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Background and aim: We aimed to evaluate the effectiveness of pegylated interferon (Peg-
IFN) monotherapy (IFN group) and combination therapy with tenofovir (TDF) and Peg-IFN
(IFN+TDF group) in chronic hepatitis B (CHB) patients.

Patients and methods: Data of 143 CHB patients were analyzed in this study. All
patients enrolled received liver biopsy. Virologic responses were defined as hepatitis
B virus (HBV) DNA <100 IU/mL, biochemical responses were defined as normalization
of alanine aminotransferse (ALT) levels, and HBeAg serological response was defined as
HBeAg loss or HBeAg seroconversion to HBeAb. HBsAg serological response was
defined as HBsAg loss or HBsAg seroconversion to HBsAb.

Results: We observed that a total of 16.7% (11/66) and 33.8% (26/77) patients in IFN
and IFN+TDF group achieved complete viral suppression after 48 weeks treatment
(P=0.02). Although HBeAg levels in CHB patients in the IFN+TDF group decreased
more rapidly during the 48-week treatment, we did not observe significant differences
in HBeAg serological loss or seroconversion rates between the two groups at 24 and
48 weeks. HBsAg loss was observed in 13.0% (10/77) of CHB patients in the IFN
+TDF group at 48 weeks, compared with only 3% (2/66) patients in the IFN group
(P=0.032). No significant difference was observed in HBsAg seroconversion rate
between the two groups during 48-week treatment. The biochemical response rate
was also significantly higher in the IFN+TDF group than that in the IFN group at
week 48 (P=0.015). Multivariate logistic analysis showed that IFN+TDF treatment
(OR=4.41, P=0.003), severe baseline hepatic inflammation (OR=4.16, P<0.001), and
lower baseline serum HBV DNA levels (OR=0.98, P=0.03) were strong predictors for
the virological response. Younger age (OR=0.89, P=0.01), higher baseline ALT level
(OR=1.01, P=0.038), and lower baseline HBeAg level (OR=0.99, P=0.008) were
independent predictors for HBeAg sero-response after 48 weeks treatment. While
only severe liver fibrosis (OR=1.69, P=0.028) and lower baseline HBsAg level
(OR=0.22, P=0.005) were independent factors associated with HBsAg sero-response
after 48 weeks treatment.

Conclusion: Peg-IFN combined with TDF may increase the virological response rate,
biochemical response rate, and HBsAg loss rate in patients with CHB infection. The
combination treatment is more suitable for those patients who are likely to respond to the
treatment.
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Introduction

Chronic hepatitis B virus (HBV) infected approximately
400 million patients worldwide.! The potential clinical
terminal outcomes of chronic HBV infection include cir-
rhosis, liver failure, and hepatocellular carcinoma (HCC).?
The therapeutic goal in the clinical management of chronic
hepatitis B (CHB) infection is to inhibit HBV replication
and achieve HBeAg seroconversion in HBeAg-positive
patients, so as to prevent end-stage liver diseases, such
as cirrhosis and HCC, and prolong the survival of patients
with CHB infection.*

Currently, interferon and nucleotide analogs (NUCs)
are important antiviral agents for the treatment of CHB
infection.”® Pegylated interferon (Peg-IFN) is recom-
mended as first-line therapy in the interferon treatment of
CHB infection. However, due to its low response rate and
side effects, a large proportion of CHB patients receiving
interferon therapy fail to achieve the desired results.’
Tenofovir (TDF) belongs to NUCs and is recommended
as a first-line treatment agent.” However, TDF treatment
requires a very long time, because NUCs cannot clear
closed circular covalent DNA (cccDNA).*® Premature
discontinuation of TDF treatment can lead to poor prog-
nosis, such as relapse or liver failure.® The ideal drug
cessation indicator recommended by the international
guidelines is the clearance and seroconversion of hepatitis
B surface antigen (HBsAg) in patients with CHB.**
However, the effect of TDF monotherapy on HBsAg
levels is limited. It takes a very long time, sometimes
even decades, for patients with TDF monotherapy to
achieve HBsAg serological response.

