, no. 11,
pp. 2939–2945, 2009.

[26] M. Lee, G. E. Chung, J.-H. Lee et al., “Antiplatelet therapy and
the risk of hepatocellular carcinoma in chronic hepatitis B
patients on antiviral treatment,” Hepatology, vol. 66, no. 5,
pp. 1556–1569, 2017.

[27] P. Peduzzi, J. Concato, E. Kemper, T. R. Holford, and A. R.
Feinstein, “A simulation study of the number of events per var-
iable in logistic regression analysis,” Journal of Clinical Epide-
miology, vol. 49, no. 12, pp. 1373–1379, 1996.

[28] J. Y. Nam, Y. Chang, H. Cho et al., “Delayed viral suppression
during antiviral therapy is associated with increased hepatocel-
lular carcinoma rates in HBeAg-positive high viral load
chronic hepatitis B,” Journal of Viral Hepatitis, vol. 25, no. 5,
pp. 552–560, 2017.

[29] G. E. Chung, E. J. Cho, J. H. Lee et al., “Tenofovir has inferior
efficacy in adefovir-experienced chronic hepatitis B patients
compared to nucleos(t)ide-naïve patients,” Clinical andMolec-
ular Hepatology, vol. 23, no. 1, pp. 66–73, 2017.

[30] X. Qi, S. Xiong, H. Yang, M. Miller, andW. E. Delaney 4th, “In
vitro susceptibility of adefovir-associated hepatitis B virus
polymerase mutations to other antiviral agents,” Antiviral
Therapy, vol. 12, no. 3, pp. 355–362, 2007.

[31] L. Chen, X. Wang, Q. Zhang et al., “Efficacy of tenofovir-based
combination therapy versus tenofovir monotherapy in chronic
hepatitis B patients presenting with suboptimal responses to
pretreatment: a meta-analysis,” Gastroenterology Research
and Practice, vol. 2016, Article ID 7214020, 10 pages, 2016.

[32] V. Di Marco, A. Marzano, P. Lampertico et al., “Clinical out-
come of HBeAg-negative chronic hepatitis B in relation to
virological response to lamivudine,” Hepatology, vol. 40,
no. 4, pp. 883–891, 2004.

9Gastroenterology Research and Practice


	Is Combination Antiviral Therapy Mandatory for Maintenance Therapy in Fully Suppressed Multidrug-Resistant Hepatitis B Patients?
	1. Introduction
	2. Materials and Methods
	2.1. Patient Selection and Inclusion and Exclusion Criteria
	2.2. Follow-Up
	2.3. Maintenance Monotherapy Conversion
	2.4. Data Analysis and Statistics

	3. Results
	3.1. Baseline Characteristics
	3.2. Comparison of Virologic Breakthroughs between Both Groups
	3.3. Subgroup Analysis of LC and HCC Development
	3.4. Safety

	4. Discussion
	5. Conclusions
	Abbreviations
	Data Availability
	Conflicts of Interest
	Acknowledgments
	Supplementary Materials

