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Abstract

Objective This study aimed to investigate whether cytokine profiles and virological markers might add
value in monitoring the effects of peginterferon (PEG-IFN) therapy for hepatitis B e-antigen (HBeAg)
positive chronic hepatitis B (CHB).

Methods HBeAg positive patients with CHB were treated with PEG-IFN for 48 weeks. Clinical
biochemical, and HBV serological indexes, as well as cytokines, were detected at baseline and every
12 weeks.

Results A total of 116 patients with CHB were enrolled in this study; 100 patients completed the 48-
week treatment and follow-up, of whom 38 achieved serum HBeAg disappearance, 25 achieved HBeAg
seroconversion, 37 showed HBsAg decreases > 1 log;o IU/mL, 9 showed HBsAg disappearance, and 8
became HBsAb positive. The cytokine levels at baseline and during treatment were similar between the
HBeAg disappearance group and non-disappearance group. The disappearance of HBeAg was
independently associated with HBeAg levels at weeks 12 and 24, and with the HBeAg decline at week 24
(P < 0.05). The HBsAg response was independently associated with HBsAg, the HBsAg decline, HBeAg,
the HBeAg decline at week 12, and HBsAg at week 24 (P < 0.05).

Conclusion There was no significant correlation between the response to interferon (IFN) and
cytokines during PEG-IFN treatment. The changes in virological markers predicted the response to IFN
after 48 weeks.

Key words: Chronic hepatitis B; Cytokine; Peginterferon; HBsAg; HBeAg
Biomed Environ Sci, 2022; 35(4): 312-321  doi: 10.3967/bes2022.042 ISSN: 0895-3988
www.besjournal.com (full text) CN: 11-2816/Q Copyright ©2022 by China CDC

"This study was funded in part by Beijing Hospitals Authority Clinical Medicine Development of Special Funding support
[XMLX 201706 and XMLX 202127]; the Digestive Medical Coordinated Development Center of Beijing Hospitals Authority
[XXZ0302 and XXT28]; the National Science and Technology Major Project of China [20172X10201201-001-006,
2017ZX10201201-002-006, and 20187X10715-005-003-005]; the Beijing Municipal Science & Technology Commission
[2151100004015122]; the Beijing Science and Technology Commission [D161100002716002]; and the Special Public Health
Project for Health Development in Capital [2021-1G-4061].

“These authors contributed equally to this work.

#Correspondence should be addressed to XIE Yao, E-mail: xieyao00120184@sina.com; Yl Wei, E-mail: yiweil215@
163.com; HUANG Rong Hai, E-mail: 2232243221 @qq.com

Biographical notes of the first authors: LI Ming Hui, female, born in 1972, Chief Physician/PhD, majoring in hepatitis;
SUN Fang Fang, female, born in 1996, Master of Medicine, majoring in hepatitis; CHEN Feng Xin, female, born in 1976,
Master of Medicine, majoring in infectious diseases.



Predictive factors in patients with CHB treated with PEG-IFN 313

INTRODUCTION

n Chinese patients with liver cirrhosis and
hepatocellular carcinoma, the proportions of
cases caused by hepatitis B virus (HBV)
infection are approximately 60% and 80%,
respectively. Therefore, chronic hepatitis B (CHB)
remains one of the most important infectious diseases
in  China®. Interferon (IFN) antiviral therapy
significantly decreases the incidence of cirrhosis and
liver cancer”, and is recommended by most
guidelines[4'5] as an important step to delay the
progression of liver diseases. IFN induces the
maturation and activation of dendritic cells (DCs);
stimulates the expression and secretion of natural
killer (NK) cells, cluster of differentiation 4'(CD4")
helper T lymphocytes, cluster of differentiation
8'(CD8") cytotoxic T lymphocytes, and monocytes; and
activates B IFN lymphocytes to achieve the elimination
of virus-infected cells®”. The central roles of cytokines
and the immune environment in the control and
clearance of HBV by IFNs has been well confirmed®™.
Our team's preliminary studies have also indicated
that the pathogenesis of CHB and antiviral efficacy are
associated with immune cells, such as plasmacytoid
DCs, regulatory T cells (Treg and NK cells), and
cytokines [IFN-y, transforming growth factor beta
(TGF-B), and interleukin-10 (IL-10)]. The incidence of
hepatitis B is positively correlated with the IFN-a level
and negatively correlated with the levels of TGF-B and
IL-10""*. The levels of IFN-y, interleukin-17A (IL-17A),
interleukin-6 (IL-6), IL-10, and TGF-B have been found
to significantly decrease (P < 0.001), whereas the level
of IFN-a2 has been found to significantly increase (P <
0.001), during weeks 12—-24 of IFN treatment™.
However, which changes in cytokines or other
clinical parameters that are associated with IFN
treatment and are predictive of the response to IFN
therapy remain unclear. We detected cytokines that
caused liver inflammation and immunosuppression (IL-
6, IL-10, TNF-a, and TGF-B), factors that stimulate
immune cell function (IFN-a), and factors that are
involved in viral clearance (IL-17A and IFN-y) or
stimulate the proliferation of DC and NK cells
(FIt3-L)[12’13’1S'17]. In this study, we aimed to investigate
changes in cytokines and virological markers in
patients with CHB during a 48-week IFN treatment.

