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Abstract. To investigate whether IL‑21 levels predict treat‑
ment outcomes of salvage therapy among patients with 
suboptimal response (SOR) to nucleos(t)ide analogues (NAs), 
serum IL‑21 levels were measured in a prospective cohort of 
hepatitis B e antigen (HBeAg)‑positive patients with SOR to 
antiviral therapy. The patients switched therapy to entecavir 
(ETV) with or without adefovir (ADV) for 104 weeks. IL‑21 
levels at treatment week 12 in patients who achieved HBeAg 
loss with undetectable levels of hepatitis B virus (HBV)‑DNA 
at week 104 were the primary endpoint and the results were 
compared with those of corresponding patients without such 
an endpoint. Furthermore, IL‑21 levels at treatment week 12 
in patients who achieved an HBeAg‑level decline at week 104 
were assessed as the secondary endpoint. Among 24 enrolled 
patients with SOR to ADV (n=21), telbivudine (n=2) or ETV 
(n=1), the median (10‑90th percentile) levels of HBeAg, 
HBV‑DNA and ALT at baseline were  2.7 (0.2‑3.1) log10 

S/CO, 5.2 (3.5‑7.5) log10 IU/ml and 0.9 (0.5‑3.1) upper limit 
of normal, respectively. Comparison of the patients with and 
without HBeAg loss at week 104 indicated that their mean 
IL‑21 levels did not significantly differ at week 12 (63.0±14.4 
vs.  55.9±10.5  pg/ml; P=0.26). In the secondary endpoint 
analyses of patients with and without HBeAg level decline, the 
elevated levels of IL‑21 at the first 12 weeks were significantly 
higher in the decline group (15.6±8.3 vs. 3.1±13.2 pg/ml; 
P=0.03). Following adjustment for confounding factors, the 
elevated levels of IL‑21 from baseline to week 12 indepen‑
dently predicted an HBeAg level decline at week 104 (odds 
ratio=1.137, R2=0.23; P=0.047). In conclusion, the serum 
IL‑21 levels at the first 12 weeks during the salvage therapy 
independently predicted HBeAg level decline at treatment 
week 104 in patients with SOR to NAs (ClinicalTrials.gov 
identifier: NCT01829685; date of registration, April 2013).

Introduction

Chronic hepatitis B (CHB) mainly comprises a chronic 
immune‑mediated inflammatory injury to the liver as a result 
of persistent hepatitis B virus (HBV) infection (1). Therefore, 
effective antiviral therapy is crucial for viral clearance and the 
improvement of disease outcomes. The current goals of treat‑
ment are to reduce the occurrence of liver cancer and disease 
progression to cirrhosis (2). Several segregating markers have 
been adopted in the clinical setting to measure the treatment 
response of hepatitis B e antigen (HBeAg)‑positive patients 
who have been receiving antiviral therapy. The markers 
include an HBV‑DNA decline to undetectable levels, transam‑
inase normalization, HBeAg and hepatitis B surface antigen 
(HBsAg) level decline following treatment (2).

IL‑21 is a type I cytokine that shares the common γ‑chain 
receptor subunit with the IL‑2, IL‑4, IL‑7, IL‑9 and IL‑15 
cytokines. It is produced by activated CD4+ T cells, particu‑
larly follicular T helper (Tfh) cells, T helper 17 cells and 
activated natural killer (NK) T cells (3‑6). IL‑21 is consid‑
ered a bridge between innate and adaptive immunity with 
immune‑enhancing and immune‑regulatory effects on B‑, 
T‑ and NK‑cell responses (7,8). IL‑21 is derived from CD4+ 
T cells and acts as an effective intermediate cytokine for the 
optimal generation of specific CD8+ T‑ and B‑cell responses 
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in the process of HBV infection. The expression of lL‑21 is 
closely associated with HBV clearance (9‑11), clearance of 
HBV antigens (12‑14), occurrence of HBV‑associated liver 
cirrhosis, liver failure and liver cancer (15,16). During the 
follow‑up period of treatment‑naïve HBeAg‑negative patients 
with raised alanine aminotransferase (ALT), the patients under‑
going spontaneous HBsAg seroconversion exhibited higher 
serum levels of IL‑21 compared with those of the non‑conver‑
tors (17). A previous study in HBeAg‑positive CHB patients 
undergoing telbivudine monotherapy indicated that serum 
IL‑21 levels at treatment week 12 were significantly higher in 
patients who achieved HBeAg seroconversion. This marker 
was able to independently predict HBeAg seroconversion in 
the first year of treatment (12). In patients with coexistence 
of HBeAg‑positive CHB and nonalcoholic fatty liver disease 
(NAFLD) receiving entecavir monotherapy, the elevation of 
IL‑21 levels from baseline to week 12 was significantly higher 
in the early (24 weeks) virological response (EVR) group and 
the elevated levels of IL‑21 at treatment week 12 were able to 
predict EVR in CHB+ NAFLD patients (18).