Recent studies have shown that TDF combined with
Peg-IFN can effectively increase the probability of
HBsAg serological response.'” However, the results of
these studies are still contradictory. In addition, since
both TDF and Peg-IFN are expensive agents, the combi-
nation of TDF and Peg-IFN treatment in all CHB patients
is not cost-effective. How to screen CHB people with
higher response possibility when treated with TDF+Peg-
IFN and how to improve the therapeutic effect and reduce
the risk of long-term end-stage liver diseases have not
been reported.

In this study, the effectiveness of Peg-IFN monother-
apy and combination therapy with TDF and Peg-IFN in
CHB patients was analyzed. The aim of this study was to
observe the difference of efficacies between the two treat-
ment strategies and to evaluate factors associated with
virological response.

Patients and methods

Subjects

Data of 143 CHB patients were analyzed in this study
(Figure S1). The patients were enrolled and treated
from June 2015 and were regularly followed-up each
12 weeks. CHB infection was defined as a sero-positive
of HBsAg for >6 months with persistent or repetitive
alanine aminotransferse (ALT) elevation.!" Exclusion
criteria include patients were co-infected with hepatitis
C or hepatitis D virus or HIV or patients suffered from
autoimmune liver disease or heavy alcoholic abuse
(>30 g/day)."?

Methods

The Institutional Review Board of First Affiliated
Hospital, Xiamen University approved the study. All
the patients signed a written informed consent before
anti-HBV treatment. All procedures followed were in
accordance with the ethical standards of the responsible
committee on human experimentation and with the
Helsinki Declaration of 1975, as revised in 2008. All
the patients underwent liver biopsy before anti-viral
treatment.

ALT levels were examined using the Olympus
AUS5400 biochemical analyzer. The upper limit of normal
(ULN) for ALT was 40 U/L. Levels of HBV serological
markers were determined using a commercially available
radioimmunoassay (ARCHITECT i2000SR, Abbott
Laboratories, 100 Abbott Park Road, Illinois, US) and
serum HBV DNA viral load was detected using Daan
real-time PCR test (Daan Gene Co, Ltd of Sun Yat-sen
University, Guangdong, China, with linear range of
102-108 TU/mL)."

Virologic responses were defined as HBV DNA <100
IU/mL, biochemical responses were defined as normaliza-
tion of ALT levels (the lower limits and upper limits of
normal used of ALT is 440 U/L), and HBeAg serological
response was defined as HBeAg loss or HBeAg serocon-
version to HBeAb.'* HBsAg serological response was
defined as HBsAg loss or HBsAg seroconversion to
HBsAD.

Liver biopsy was performed with a 16-gauge Menghini
biopsy needle. A minimum of 20 mm liver tissue was
required for diagnosis.'>'7 Liver fibrosis stages were
defined according to METAVIR scoring system,'®'
while liver inflammation was staged according to Scheue

score system reported by liver pathologists.?%'
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Statistical analysis

The measurement units were expressed as mean = SD for
normally distributed data and median (range) for data with
non-normal distribution. Categorical data were expressed as
percentages. Student’s t-test analysis was used to compare
the differences between the two groups. All analyses were
performed using SPSS (version 13.0) with an alpha level
of 0.05.

Results
Baseline demographics and clinical

characteristics

A total of 143 patients were included in the study. Of these,
66 CHB patients received Peg-IFN therapy (Peg-IFN group,
average age: 29.6%5.5) and 77 CHB patients received Peg-
IFN combined with TDF treatment (Peg-IFN+TDF group,
average age: 30.3+7.3). There were 48 males (72.7%) and
55 males (71.4%) in the Peg-IFN group and Peg-IFN+TDF
group, respectively. No significant differences in the distri-
butions of baseline demographics and clinical characteristics
between the two groups were observed (P>0.05, Table 1).

