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Abstract

Tenofovir disoproxil fumarate (TDF) is a potent nucleo-
tide analogue that is recommended as first-line therapy
for patients with chronic hepatitis B. The results of a
longitudinal study of TDF treatment demonstrated no
development of resistance. We observed one treatment-
naive chronic hepatitis B (CHB) patient who developed
TDF resistance after complete viral suppression during
long-term TDF treatment. A 37-year-old HBeAg-positive
man received TDF 300 mg/d for 43 mo. The hepatitis B
virus (HBV) DNA titer was 8 logwo copies/mL at baseline
and became undetectable at 16 mo after treatment.
However, the HBV DNA titer rebounded to 7.5 logio
copies/mL at 43 mo after treatment. We performed
full sequencing to find mutation sites associated with
virologic breakthrough. The results showed 9 mutation
sites, most of which had not been well-known as
mutation sites. We changed the therapy from tenofovir
to entecavir with a regimen of 0.5 mg once daily. After 4
mo, the HBV DNA titer decreased to 267 copies/mL, and
the liver enzyme levels were normalized.

Key words: Chronic hepatitis B; Tenofovir; Resistance;
Mutation
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Core tip: The results of many clinical longitudinal studies
of Tenofovir disoproxil fumarate (TDF) treatment have
demonstrated no development of resistance until now.
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Recently, a few cases of resistance to TDF have been
reported. However, the mutation site had not been
clearly revealed and confirmed because of the rarity
of resistant cases. In the present case, TDF resistance
developed following the complete suppression of HBV
DNA in a treatment-naive patient. We detected 9
mutation sites, including some that have been unknown
until now. We believe that the present study is helpful
in revealing the exact mutation sites associated with
TDF resistance.
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INTRODUCTION

Chronic hepatitis B (CHB) affects approximately 250
million people worldwide and can lead to liver cirrhosis,
liver failure, hepatocellular carcinoma (HCC), and
death™™.. Globally, approximately 30% of cirrhosis cases
and 53% of HCC cases have been attributed to CHB".
Antiviral therapy for hepatitis B virus (HBV) infection can
suppress viral replication and halt disease progression™*.
The reduction of HBV DNA concentrations to very low
or undetectable levels through antiviral therapy is
associated with a reduced risk of mortality and HCC'*®.
However, the therapeutic benefits are diminished
because of the emergence of drug-resistant viruses.

Entecavir (ETC) and tenofovir disoproxil fumarate
(TDF) are the two first-line therapies recommended for
the treatment of CHB because they have a more potent
antiviral effect and higher genetic barriers against
resistance than other antiviral agents. The rate of
antiviral resistance in previously untreated patients has
been reported for ETC, i.e., 1.2% of patients develop
resistance in 5 years™'?.. The development of resistance
to TDF has not been reported in treatment-naive
patients until now!™",

The rtA194T polymerase mutation combined with
the rtL180M and rtM204V polymerase mutations is
reported to be associated with TDF resistance in HIV/
HBV co-infected patients™. However, TDF resistance-
related mutations in patients infected only with HBV
were unknown until now. Recently, Lee et af**! reported
two TDF resistance mutations in CHB patients during
“The Liver Week 2017"” symposium in the United
States. The patients harbored CHB mutants with three
new substitutions, namely, rtS106C, rtH126Y and
rtD134E. These patients had previously been treated
with various therapies, including lamivudine (LAM),
adefovir (ADV) and ETC. We observed the development
of TDF resistance in a patient who had no treatment
history. This patient showed virologic and biochemical
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breakthroughs after he achieved a complete virologic
response. In this study, we report the first case of TDF
resistance in a treatment-naive patient and review the
pertinent literature.