MATERIALS AND METHODS

Study Design

This was a prospective observational cohort

study in patients with CHB who were HBeAg positive.
From November 2017 to November 2018, HBeAg-
positive patients with CHB who were willing to be
treated with PEG-IFNa-2a in the Department of
Hepatology Division 2 of the Beijing Ditan Hospital
Affiliated with Capital Medical University signed
informed consent and were enrolled in the study.
PEG-IFNa-2a was injected subcutaneously at a dose
of 180 ug/w for 48 weeks. The disappearance of
HBeAg and a 1 log;, IU/mL decrease in HBsAg at
week 48 of Peg-IFN treatment were used as response
indicators for group analysis. HBeAg < 1 S/CO was
defined as disappearance of HBeAg, and HBsAg
< 0.05 IU/mL was defined as disappearance of
HBsAg. Patients with and without disappearance of
HBeAg were divided into two groups. Those with an
HBsAg decrease < 1 log;y IU/mL were considered
non-responders, and those with an HBsAg decrease
> 1 log;, IU/mL were considered responders.
Virological and serological markers, biochemistry,
and AFP were measured every 12 weeks during the
treatment period. Liver imaging was performed
every 24 weeks. Cytokines (FIt3-L, IFN-a2, IFN-y IL-
10, IL-17A, IL-6, TGF-B1, TGF-B2, TGF-B3, and TNF-a)
were measured at baseline, and after 12 and
24 weeks.

Enrollment Criteria

The enrollment criteria™ for HBeAg positive

patients with CHB were as follows: 1) persistent HBsAg
positivity (HBsAg > 0.05 IU/mL) for 6 months; 2) HBeAg
positivity, HBeAg > 1.0 S/CO; 3) HBV DNA positivity
(> 10" IU/mL); 4) abnormal glutamic-pyruvic
transaminase (ALT) (= 80 IU/L) lasting for more than
3 months or significant liver inflammation (above G2)
in histological examination; 5) age of 18—65 years; and
6) no hormones and/or immunosuppressants and
other hepatoprotective drugs.

The exclusion criteria were as follows: 1) co-
infection with other hepatitis virus (HCV or HDV);
2) autoimmune liver diseases; 3) other viral
infections, such as EB virus (EBV), cytomegalovirus
(CMV), or human immunodeficiency virus (HIV)
infection; 4) chronic alcohol abuse and/or use of
other drugs that damage the liver; 5) mental
iliness; 6) evidence of liver tumors (clinical
diagnosis of liver cancer or alpha fetal protein
(AFP) > 100 ng/mL); 7) hepatic fibrosis and cirrhosis
confirmed with Fibroscan“g]; 8) serious diseases of
the heart, brain, lung, kidney, and other systems
that would prevent long-term follow-up; and 9)
other liver diseases (e.g., fatty liver or metabolic
liver disease).
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Treatment Strategy Adjustment

According to the response guide therapy,
patients were treated with PEG-IFNa-2a 180 pg/W
alone for 12 weeks, and then patients with an HBV
DNA load > 10° IU/mL were treated with PEG-IFNa-
2a combined with ETV until the end of week 48. If
the HBV DNA load was < 10° IU/mL after PEG-IFNa-
2a therapy alone for 12 weeks but still exceeded
20 IU/mL at week 24, then ETV was added to PEG-
IFNa-2a until week 48. The detection limit of HBV
DNA was < 20 IU/mL. This study mainly observed the
responses of the two groups in the 48 weeks of
treatment. After 48 weeks, PEG-IFNa-2a treatment
was discontinued or changed to nucleic acid (NA)
treatment according to the patients' wishes.