Virological response after 48-weeks

treatment

The viral quantification curves are shown in Figure 1A.
There was no significant difference in baseline HBV
DNA load between the two groups. Significant rapid
decreases of DNA loads were observed in IFN+TDF
groups at week 12 (3.78+2.31 vs 2.47+1.87 logo
IU/mL in IFN group and IFN+TDF group, P<0.001),
week 24 (2.43+1.64 vs 1.82+1.56 log;o IU/mL,
P=0.024), and week 48 (1.80+1.90 vs 1.22+1.23 logq
IU/mL, P=0.029), respectively.

Virological responses at week 24 and week 48 are
shown in Figure 1B. We observed that a total of 10.6%
(7/66) and 23.4% (18/77) patients in IFN group and IFN
+TDF group achieved complete viral response, respec-
tively (P=0.045). At week 48, 16.7% (11/66) and 33.8%
(26/77) patients in IFN and IFN+TDF group achieved
complete viral suppression, respectively (P=0.02).

Serological response after 48-week
treatment

Although the HBeAg levels in CHB patients in the [IFN+TDF
group decreased more rapidly during the 48-week treatment
(Figure 2A), we did not observe significant differences in

Zheng et al
Table | Clinical characteristics of patents enrolled
Peg-IFN Peg-IFN P-value
group +TDF group
(n=66) (n=77)
Male, n (%) 48 (72.7) 55 (71.4) 0.86
Age (year) 29.6+5.5 30.3+7.3 0.49
HBV DNA (logio | 6.9%1.1 6.6x1.7 0.13
IU/mL)
ALT (U/L) 198.3£222.9 236.4+292.4 0.39
HBsAg (IU/mL) 3.7+0.8 3.6%1.2 0.4
HBeAg (COIl/mL) 482.9+£535.3 379.7+521.1 0.26
METAVIR system, n 0.12
(%)
FO 3 (4.5) 0 (0)
Fi 15 (22.7) 9 (11.7)
F2 29 (43.9) 38 (49.3)
F3 18 (27.3) 29 (37.7)
F4 I (1.5) 1 (1.3)
Scheue system, n (%) 0.71
Gl 9 (13.6) 79.1)
G2 24 (36.4) 25 (32.5)
G3 31 (47.0) 43 (55.8)
G4 2 (3.0) 2 (2.6)

Abbreviations: HBV, hepatitis B virus; ALT, alanine aminotransferse; HBsAg,
hepatitis B surface antigen; Peg-IFN, pegylated interferon; TDF, tenofovir.

HBeAg serological loss or seroconversion rates between the
two groups at 24 and 48 weeks, as shown in Figure 2B and C.

HBsAg level in the IFN+TDF group was significantly
lower than that in the IFN group at 12 weeks, 24 weeks,
and 48 weeks (Figure 3A). Furthermore, HBsAg loss was
observed in 13.0% (10/77) of CHB patients in the [IFN+TDF
group at 48 weeks, compared with only 3% (2/66) patients in
the IFN group. The difference was statistically significant
(P=0.032, Figure 3B). However, no significant difference
was observed in HBsAg seroconversion rate between the
two groups during 48-week treatment (Figure 3C).

Biochemical response after 48-week

treatment

The ALT levels in both groups decreased after treat-
ment. However, there was no difference in ALT levels
between the two groups at 12 weeks and 24 weeks. At
week 48, ALT level in CHB patients in the IFN+TDF
group was significantly lower than that in the IFN
group,
response rate was also significantly higher in the IFN
+TDF group than that in the IFN group at week 48, as
shown in Figure 4B.

as shown in Figure 4A. The biochemical
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Figure | Change of HBV DNA viral load and proportion of patients with virological response at week 24 and week 48. (A) Significant rapid decreases of DNA loads were
observed in IFN+TDF groups at week 12 (3.78+2.31 vs 2.47+1.87 log|o IU/mL in IFN group and IFN+TDF group, P<0.001), week 24 (2.43%1.64 vs 1.82£1.56 logo IU/mL,
P=0.024), and week 48 (1.80+1.90 vs 1.22+1.23 log)o IU/mL, P=0.029), respectively. (B) A total of 10.6% (7/66) and 23.4% (18/77) patients in IFN group and IFN+TDF group
achieved complete viral response, respectively (P=0.045). At week 48, 16.7% (11/66) and 33.8% (26/77) patients in IFN and IFN+TDF group achieved complete viral

suppression, respectively (P=0.020).
Abbreviations: HBV, hepatitis B virus; IFN, interferon; TDF, tenofovir.

