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Abstract
Background and Aim: Although tenofovir alafenamide (TAF), as well as entecavir
(ETV), is widely used as first-line treatment for patients with chronic hepatitis B,
there are only a few studies comparing sequential therapy from ETV to TAF and
continuous ETV monotherapy in patients with maintained virologic response
to ETV.
Methods: In a retrospective multicenter study, we investigated the efficacy and safety
of sequential therapy from ETV to TAF (ETV-TAF group) and compared them with
continuous ETV monotherapy (ETV group), using propensity score matching, in
chronic hepatitis B patients.
Results: From 442 patients, we analyzed 142 patients from each group comprising
71 patients matched for several data, including age, HBV genotype, hepatitis B enve-
lope antigen, cirrhosis, alanine aminotransferase, platelet count, prior ETV mon-
otherapy period, and hepatitis B surface antigen (HBsAg) change during prior ETV
monotherapy. In the ETV-TAF group, HBsAg levels significantly decreased from
baseline to 48 weeks after switching to TAF (−0.02 log IU/mL, P = 0.038). HBcrAg
levels also significantly decreased after switching to TAF (−0.1 log IU/mL,
P = 0.004). However, there were no significant differences in the reduction of HBsAg
and HBcrAg levels between the ETV-TAF and ETV groups. There was no significant
difference in the change of estimated glomerular filtration rate levels from baseline to
48 weeks between the two groups.
Conclusions: The present study indicated that the efficacy, especially of the HBsAg-
reducing action, and safety of sequential therapy from ETV to TAF were similar to
those of continuous ETV monotherapy among chronic hepatitis B patients with
maintained virologic response to ETV.
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Introduction
Hepatitis B virus (HBV) infection is one of the most critical
infectious diseases, affecting approximately 250 million people
worldwide, which comprises 3.5% of the world population.1 The
chronicity of HBV infection is a major cause of cirrhosis and
liver cancer, leading to 780 000 deaths annually.2,3 The HBV
DNA level is widely recognized as a risk factor for HBV-related
carcinogenesis.4 In addition, the level of serum hepatitis B sur-
face antigen (HBsAg) is also closely related to carcinogenesis.5

Even though the HBV DNA level is low, the carcinogenic rate
remains high in patients with an HBsAg level of ≥3.00 log
IU/mL.6 Therefore, the ultimate goal of treatment for patients
with chronic hepatitis B is to achieve an HBsAg clearance.7

Two antiviral drugs, nucleos(t)ide analogs (NAs) and
interferons (IFNs), are currently available for patients with
chronic hepatitis B. IFN shows a prolonged immunoregulatory
activity and yields no viral resistance. However, there are some
limitations, such as reduced levels of HBV DNA and HBsAg
found in limited patients and intolerable adverse effects observed
in most patients.8,9 In contrast, NAs such as entecavir (ETV) and
tenofovir (TFV) strongly suppress HBV replication and rapidly
improve HBV viremia and have a high genetic barrier to the
development of viral resistance.10,11 Given that NAs have fewer
adverse effects than those exhibited by IFNs in a clinical setting,
they are widely used as first-line treatment for patients with
chronic hepatitis B. However, it is generally considered difficult
to eliminate HBV from infected hepatocytes and to reduce the
HBsAg levels even in patients receiving long-term NA therapy,
given that NAs do not act on the diminution of covalently closed
circular DNA (cccDNA) of HBV.12,13

Recently, the HBsAg-reducing action of tenofovir dis-
oproxil fumarate (TDF) has been reported to be greater than that
of ETV in the exploratory analysis of NA-naïve patients.14

Tenofovir alafenamide (TAF), a newly developed prodrug of
TFV, is more efficiently incorporated into hepatocytes than TDF
and is hydrolyzed to TFV and subsequently phosphorylated to
TFV diphosphate.15 International phase 3 studies have reported
that the reduction of HBsAg levels in TAF was comparable to
that in TDF.16,17 Although a small sample study of patients with
maintained virologic response to ETV has shown similar
HBsAg-reducing effects between continuous ETV monotherapy
and sequential therapy from ETV to TDF,18 there are few studies
comparing continuous ETV monotherapy and sequential therapy
from ETV to TAF in patients who had been receiving ETV and
who showed maintained virologic response to ETV.