Determination of Sample Size

We previously found that approximately 30% of
patients with CHB achieved HBeAg disappearance
(clinical outcome event) after 48 weeks of IFN
treatment™. Six factors (age, sex, HBsAg, HBeAg,
HBV DNA, and immune cells) affecting the effects of
IFN on CHB treatment were considered, and five
patients with outcome events were enrolled for each
factor (5 x 6 = 30 patients). On the basis of the 30%
incidence of endpoint events, we determined that
100 patients should be enrolled. Considering a loss
rate of 10%, we determined the necessary sample
size to be 110 cases. We ultimately enrolled 116
patients with CHB in this prospective study, thus
meeting the statistical power requirements.

Detection of HBV DNA, HBV Serology, and Clinical
Index

Liver function (Wako Pure Chemical Industries,
Ltd, Japan), kidney function (Sekisui Medical CAL Co,
Ltd, Japan), routine blood measurements (Sysmex
Corporation, Japan), alpha-fetoprotein (Abbott
Ireland Diagnostics Division, Finisklin Business Park,
Sligo, Ireland), serum HBV DNA load (Cobas
AmpliPrep/Cobas TagMan 96), HBsAg/anti-HB, and
HBeAg/anti-HBe (Abbott Architac i2000) were
detected.

Quantitative Detection of Plasma Cytokines

The levels of IFN-a, IFN-y, IL-10, IL-17A, IL-6, TGF-
B, and TNF-a in the plasma were detected with the
Luminex technique and analyzed with a FLEXmap 3D
analyzer. Our study sought to investigate whether
cytokines might enable early prediction of the
efficacy of IFN therapy for CHB; therefore, we tested
cytokines primarily at baseline, week 12, and week 24.

Statistical Analysis

For continuous variables in demographic data,
the mean, median, standard deviation, maximum
and minimum values were calculated. The frequency
and percentage are listed in statistical tables.
Response rates for the primary and secondary
endpoints were calculated as percentages and 95%
confidence intervals.

Descriptive analysis was conducted with chi-
square test and rank sum test. Bonferroni correction
was used to correct the rank-sum test results at each
time point, and the correction level was a.
Biochemical, viral, serological, and other indicators
were observed at five time points. The a was set to
0.01, and P < 0.01 was considered statistically
significant. We used three observation time points
for cytokines. The a was set as 0.013, and P < 0.013
was considered statistically significant.

Single factor analysis was used to determine the
relationships between the study factors and HBeAg
and HBsAg response, and stratified analysis was used
for the main confounding factors. The statistical
methods included chi-square test, Mantel-Haenszel
stratified analysis, trend chi-square analysis, and
analysis of variance.

Because many factors affect HBeAg and the
HBsAg response, multivariate analysis was
necessary.

RESULTS

Clinical Characteristics and Treatment Outcomes of
Patients

From November 2017 to November 2018, 221
of 250 eligible HBeAg-positive patients with CHB
provided signed informed consent to enter the
antiviral study. Among them, 116 patients were
treated with PEG-IFNa-2a, and 105 patients chose
oral NAs. Three patients in the PEG-IFNa-2a group
withdrew from the study because of adverse
effects of PEG-IFNa-2a, five withdrew because of
a fertility plan, and eight patients did not
complete the 48-week follow-up. Finally, 100
patients (average age 31, 60 men) treated with
PEG-IFNa-2a completed the 48-week follow-up
(Figure 1). A total of 55 patients were treated with
ETV after 12 weeks of PEG-IFNa-2a, and 10
patients were treated with ETV after 24 weeks of
PEG-IFNo-2a. After 48 weeks of treatment, 72
patients achieved virological response, and 64
patients showed ALT normalization; 38 patients
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achieved serum HBeAg disappearance, and 25
patients achieved HBeAg seroconversion; 37
patients showed an HBsAg decrease 2 1 log;,
Iu/mL, nine patients showed HBsAg
disappearance, and eight patients achieved HBsAb
positivity.

Subgroup Analysis Performed According to the
Disappearance of HBeAg after 48 weeks of IFN
Treatment

There were 38 cases in the HBeAg loss group
(26 men) and 62 cases (34 men) in the non-loss
group. The age, biochemical indexes [ALT, glutamic
oxalacetic transaminase (AST), total bilirubin (TBil),
and albumin (ALB)], virological indexes (HBV DNA,
HBsAg, and HBeAg), and peripheral blood cytokines
between groups are shown in Table 1. Statistically
significant differences were observed in the median
HBeAg levels between groups at week 12 (HBeAg
13.98 vs. 94.18 S/CO, Z = -3.821, P < 0.001); week 24
(HBeAg 1.29 vs. 22.51 S/CO, Z = -6.908, P < 0.001);
week 36 (HBeAg 0.46 vs. 21 S/CO, Z = -7.955, P <
0.001); and week 48 (HBeAg 0.43 vs.49 S/CO,
Z=-8.367, P<0.001).