Factors associated with virological and

serological response

We explored the relationships between baseline clinical
characteristics and outcomes after treatment. Multivariate
logistic analysis was applied to predict virological
response after 48 weeks treatment (Table 2). IFN+TDF
treatment (OR=4.41, P=0.003), severe baseline hepatic
inflammation (OR=4.16, P<0.001), and lower baseline
serum HBV DNA levels (OR=0.98, P=0.03) were strong
predictors for the virological response.

Multivariate analysis that younger
(OR=0.89, P=0.01), higher baseline ALT level
(OR=1.01, P=0.038), and lower baseline HBeAg level
(OR=0.99, P=0.008) were independent predictors for
HBeAg sero-response after a 48-week treatment (Table 3).

showed age

Multivariate analysis indicated that severe liver fibrosis
(OR=1.69, P=0.028) and lower baseline HBsAg level
(OR=0.22, P=0.005) were independent factors associated
with HBsAg sero-response after 48-week treatment (Table 4).

Adverse events during 48-week

treatment

According to medical records, patients in both groups
experienced varying degrees of adverse events. Among
them, the most common are fever, fatigue, and alopecia.
However, none of the 143 patients enrolled had terminated
treatment due to adverse events. These adverse events
were gradually ameliorated with the increase of treatment
time.

Discussion

The end point of treatment in patients with CHB infection
is to achieve HBV elimination or long-term virological
suppression.”? Nucleotide antiviral drugs and interferon
are the main treatment options. Numerous guidelines for
diagnosis and treatment of HBV infection suggest that
interferon can be used as a first-line treatment, whereas
Peg-IFN is a novel interferon which has long half-life and
long duration of action.' In addition, during the limited
course of treatment, there are less virus resistance muta-
tions and lower recurrence rate. TDF is a nucleotide ana-
log antiviral drug, and the therapeutic effect for patients
with hepatitis B infection and AIDS has
recognized.”** The pharmacological mechanism of TDF

been

is to terminate viral replication by inhibiting the activity of
reverse transcriptase and inserting DNA sequences. TDF
was first used in the treatment of HIV infections, and later
it was found that it could also inhibit the DNA polymerase
of HBV which has reverse transcriptase activity and inter-
fere with the replication of HBV. Therefore, it was also
used for the treatment of hepatitis B infection. As the drug
resistance rate of TDF is low, the major guidelines recom-
mend TDF as the first-line treatment of CHB infection.>**
Recent studies suggest that Peg-IFN combined with TDF
can further improve the response rate of CHB patients.'®*
However, the results of previous studies were not consis-
tent. According to the results of this study, Peg-IFN com-
bined with TDF could increase the virological response
rate, biochemical response rate, and HBsAg loss rate in
patients with CHB infection. Moreover, baseline liver
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Figure 2 Change of serum HBeAg level and proportion of patients with HBeAg sero-response. HBeAg levels in CHB patients in the IFN+TDF group decreased more rapidly during
the 48-week treatment (A), we did not observe significant differences in HBeAg serological loss or seroconversion rates between the two groups at weeks 24 and 48 (B and C).

