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Purpose: The study aims to evaluate the effectiveness of a tenofovir alafenamide fumarate (TAF) and pegylated interferon alfa 
(PegIFN-α) regimen compared to a tenofovir disoproxil fumarate (TDF) and PegIFN-α therapy in patients with chronic hepatitis 
B (CHB).
Patients and Methods: Patients who were treated with PegIFN-α in combination with TAF or TDF were retrospectively enrolled. 
The primary outcome measured was the HBsAg loss rate. The rates of virological response, serological response for HBeAg, and 
normalization of alanine aminotransferase (ALT) were also calculated. The cumulative incidences of response rates were compared 
between the two groups using Kaplan–Meier analysis.
Results: A total of 114 patients were retrospectively enrolled in the study, with 33 receiving TAF plus PegIFN-α treatment and 81 
receiving TDF plus PegIFN-α treatment. The HBsAg loss rate for the TAF plus PegIFN-α group was 15.2% at 24 weeks and 21.2% at 
48 weeks, while the TDF plus PegIFN-α group had rates of 7.4% at 24 weeks and 12.3% at 48 weeks (P=0.204 at 24 weeks, P=0.228 
at 48 weeks). In subgroup analysis of HBeAg positive patients, the TAF group had a higher HBsAg loss rate of 25% at week 48, 
compared to 3.8% in the TDF group (P=0.033). According to Kaplan–Meier analysis, the TAF plus PegIFN-α group achieved 
virological response more quickly than the TDF plus PegIFN-α group (p=0.013). There was no statistical difference in HBeAg 
serological rate or ALT normalization rate.
Conclusion: There was no significant difference in the HBsAg loss between the two groups. However, subgroup analysis revealed 
that TAF plus PegIFN-α treatment had a higher HBsAg loss rate than TDF plus PegIFN-α treatment in HBeAg-positive patients. 
Additionally, TAF plus PegIFN-α treatment demonstrated better virological suppression for CHB patients. Therefore, TAF plus 
PegIFN-α treatment regimen is recommended for CHB patients who aim to achieve functional cure.
Keywords: hepatitis B virus infection, tenofovir alafenamide fumarate, tenofovir disoproxil fumarate, interferon, functional cure, 
combination therapy

Introduction
One of the leading causes of hepatocellular carcinoma (HCC) is chronic hepatitis B virus infection (CHB), with 
approximately 292 million people worldwide estimated by the World Health Organization to be affected by this 
condition.1 In cases where patients meet the specified criteria, prompt treatment is necessary. Currently, two classes of 
antiviral therapies have been approved for the treatment of chronic HBV infection: nucleos(t)ide analogues (NAs) and 
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pegylated interferons alfa (PegIFN-α).2 Prompt and effective antivirus treatment can reduce liver-related complications 
such as fibrosis, hepatic decompensation, HCC, and decrease mortality related to HBV.3,4

Both NAs and PegIFN-α have limitations. Studies have shown that long-term NAs treatment cannot completely 
eradicate the virus as covalently closed circular DNA (cccDNA) remains latent in the nucleus. Moreover, it is challenging 
to achieve sero-clearance of Hepatitis B surface antigen (HBsAg) with NA treatment.2 On the other hand, PegIFN-α 
treatment has a higher chance of HBsAg clearance and has been proven to reduce intrahepatic cccDNA.5–7 However, it 
has high variability of response and some negative side-effects.

A combined approach of NA and PegIFN-α may offer advantages by combining the antiviral powerful effects of NA 
plus the immune modulation of IFN. Combination therapy has shown to have a higher rate of serological response and 
induce long-term immunological control with a finite duration treatment.8,9 Recent studies have explored various 
combinations treatment regimens and shown good therapeutic effects.9–11 Evidence suggests that tenofovir disoproxil 
fumarate (TDF) combining with PegIFN-α is more effective in clearing HBsAg than monotherapies and is widely used in 
China.8,9

NAs treatment with high barriers against HBV resistance includes entecavir (ETV), TDF, and tenofovir alafenamide 
(TAF). ETV has high resistance in patients previously exposed to lamivudine,12 while TDF is widely used in antire-
troviral therapy but has concerns over long-term nephrotoxicity and bone impairments.13 TAF, a prodrug of TDF, a newer 
alternative, has shown better renal outcomes, good tolerability, and a high resistance barrier in real-world and Phase 3 
studies.14–17 It has also shown better HBsAg reduction compared to ETV.18 Despite its high price, TAF is gradually being 
promoted in China as a first-line treatment due to its inclusion in the national insurance and future price reduction.19 

However, the efficacy and safety of TAF combined with pegylated interferon alpha (PegIFN-α) treatment has not been 
reported. To address this, we conducted a retrospective study to compare the efficacy and safety of TAF combined with 
PegIFN-α therapy to the widely adopted TDF combined with PegIFN-α therapy in the treatment of chronic hepatitis 
B (CHB).