Subgroup Analysis Performed According to the
Decrease in HBsAg after 48 Weeks of IFN Treatment

The patients were divided into a response group
(n = 37) and non-response group (n = 63) according

250 eligible HBeAg-positive CHB patients from
November 2017 and November 2018 enrolled

29 patients withdrew consent and returned to
local hospital

105 patients refused PEG-IFN therapy and
choosed entecavir therapy

516 patients with drew before week 48 '
i -3 could not tolerate the side effects of PEG-IFNa-2a!
— -5 were not willing to continue due to pregnancy

, preparation

:\ -8 were lost to follow up before week 48

A total of 100 HBeAg-positive CHB patients completed 48 weeks
of PEG-IFN treatment and follow-up

Figure 1. Patient enroliment and deposition.

to their decrease in HBsAg (> 1 log;, IU/mL) at week
48. Table 2 shows the dynamic changes in clinical
indexes between groups, and Figure 2 shows
cytokines at baseline, and weeks 12 and 24 during
IFN therapy.

A statistically significant difference was observed
in median HBsAg levels between groups at week 24
(HBsAg 2.95 log;, vs. 3.68 logy, IU/mL, Z = -3.548,
P < 0.001), week 24 (HBsAg 2.55 vs. 55 log;, IU/mL,
Z = -5.556, P < 0.001), week 36 (2.28 log;q vs. 3.53
logip IU/mL, Z = -6.065, P < 0.001), and week 48
(HBsAg 1.92 log;, vs. 3.56 logy, IU/mL, Z = -6.232,
P <0.001).

A statistically significant difference was
observed in the median TGF-B2 level (368.61
vs.499.84 pg/mL, Z=-2.999, P = 0.003) and TNF-a
level at week 12, and the ALT and AST levels (ALT
60.80 vs. 40.30 U/L, Z = -3.240, P = 0.001; AST
43.10 vs. 34.20 U/L, Z = -2.939, P = 0.003) at week
24. A statistically significant difference was found
in the median HBeAg levels between groups at
week 36 (0.62 vs. 17.22 S/CO, Z = -2.718, P =
0.007), and the median AST level significantly
differed between groups (33.90 vs. 28.60 U/L, Z =
-2.625, P =0.009).

Logistic Regression Analysis of Predictors of HBeAg
Loss at Week 48

Table 3 shows an analysis of the predictors of
HBeAg loss after 48 weeks of IFN treatment.
Multivariate analysis indicated that HBeAg at week
12 was independently associated with 48-week
HBeAg serological disappearance (OR = 1.003, 95%
Cl: 1.000-1.005, P = 0.039), with a cut-off value of
22.95 S/CO. The sensitivity was 63.20%, the
specificity was 77.40%, and the AUC was 0.728 (95%
Cl: 0.622-0.835).

Both the HBeAg level (OR = 1.050, 95% CI.
1.014-1.087, P = 0.006) and the HBeAg decline (OR =
0.953, 95% CI: 0.921-0.987, P = 0.007) at week 24
were independently associated with the serological
disappearance of HBeAg at week 48. The cut-off
value of HBeAg at week 24 for predicting the HBeAg
disappearance at week 48 was 3.69 S/CO, the
sensitivity was 75.70%, the specificity was 96.80%,
and the AUC was 0.916 (95% CI: 0.855-0.977). The
cut-off value of the HBeAg decline level at week 24
for predicting the HBeAg disappearance at week 48
was 733.61 S/CO, the sensitivity was 54.10%, the
specificity was 64.50%, and the AUC was 0.557 (95%
Cl: 0.436-0.677).

There was no statistically significant difference in
cytokines between patients with or without HBeAg
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disappearance during treatment (P > 0.013).

