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Switching to Tenofovir Alafenamide Fumarate in Chronic
Hepatitis B Patients Who Had Detectable HBV DNA during
Treatment with Entecavir
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Nucleos(t)ide analogues (NAs) suppress hepatitis B virus (HBV) replication, but the risk of hepatocellular
carcinoma still remains. The presence of detectable HBV DNA in the serum during NA therapies for chronic
hepatitis B patients has been reported to be associated with the risk of hepatocellular carcinoma. In this
study, we investigated the antiviral effect of switching from entecavir (ETV) to tenofovir alafenamide
fumarate (TAF) in chronic hepatitis B patients who had detectable HBV DNA in the serum at least once
within a year. Among a total of 77 cases in 7 hospitals that switched NAs from ETV to TAF, 23 patients with
detectable HBV DNA in a year before switching were analyzed. When the detection frequencies of HBV
DNA in the 1st and 2nd years after switching to TAF were analyzed, they were significantly lower than those
in the year before switching (68.8% vs. 34.1% for the 1st year and 21.3% for the 2nd year, P < 0.001 for
both). The HBsAg decline tended to be larger after switching than before (-2.5% vs. -=3.0% for 1st year
and -3.1% for 2nd year), but the difference was not significant. One patient died of a cardiovascular event
11 months after the treatment switch, but no adverse effects due to TAF including renal function were
observed. In conclusion, it was suggested that switching from ETV to TAF might be effective to suppress
the HBV DNA level further in patients whose HBV DNA is detectable, even if at a very low level.
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Introduction

According to an estimation of the World Health
Organization, 296 million people were infected with hepati-
tis B virus (HBV) chronically, which resulted in 820,000
deaths, mostly from cirrhosis and hepatocellular carcinoma
(HCC) in 2019. Nucleos(t)ide analogs (NAs) are widely
used for the treatment of chronic hepatitis B (CHB) because
of their potent antiviral effects and few side effects. NAs

inhibit reverse transcriptase of HBV and efficiently sup-
press HBV DNA in the serum, reduce liver inflammation,
and lower the risk of developing liver fibrosis and HCC
(Marcellin et al. 2003; Liaw et al. 2004; Singal et al. 2013;
Papatheodoridis et al. 2015). However, the effect of NAs
on hepatitis B surface antigen (HBsAg) in the serum is lim-
ited, and the risk of HCC still remains (Inoue et al. 2019,
2022). The antiviral effect may sometimes be insufficient
due to virus resistance or other factors. It has been reported
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that, if HBV DNA is detected during the administration of
NAs, there is a risk of developing HCC (Sinn et al. 2015;
Kim et al. 2017; Kaneko et al. 2020), and strong suppres-
sion of HBV is necessary.

The current guidelines recommend entecavir (ETV),
tenofovir disoproxil fumarate (TDF), and tenofovir alafen-
amide fumarate (TAF) as the first-line drugs for NAs for
CHB (Sarin et al. 2016; European Association for the Study
of the Liver 2017; Terrault et al. 2018). The effects of HBV
DNA suppression among these drugs are mostly similar, but
there are reports that the suppression of HBsAg is stronger
with TDF than with ETV (Koike et al. 2018). We reported
that HBeAg-positive patients showed larger declines of
HBsAg than HBeAg-negative patients after the treatment
switch from ETV to TDF (Inoue et al. 2021). TAF is a new
prodrug of tenofovir that is as effective as TDF for HBV
suppression. Also, because TAF has greater stability in
plasma than TDF, TAF is able to deliver the active metabo-
lite more efficiently to target cells at a substantially lower
dose with fewer effects on bone and kidney function (Buti
et al. 2016; Chan et al. 2016; Agarwal et al. 2018). TAF
has been reported to suppress ETV-resistant HBV effi-
ciently (Yamashige et al. 2021) and switching from ETV to
TAF was reported to obtain a better virological response in
patients with low-level viremia of serum HBV DNA > 20
[U/ml and < 2,000 IU/ml (Li et al. 2021). However, it is
still unclear whether the benefits of TAF can be obtained in
ETV-treated patients with very low-level viremia, including
those whose serum HBV DNA was detectable only occa-
sionally. In this study, we aimed to verify the antiviral
effects of switching to TAF in patients with detectable HBV
DNA at least once in a year, regardless of the value, during
ETV administration.