Materials and Methods
Study Population
This study is a retrospective observational cohort study that enrolled CHB patients who voluntarily started taking 
PegIFN-α (180ug, subcutaneous injection, once weekly) plus TAF (25mg per day) or TDF (300mg per day) between 
June 2016 and October 2021 at the Infection Disease Department. The patients were diagnosed with CHB and treated 
according to the guidelines of prevention and treatment for chronic hepatitis B.20 The admission criteria include patients 
who were between the ages of 18 and 75, had not received treatment with PegIFN-α in the past year, had no evidence of 
HCC, liver decompensation, or other severe comorbidities, and did not have co-infections with hepatitis C virus, hepatitis 
D virus, or human immunodeficiency virus. Patients who did not meet these criteria were excluded. Once a month, 
patients were admitted to the hospital for a comprehensive examination, including tests for HBV markers and biochem-
ical parameters. For the remaining three weeks, patients self-administered subcutaneous injections at home. The 
combination treatment was to continue for one year. This study was approved by the Institutional Review Board or 
Independent Ethics Committee of Huashan Hospital and all patients provided written informed contest. The PegIFN-α 
that patients used in the study was neither PegIFN-α-2a (Pegasys; Roche, Shanghai, China) nor PegIFN-α-2b (PegBeron; 
Y shape, 40 kD, China).

Data Collection
During treatment, laboratory tests were assessed every four weeks, including quantitative HBsAg, HBeAg, anti-HBs, 
anti-HBe, HBV DNA, hematology, clinical chemistries, and routine blood tests. The HBV DNA levels were quantified 
by the real-time polymerase-chain reaction assay (TaqMan HBV assay, Roche Diagnostics; lower detection limit of 50 
IU/mL and higher detection limit of 3×10^8 IU/mL). The serological markers of HBV were detected with enzyme-linked 
immune-sorbent assay kits (ARCHITECT I 2000; Abbott Architect, USA). The biological parameters were measured 
using a biochemistry analyzer (7600 Series; Hitachi, Tokyo, Japan). Adverse events (AEs) are continuously monitored.
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Definition
Serological responses for HBsAg represented HBsAg loss and were defined as undetectable level (lower limit: 0.05 IU/ 
mL) in serum. This research focused on HBsAg loss rate at 24 weeks and 48 weeks. HBeAg serological responses, 
indicating HBeAg loss (lower limit: 1.00 s/co), were also evaluated only in HBeAg-positive patients. Virological 
response was defined as undetectable HBV DNA (lower limit: 50 IU/mL). Biochemical responses were evaluated 
through the normalization of ALT levels, which were considered normal if within the range of 9–50 U/L for men and 
7–40 U/L for women. Non-invasive biomarkers for fibrosis, such as the aspartate aminotransferase-to-platelet ratio index 
(APRI) and FIB-4 index were also included.

Statistical Analyses
The summary of the baseline variables of patients was done using frequencies and percentages for categorical variables 
and medians with interquartile ranges or mean values with standard deviations for continuous variables. The statistical 
analysis showed that baseline characteristics of the two groups were similar, so the follow-up analysis was conducted 
directly between them without propensity score matching. The rates of clinical outcomes were calculated and analyzed 
using the Chi-squared-test and Yates’ correction for continuity for categorical data, and the t-test for continuous 
variances. The Kaplan–Meier survival curves were used to determine the cumulative incidence for HBsAg loss, 
virological response, HBeAg loss, and ALT normalization. The Cox regression was used to examine the relationship 
between baseline characteristics and incidence rates of HBsAg loss, with results expressed as Hazard rate (HR), 
corresponding 95% confidence intervals and p values. P values were 2-sides, and the type I error was 5%. The statistical 
analysis and graphical display were performed using STATA software (release 7.0, Stata Corporation, College Station, 
TX) and R software (version 3.3.1; R Foundation for Statistical Computing, Vienna, Austria), with the packages 
“survminer”, “survival”, and “ggpubr” for calculating and plotting.