Logistic Regression Analysis of Predictors of an
HBsAg Decline 2 1 log;, IU/mL at Week 48

Table 4 shows an analysis of the predictors of
HBsAg decline > 1 log;o IU/mL at week 48 after IFN
treatment. The cut-off value of HBsAg levels at
week 12 for predicting the HBsAg response (HBsAg
decline > 1 log;, IU/mL from baseline) at week 48
was 3.375 log,, IU/mL, the sensitivity was 89.20%,
the specificity was 71.40%, and the AUC was 0.829
(95% CI: 0.740-0.918). The cut-off value of the
HBsAg decline level at week 12 for predicting the
HBsAg response at week 48 was 0.530 log;o IU/mL,
the sensitivity was 86.50%, the specificity was
81.00%, and the AUC was 0.858 (95% CI:
0.778-0.938). The cut-off value of the HBeAg level
at week 12 for predicting the HBsAg response at
week 48 was 13.915 S/CO, the sensitivity was
40.50%, the specificity was 76.20%, and the AUC
was 0.541 (95% Cl: 0.421-0.661). The cut-off value
of the HBeAg decline level at week 12 for
predicting the HBsAg response at week 48 was
552.055 S/CO, the sensitivity was 73.00%, the
specificity was 50.80%, and the AUC was 0.576
(95% CI: 0.459-0.693).

Univariate analysis indicated that the baseline
median TGF-B2 (OR = 1.003, 95% CI: 1.000-1.006,
P = 0.022) was associated with an HBsAg decline
< 1log; IU/mL at week 48. At week 12, the median
HBsAg (OR = 568.906, 95% CI: 13.255-24417.763,
P =0.001), HBeAg (OR = 0.991, 95% Cl: 0.985-0.998,
P = 0.007), ALB (OR = 1.786, 95% CI: 1.152-2.769,
P = 0.01), the 12-week decline in HBsAg (OR =
0.135, 95% CI: 0.021-0.887, P = 0.037), and the 12-
week decline in HBeAg (OR = 1.006, 95%
Cl: 1.001-1.011, P = 0.029) were independently
associated with an HBsAg decrease < 1 log;o IU/mL
at week 48. At week 24, the median HBsAg (OR =
194.862, 95% CI: 6.559-5789.390, P = 0.002) and
ALB levels (OR = 1.39, 95% Cl: 6.559-5789.39.618,
95% Cl: 1.061-2.468, P = 0.026) were significantly
associated with a decrease < 1 log;, in HBsAg at
week 48. The cut-off value of the HBsAg level at
week 24 for predicting the HBsAg response at week
48 was 3.01 logyy IU/mL, the sensitivity was
100.00%, the specificity was 85.50%, and the AUC
was 0.933 (95% C/: 0.882—-0.985).

There was no statistically significant difference
in cytokines between patients with and without
HBsAg response during treatment (P > 0.013); thus,
the predictive value of cytokines could not be
further analyzed.

37) and non-response group

Table 2. Comparison of clinical indicators between the HBsAg response group (n

63) at baseline, and weeks 12, 24, 36, and 48 after IFN therapy

(n=

48 weeks

36 weeks

24 weeks

12 weeks

Baseline

Variables

zZ/ P

Good response  Poor response

z/P

Good response  Poor response

z/P

Good response  Poor response

/P

Good response  Poor response

Poor response z/P

Good response

-3.240/ 37.80 32.55 -1.679/ 33 29.20 -0.473/
(28.20-56)  (27.10-46.80) (18.8-47.9) (45.10) 155899 <0.001

40.30

69.20 60.60 -1.410/ 60.80
(44.60-69.10)  (24.60-51.70)

(50.20-119.30) (38.60-79.60)

-0.346/
0.729

252.90

(129.30-336.80)

252.70
(130.10-377.40)

ALT (U/L)

0.636
-1.918/

0.093

-2.625/

0.001

-2.939/

0.159
-1.386/

46.50 38.70 43.10 34.20 33.90 28.60 31.50 23.20
(34.60-63.70)  (24.40-46.75) (27.80-50.90)  (23.10-36.80) (20.60-45.50)  (17.70-30.30)

(31.60-66.60)  (29.70-53.90)

-0.810/
0.418

121.50

(61.50-171.30)

136.10
(61.50-203.50)

AST (U/L)

95.627 <0.001

0.055

0.009

0.003

0.166

<0.001

100.942

12.90 -1.176/ 12.50 11.50 -1.488/ 9.60 9.80 -0.287/ 11.20 10.05 -0.649/ 11.50 10.80 -0.737/
0.239 (10.30-17.60)  (9.50-13.40) 0.137 (7.70-12.60)  (8.18-11.60) 0.774 (7.50-12.30)  (7.83-12.80) 0516 (6.50-12.30)  (8.70-12.80) 0.461
-0.434/ -0.366/ -0.210/ -0.952/
0.664