CASE REPORT

The patient was a 37-year-old Korean male who visited
the dlinic because of elevated liver enzymes. He was first
diagnosed as having chronic hepatitis B at the age of
20 and was followed up regularly in the family medicine
department of Dankook University Hospital. Until his
visit to the clinic, he had no history of liver enzyme
elevation. His mother was also diagnosed with chronic
hepatitis B but did not receive antiviral treatment.
The patient’s laboratory examination showed that
he was positive for HBsAg and HBeAg. His aspartate
transaminase (AST) and alanine aminotransferase (ALT)
levels were high, at 51 IU/L and 80 IU/L, respectively.
His HBV DNA titer was greater than 8.99 log:o copies/
mL, as measured by the Amplicor™ Monitor PCR
assay (lower limit of detection, 116 copies/mL; Roche
Diagnostics, Basel, Switzerland). Abdominal sonography
revealed a diffuse mild fatty liver. No evidence of
cirrhosis, such as splenomegaly, thrombocytopenia,
or esophageal varices, was observed. The patient was
started on Tenofovir disoproxil fumarate (TDF) 300
mg, one tablet daily. After 16 mo, the HBV DNA level
was undetectable. The AST and ALT levels had also
normalized to 27 IU/L and 35 IU/L, respectively. The
patient continued the same treatment with complete
adherence, but HBeAg was not converted. However,
after 43 mo of continuous treatment, HBV DNA had
increased to 7.5 logio copies/mL. The levels of AST
and ALT were also increased to 61 IU/L and 109
IU/L, respectively. The patient’s history showed that
he took TDF regularly every day, and there was no
history of the use of any other medicine that could
either decrease the efficacy of TDF or increase its rate
of metabolism. Tests for HIV and anti-HCV antibodies
were negative. We performed mutation testing on the
rtL80, rtI169, rtL180, rtA181, rtT184, rtA194, rtS202,
rtM204, rtL220, rtN236, and rtM250 sites, all of which
were previously known to be mutation sites, but all of
these sites were identified as wild type. We performed
further examinations on the rtS106, rtH126, rtD134,
and rtL269 sites, which have been revealed as mutation
sites associated with tenofovir resistance, and only
the rtS106C mutation was detected. We performed
full genome sequencing to find other mutation sites
associated with virologic breakthrough because the
rtS106C mutation alone was not sufficient to cause
tenofovir resistance (Figure 1). The results showed
mutations at 9 sites, namely, rtYSH, rtL91I, ritS106C,
rtS106G, rtT118C, rtT118G, rtQ267L, rtI269L, rtA317S,
rtk333Q, and rtN337H. Both the rtS106 and rtT118
sites demonstrated a variable nucleotide substitution
of 50% C and 50% G on a chromatogram (Figure 2).
Although we observed the patient for a few additional
weeks, the AST and ALT levels increased to 202 IU/L
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Figure 1 Full sequencing analysis of the hepatitis B virus reverse transcriptase gene from the patient (Korean sample). The sequence analysis shows
that mutations occurred at 9 sites compared to the wild-type genotype C (the patient was infected with genotype C). The rt106 and rt118 sites are expressed as “?”

because the sites contained a substitution by 2 different nucleotides.
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Figure 2 Chromatogram of the hepatitis B virus reverse transcriptase gene from the patient. The rt101 (red arrow) and rt118 (arrow) sites are
shown as a double line because the site contained a substitution by 2 different nucleotides (cytosine and guanine).

and 539 IU/L, respectively. We changed the therapy
from tenofovir to entecavir with a regimen of 0.5 mg
once daily. After 4 mo, the HBV DNA titer decreased
to 267 copies/mL. The AST and ALT levels normalized
to 32 IU/L and 26 IU/L, respectively (Figure 3). HBeAg
seroconversion had not yet occurred.

DISCUSSION

The treatment of chronic hepatitis B has improved in the
last decade primarily because of the availability of oral
nucleos(t)ide analogue antiviral agents, such as LAM,
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telbivudine (LdT), ADV, ETC, and TDF. These agents are
well tolerated and very effective in suppressing viral
replication, and they appear to be safe, to the best of
our knowledge and experience. The major limitation of
long-term antiviral therapy for chronic hepatitis B is the
emergence of drug resistance followed initially by an
increase in HBV DNA level (virologic breakthrough) and
then by an increase in serum aminotransferase level
(biochemical breakthrough)!™*.

Antiviral resistance is likely to develop primarily
because the mutation rate during HBV replication is high
and viral replication is increased in response to selection
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Figure 3 Clinical course of the patient. Hepatitis B virus DNA became undetectable after 16 mo of antiviral treatment with TDF. Virologic and biochemical

breakthroughs occurred at 43 mo after treatment initiation.

pressurel*”!, Mutation and resistance are determined
by three factors: viral fitness, nucleos(t)ide analogue
potency, and the genetic barrier to resistance!. Viral
fitness refers to the ability for viral replication in a
defined environment. The potency of a nucleos(t)ide
analogue describes its ability to inhibit HBV replication
by acting as a substrate. The genetic barrier to
resistance refers to the number of substitutions in the
HBV polymerase reverse transcriptase (RT) domain
required for the development of resistance!*. Of the
above three factors, nucleos(t)ide analogue potency
and the genetic barrier to resistance are properties
of antiviral agents. A higher nucleos(t)ide analogue
potency and genetic barrier corresponds to a lower
mutation rate!®’,