Results
Baseline Demographics and Clinical Characteristics
Two hundred eighty-seven patients received treatment with PegIFN-α between October 2016 and October 2021. After 
reviewing clinical records, 12 patients with HCC before were excluded. Among those patients, 119 patients received 
either PegIFN-α with TDF or TAF. After selection, five patients who did not finish 48 weeks of treatment were excluded, 
leaving 114 patients left (Supplementary Figure 1). Of the 114 patients, 33 patients (75.8% male, n=25) received 180ug 
PegIFN-α weekly with TAF 25mg daily, and 81 patients (79% male, n=64) received 180ug PegIFN-α weekly with TDF 
300mg daily. The average age of patients in the TAF group was 39.15±9.00 years, while in the TDF group, it was 37.53 
±7.81 years. A 48.5% (16/33) patients in TAF plus PegIFN-α and 65.4% (53/81) patients in TDF plus PegIFN-α were 
HBeAg positive. Mean HBsAg was 2.59±1.30 log10 IU/mL in TAF group and 2.91±1.02 log10 IU/mL in the TDF group. 
Mean HBeAg for TAF and TDF group were 0.50±1.19 log10 s/co and 0.78±1.20 log10 s/co. HBV DNA was 1.58±2.3 
log10 copies/mL in the TAF group and 1.19±2.55 log10 copies/mL in the TDF group. Baseline ALT was 53.48±51.99 U/ 
L in TAF group and 68.22±85.74 U/L in TDF group. Baseline aspartate transaminase (AST) was 30.64±15.00 U/L in 
TAF group and 39.07±33.19 U/L in TDF group. There are 24 patients in the TAF group (72.7%) and 58 in the TDF group 
(71.6%) had received NA treatment before combination treatment. One patient in the TAF group (3.03%) and two 
patients in the TDF group (2.47%) had received Peg-IFNα-2b. The average time of NAs treatment before receiving 
combination treatment was 6.13±5.42 years in the TAF group and 5.34±3.79 years in the TDF group (p=0.45) (Table 1).

HBsAg Loss
Patients who received a combination of PegIFN-α and TAF had an HBsAg loss rate of 15.2% (5/33) at week 24 and 
21.2% (7/33) at week 48 which was numerically higher compared to patients who received TDF and PegIFN-α with 
a rate of 7.4% (6/81) at week 24 and 12.3% (10/81) at week 48. However, this difference was not statistically significant 
(p=0.204 at week 24 and p=0.228 at week 48) (Figure 1A). In a subgroup analysis of HBeAg positive patients, the 
response rate was higher in the TAF group at 48 weeks with 18.8% (3/16) at 24 weeks and 25% (4/16) at 48 weeks, 
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compared to 1.9% (1/53) at 24 weeks and 3.8% (2/53) at 48 weeks in the TDF group. The p-value at 24 weeks was 0.055, 
while p-value at 48 weeks was 0.033, which was significant (p<0.05) (Figure 1B). In the HBeAg-negative subgroup, the 
response rate was 11.8% (2/17) at 24 weeks and 17.6% (3/17) at 48 weeks in the TAF group, compared to 17.9% (5/28) 
at 24 weeks and 28.6% (8/28) at 48 weeks in the TDF group. The p-values were not significant at 24 weeks (0.902) and 
48 weeks (0.639) (Figure 1C). The results showed a difference in response rate between the two subgroups, as shown in 
the forest (Supplementary Figure 2).