Materials and Methods

Study design and patients

This study was a retrospective observational study
conducted at 7 of the facilities participating in the Tohoku
Hepatology Research Meeting (THERME), which consists
of Tohoku University Hospital and related facilities.
Among CHB patients from 2018 to 2020 who had been tak-
ing ETV orally and switched to TAF, those who fulfilled the
following criteria were analyzed. Inclusion criteria were as
follows: i) ETV 0.5 mg/day had been administered for > 2
years continuously before switching to TAF 25 mg/day; ii)
HBV DNA was detected at least once, regardless of the
value, in a year just prior to switching to TAF; iii) patients
> 20 years old; iv) they had no history of decompensated
liver cirrhosis. The exclusion criteria were as follows: 1)
patients receiving interferon or immunosuppressive thera-
pies; ii) coinfection with hepatitis C virus or human immu-
nodeficiency virus.

Determination of serological HBV markers
The HBV DNA levels in the serum were quantified
using quantitative PCR assays with Cobas TagMan HBV

Auto, according to the manufacturer’s protocol (Roche
Diagnostics, Tokyo, Japan). The detection limit is 1.0 log
IU/ml, but even though the HBV DNA level is below the
limit, a positive signal is reported. A persistent complete
virological response (pCVR) was evaluated every year as
undetectable HBV DNA in all tests that were performed at
least 3 times a year. The serum levels of HBsAg were
quantified using a chemiluminescent enzyme immunoassay
(CLEIA) with LUMIPULSE HBsAg-HQ (Fujirebio, Tokyo,
Japan). HBV genotypes were determined with an
IMMUNIS HBV genotype EIA kit (Institute of
Immunology, Tokyo, Japan).

Evaluation of antiviral effects and safety of the Nucleos(t)ide
analogs

Using serum samples, HBV DNA detection frequency,
HBsAg, liver and renal functions, and inorganic phosphorus
(IP) were measured from 12 months before drug switching
to 24 months after drug switching every 3 months. As for
the score for evaluating liver fibrosis, the Fibrosis-4 (FIB-4)
index was calculated as follows: FIB-4 = age (years) x
aspartate aminotransferase (AST, U/L)/[platelet counts
(PLT, 10*/uL) x “alanine aminotransferase (ALT, U/L)]
(Sterling et al. 2006).

Statistical analysis

Statistical analysis was performed using JMP version
15.0 (SAS Institute Inc., Cary, NC, USA). Statistical com-
parisons were performed using a t-test for comparison of
the frequencies of the HBV DNA detection or the continu-
ous variables between two groups. A paired t-test was used
for the evaluation of parameter changes over time. P <0.05
was considered to indicate a statistically significant differ-
ence.

Results

Clinical characteristics of the enrolled patients

In 7 hospitals, a total of 77 cases that switched NAs
for CHB from ETV to TAF were screened. After excluding
5 cases in which the ETV administration period was 2 years
or less and 49 cases in which HBV DNA was persistently
undetectable within 1 year before the drug switching, 23
cases were included in the analysis (Fig. 1). Table 1 shows
the clinical parameters of the included patients at the time
of the drug switching. The median age was 62 years old
[interquartile range (IQR), 48-70 years] and the patients
consisted of 13 males (57%) and 10 females (43%). The
median serum ALT level was 20 U/l (IQR, 18-29 U/), the
estimated glomerular filtration rate (eGFR) was 72.3 ml/
min/1.73 m* (IQR, 58.9-80.4 ml/min/1.73 m?), and the IP
level was 3.2 mg/dl (IQR, 3.0-3.5 mg/dl). There were 14
(60.9%) cases whose serum HBV DNA was detectable,
with a median level of less than 1.0 log IU/ml. The median
serum HBsAg level was 811 IU/ml (IQR, 245-3,976 TU/
ml). The median duration of ETV administration before the
drug switching was 4.1 years (IQR, 3.4-5.9 years).
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CHB patients who
switched from ETV
to TAF
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\ 4
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Fig. 1. Flow-chart of patient eligibility in this study.
CHB, chronic hepatitis B; ETV, entecavir; TAF, tenofovir alafenamide fumarate.