The virological response on nucleos(t)ide analogue (NA) 
therapy is associated with the dynamic virus‑host immune 
interaction and the antiviral agents selected. Particularly in 
resource‑constrained settings, suboptimal virological response 
(SOR), defined as detectable HBV DNA after 24‑48 weeks 
of NA monotherapy without resistance mutation, frequently 
occurs (19). Patients with SOR on NA monotherapy require an 
optimized strategy as salvage therapy.

However, to the best of our knowledge, the association 
between the dynamic changes of IL‑21 levels and the treat‑
ment outcomes among patients with SOR to NAs who receive 
salvage therapy has not been previously reported. Therefore, 
the present study aimed to investigate whether IL‑21 level 
changes at treatment week 12 in these patients are able to 
predict HBeAg loss or decline at week 104 of salvage therapy.

The major aims of the present study were the following: 
i) To investigate the dynamic changes of IL‑21 levels during 
salvage therapy in patients with SOR; and ii)  to assess the 
association between IL‑21 levels and treatment outcomes of 
salvage therapy in patients with SOR.

Subjects and methods

Study subjects. A total of 24 patients with CHB who partici‑
pated in a multicenter randomized controlled clinical trial 
(ClinicalTrials.gov identifier: NCT01829685) for the treatment 
of SOR to NAs at Beijing Ditan Hospital, Capital Medical 
University (Beijing, China) were recruited for the present 
study between April 2011 and April 2014. Additional informed 
consent was obtained from these patients for the use of their 
clinical data, for specimen collection and for the measurement 
of IL‑21 levels. The inclusion criteria were as follows: CHB 
with HBeAg‑positive status, HBV‑DNA levels >1,000 IU/ml 
following 24 weeks of monotherapy with telbivudine (LdT) 
or entecavir (ETV) at 0.5 mg daily or 48 weeks of adefovir 
dipivoxil (ADV) monotherapy and undetected antiviral resis‑
tant mutants. The patients were excluded from the study if they 
had any of the following conditions: Positivity for HCV, HDV 
or HIV, history of alcohol consumption (alcohol consumption 
> 20 g per day for females or >30 g per day for males), hepatic 

decompensation, presence of other liver diseases or severe 
systemic diseases or administration of immunomodulator 
therapy within 6 months.

Among the 24 enrolled subjects, 21 were on ADV, 2 on 
LdT and 1 on ETV therapy at 0.5 mg daily. These patients 
randomly received one of the three salvage oral regimens: 
ETV at 1.0 mg daily, ETV at 1.0 mg plus ADV at 10 mg daily 
or ETV at 0.5 mg plus ADV at 10 mg daily for 104 weeks. 
During the baseline and follow‑up visits at weeks 12, 24, 36, 
52, 64, 76, 88 and 104, 2 3 ml of serum was obtained from 
each subject and stored at ‑80˚C for measurement of cytokine 
concentrations. In addition, blood samples were collected for 
biochemical, serological and HBV‑DNA assays.

At week  104 of salvage therapy, SOR patients were 
classified into either the complete response (CR) group if 
they achieved HBeAg loss and undetectable levels of serum 
HBV‑DNA (the lower limit of detection was 20  IU/ml) or 
the no complete response (NCR) group if they remained 
HBeAg‑positive independent of HBV‑DNA levels. In the NCR 
group, the patients were further divided into two subgroups 
of virological response (VR) compared with no virological 
response (NVR) based on their levels of viremia (undetectable 
vs. detectable). For secondary assessment, the SOR patients 
were classified into either a HBeAg level decline (ED) group if 
the decline level of serum HBeAg (log10 S/CO) from baseline 
to week 104 was 50% or more or a no HBeAg level decline 
(NED) group if the decline level did not reach 50%.