Average HBsAg decline at week 48 was 0.83±1.31 log10 IU/mL for the TAF group and 1.00±1.38 log10 IU/mL for 
the TDF group (p=0.54) (Figure 2) (HBsAg reaching 0 were treated as 0.01 for logarithmic transformation). The average 
HBsAg decline at 24 week was 0.58±1.07 log10 IU/mL for the TAF group and 0.66±1.03 log10 IU/mL for the TDF 
group with no significant difference (p=0.69) (Table 2). The average HBsAg loss times was 23.43±9.07 weeks for the 
TAF plus PegIFN-α group and 24.8±11.12 weeks for the TDF plus PegIFN-α group with no significant difference (p= 
0.79). The cumulative incidence of HBsAg loss calculated from Kaplan–Meier curves showed no difference between the 
two groups (p=0.22) (Figure 3B). A total of 10 patients in the TDF group and 6 in the TAF group who had achieved 
HBsAg loss were treated with NA before combination therapy. The average duration of NA treatment was 3.6±0.82 years 
for the TDF group and 5.43±2.0 years for the TAF group (p=0.36).

Table 1 Demographic and Clinical Characteristics of the 114 Subjects at Baseline

TAF Plus PegIFN-α TDF Plus PegIFN-α P value

Patients (n) 33 81
Age (years) 39.15±9.00 37.53±7.81 0.339

Sex=male (n) (%) 25 (75.8%) 64 (79%) 0.703

HBsAg (log10 IU/mL) (SD) 2.59 (1.30) 2.91 (1.02) 0.169
HBeAg (log10 s/co) (SD) 0.50 (1.19) 0.78 (1.20) 0.252

HBcAb (s/co) 8.96 (1.45) 8.67 (2.15) 0.48

DNA (log10 IU/mL) (SD) 1.58 (2.3) 1.19 (2.55) 0.451
HBeAg positive (%) 16 (48.5%) 53 (65.4%) 0.093

HBsAg (log10 IU/mL) (SD) 2.86 (1.09) 3.23 (0.75) 0.130
HBeAg (log10 s/co) (SD) 1.46 (1.04) 1.42 (1.00) 0.903

DNA (log10 IU/mL) (SD) 1.76 (2.33) 1.67 (2.87) 0.915

HBeAg negative (%) 17 (51.5%) 28 (34.6%) 0.093
HBsAg (log10 IU/mL) (SD) 2.33 (1.46) 2.30 (1.19) 0.640

DNA (log10 IU/mL) (SD) 1.17 (2.05) 0.27 (1.44) 0.091

DNA positive (%) 12 (36.3%) 16 (19.8%) 0.062
DNA (log10 IU/mL) (SD) 1.58 (2.3) 1.19 (2.55) 0.451

ALT (U/L) (IQR) 30.00 (24, 65) 35.00 (22, 71) 0.662

AST (U/L) (IQR) 25.00 (22, 35) 26.00 (21, 43) 0.494
ALP (U/L) (IQR) 78 (63, 107) 85 (71, 100) 0.600

γ-GGT (U/L) (IQR) 23 (17, 36) 23 (15, 32) 0.571

APRI (IQR) 0.29 (0.21, 0.43) 0.34 (0.25, 0.57) 0.093
FIB-4 (IQR) 0.78 (0.58, 0.97) 0.91 (0.67, 1.21) 0.092

WBC (10^9/L) (SD) 5.72 (1.91) 5.08 (1.55) 0.06

RBC (10^9/L) (SD) 4.91 (0.53) 5.06 (0.53) 0.178
PLT (10^9/L) (SD) 221.19 (50.49) 201.09 (54.55) 0.075

Creatinine (μmol/L) (SD) 66.03 (13.89) 66.64 (13.57) 0.84

Urea (mmol/L) (SD) 5.00 (0.87) 4.61 (0.92) 0.06
eGFR (mL/min) (SD) 122.87 (24.35) 118.24 (18.18) 0.46