In the present multicenter, retrospective study, we focused
on the reduction of HBsAg levels during treatment and investi-
gated the efficacy and safety of sequential therapy from ETV to
TAF in patients with chronic hepatitis B compared to continuous
ETV monotherapy.

Methods

Subjects. This multicenter, retrospective study included
442 patients with chronic hepatitis B who were treated with
sequential therapy from ETV to TAF or continuous ETV mon-
otherapy at 16 hospitals in Japan. The inclusion criteria were as
follows: (i) Patients had been receiving ETV monotherapy for

≥1 year and persistently had serum HBV DNA level of <1.3 log
IU/mL for >6 months prior to day 0; (ii) when patients received
sequential therapy from ETV to TAF (ETV-TAF group), the
duration of TAF was >1 year after the switching; (iii) when
patients received continuous ETV monotherapy without
switching to TAF (ETV group), the duration of ETV was >1 year
after day 0; (iv) grade 0 or 1 patient status according to the East-
ern Cooperative Oncology Group Performance Status criteria;
and (v) age ≥ 18 years. The exclusion criteria were as follows:
(i) previous treatment with NA other than ETV or combined with
other NAs; (ii) presence of resistance to NA; (iii) presence of
decompensated cirrhosis or liver failure; (iv) coinfection with
hepatitis C virus or human immunodeficiency virus; (v) presence
of other chronic liver diseases; (vi) ongoing chemotherapy or
immunosuppressor/immnomodulator treatment for any diseases;
(vii) presence of severe comorbidities; and (viii) women who
were pregnant, expectant mothers, and lactating mothers. This
study was designed according to the ethical guidelines of the
Helsinki Declaration in 2013 and was approved by the ethics
committee of each participating institution. This study was regis-
tered in the UMIN Clinical Trials Registry (UMIN 000034362).
Written informed consent was obtained from all patients before
participation.

Study design and treatment protocol. To compare the
ETV-TAF and ETV groups, we adjusted the baseline factors,
including age, HBV genotype, presence/absence of hepatitis B
envelope antigen (HBeAg), presence/absence of cirrhosis, serum
alanine aminotransferase (ALT) level, platelet count, prior ETV
monotherapy period, and HBsAg change for 48 weeks during
prior ETV monotherapy, using propensity score (PS) matching.
ETV (Baraclude; Bristol-Myers, Tokyo, Japan) was administered
orally at a dosage of 0.5 mg once daily under fasting conditions.
TAF (Vemlidy; Gilead Sciences, Tokyo, Japan) was administered
orally at a dosage of 25 mg once daily. Day 0 was set as the day
when ETV was switched to TAF in the ETV-TAF group or
48 weeks prior to the latest data in the ETV group.

Laboratory tests and HBV-related markers. Physical,
hematological, and biochemical examinations were performed
every 3 months during the treatment period. Estimated glomeru-
lar filtration rate (eGFR) (mL/min/1.73 mm2) was calculated
using the following equation generated by the Japanese Society
of Nephrology: 194 × (serum creatinine)−1.094 × (Age)−0.287

(× 0.739 if female).19 Serum HBV DNA levels were quantified
using Cobas TaqMan HBV v.2.0 (Roche Diagnostics, Tokyo,
Japan). Serum HBsAg levels were quantified using the ARCHI-
TECT HBsAg QT assay kit (Abbott Laboratories, Tokyo, Japan).
Serum HBV core-related antigen (HBcrAg) levels were quanti-
fied using a fully automated analyzer system (Lumipulse System;
Fujirebio, Tokyo, Japan).