(11.40-17.50)

14.60
(12.50-20.40)

TBil (umol/L)

0341 46.323 <0.001
-6.232/

<0.001
-2.464/

47.10
(45.70-50.40)

46.80
(43-50.30)

47.10 26.75
0.834

-6.065/

<0.001

-2.718/

(42.10-50.30)  (44.85-49.00)

4550 46.20 4630 4630
(43.40-49.10)  (44.58-49.10) 0.714

-5.556/

<0.001

-2.043/

(42.90-48.60)  (44.20-47.90)

-0.161/
0.872

4550
(42-47.10)

4450
(43-47.70)

ALB (g/L)

<0.001

165.279

3.56
(3.11-3.92)

3.53 1.92
(3.05-3.85) (1.27-2.56)

2.28
(1.27-2.51)

3.88 -0.717/ 2.95 3.68 -3.548/ 255 3.55
(3.67-4.09) 0.473 (261-3.42)  (3.18-3.92) <0.001 (1.61-2.75)  (3.14-3.92)
-0.102/

3.87
(3.56-4.09)

658.44
(179.39-1022.28) (607.46-1194.74)

HBsAg (log;o 1U/mL )

19.18 0.62 17.22 0.56 8.36
(5.57-74.53) 0.041 (0.50-13.74)  (4.10-49.03) 0.007 (0.49-10.46)  (0.97-26.76) 0.014 325758 <0.001

98.59 56.01 6.20
0.918 (1.29-32.36)

(9.60-430.59) (13.98-382.71)

-1.342/
0.180

878.35

HBeAg (S/CO)

-1.530/
0.126

=20)

1.67
(1.63-2.22)
(n

155
8)

(1.44-1.95)
(n=

-1.708/
0.088

1.86
(1.43-2.43)

1.52
(1.43-1.73)
(n=29)

-2.103/0.035
=12)

(n

26)

2.28
(1.78-3.67)

(n

1.82
(1.44-2.35)
(n =10)

-0.350/
0.726

4.23
(3.35-5.25)
(n=51)

4.18
(3.26-5.16)
(n=29)

-0.232/0.816

6.64
(6.25-7.30)

6.66
(6.29-7.34)

HBV DNA (log, 1U/mL)

Note. *The statistics of repeated measurement indexes relating to the biochemistry and virus in the two groups was analyzed with generalized

The P values of repeated measurement indexes relating to the biochemistry and virus in the two groups were statistically analyzed

with generalized estimation equations. ALT, glutamic-pyruvic transaminase. AST, glutamic oxalacetic transaminase. TBil, total bilirubin. ALB, albumin.

#

estimation equations.
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DISCUSSION

Antiviral treatment with IFN is based on a dual
mechanism involving directly inhibiting viral
replication and eliminating virus-infected cells
caused by immunoregulation®. Higher HBeAg
seroconversion rates and greater HBsAg
disappearance can be achieved after IFN treatment
than NA treatment™?”. The efficacy of IFN in the
treatment of hepatitis B is influenced by factors
including patients’ immune function, HBV DNA load
and antigen levels, and the viral genotype[lg'zzl. To
help more patients achieve maximal benefits from
IFN therapy and avoid unnecessary treatment, the
treatment strategy should be optimized according to
relevant changes in cytokine profiles and virological

markers during the treatment process.

In the analysis of correlations between cytokines
and the response to IFN therapy, although the
difference was not significant, the baseline IFN-y
level in the HBeAg responder group was higher than
that in the non-responder group, and the levels of IL-
10, IL-6, TGF-B1, and TGF-B2 in the responder group
were lower than those in the non-responder group.
Recovery from HBV infection and long-term immune
control are mainly dependent on the HBV specific
CD8" T cell response, whereas CD8" T cells are the
main source of IFN-V[B]. These findings may explain
why the baseline IFN-y concentrations were higher in
the IFN responders than in the non-responders. IFN-
y-inducible protein-10 levels have been found to be
associated with the response to IFN therapym].
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37) and non-response

group (NR: n = 63) at baseline, and weeks 12 and 24 of IFN therapy. P < 0.013 is considered statistically

significant.
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In patients with CHB, the levels of HBsAg in the
blood are significantly correlated with the content of
HBV cccDNA in the liver, and immune control mainly
depends on the inhibition of virus replication by
virus-specific cytotoxic T Iymphocytes and the
degree of clearance of virus-infected hepatocytes.
Therefore, the levels of HBsAg in the blood,
particularly the decrease in HBsAg levels after
treatment, can predict patients’ sustained viral
responses after stopping treatment. Previous studies
have reported that the decrease in HBsAg 2
1 logyo IU/mL at the end of treatment compared with