NA before (%) 24 (72.7%) 58 (71.6%) 0.904

IFN before (%) 12 (36.4%) 25 (30.9%) 0.570

Abbreviations: HBsAg, hepatitis B surface antigen; HBeAg, hepatitis B e antigen; HBcAb, hepatitis B core antibody; 
ALT, alanine transaminase; AST, aspartate aminotransferase; WBC, white blood cell; RBC, red blood cell; PLT, 
platelet.
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Figure 1 Comparison of response rates of PegIFN-α therapy combining in combination with TDF or TAF in chronic hepatitis B patients. (A) The HBsAg loss rate was 15.2% 
at week 24 and 21.2% at week 48 in TAF plus IFN group, compared to 7.4% at week 24 and 12.3% at week 48 in TDF plus IFN group (p=0.204 at week 24 and p=0.228 at 
week 48). (B) In HBeAg positive patients, the HBsAg loss rate was 18.8% at 24 weeks and 25% at 48 weeks in TAF group, compared to 1.9% at 24 weeks and 3.8% at 48 
weeks in the TDF group (p=0.055 at week 24 and p=0.033 at week 48). (C) In HBeAg negative patients, the HBsAg loss rate was 11.8% at 24 weeks and 17.6% at 48 weeks 
in the TAF group, compared to 17.9% at 24 weeks and 28.6% at 48 weeks in the TDF group (p=0.902 at week 24 and p=0.639 at week 48). (D) The HBeAg loss rate in the 
TAF group was 25.00%, while it was 16.98% in the TDF group at 48 weeks (p = 0.472). (E) The ALT normalization rate at week 48 was 50% in the TAF group and 45.16% in 
the TDF group (p=0.775).

Figure 2 HBsAg decline changes between two groups. (A) The average HBsAg decline at 24 week was 0.58±1.07 log10 IU/mL for the TAF group and 0.66±1.03 log10 IU/mL 
for the TDF group (p=0.69). (B) Average HBsAg decline at week 48 were 0.83±1.31 log10 IU/mL for the TAF group and 1.00±1.38 log10 IU/mL for the TDF group (p=0.54).
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Virological Response
Initially, 28 patients had HBV DNA above the detection threshold (12 in TAF plus PegIFN-α group and 16 in TDF plus 
PegIFN-α group). At baseline, the DNA level of those patients was 1.58±2.3 log10 copies/mL for the TAF group and 
1.19±2.55 log10 copies/mL for the TDF group (P=0.451) (Table 2). After 48 weeks of treatment, all serum HBV DNA of 
those patients became undetectable. The average time for patients in the TAF group to achieve virological response was 9 
± 8.16 weeks, which is less than the time for patients in the TDF group: 18.13 ± 11.71 (p=0.0293 < 0.05). Kaplan–Meier 
analysis indicated that the cumulative incidence rates of DNA loss were different between the two groups. Patients in 
TAF group achieved virological response easier than in the TDF group (p=0.013) (Figure 3A).

HBeAg Serological Response
A total of 69 patients were HBeAg positive in two groups (16 in TAF plus PegIFN-α group and 53 in TDF plus PegIFN-α 
group). The HBeAg serological response rate in the TAF group was 25.00% (4/16), while in the TDF group it was 
16.98% (9/53). There was no statistically significant difference between the two groups (p = 0.472) (Figure 1D). The 
average HBeAg decline in week 48 was 112.60±179.99 s/co for TAF group and 232.06±445.56 s/co for TDF group 
(p=0.30). HBeAg serological response time in TAF group was 15.00±8.25 weeks and 28.44±14.48 weeks in TDF group 
(p=0.12) (Table 2). Kaplan–Meier analysis indicated no statistical difference in the cumulative incidence rate of HBeAg 
serological response between the two groups (p=0.41) (Figure 3C).

Biochemical Response
Out of the total number of patients, 43 had initially ALT levels above the upper limit (12 in the TAF plus PegIFN-α group 
and 31 in the TDF plus PegIFN-α group). The ALT normalization rate at week 48 was 50% (6/12) in the TAF group and 
45.16% (14/31) in the TDF group. However, the rate was not statistically significant (p=0.775) (Figure 1E). The average 
ALT normalization time was 13.33±13.78 weeks for the TAF group and 25.71±13.74 weeks for the TDF group (Table 2). 
The P-value of normalization time was 0.082. However, the one-tailed P-value was 0.041< 0.05. Kaplan–Meier analysis 
indicated no statistical difference in the cumulative incidence rate of HBeAg serological response between the two 
groups (p=0.55) (Figure 3D).