Table 1. Clinical characteristics of patients evaluated

in this study.

Characteristics n=23
Age, years 62 (48-70)
Sex, male/female 13/10
HBYV genotype, B/C/unknown 8/12/3
AST, U/l 21 (19-27)
ALT, U/l 20 (18-29)
Cr, mg/dl 0.75 (0.67-0.96)
eGFR, ml/min/1.73 m? 72.3 (58.9-80.4)
IP, mg/dl 3.2(3.0-3.5)
PLT, x 10%/ul 18.7 (16.6-23.2)
FIB-4 index 1.57 (0.94-2.09)
HBV DNA, log IU/ml <1.0(<1.0-1.2)
HBYV DNA, detectable/undetectable 14/9
HBsAg, IU/ml 811 (245-3,976)
HBeAg, +/ — 9/13

Prior ETV duration, years 4.1(3.4-5.9)

HBYV, hepatitis B virus; AST, aspartate aminotrans-
ferase; ALT, alanine aminotransferase; Cr, creatinine;
eGFR, estimated glomerular filtration rate; IP, inor-
ganic phosphorus; PLT, platelet counts; HBsAg, hepa-
titis B surface antigen; HBeAg, hepatitis B e antigen;
ETV, entecavir.

Comparison of the antiviral effects before and after switch-
ing from ETV to TAF

The results of HBV DNA, which was basically mea-
sured at every 3 months, are shown in Fig. 2A as black dots
for those that were detectable and white dots for those

undetectable in each case. Some of the HBV DNA data
were missing, and case no. 20 died of acute myocardial
infarction, which was considered not to be related to TAF
administration by the physician, at 11 months after the drug
switching. As shown in the inclusion criteria, all the 23
patients showed detectable HBV DNA at least once in a
year just before switching to TAF. Among patients whose
HBYV DNA was tested at least 3 times a year, 11/23 (47.8%)
patients achieved pCVR in the 1st year of TAF and 14/21
(66.7%) did in the 2nd year. The frequencies of HBV DNA
detection in a year before NA switching from ETV to TAF
(5 time points at every 3 months including data at the time
of switching), in the 1st year after switching to TAF (4 time
points), and in the 2nd year after switching (4 time points)
were calculated for each case and the mean values were
compared (Fig. 2B). It was significantly lower after switch-
ing than before (68.8% vs. 34.1% in the Ist year and 21.3%
in the 2nd year, P < 0.001 for both). The background was
compared between pCVR and non-pCVR cases at the 1st or
2nd year after switching to TAF (Table 2). The pCVR
group in the 1st year was significantly more likely to have
undetectable HBV DNA at the time of switching (63.6% vs.
16.7%, P = 0.02). In the 2nd year, the same tendency was
observed (42.9% vs. 14.3%, P = 0.11). The serum HBsAg
levels tended to be lower in the pCVR group in both the 1st
and 2nd years (701 IU/ml vs. 932 IU/ml, P = 0.37 for st
year; 657 IU/ml vs. 2,237 IU/ml, P = 0.19 for 2nd year). In
addition, the proportion of patients negative for HBeAg in
pCVR was higher (72.7% vs. 50.0%, P = 0.41 for Ist year;
64.3% vs. 42.9%, P = 0.29 for 2nd year), although the dif-
ference was not significant. There were 3 patients whose
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Fig. 2. Effects of switching from ETV to TAF on HBV DNA detectability.

(A) Results of HBV DNA detectability in each patient are indicated with a horizontal line. Dots indicate time points
when HBV DNA was tested and black dots indicate that HBV DNA was detected regardless of the value. White dots
indicate that HBV DNA was undetectable. The white background indicates time points during ETV administration and
the gray background indicates those during TAF administration. (B) Frequency of HBV DNA detectability during ETV
administration (white background in A), that during the 1st year of TAF administration (light gray background in A) and
that during the 2nd year of TAF administration (dark gray background in A). The frequencies were calculated in each
case and the mean values are shown. The error bars indicate standard deviations.