Treatment endpoints. The primary end-point was an
HBsAg change from day 0 to 48 weeks after switching to TAF
or the corresponding continuous ETV. The changes were com-
pared between the ETV-TAF and ETV groups. The secondary
end-point was the changes in serum ALT, HBcrAg, and eGFR
levels from day 0 to 48 weeks.
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Statistical analyses. Continuous variables were presented
as medians and ranges, and categorical variables were presented
as numbers and percentages. Categorical variables were com-
pared between groups using Fisher’s exact test, and continuous
variables were analyzed using the Mann–Whitney U test. The
kinetics of the aforementioned factors was examined using the
Wilcoxon signed-rank test. PS matching was performed to reduce
the differences in baseline characteristics between the ETV-TAF
and ETV groups. PS models were estimated using a logistic
regression model that adjusts for patient characteristics between
the ETV-TAF and ETV groups described above. One-to-one
pairing of patients was completed using nearest-neighbor
matching without replacement. PS was matched using a caliper
width of 0.2 logit of the SD. The standardized difference was
used to assess the covariate balance, and that of <0.1 suggests
adequate variable balance after propensity matching. All statisti-
cal analyses were performed using the Excel Statistics 2015 soft-
ware (SSRI, Tokyo). The level of statistical significance was set
at P < 0.05.

Results

Patient characteristics. Of a total of 442 patients,
342 met all the inclusion criteria and none of the exclusion
criteria: 113 received sequential therapy from ETV to TAF and
229 continuous ETV monotherapy. The PS matching process for
the two treatment groups resulted in a matched sample size that
comprised 71 patients in each group, who were subjected to anal-
ysis (Table 1). There were no significant differences in the base-
line characteristics between the ETV-TAF and ETV groups.

Treatment efficacy in patients treated with
sequential therapy from ETV to TAF and with con-
tinuous ETV monotherapy. In the ETV-TAF group, the
median changes in HBsAg, ALT, and HBcrAg levels from day

0 to 48 weeks were −0.02 log IU/mL (P = 0.038), −1 U/L
(P = 0.258), and −0.1 log IU/mL (P = 0.004), respectively
(Fig. 1). In the ETV group, they were −0.03 log IU/mL

Table 1 Comparison of baseline characteristics between two groups

Factors ETV-TAF group (n = 71) ETV group (n = 71) P value
Standardized
difference

Age (years)a 61 (36–86) 58 (34–78) 0.519 0.057
Gender (male/female) 45/26 42/29 0.731 0.067
HBeAg-positive/HBeAg-negative 6/65 7/64 1.000 0.014
Noncirrhosis/cirrhosis 58/13 55/16 0.678 0.093
HBV DNA (log IU/mL)a N.D. (N.D.– <1.3+) N.D. (N.D.– <1.3+) 0.357 0.038
HBsAg (log IU/mL)a 2.86 (−0.85 to 4.45) 2.72 (−0.77 to 4.29) 0.142 0.081
HBcrAg (log IU/mL)a 3.10 (<2.90–6.70) 3.40 (<2.90–>7.00) 0.207 0.028
HBV genotype (A/B/C/missing) 0/10/46/15 0/11/45/15 1.000 0.015
Platelet count (×103/mm3)a 17.4 (5.5–45.8) 18.5 (3.1–44.6) 0.991 0.055
Alanine aminotransferase (IU/L)a 20 (10–87) 19 (7–118) 0.834 0.046
α-fetoprotein (ng/mL)a 2.8 (1.0–9.0) 2.5 (1.0–18.9) 0.178 0.020
eGFR (mL/min/1.73 m2)a 72.0 (37.0–124.5) 76.0 (38.0–117.0) 0.141 0.091
Prior ETV monotherapy period (months)a 52 (14–175) 57 (12–188) 0.748 0.042
HBsAg change during ETV monotherapy between

−48 weeks and day 0 (log IU/mL)a
−0.09 (−0.44 to 0.41) −0.06 (−0.41 to 1.07) 0.669 0.080

aCategorical variables are given as number. Continuous variables are given as median (range).
ETV, entecavir; HBcrAg, hepatitis B virus core-related antigen; HBeAg, hepatitis B envelope antigen; HBsAg, hepatitis B surface antigen; N.D., not
detected; TAF, tenofovir alafenamide.