Cox Regression Analysis
When considering factors such as sex, age, drug, HBsAg, HBeAg positive, HBeAg level, DNA, ALT level, AST level, NA 
treatment before, and IFN treatment before, univariate Cox regression analysis showed that HBeAg positive (p-value=0.028) 
and HBsAg level (p-value=0.001) before treatment were associated with HBsAg loss. The results are shown in Table 3. In 
multivariable Cox regression, which take sex, age, HBeAg positive and HBsAg into account, it was revealed that age and 

Table 2 Clinical Treatment Outcomes of Two Groups

Treatment Outcome TAF Plus PegIFN-α TDF Plus PegIFN-α P-value

HBsAg

24 weeks decline (log10 IU/mL) 0.58±1.07 0.66±1.03 0.69

48 weeks decline (log10 IU/mL) 0.83±1.31 1.00±1.38 0.54
Serological response times (week) 23.43±9.07 24.8±11.12 0.79

HBeAg

Decline 48 weeks (s/co) 232.06±445.56 112.60±179.99 0.30
Serological response time (week) 15.00±8.25 28.44±14.48 0.12

Virological response time (week) 9 ± 8.16 18.13 ± 11.71 0.029

ALT normalization time (week) 13.33±13.78 25.71±13.74 0.082
Creatinine change (μmol/L) −6.00±6.87 −2.58±8.96 0.068

Urea change (mmol/L) −0.06±1.068 0.07±0.95 0.742

eGFR change (mL/min) 10.64±15.02 13.46±15.96 0.520
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HBsAg level before treatment were associated with HBsAg response. The P-value was 0.02 for age and 00.001 for HBsAg. 
In multivariable Cox regression, HR was 0.996 (95% CI: 0.994 0.998) for HBsAg level before treatment.

Adverse Events and Changes in Renal Function
The changes in serum levels of AST, ALT, ALP, γ-GGT, RBC, WBC, PLT, NEU%, APRI, and FIB4 are demonstrated in 
Figure 4 and Supplementary Figure 3. There were no statistical differences between the two groups (Supplementary 
Table 1). Throughout the treatment, no patients in either group experienced thrombocytopenia (<50E+09/L), but two 

Figure 3 Kaplan–Meier analysis comparing the cumulative incidence of response rates between two groups. (A) The cumulative incidence of HBV DNA loss, calculated 
from Kaplan Meier curves, showed p value of 0.013 between the two groups. (B) The cumulative incidence of HBsAg loss, calculated from Kaplan Meier curves, showed 
p value of 0.22 between the two groups. (C) The cumulative incidence of HBeAg loss, calculated from Kaplan Meier curves, showed p value of 0.41 between the two groups. 
(D) The cumulative incidence of ALT normalization, calculated from Kaplan Meier curves, showed p value of 0.55 between the two groups.
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patients in TDF group suffered from neutropenia (<1.0E+06/L). The majority of patients experienced reductions in the 
number of neutrophils and platelet cells. Flu-like syndrome (48.5% vs 50.6%), myalgia (30.3% vs 28.4%), headache 
(36.4% vs 37.0%), fatigue (33.3% vs 39.5%), rash (3.0% vs 3.7%) weight loss (18.2% vs 14.8%) and local reactions at 
the site of injection (9.1% vs 8.6%) were the most frequently reported side effects. However, the rates showed no 
statistical difference between the two groups. None of the groups had any evidence of hepatic decompensation or 
a severe acute exacerbation of chronic HBV infection characterized by ALT levels of >10×ULN or total bilirubin levels 
of >51 μmol/L. All symptoms were effectively managed with temporary dose reduction.

No difference was observed in the changes of creatinine, urea, and eGFR levels between the two groups after 48 
weeks of treatment (Table 3). Compared with patients receiving TDF plus IFN treatment, patients who had TAF plus IFN 
treatment showed a numerical decline in serum creatinine (−6.00±6.87 vs −2.58±8.96 μmol/L), a decline in serum urea 
level instead of an increase (−0.06±1.068 vs 0.07±0.95 mmol/L), and a minor eGFR increase (10.64±15.02 vs 13.46 
±15.96 mL/min) after 48 weeks treatment (Figure 5). A one-tailed P-value of the hypothesis that the decline in creatinine 
in the TAF group was more than in the TDF group was 0.034< 0.05.