Abbreviations: CHB, chronic hepatitis B; IFN, interferon; TDF, tenofovir.

tissue inflammation and lower viral load are independent
factors associated with patients’ virological response.
Younger age, higher baseline ALT levels, and lower
HBeAg are independent factors associated with HBeAg

serological response. Higher degree of baseline liver fibro-
sis and lower HBsAg levels are independent factors asso-
ciated with achievement of serological response to
HBsAg.
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Figure 3 Change of serum HBsAg level and proportion of HBsAg sero-response. HBsAg level in the IFN+TDF group was significantly lower than that in the IFN group at 12
weeks, 24 weeks, and 48 weeks (A). HBsAg loss was observed in 13.0% (10/77) of CHB patients in the IFN+TDF group at week 48, compared with only 3% (2/66) patients
in the IFN group (B). No significant difference was observed in HBsAg seroconversion rate between the two groups during 48-weeks treatment (C).

Abbreviations: HBsAg, hepatitis B surface antigen; CHB, chronic hepatitis B; IFN, interferon; TDF, tenofovir.

CHB patients require a treatment regimen that is well
tolerated with limited treatment duration.”®?” Tt is well
accepted that elimination of HBsAg is an ideal treatment
outcome for CHB patients. Although a recent study
has found that some patients can maintain a sustained
virological response after a long period of treatment with
NUCs, these patients are still at a high risk of recurrence.”®
Since HBV still persists in infected liver cells, the risk of

developing HCC is not completely eliminated.”” Due to

the low rate of HBsAg elimination during NUC treatment,
life-long treatment is required for most CHB patients if
treated with NUC alone. Although IFN regimen has
a limited duration of treatment and can effectively reduce
the concentration of HBsAg, it has serious side effects and
is inefficient. Therefore, not all patients can get a good
response to IFN treatment. Recently, more and more clin-
ical trials have attempted to investigate whether combina-
tion therapy with IFN and NUCs can increase response
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Figure 4 Change of serum ALT level and proportion of biochemical response. ALT level in CHB patients in the IFN+TDF group was significantly lower than that in the IFN
group at week 48 (A). The biochemical response rate was also significantly higher in the IFN+TDF group than that in the IFN group at week 48 (B).
Abbreviations: ALT, alanine aminotransferse; CHB, chronic hepatitis B; IFN, interferon; TDF, tenofovir.

Table 2 Factors associated with virological response at week 48

Variables Univariate analysis Multivariate analysis

OR 95% ClI P-value OR 95% CI P-value
Treatment strategy 2.55 1.14-5.68 0.022 441 1.64-11.8 0.003
Sex 0.78 0.33-1.84 0.566
Age 0.97 0.91-1.03 0.311
Hepatic inflammation 3.78 1.84-7.76 <0.001 4.16 1.87-9.27 <0.001
Hepatic fibrosis 3.01 1.65-5.47 <0.001
ALT level 1.01 0.99-1.02 0.057
HBV DNA level 0.74 0.57-0.95 0.020 0.98 0.98-0.99 0.030
HBsAg level .11 0.72-1.71 0.650
HBeAg level 0.99 0.98-1.01 0.093

Abbreviations: HBV, hepatitis B virus; ALT, alanine aminotransferse; HBsAg, hepatitis B surface antigen.

rates and provide a treatment option with limited duration
of treatment.**>? The results of this study suggest that
IFN+TDF can increase virological response rate and
HBsAg serological response rate, especially for those
patients with lower baseline viral load, younger age, and
higher degree of inflammation. Taking the fact that IFN
and TDF are quite expensive agents into consideration, it
is not realistic to implement this program for all CHB
patients. The practice of this program is more practical
for patients who are more likely to respond to the combi-
nation treatment.

Previous study suggested that levels of HBsAg,
HBeAg, and HBV DNA in CHB patients treated with
PEG-IFN plus entecavir (ETV) were significantly lower
than those treated with ETV monotherapy.’'** In addition,
this combination therapy seemed to prevent recurrence
after termination of ETV usage. However, the difference
in HBsAg serological responses is not known. In addition,
other studies suggested that patients with limited duration

of treatment with PEG-IFN plus TDF have an increased
rate of HBsAg loss compared with patients receiving
monotherapy.'®*® This study was consistent with these
previous studies, and we further found that higher degree
of baseline liver fibrosis and lower baseline HBsAg level
were favorable factors for achieving the serological
response of HBsAg. However, It is a risky treatment for
patients with severe liver fibrosis to receive interferon. The
side effects of the patient may be more intense and there-
fore require close observation and careful consideration.
At the same time, according to the results of this study,
TDF+IFN treatment was a favorable factor for HBsAg
serological response in univariate analysis. However, mul-
tivariate analysis showed that TDF+IFN was not an inde-
pendent correlative factor. Therefore, further research is
warranted to confirm the above results.