Association of outcome measures with IL‑21 levels. The 
primary endpoint was the difference in IL‑21 levels between 
the CR and NCR groups at week 12. The serum IL‑21 levels and 
other baseline markers were assessed for predicting complete 
response. Subsequently, within the NCR group, the IL‑21 
levels in the two subgroups of VR vs. NVR were compared. 
Secondary endpoints included the comparison of IL‑21 levels 
between the ED and NED groups and the dynamic changes of 
IL‑21 levels from baseline to week 104.

Laboratory tests and assays. The liver function of the patients 
was measured using the Hitachi 7600‑020 full‑automatic 
biochemical analyzer by rate essay. HBV serological markers 
were detected using the ARCHITECT i2000SR full‑automatic 
immunoassay analyzer (Abbott Laboratories) by chemilu‑
minescence microparticle immunoassay. HBV viral load 
was quantified using the Roche Lightcycler®480 system by 
real‑time quantitative PCR, which had a detection limit of 
20 IU/ml. The concentrations of serum IL‑21 were measured 
in duplicate using a commercial human IL‑21 ELISA kit 
(Mabtech) by the double antibody sandwich method. The units 
of the IL‑21 concentration were pg/ml.

Statistical analysis. Data analysis was conducted using 
SPSS 24.0 (IBM Corp.). Continuous data were expressed as 
either the median (10‑90th percentile) or the mean ± standard 
deviation according to whether the data satisfied the assump‑
tions of normal distribution. The independent‑samples t‑test 
(unpaired), the Mann‑Whitney U‑test and the Chi‑square test 
were used for comparisons between two groups. One‑way 
or two‑way repeated‑measures ANOVA was used for 
comparisons of repeated sample data. One‑way ANOVA 
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was used for univariate analysis. When the spherical data 
distribution assumption was not satisfied, a multivariate test 
or Greenhouse‑Geisser correction were adopted. Bonferroni's 
post‑hoc test was used for multiple comparisons. Multi‑way 
ANOVA and logistic regression analysis were used to assess 
the predictive value of each variable regarding the treatment 
response. Receiver operating characteristic curves were 
constructed to identify the optimal cut‑off values for predicting 
treatment outcomes and for calculating the sensitivity and 
specificity of the predictions using these values. Spearman's 
rank order correlation coefficient was determined to assess the 
correlation. All statistical analyses were based on two‑tailed 
hypothesis tests and P<0.05 was considered to indicate statis‑
tical significance.

Results

Baseline characteristics. Following approval by the 
Institutional Review Board (IRB) of Beijing Ditan 
Hospital, Capital Medical University (Beijing, China; IRB 
no. NFEC‑201011‑K1), 24 subjects consented and were enrolled 
in the study between April 2011 and April 2014. The subjects 
of the SOR group included 21 patients on ADV, 2 on LdT and 
1 on ETV at 0.5 mg daily. The subjects included 15 males and 
9 females with a median age of 30.5 (range, 23.5‑51.0) years. 
The median levels of HBeAg and HBV DNA were 2.7 (0.2‑3.1) 
log10 S/CO and 5.2 (3.5‑7.5) log10 IU/ml, respectively. The base‑
line characteristics of the patients are provided in Table I.

Changes in virological markers and IL‑21 concentration 
during treatment. The changes in the serum HBV‑DNA, 
HBeAg and ALT levels in the patients who received salvage 
treatment for 104 weeks are presented in Fig.  1A. Serum 
HBV‑DNA levels declined as the salvage treatment continued 
(P<0.05) and the decline of the HBV‑DNA levels during the 
initial 12 weeks of treatment was the most significant (baseline, 
5.3±1.4 log10 IU/ml vs. week 12, 2.6±1.0 log10 IU/ml; P<0.001). 
At week 104, 15 patients had undetectable levels of serum 
HBV‑DNA. In addition to the decline in serum HBV‑DNA 
levels, serum HBeAg levels declined accordingly (P=0.037), 
particularly from baseline [2.7 (0.2‑3.1) log10 S/CO] to week 12 
[2.3 (0.0‑3.0) log10 S/CO] (P=0.01) and HBeAg loss occurred 
in 4 patients at week 104. Mean ALT levels returned to normal 
by week 24.