Discussion
Most patients infected with hepatitis B virus require lifelong therapy, which can be a significant burden both 
financially and in their daily lives. Combining NAs with IFN therapy may be a better treatment option for HBeAg 
positive and negative patients with a higher rate of HBsAg, HBeAg loss, and virological response compared to 
NAs or IFN monotherapy.21,22 In previous studies, the HBsAg loss rate was reported to be 6.5–13% in patients 
receiving NAs combined with PegIFN-α therapy.8,10,23 However, selecting which NA to use in clinical practice 
can be confusing. TAF and TDF are both initially metabolized to TFV in the plasma, which is metabolized in 
target viral-infected cells to the active metabolite tenofovir-diphosphate (TFV-DP).24 In monotherapy, TAF was 
found to be non-inferior to TDF for the primary outcome (HBsAg loss) in treatment of CHB and had better renal 
and bone profiles for patients.14,25 Whether combining TAF with PegIFN-α can lead to better immune modulation 
is still under investigation. In our study, the TAF plus PegIFN-α group had an HBsAg loss of 15.2% in 24 weeks 
and 21.1% at 48 weeks, while the TDF plus PegIFN-α group had rates of 7.4% at 24 weeks and 12.3% at 48 
weeks. Although the result was numerically higher in the TAF plus PegIFN-α group, there was no statistical 
difference (p=0.204 at 24 weeks, p=0.228 at 48 weeks). In HBeAg-positive patients, the HBsAg loss rate was 
25% at 48 weeks in the TAF combining PegIFN-α group, while it was only 3.8% in the TDF plus PegIFN-α group 
(P=0.033), indicating that TAF plus IFN treatment may be a better treatment option for HBeAg-positive patients 
than TDF plus IFN treatment. This rate is also higher than that of IFN monotherapy for HBeAg-positive patients 

Table 3 Univariate and Stepwise Multivariable Cox Hazard Analysis

Catalogue Univariate Cox Multivariable Cox

HR (95% CI) P value HR (95% CI) P value

Sex (male) 0.483 (0.179 1.306) 0.152 1.118 (0.379 3.295) 0.840

Age 0.987 (0.929 1.049) 0.678 0.909 (0.839 0.985) 0.020 *
Drug (TAF) 1.821 (0.693 4.786) 0.224

HBsAg 0.996 (0.994 0.999) 0.001** 0.996 (0.994 0.998) 0.001**

DNA 1.000 (0.999 1.001) 0.586
HBeAg (+) 0.328 (0.121 0.886) 0.028* 0.298 (0.083 1.074) 0.064

HBeAg 0.939 (0.859 1.027) 0.167

ALT 0.985 (0.968 1.003) 0.104
AST 0.974 (0.939 1.011) 0.168

NA before 6.897 (0.915 52.01) 0.061

IFN before 1.945 (0.750 5.043) 0.171

Note: 0 “**” 0.01 “*” 0.05. 
Abbreviations: HR, hazard ratio; CI, confidence interval.
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Figure 4 Liver function changes during treatment. (A) The changes in serum levels of ALT between two groups. (B) The changes in serum levels of AST between two 
groups. (C) The changes in serum levels of ALP between two groups. (D) The changes in serum levels of γ-GGT between two groups. (E) The changes in serum levels of 
APRI between two groups. (F) The changes in serum levels of FIB4 between two groups.
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reported before.26 However, as this is a subgroup analysis, which is typically usually used to assess internal trial 
consistency or to make exploratory distinctions for unusual or unexpected outcomes, this conclusion is not enough 
convincing. Subgroup forest plot showed that HBeAg negative and positive patients showed different treatment 
outcomes. Independent studies are needed to assess the treatment efficacy of TAF plus IFN on HBeAg positive 
patients. Four HBeAg-positive patients achieved HBsAg loss in TAF plus PegIFN-α group, but two of them did 
not achieve HBeAg loss (1 achieved HBeAb seroconversion). This phenomenon is also reported in other studies 
investigating the efficacy of IFN on HBeAg-positive patients.27,28 HBeAg positivity/HBsAg negativity in the 
serological profile compresses an atypical pattern, which may be due to changes in the tertiary structure of 
determinant “a” of HBsAg, making the binding of neutralizing antibodies targeted to the wild-type virus and 
detection of HBsAg for diagnosis difficult.29 Further testing using highly sensitive HBV DNA assays may be 
required to investigate the possibility of low-level virus replication in these patients. Another possible explanation 
may be the integration of HBV DNA into the liver genome.30 The decline in HBsAg was numerically lower in 
TAF plus PegIFN-α group compared to TDF plus PegIFN-α group. This is consistent with 96 weeks’ treatment 
outcomes of TAF monotherapy compared to TDF monotherapy, which showed a numerically higher HBsAg 
seroconversion rate and lower HBsAg changes.14 Our study found quicker virological response in TAF combining 
the PegIFN-α group, possibly due to a longer plasma half-life of TAF and its ability to efficiently be introduced to 
hepatocytes and peripheral blood mononuclear cells, leading to consistent virus restriction.31 Additionally, 
PegIFN-α may have a better immune modulation function.32 Sustained virological response after PegIFN-α is 
typically associated with remission of the liver disease,4 which make the TAF plus PegIFN-α a regimen 
potentially beneficial for patients with liver fibrosis. HBeAg serological response rates were similar between 
the two groups. ALT normalization rate also showed no statistical difference. However, PegIFN-α treatment is 
commonly associated with ALT flare, which may diminish the positive role of TAF.