Switch from ETV to TAF in HBV DNA-Detectable Patients

281

Table 2. Comparison of clinical characteristics at the treatment switching according to the achievement of complete virological response.

TAF 1st year TAF 2nd year
Characteristics pCVR (n=11)  non-pCVR (n=12) vafue pCVR (n= 14) non-pCVR (n=7) Val]’ue
Age, years 62 (53-71) 59 (45-69) 0.27 56 (48-68) 69 (56-72) 0.35
Sex, male/female 7/4 6/5 0.51 77 4/3 0.97
HBYV genotype, B/C/unknown 6/4/1 2/8/2 0.16 5/6/3 3/4/0 0.46
AST, U/l 21 (20-24) 25(18-29) 0.39 22 (20-25) 20 (18-27) 0.57
ALT, U/ 19 (16-27) 20 (19-33) 0.18 20 (18-29) 19 (17-22) 0.46
Cr, mg/dl 0.81 (0.69-0.96) 0.70 (0.68-0.88) 0.45 0.75 (0.61-0.96) 0.73 (0.69-0.88)  0.97
eGFR, ml/min/1.73 m* 73.6 (59.1-79.1) 65.9 (59.1-88.3) 0.77 73.6 (59.1-81.8) 65.9(59.1-77.8)  0.65
IP, mg/dl 3.2(2.8-34) 3.3(3.2-3.7) 0.48 3.1(2.8-3.2) 3.5(3.3-3.7) 0.16
PLT, x 10%/ul 19.4 (17.5-21.3) 18.0 (16.3-25.5) 0.83 19.2 (16.6-25.0) 17.7 (16.5-19.6)  0.44
FIB-4 index 1.63 (1.12-1.81) 1.35(0.82-2.19) 0.71 1.44 (0.96-1.91) 1.57 (1.16-2.11)  0.69
HBV DNA, log IU/ml <1.0(<1.0-<1.0) <1.0(<1.0-1.7) 0.09 <1.0 (< 1.0-<1.0) 1.6 (< 1.0-1.7) 0.002
HBYV DNA, detectable/undetectable 4/7 10/2 0.02 8/6 6/1 0.11
HBsAg, IU/ml 701 (147-3,692) 932 (415-5,000) 0.37 657 (139-3,762) 2237 (856-6,315)  0.19
HBeAg, +/ — 3/8 6/6 0.41 5/9 4/3 0.29
Prior ETV duration, years 4.8 (3.5-5.7) 3.7 (3.3-6.1) 0.65 3.4 (3.3-5.6) 4.9 (3.9-7.0) 0.32

pCVR, persistent complete virological response; HBV, hepatitis B virus; AST, aspartate aminotransferase; ALT, alanine aminotrans-
ferase; Cr, creatinine; eGFR, estimated glomerular filtration rate; IP, inorganic phosphorus; PLT, platelet counts; HBsAg, hepatitis B

surface antigen; HBeAg, hepatitis B e antigen; ETV, entecavir.

HBYV DNA was detected in all tests even after switching to
TAF (cases 2, 11 and 19 in Fig. 2A). No characteristic
change of HBsAg was observed, but they were all infected
with genotype C HBV and positive for HBeAg during the
study period.

The changes in the mean value of the serum HBsAg
levels from 12 months before switching to 24 months after
switching are shown in Fig. 3A. It seems to have decreased
gradually after the drug switching and, in comparison with
0 months, there were significant differences at 9, 18, 21, 24
months (2.87 log [U/ml vs. 2.79 log IU/ml, P = 0.01 for 9
months; vs. 2.75 log IU/ml, P = 0.003 for 18 months; vs.
2.69 log IU/ml, P = 0.04 for 21 months; vs. 2.68 log [U/ml,
P =0.02 for 24 months). In addition, the mean value of the
serum HBsAg change during the 12 months of ETV admin-
istration, that in the 0-12 months after switching, and that in
the 12-24 months after switching were expressed as
%AHBsAg, which was calculated as the percentage of
change from the beginning of each duration (Fig. 3B). The
decreases in the serum HBsAg levels were comparable in
the 12 months before and after switching (—4.5% vs. —4.8%
log IU/ml, P =0.72). A little larger decrease was obtained
for 12-24 months after switching to TAF, but there was still
no significant difference (—4.5% vs.—7.9% log IU/ml, P =
0.28).