Repeated‑measures analysis of the IL‑21 levels indicated 
that the serum IL‑21 levels were elevated from baseline to 
week 36 (P=0.007) and subsequently, they were gradually 
reduced to reach the baseline level again by week 104 (Fig. 1B). 
The mean IL‑21 concentration at week 24 (65.4±16.4 pg/ml) 
and week 36 (67.1±18.5 pg/ml) was significantly higher than 
that at the baseline (50.4±12.2 pg/ml; P=0.037 and 0.047, 
respectively). The serum IL‑21 concentration exhibited the 
most obvious increase during the initial 12‑week period of 
salvage treatment, which was consistent with the period when 
serum HBV‑DNA levels exhibited the greatest reduction.

Spearman's correlation analysis indicated that serum 
IL‑21 concentrations may exhibit a moderate negative correla‑
tion with HBeAg levels (log10 S/CO) at baseline (rs=‑0.386; 
P=0.062) and at week  12 (rs=‑0.392; P=0.058) (Fig.  S1). 
However, no significant correlation was noted between serum 

IL‑21 and serum ALT levels, or between serum IL‑21 and 
serum HBV DNA levels at any of the time‑points assessed.

Association between IL‑21 concentration and treatment 
response. Based on the treatment outcomes at week  104, 
patients with SOR under salvage treatment were divided into 
the two following groups: CR (n=4) and NCR (n=20). The 
latter included two subgroups: VR (n=11) and NVR (n=9). No 
significant difference in gender, age, initial antiviral therapy 
and salvage regimens was identified between the CR and the 
NCR groups, as well as between the VR and the NVR groups. 
The baseline characteristics of these groups are summarized 
in Table I. The changes in serum IL‑21 and HBV‑DNA levels 
of CR and NCR groups over 104  weeks of treatment are 
presented in Fig. 2A and B. Although IL‑21 levels appeared 
to be higher in the CR group compared with those in the NCR 
group from weeks 12 to 76, the differences exhibited no statis‑
tical significance at any of the time‑points of investigation. 
HBV‑DNA levels were significantly lower in the CR group 
compared with those in the NCR group at baseline (P=0.032), 
but there were no significant differences at other time‑points.

Using univariate analysis, the influence of certain param‑
eters, including age, gender, initial antiviral therapy, salvage 
regimens, serum HBV‑DNA levels, serum ALT levels, serum 
HBeAg levels and serum IL‑21 concentrations on the achieve‑
ment of complete response was determined (Table  II). No 
significant effect on the treatment response was noted with 
regard to the use of the different salvage regimens. Furthermore, 
the serum IL‑21 levels at week 12 did not differ between the 
CR and the NCR groups (63.0±14.4 vs.  55.9±10.5  pg/ml; 
P=0.26). All variables with a P<0.15 were included in the 
multivariate analysis. The variables with the strongest predic‑
tive value regarding CR included the HBeAg levels at baseline 
(R2=0.25) and the HBV‑DNA levels at baseline (R2=0.16). 
Logistic regression analysis demonstrated that the influence 
of baseline HBV‑DNA on CR was not significant (P=0.075). 
Following adjustment for the confounding factor (baseline 
HBV‑DNA), the independent effect of baseline HBeAg levels 
became insignificant (P=0.110; Table SI).

Serum IL‑21 levels appeared to be higher in the VR group 
compared with those in the NVR group from baseline to 
week 36, but the differences were not significant. Serum IL‑21 
levels at week 12 did not differ between the VR and NVR groups 
(58.4±12.2 vs. 52.9±7.6 pg/ml; P=0.26). However, the HBV‑DNA 
levels were significantly lower in the VR than those in the NVR 
group at week 12 (1.9±0.6 vs. 3.6±0.6 log10 IU/ml; P<0.001).

Predictors of serum HBeAg level decline on salvage therapy. 
The decline of HBeAg levels at week 104 was present in 
7 patients of the ED group, and absent in 17 patients of the 
NED group. In the ED group, the mean HBeAg level declined 
remarkably from 1.63±1.34 to 0.06±0.49 log10 S/CO over 
104 weeks of salvage therapy (P=0.013). Furthermore, four 
of these patients achieved HBeAg loss over 104 weeks. In 
addition, the changes in the median HBeAg levels in the 
NED group ranged from 2.73 (0.87‑3.10) to 1.98 (0.70‑2.97) 
log10 S/CO and none of the cases exhibited any HBeAg loss 
(Fig. 3A). At week 104, the proportion of HBeAg loss in the 
ED group was significantly higher than that in the NED group 
(57.1% vs. 0; P=0.003).
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Repeated‑measures analysis indicated that serum IL‑21 
levels were elevated from baseline to week 36 and subse‑
quently, they decreased gradually until week 104 in both the 
ED and the NED groups (Fig. 3B). Although the difference 
in mean IL‑21 levels between the ED and the NED groups at 

week 12 was not statistically significant, the increase of serum 
IL‑21 levels from baseline to week 12 (IL‑21 level at week 12 
minus IL‑21 level at baseline) was higher in the ED group 
than that in the NED group (15.6±8.3 vs. 3.1±13.2 pg/ml; 
P=0.03). When compared to the NED group, the HBV‑DNA 