Figure 1 Comparison of treatment efficacies between the ETV-TAF
and ETV groups. The median changes in the (a) HBsAg levels: ( ),
ETV-TAF; ( ), ETV; (b) ALT levels: ( ), ETV-TAF; ( ), ETV, and
(c) HBcrAg levels: ( ), ETV-TAF; ( ), ETV. ALT, alanine amino-
transferase; ETV, entecavir; HBcrAg, hepatitis B virus core-related anti-
gen; HBsAg, hepatitis B surface antigen; TAF, tenofovir alafenamide.
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(P < 0.001), 0 U/L (P = 0.902), and − 0.1 log IU/mL
(P = 0.006), respectively (Fig. 1). Thus, HBsAg and HBcrAg
(but not ALT) levels significantly decreased from day 0 to
48 weeks in both the ETV-TAF and ETV groups. However,
there were no significant differences in these virologic and bio-
logical changes between the ETV-TAF and ETV groups
(P = 0.220 for HBsAg, Fig. 1a; 0.304 for ALT, Figure 1b; and
0.807 for HBcrAg, Figure 1c). There were no significant differ-
ences in the rates of patients with serum ALT normalization
(<30 IU/L) at 48 weeks between the ETV-TAF and ETV groups
(87.3% [62/71] and 83.1% [59/71], respectively; P = 0.637).

Comparison of HBsAg reduction between the
ETV-TAF and ETV groups based on the baseline
factors. Patients in each treatment group were subdivided into
two subcategories based on the presence/absence of HBeAg,
HBV genotype, and cutoff value of the baseline HBsAg level.

In the ETV-TAF group, the median HBsAg changes from
day 0 to 48 weeks in the subgroups with baseline HBsAg level
<3.00 log IU/mL and ≥3.00 log IU/mL were −0.02 log IU/mL
(P = 0.096) and −0.02 log IU/mL (P = 0.131), respectively. The
median HBsAg changes in the HBeAg-positive and HBeAg-
negative subgroups were −0.01 log IU/mL (P = 0.753) and
−0.02 log IU/mL (P = 0.039), respectively. The median HBsAg
changes in the HBV genotype B and C subgroups were −0.06
log IU/mL (P = 0.185) and 0 log IU/mL (P = 0.245),
respectively.

In the ETV group, the median HBsAg changes from day
0 to 48 weeks in the subgroups with baseline HBsAg levels
<3.00 log IU/mL and ≥3.00 log IU/mL were −0.03 log IU/mL
(P = 0.003) and −0.03 log IU/mL (P = 0.025), respectively. The
median HBsAg changes in the HBeAg-positive and HBeAg-
negative subgroups were −0.02 log IU/mL (P = 0.933) and
−0.05 log IU/mL (P < 0.001), respectively. The median HBsAg
changes in the HBV genotype B and C subgroups were −0.02
log IU/mL (P = 0.450) and −0.03 log IU/mL (P < 0.001),
respectively.

Collectively, in both the ETV-TAF and ETV groups, the
HBsAg levels significantly decreased from day 0 to 48 weeks in
the subgroups with baseline HBsAg levels <3.00 log IU/mL and
negative HBeAg. In contrast, the HBsAg levels did not decrease
or decreased less significantly in the subgroups with baseline
HBsAg levels ≥3.00 log IU/mL and positive HBeAg.

The reduction in HBsAg was compared between the ETV-
TAF and ETV groups in each categorical subgroup. Regardless
of the baseline HBsAg level (Fig. 2a,b), HBeAg status (Fig. 2c,
d), and HBV genotype (Fig. 2e,f), the differences in the HBsAg
reduction between the two treatment groups were not statistically
significant.

Safety. The median eGFR levels at day 0 and 48 weeks in the
ETV-TAF and ETV groups are shown in Figure 3a. In the ETV-
TAF group, the median eGFR level significantly decreased after
switching to TAF (from 72.0 mL/min/1.73 mm2 to
70.9 mL/min/1.73 mm2, P = 0.036). It also decreased in the ETV
group, although the difference was not statistically significant
(from 76.0 mL/min/1.73 mm2 to 75.3 mL/min/1.73 mm2,
P = 0.282). Although the decline of eGFR in the ETV-TAF
group was significant, but not in the ETV group, there were no

significant differences in the eGFR changes between the ETV-
TAF and ETV groups (−1.0 mL/min/1.73 mm2 vs
−0.5 mL/min/1.73 mm2, P = 0.604; Figure 3b).