PegIFN-α therapy is associated with considerable side effects. In our study, no patients in either group reported 
severe side effects. During patient enrollment, those who did not complete 48 weeks of treatment were excluded. 
They were likely to withdraw from treatment due to unwillingness to tolerate side effects. Most patients’ side 

Figure 5 Baseline renal function and changes in two groups (A) Serum levels of creatinine, urea, and eGFR at 24 and 48 weeks in TAF and TDF groups. (B) Changes of 
serum levels of creatinine, urea, and eGFR between TAF and TDF groups.
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effects would mitigate after reducing the dose of PegIFN-α, so timely close observation in the hospital and dose 
adjustment is necessary. Patients who wish to undergo domestic PegIFN-α therapy in other studies should pay 
close attention to side effects and undergo regular laboratory testing in the hospital. The renal function between 
the two groups showed no statistical difference. However, our observation time was only 48 weeks, which may 
not be long enough to observe renal function differences. Unfortunately, we were unable to conduct a bone 
marrow analysis in our study.

Our study had several limitations. Firstly, the small sample size reduced the power of our research. In China, 
TAF was significantly more expensive than TDF, resulting in fewer patients choosing TAF as their primary NA 
treatment option. Consequently, we were unable to achieve a 1:1 ratio between the TAF and TDF groups during 
retrospective data collection. Secondly, our study was retrospective in nature, which meant that we were unable to 
follow the principles of randomized control principle. The mixing of confounding factors at baseline further 
complicated our results and made them less straightforward and persuasive. As a result, the credibility of our 
study was statistically lower than that of prospective randomized controlled trials. Thirdly, many patients in our 
study had received NA treatment before enrollment, making combination treatment more like an add-on therapy. 
However, with declining treatment standards and the wider availability of vaccines, fewer patients will be treated 
for the first time. Nonetheless, add-on therapy has shown promising results in significantly reducing HBV DNA 
and HBsAg levels.33 Despite these limitations, our study is the first to report the effectiveness and safety of TAF 
combined with PegIFN-αa therapy for CHB patients compared to the widely adopted TDF combined with 
PegIFN-α therapy in China. Our results indicate that TAF combined with IFN therapy is effective and can lead 
to serological cure in some CHB patients.

There are still several unresolved issues regarding the use of PegIFN-α in combination with NAs for treating CHB. 
The first issue is which treatment to choose. In addition to simple combination treatment, “add-on” or the “switch” to 
PegIFN-α in patients on long-term NA treatment also showed improved HBsAg kinetics in CHB patients34 Secondly, 
more biological and clinical markers need to be studied to select the patients who would benefit most from NAs plus 
PegIFN-α therapy.35–37 According to COX regression analysis, those with low HBsAg would benefit most from the NAs 
plus PegIFN-α treatment. Thirdly, most CHB patients in Europe and America belong to gene types A and D, while most 
CHB patients in Asia belong to gene types B and C. Whether there could be differences in treatment efficacy remains 
unknown.38,39 Further prospective double-blinded studies, long-term and real-world studies are needed to gain 
a comprehensive understanding of the effects of TAF-combined PegIFN-α treatment for both HBeAg positive and 
negative CHB patients.

Conclusion
The combination of TAF and PegIFN-α treatment results in better HBsAg loss in HBeAg-positive patients and quicker 
virological response, as compared to the TDF plus PegIFN-α group. The TAF plus PegIFN-α treatment regimen is 
recommended for CHB patients who aim to achieve a functional cure, particularly those who are not eligible for TDF 
treatment.
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