The results of longitudinal study of TDF therapy de-
monstrated no resistance development throughout 8
years of treatment!”). This result is possible because
TDF provides the combination of a high genetic bar-
rier, potent viral suppression, and reduced fitness
of resistant viruses. Thus, TDF has been one of the
drugs recommended as a first-line therapy for CHB
patients*®**), TDF is also recommended for patients
who have developed resistance to LAM, ETC, or LdT**.
Several case reports and retrospective cohort studies
also demonstrated the clinical efficacy of TDF in ETC-
resistant or ETC-refractory patients™*>?", In one study,
the HBV DNA in some patients who experienced a
virologic breakthrough while on TDF therapy contained
an RT mutation site such as rtL101L/F, rtA307A/T,
rtvVi73L + rtL180M + rtM204V, or rtA181T. However,
these substitutions did not result in reduced susceptibility
to TDF, and most of the patients did not adhere to
treatment!'*). The rtA194T HBV polymerase mutation
that was recently identified in HIV/HBV-coinfected
patients treated with TDF did not confer resistance to
TDF as the sole mutation in vitro®. In another study,
phenotypic analyses revealed that the presence of the
rtA194T mutation combined with the rtL180M and

JBaishideng® W]G I WWW.ngnet.COm

rtM204V mutations resulted in a greater than 10-fold
increase in the ICso for TDF compared to the wild
type!®®. However, those sites have not been confirmed
as mutation sites affecting TDF resistance because TDF
resistance was not reported. Further studies are needed
to assess the extent to which these mutations are
associated with TDF resistance in HBV infection.

Reports on TDF resistance are difficult to find
because TDF resistance is rare. A few years ago,
a case of TDF resistance was reported in a chronic
hepatitis B (CHB) patient who received sequential
nucleos(t)ide therapy™". TDF resistance with virologic
and biochemical breakthroughs had occurred during
TDF rescue therapy after consecutive LAM, ETC, and
LAM+ADV treatment failures. The identified HBV DNA
mutation sites were rtL80M, rtL180M, rtM204V/I,
rtA200V, rtF221Y, rtS223A, rtT184A/L, rtR153Q, and
rtV191I, which were previously known as mutation
sites related to LAM, ETC and ADV resistance. Recently,
Lee et a*® reported two TDF-resistant patients during
“The Liver Week 2017” symposium in the United
States. The patients described in this report had also
previously taken other antiviral drugs and demonstrated
multidrug resistance. However, the authors detected
seven mutations in the HBV DNA, including three new
substitutions, namely, ntS106C, rtH126Y, and rtD134E,
which were collectively termed CYE. The TDF ICso
values for wild-type HBV and the CYE mutant were
3.8 £ 0.6 ymol/L and 14.1 = 1.8 umol/L, respectively.
However, the CYE mutation site was not definitively
identified as the site related to TDF resistance, although
the TDF ICso was higher in the CYE mutant than in the
wild type. The TDF resistance described in the previous
two reports developed after the failure of treatment
with other nucleos(t)ide analogues. The patient in the
present study had no history of nucleos(t)ide analogue
treatment and showed complete viral suppression
before the development of TDF resistance. It is not clear
whether all 9 HBV RT mutation sites identified in the
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current patient were associated with TDF resistance.
However, the accumulation of this mutational data is
helpful for confirming the sites associated with TDF
resistance. Further in vitro study is needed to reveal
whether the 9 mutation sites are associated with an
increased TDF ICso.

ARTICLE HIGHLIGHTS

Case characteristics
The patient had not complained of any specific symptoms.

Clinical diagnosis
The hepatitis B virus DNA titer rebounded to 7.5 logto copies/mL at 43 mo after
TDF treatment in a treatment-naive patient.

Differential diagnosis
We performed full genome sequencing to find other mutation sites to know it is
associated with tenofovir disoproxil fumarate (TDF) resistance.

Laboratory diagnosis

We performed full genome sequencing to find TDF mutation sites and the
results showed mutations at 9 sites, namely, rtY9H, rtL91l, rtS106C, rtS106G,
itT118C, rtT118G, tQ267L, rtI269L, rtA317S, rtK333Q, and rtN337H.

Treatment
We changed the therapy from tenofovir to entecavir with a regimen of 0.5 mg
once daily.

Experiences and lessons
We have to consider possibility of TDF resistance although its rarity.
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