Discussion
The present study assessed the efficacy and safety of sequential
therapy from ETV to TAF and compared them with those of con-
tinuous ETV monotherapy, using PS matching, in Japanese
patients with chronic hepatitis B. We specifically focused on the
HBsAg reduction in the two treatment groups, which led to the
following findings: (i) HBsAg reduction in patients receiving
sequential therapy was similar to that in patients receiving con-
tinuous ETV monotherapy; (ii) both the treatment regimens sig-
nificantly reduced the HBsAg levels, especially in the subgroups
with baseline HBsAg level <3.00 log IU/mL and negative
HBeAg; and (iii) there was no significant difference in the eGFR
changes between the two treatment groups.

NAs (such as ETV and prodrugs of TFV) are widely used
as first-line antiviral therapy for patients with HBV in clinical
settings because of their potent antiviral activities against HBV
and high genetic barrier to drug resistance.10,11,20 In a random-
ized prospective comparative study between ETV and TDF, the
HBsAg reduction in patients treated with TDF was greater than
that in patients treated with ETV.14 International phase 3 studies
showed a comparable HBsAg-reducing action between TDF and
TAF.16,17 Many physicians assume that switching from ETV to
TAF may be beneficial for HBsAg reduction based on the results
of these previous studies, which included many NA-naïve
patients but not those who had been receiving ETV and
exhibiting maintained virologic response.

Regarding HBsAg reduction, a few studies have addressed
the comparison between sequential therapy from ETV to TFV
prodrug and continuous ETV monotherapy.18,21 A randomized
controlled trial switched patients on long-term ETV treatment to
TDF and continuous ETV and found no significant differences in
the HBsAg reduction between the two groups.18 Meanwhile, a
prospective comparative study of patients with virologic response
to ETV suggested that sequential therapy to TAF may have a
greater HBsAg-reducing effect than continuous ETV among
patients with low baseline HBsAg levels.21 However, the present
study demonstrated that the HBsAg reduction in the ETV-TAF
group was similar to that in the ETV group. We also compared
the HBsAg changes according to the baseline HBsAg levels;
consequently, there were no significant differences in the HBsAg
reduction between the two treatment groups in patients with
baseline HBsAg levels <3.00 log IU/mL (n = 41) or ≥3.00 log
IU/mL (n = 30). Given that only a few patients with low baseline
HBsAg levels (<800 IU/mL; n = 6) were included in the afore-
mentioned study,21 the cohort size might have caused the differ-
ence in results.

Concerning other factors associated with HBsAg reduc-
tion, previous studies of NA-naïve patients receiving TFV treat-
ment showed a greater HBsAg decline in HBeAg-positive
patients than in HBeAg-negative patients.14,16,17 In contrast, a
comparative study between switching to TAF and continuous
ETV suggested that there was no significant difference in the
HBsAg-reducing effect, regardless of the presence/absence of
HBeAg.21 In the present study, the HBsAg levels significantly
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Figure 2 Comparison of HBsAg reduction between the two subgroups according to the baseline factors in the ETV-TAF and ETV groups. The
median HBsAg changes in the subgroups with (a) HBsAg <3.00 log IU/mL: ( ), ETV-TAF: HBsAg < 3.00 log IU/mL; ( ), ETV:
HBsAg < 3.00 log IU/mL, (b) HBsAg ≥3.00 log IU/mL: ( ), ETV-TAF: HBsAg ≥ 3.00 log IU/mL; ( ), ETV: HBsAg ≥ 3.00 log IU/mL,
(c) positive HBeAg: ( ), ETV-TAF: HBeAg positive; ( ), ETV: HBeAg positive, (d) negative HBeAg: ( ), ETV-TAF: HBeAg negative;
( ), ETV: HBeAg negative, (e) HBV genotype B: ( ), ETV-TAF: genotype B; ( ), ETV: genotype B, and (f ) HBV genotype C: ( ), ETV-
TAF: genotype C; ( ), ETV: genotype C. ETV, entecavir; HBeAg, hepatitis B envelope antigen; HBsAg, hepatitis B surface antigen; TAF,
tenofovir alafenamide.