The current study may be biased by the small sample
size and the fact that clinical data was collected from only
one research center. To further validate the results, a large-
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Table 3 Factors associated with HBeAg sero-response at week 48

Variables Univariate analysis Multivariate analysis
OR 95% ClI P-value OR 95% CI P-value
Treatment strategy 1.44 0.71-2.95 0.318
Sex 0.65 0.28-1.48 0.301
Age 0.92 0.86-0.98 0.013 0.89 0.83-0.97 0.010
Hepatic inflammation 1.15 0.71-1.88 0.581
Hepatic fibrosis 1.02 0.65-1.61 0.928
ALT level 1.01 1.01-1.02 0.031 1.01 1.01-1.03 0.038
HBV DNA level 0.95 0.75-1.21 0.698
HBsAg level 0.89 0.61-1.31 0.571
HBeAg level 0.99 0.97-0.99 0.005 0.99 0.98-0.99 0.008
Abbreviations: HBV, hepatitis B virus; ALT, alanine aminotransferse; HBsAg, hepatitis B surface antigen.
Table 4 Factors associated with HBsAg sero-response at week 48
Variables Univariate analysis Multivariate analysis
OR 95% CI P-value OR 95% CI P-value
Treatment strategy 4.78 1.01-22.65 0.049
Sex 0.21 0.03-1.71 0.147
Age 1.06 0.98-1.14 0.161
Hepatic inflammation 191 0.97-2.04 0.089
Hepatic fibrosis 1.42 1.36-3.13 0.039 1.69 1.65-1.95 0.028
ALT level 0.99 0.99-1.01 0.232
HBV DNA level 0.84 0.57-1.23 0.356
HBsAg level 0.32 0.16-0.67 0.003 0.22 0.08-0.64 0.005
HBeAg level 1.00 0.99-1.01 0.635

Abbreviations: HBV, hepatitis B virus; ALT, alanine aminotransferse; HBsAg, hepatitis B surface antigen.

scale prospective and multicenter study is warranted. In
conclusion, our study reveals that Peg-IFN combined with
TDF may increase the virological response rate, biochem-
ical response rate, and HBsAg loss rate in patients with
CHB. Moreover, baseline liver tissue inflammation and
lower viral load are independent factors associated with
virological response. Younger age, higher baseline ALT
level, and lower HBeAg level are independent factors
associated with HBeAg serological response. Higher
degree of baseline liver fibrosis and lower HBsAg level
are independent factors associated with achieving serolo-
gical response to HBsAg.

Abbreviation list

ALT, alanine aminotransferse; CHB, chronic hepatitis B;
HCC, hepatocellular carcinoma; HBV, hepatitis B virus;
IFN, interferon; LS, liver stiffness; TE, transient elasto-
graphy; TBIL, total bilirubin, NUC, nucleos(t)ide analogs;
ULN, upper limit of normal.
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CHB patients treated with Peg-IFN or
Peg-IFN + TDF (n=178)

e  Co-infected with HCV (n=2)
»| © Heavy alcoholic abuse (n=11)

CHB patients treated with Peg-IFN or
Peg-IFN + TDF (n=165)

Patients excluded since:

»| ® Poor adherence (n=3)

e  Follow-up period is too short (n=13)
e  Data missing (n=6)

v

CHB patients (n=143) treated with
Peg-IFN (n=66) and Peg-IFN + TDF
(n=77)

Figure S1 Flow chart of the study.
Abbreviations: CHB, chronic hepatitis B virus; HCV, hepatitis C virus; Peg-IFN, pegylated interferon; TDF, tenofovir.
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