Table 3. Logistic regression analysis of predictors of
HBeAg loss at week 48 of IFN treatment

Univariate analysis OR 95% ClI P value
HBsAg (logyg IU/mL) 1770  0.853-3.671  0.125
HBV DNA (log;, IU/mL) 0.739  0.457-1.196  0.218
HBeAg (S/CO) 1.000 1.000-1.001  0.282
ALT (U/L) 1.000 0.998-1.001 0.761
AST (U/L) 0.999  0.997-1.001  0.382
TBil (umol/L) 1.009 0.949-1.074 0.767
ALB (g/L) 1.033  0.939-1.137  0.499
FIt3-L (pg/mL) 1.000 0.998-1.002  0.761
IFN-a2 (pg/mL) 1.000 0.999-1.001  0.782
IFN-y (pg/mL) 1.000 0.997-1.002  0.811
IL-10 (pg/mL) 0.999 0.989-1.008  0.766
IL-17A (pg/mL) 0.999  0.995-1.003 0.736
IL-6 (pg/mL) 0.998  0.992-1.003  0.392
TNF-a (pg/mL) 1.017 0.974-1.063  0.437
TGF-B1 (pg/mL) 1.000 1.000-1.000 0.184
TGF-B2 (pg/mL) 1.001 1.000-1.002  0.226
TGF-B3 (pg/mL) 0.992  0.982-1.002  0.113

HBsAg decreased in

12 weeks (log; 1U/mL)
HBeAg decreased in

12 weeks (S/CO)
HBsAg decreased in

24 weeks (log;o IU/mL)
HBeAg decreased in
24 weeks (S/CO)
Multivariate analysis

0.815 0.525-1.266 0.362

1.000 0.999-1.001 0.818

0.776 0.524-1.149 0.205

1.000 0.999-1.001 0.918

(3 months)
HBV DNA (logyq IU/mL) 0.537  0.275-1.048  0.068
HBsAg (logo IU/mL) 2.776  0.920-8.370  0.070
HBeAg (S/CO) 1.003  1.000-1.005  0.039
Multivariate analysis
(6 months)
HBeAg (S/CO) 1.050 1.014-1.087  0.006
;'fiige i:gjg;e)d n 0953  0.921-0.987  0.007

baseline predicts the rate of sustained viral response
after discontinuation of drug therapy[zsl. In this

Table 4. Logistic regression analysis of predictors of
an HBsAg decline > 1 log;o IU/mL
at week 48 after IFN treatment

Univariate analysis OR 95% Cl P value
HBsAg (logyo IU/mL) 1.318  0.574-3.028  0.515
HBV DNA (log; 1U/mL) 0.564  0.315-1.012  0.055
HBeAg (S/CO) 1.001 1.000-1.002 0.196
ALT (U/L) 0.999 0.997-1.001 0.606
AST (U/L) 0.999 0.996-1.002 0.435
TBil (umol/L) 0.967 0.905-1.032 0.312
ALB (g/L) 0.985 0.876-1.017 0.801
FIt3-L (pg/mL) 1.004 0.997-1.010 0.278
IFN-a2 (pg/mL) 1.002 0.999-1.006 0.252
IFN-y (pg/mL) 1.001  0.998-1,004 0.574
IL-10 (pg/mL) 0.997 0.986-1.007  0.527
IL-17A (pg/mL) 1.002  0.996-1.008  0.544
IL-6 (pg/mL) 1.005  0.993-1.017  0.398
TNF-a (pg/mL) 1.180  0.788-1.769 0.422
TGF-B1 (pg/mL) 1.000 1.000 0.488
TGF-B2 (pg/mL) 1.003 1.000-1.006 0.022
TGF-B3 (pg/mL) 1.006  0.994-1.018  0.353

HBsAg decreased in

12 weeks (logyg 1U/mL)
HBeAg decreased in
12 weeks (S/CO)
HBsAg decreased in

24 weeks (log; IU/mL)
HBeAg decreased in
24 weeks (S/CO)
Multivariate analysis
(3 months)