Figure 3 Changes in eGFR level and comparison between the two groups. (a) Median eGFR levels in the ETV-TAF and ETV groups: ( ), ETV-
TAF; ( ), ETV. (b) Median changes in the eGFR levels in the ETV-TAF and ETV groups: ( ), ETV-TAF; ( ), ETV. eGFR, estimated glomerular
filtration rate.
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decreased in the HBeAg-negative (but not HBeAg-positive) sub-
groups in both treatment groups, and there were no significant
differences between the treatment groups, irrespective of the
presence/absence of HBeAg. A previous study based on sequen-
tial therapy to TAF reported that the degree of HBsAg reduction
was higher in patients with genotype B.22 In fact, the present
study showed that HBsAg reduction in the ETV-TAF group was
significant in patients with genotype B, unlike in those with
genotype C. However, there were no significant differences
between ETV-TAF and ETV groups in each HBV genotype.

A previous study has reported that serum HBcrAg, unlike
HBsAg, is neither transcribed nor translated from the integrated
HBV sequence, and therefore reflects the intracellular levels of
HBV cccDNA, and that HBcrAg levels change independent of
changes in the HBV DNA level during NA administration.23

Therefore, as described in the present study, it is conceivable that
a notable HBcrAg-reducing effect was not observed even when
switching to TAF, despite potent HBV suppression. However, it
is noteworthy that both sequential therapy to TAF and continu-
ous ETV monotherapy significantly reduced the HBcrAg levels.

Nephrotoxicity is one of the major adverse events com-
mon to treatment with TFV prodrugs.24,25 TFV is excreted from
the kidney via the proximal tubules. High concentrations of TFV
in the tubular epithelial cells inhibit mitochondrial polymerase γ
and cause mitochondrial disorders, and thus may cause kidney
damage.26 Although both TAF and TDF are prodrugs of TFV,
international phase 3 studies have reported that the incidence of
TFV-related kidney damage was significantly lower in patients
treated with TAF than in those treated with TDF because plasma
concentrations of TFV were lower in TAF-treated patients.16,17

ETV is also excreted from the kidneys,27 while ETV is generally
considered to not affect the renal function in a clinical setting.28

In addition, a previous study has reported that eGFR was restored
with time in patients with chronic kidney disease who received
ETV,29 although the reason and mechanism remain unclear. In
the present study, no significant difference was observed in the
eGFR changes between patients receiving sequential therapy to
TAF and those receiving continuous ETV monotherapy. Further-
more, these changes in the renal function were similar to the age-
related changes in the Japanese general population.30

Initially, this study was conducted in anticipation of bene-
fits from switching to TAF in terms of the HBsAg reduction.
However, the present study failed to demonstrate superiority in
the HBsAg-reducing effect of sequential therapy to TAF com-
pared to that of continuous ETV monotherapy. Furthermore, the
treatment efficacy on the ALT and HBcrAg levels, and safety in
patients receiving sequential therapy to TAF, was comparable to
that in patients receiving continuous ETV monotherapy. Consid-
ering the benefit of switching from ETV to TAF, the aspects of
medication adherence may be conceivable. ETV must be admin-
istered under fasting conditions, while TAF can be administered
at any time, once a day. Adherence to NA therapy is crucial to
improve the prognosis of chronic hepatitis B. Recent studies have
reported the improvement of adherence to medications by
switching from ETV to TAF.22,31

The present study had some limitations. First, although the
baseline characteristics between the two groups were adjusted
using PS matching, this study was neither prospective nor ran-
domized. Second, the follow-up duration was short and,

therefore, needs to be extended in the future to clarify the long-
term effects, including the inhibitory action of sequential therapy
on carcinogenesis. Third, in the present study with the short
follow-up period, the sample size of patients analyzed was too
small to investigate the difference in the HBsAg reduction
between the two treatment groups.

Finally, regarding adverse events, the present study did
not assess the changes in serum phosphorus levels, bone mineral
density, or markers for a renal tubular function including
proteinuria.

In conclusion, the present study suggests that there are no
significant differences in the efficacy, especially on HBsAg
reduction, and safety between sequential therapy from ETV to
TAF and continuous ETV monotherapy among chronic hepatitis
B patients with maintained virologic response to ETV.
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