The percentage of ALT normalization was compared
among 1 year of ETV administration, the 1st year after TAF
switching, and the 2nd year after TAF switching (Fig. 3C).
The ALT normalization was evaluated using the American
Association for the Study of Liver Diseases (AASLD) cri-

teria (male < 35 U/1, female <25 U/1) and the Japan Society
of Hepatology (JSH) criteria (< 30 U/l). There was no sig-
nificant difference in the normalization rate of ALT between
the duration of ETV and that of TAF in the two sets of cri-
teria (AASLD criteria; ETV vs. TAF-1st year vs. TAF-2nd
year, 80.9% vs. 81.5% vs. 80.1%, JSH criteria; ETV vs.
TAF-1st year vs. TAF-2nd year, 76.5% vs. 77.2% vs.
76.8%).

Factors associated with HBsAg decline

Sub-analyses were performed on the amount of
decrease in HBsAg after NA switching from ETV to TAF
according to the clinical characteristics. When the cut-off
value of FIB-4 index was set at 1.3 as previously reported
(McPherson et al. 2010), the group with a higher FIB-4
index tended to have a larger %A4HBsAg than the group
with a lower FIB-4 index (—6.65% vs. —2.69% for 0-12
months, P = 0.95; —7.24% vs. —3.50% for 12-24 months, P
=0.32) (Fig. 4A). The %4HBsAg tended to decrease in the
group with serum ALT levels of 20 U/l or less than in the
group with higher than 20 U/l at drug switching (—7.42%
vs. —1.73% for 0-12 months, P = 0.27; —7.21% vs. —4.07%
for 12-24 months, P = 0.52) (Fig. 4B). When the viral fac-
tors were examined, the %4HBsAg tended to decrease in
the group with serum HBsAg levels of 811 IU/ml or less at
the time of switching than in the higher HBsAg group
(—8.00% vs. —1.78% for 0-12 months, P = 0.24; —10.18%
vs. —1.89% for 12-24 months, P = 0.15) (Fig. 4C).
However, no significant difference was found in compari-
son of parameters.
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Fig. 3. Effects of switching from ETV to TAF on serum hepatitis B surface antigen (HBsAg), alanine aminotransferase
(ALT) and estimated glomerular filtration rate (¢GFR).
(A) Mean values of HBsAg from 12 months before switching to 24 months after switching are shown. Asterisks indi-
cate significant changes in comparison with 0 month. (B) Comparison of HBsAg change (%) in each 12 months before
and after the treatment switching. The white bar indicates change from —12 months to 0 month shown in A, the light
gray bar indicates change from 0 month to 12 months, and the dark gray bars indicate change from 12 months to 24
months. The minus values indicate that the HBsAg levels had declined. (C) Rates of ALT normalization in each 12
months based on 2 different criteria, AASLD criteria (male < 35 U/l, female < 25 U/l) and JSH criteria (< 30 U/l) are
shown. The error bars indicate standard deviations. (D) Mean values of eGFR from 12 months before switching to 24
months after switching are shown.
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Safety after switching from ETV to TAF

The changes in the mean values of the serum eGFR
levels are shown in Fig. 3D. There was no significant
change of eGFR during the study period. When the
%4eGFR was evaluated, it was larger in the 1st year of
TAF (ETV vs. TAF-1st year vs. TAF-2nd year, —0.41 % vs.
—2.96 % vs. —1.12%), but there was no significant differ-
ence. No other adverse effects including hypophosphatemia
were observed.