0.827 0.439-1.559 0.557

1.000 0.999-1.001 0.683

0.725 0.387-1.360 0.317

1.000 0.998-1.001 0.684

13.255-

HBsAg (logyo IU/mL

g (logyo 1U/mL) 568.906 o ocs 0.001
HBeAg (S/CO) 0.991  0.985-0.998  0.007
ALB (g/L) 1786  1.152-2.769  0.010

HBsAg decreased in

12 weeks (logyo IU/mL)

HBeAg decreased in

12 weeks (S/CO)
Multivariate analysis

0.135 0.021-0.887 0.037

1.006 1.001-1.011 0.029

(6 months)
6.559—
HBsAg (logyo IU/mL
g (logyo 1U/mL) 194862 _ooioo 0.002
ALB (g/L) 1.618  1.061-2.468  0.026

Note. ALT, glutamic-pyruvic transaminase. AST,
glutamic oxalacetic transaminase. TBil, total
bilirubin. ALB, albumin.

Note. ALT, glutamic-pyruvic transaminase. AST,
glutamic oxalacetic transaminase. TBil, total
bilirubin. ALB, albumin.
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study, HBsAg responders and non-responders were
grouped according to whether they responded to
IFN therapy with a decrease in HBsAg > 1 log;, 1U/mL
after 48 weeks. At week 48, 37 of 100 patients
achieved an HBsAg response. In our study, the
overall response was better than that previously
reported because some patients with poor early
response to IFN had already been treated with ETV.
Baseline levels of TGF-B2, which suppresses immune
function, were significantly lower in the responder
group than the non-responder group, and low TGF-$
levels also contributed to the response to IFN
therapy among responders. HBsAg at week 12, and
HBsAg and HBeAg at weeks 24, 36, and 48 in the
response group were significantly lower than those
in the non-response group. ALT and AST at weeks 24,
36, and 48 in the response group were significantly
higher than those in the non-response group.
Elevation of ALT and AST in response to liver
inflaimmation also indicated the activation of
immune response to HBV infection. Patients with
elevated transaminases during IFN treatment have
better treatment responseslzs], High baseline ALT
levels in patients with CHB and elevated ALT levels
during IFN treatment may indicate that IFN-a2
stimulates NK cells and CD8" T cells to kill and
eliminate virus-infected hepatocytes. The IFN-a2 in
the response group was higher than that in the non-
response group at weeks 12 and 24. The TNF-a at
week 12 was lower than that in the non-response
group. TNF-a not only mediates liver inflammation
and hepatocyte damage, but also participates in the
host anti-HBV immune response, thus potentially
explaining the higher levels of TNF-a in
respondersm]. Because our previous studies have
found little correlation between ETV treatment and
immune cell function, we did not consider the
correlation between ETV response and cytokines
during the treatment strategy adjustment”'zsl.
Multivariate analysis in our study showed that
the levels of HBeAg and HBsAg, and the decreased
levels during treatment, predicted the efficacy of IFN
therapy, and the changes in virological indicators
during treatment predicted the efficacy of 48-week
treatment. These findings suggest that attention
should be paid to the changes in indicators such as
HBeAg and HBsAg in clinical practice. Multivariate
analysis indicated that ALB levels were significantly
associated with the decrease < 1 log;q in HBsAg at
week 48. The reasons for this association may be
that lower albumin is associated with a greater
inflammatory response and stronger immune
response. As one of the main proteins in human

body, albumin plays a major role in maintaining the
colloid osmotic pressure of the blood. Moreover,
albumin can bind almost all drugs and largely
determines their pharmacokinetic characteristics”™.
Multivariate analysis also indicated that the
response to IFN therapy was not significantly
associated with the levels of cytokines in peripheral
blood during the treatment period; this finding may
be associated with the substantial dispersion of
cytokines and the small sample size, and will require
further validation in future studies.

There were several limitations to our study. First,
the sample size was relatively small, and the variety
of cytokines tested was limited. Our results should
be further validated through well-designed studies
with large sample sizes. There was no significant
correlation between the response to IFN and
cytokines during the PEG-IFN treatment. More
cytokines will be considered in our future studies.

In conclusion, our study investigated the
changes in cytokines and virological markers in
patients with CHB treated with PEG-IFN for 48
weeks. The results indicated no significant
correlation between the responses to IFN and
cytokines, whereas the changes in viral markers
predicted the response to IFN at week 48. The
disappearance of HBeAg was associated with
HBeAg levels at weeks 12 and 24, and with the
HBeAg decline at week 24. The HBsAg response
was associated with HBsAg, the HBsAg decline,
HBeAg, and the HBeAg decline at week 12 and
HBsAg at week 24.
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