Discussion

Previous reports have shown that the serum HBV
DNA was detectable in 20-30% of patients receiving ETV

therapy (Kim et al. 2017; Sun et al. 2020). It is speculated
that one of the reasons for this is that ETV may have insuf-
ficient bioavailability because its blood concentration
decreases when taken orally after meals (Jung et al. 2018;
Lietal. 2021). Sun et al. (2020) reported that the detection
rate of HBV DNA 78 weeks after the start of ETV was cor-
related with the progression of liver fibrosis in CHB
patients undergoing ETV therapy. In addition, some reports
have shown that low-level viremia (LLV; HBV DNA
between 20 and 2,000 IU/mL) during NAs therapy is a pre-
dictor of HCC development (Sinn et al. 2015; Kaneko et al.
2020; Li et al. 2021). According to the AASLD guidelines,
LLV patients undergoing NAs therapy are recommended to
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switch to or add other NAs. In the present study, we aimed
to evaluate the benefit of NA switching from ETV to TAF
in patients with very-low-level viremia during ETYV, includ-
ing those whose HBV DNA was detectable at least once a
year, and showed that HBV DNA detection frequency was
significantly reduced after switching to TAF.

Several studies of TAF switching have been reported
in LLV patients on ETV therapy. Ogawa et al. (2022)
reported that 94.9% of 39 patients with LLV had a complete
virological response (CVR), which was defined as HBV
DNA below the detection limit including a positive signal,
144 weeks after switching from ETV to TAF. Nguyen et al.
(2021) reported that CVR was obtained in about half of 34
LLV patients receiving ETV after 48 weeks of switching to
TAF and in more than 80% after 96 weeks. In addition, Li
et al. (2021) conducted a prospective study in which LLV
patients receiving ETV were aligned by propensity score
matching to compare the TAF switching group and ETV
continuation group (n = 75 each). The percentage of CVR
at 24 weeks was significantly higher in the TAF group
(62.7% vs. 9.3%) (Li et al. 2021). These results suggest
that switching to TAF may be important for obtaining CVR
for LLV patients undergoing ETV therapy. Differing from
the previous studies, we compared the HBV DNA detect-
able frequency every year to evaluate the presence of very-
low-level viremia in the present study, and showed that
TAF suppressed HBV DNA further in such patients.

In this study, we focused on host factors and viral fac-
tors to evaluate the factors related to HBsAg reduction after
TAF switching. Previous reports showed that the amount
of HBsAg decline was larger after TAF switching than dur-
ing ETV administration (Uchida et al. 2022). The results in
the present study showed a similar tendency but they were
not significant. This might be due to the small number of
patients in this study. Previously, we performed a random-
ized controlled study switching from ETV to TAF and
reported that HBsAg decreased significantly in the TAF
group in patients with advanced fibrosis (Sato et al. 2022).
In the present study as well, although there was no signifi-
cant difference, the amount of the %HBsAg decline tended
to be larger in the group with a high FIB-4 index. In addi-
tion, it was observed that the serum HBsAg levels tended to
decrease more in the group with low ALT, low HBsAg at
the time of switching. The present study suggests that TAF
switching might have a stronger effect on HBsAg decline in
patients with reduced viral activity at the time of switching.
Murata et al. (2020) reported additional immunological
effects of acyclic nucleotide phosphonates, adefovir dipiv-
oxil (ADV), TDF and TAF in comparison with lamivudine
or ETV. It was suggested that TAF may contribute to the
reduction of HBsAg by not only the reverse transcriptase
inhibitory effect, but also mediating the immune system.
Moreover, LLV may be associated with the incomplete
ETV medication adherence or the development of drug
resistance to ETV. ETV should be taken on an empty stom-
ach, but TAF can be administered independently of meal

timing. It has been reported that switching from ETV to
TAF associated with fewer missed doses (Uchida et al.
2020), which may contribute to stronger antiviral effects.
However, we did not obtain data on this point in the present
study.

There are several limitations in this study. First, the
number of patients analyzed in the study was relatively
small. Although HBV DNA detection frequency was sig-
nificantly reduced after NA switching to TAF, there was no
significant difference in the amount of change in HBsAg.
This point should be evaluated in a larger cohort. Second,
this is a retrospective study and there is no control group.
Third, the observation period was only 2 years and there
were no data on the progression of fibrosis or the develop-
ment of HCC.

In conclusion, it is suggested that switching from ETV
to TAF may provide further viral suppression in patients
whose serum HBV DNA was detectable, even if not in all
tests, during ETV therapy. A study in a larger cohort with a
longer observation period is required to evaluate the actual
merit of NA switching from ETV to TAF.
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