Figure 1. Changes in HBV virological markers and IL‑21 concentration. (A) Comparison of the changes in HBV‑DNA, HBeAg and ALT levels over 104 weeks 
of salvage therapy in 24 HBeAg‑positive CHB patients with suboptimal response to nucleos(t)ide analogues. *P<0.001 and **P=0.01. (B) Serum IL‑21 concentra‑
tion (median, 25‑75th percentile, range) over 104 weeks of salvage therapy. The dot indicates an outlier; HBV, hepatitis B virus; ALT, alanine aminotransferase; 
ULN, upper limit of normal; HBeAg, hepatitis B e antigen.

Table I. Baseline clinical characteristics of the study subjects assigned to different groups.

Item	 SOR (n=24)	 CR (n=4)	 NCR (n=20)	 VR (n=11)	 NVR (n=9)

Gender (M/F)	 15/9	 2/2	 13/7	 5/6	 8/1
Age (years)	 30.5 (23.5‑51.0)	 34.0 (30.0‑40.5)	 29.0 (23.1‑55.8)	 28.0 (20.6‑58.6)	 32.0 (25.0‑42.6)
Initial antiviral therapy	 21/2/1	 3/1/0	 18/1/1	 11/0/0	 7/1/1
(ADV/LdT/ETV)
Salvage regimen (A/B/C)a	 4/9/11	 0/2/2	 4/7/9	 2/4/5	 2/3/4
HBV‑DNA (log10 IU/ml)	 5.2 (3.5‑7.5)	 3.8 (3.6‑4.4)	 5.3 (3.5‑7.6)	 5.3 (3.6‑7.8)	 6.0 (3.4‑7.5)
ALT (ULN)	 0.9 (0.5‑3.1)	 1.5 (0.6‑2.4)	 0.8 (0.4‑3.1)	 0.7 (0.3‑3.4)	 0.8 (0.6‑2.7)
TBil (µmol/l)	 11.8 (6.9‑20.5)	 13.1 (8.6‑14.7)	 11.2 (6.3‑22.8)	 12.2 (6.6‑30.2)	 10.2 (5.3‑18.8)
HBsAg
(log10 IU/ml)	 4.3 (3.1‑4.8)	 3.4 (1.9‑4.2)	 4.3 (3.3‑4.8)	 3.8 (3.3‑4.5)	 4.6 (4.4‑4.9)
HBeAg 
(log10 S/CO)	 2.7 (0.2‑3.1)	   0.5 (0.04‑2.4)	 2.7 (1.1‑3.1)	 2.3 (0.3‑2.9)	 2.9 (2.8‑3.1)

aSalvage regimens: A, ETV 1.0 mg daily; B, ETV 1.0 mg plus ADV 10 mg daily; C, ETV 0.5 mg plus ADV 10 mg daily. Values are expressed 
as the median (10‑90% percentile). No significant difference in gender, age, initial antiviral therapy and salvage regimens was obtained 
between the CR and the NCR groups, as well as between the VR and the NVR groups. Groups: SOR, HBeAg‑positive CHB patients with 
suboptimal response to nucleos(t)ide analogues; CR, patients with HBeAg loss and HBV‑DNA undetectable at week  104; NCR, patients 
with HBeAg‑positive status at week 104; VR, patients with HBV‑DNA undetectable and HBeAg‑positive status at week 104; NVR, patients 
with HBV‑DNA detectable and HBeAg‑positive status at week 104. M, male; F, female; ADV, adefovir dipivoxil; LdT, telbivudine; ETV, 
entecavir; ALT, alanine aminotransferase; ULN, upper limit of normal; TBil, total serum bilirubin; HBsAg, hepatitis B surface antigen; HBeAg, 
hepatitis B e antigen.
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levels appeared to be lower in the ED group and the ALT 
levels appeared to be higher; however, none of these differ‑
ences were significant (Fig. 3C).

Univariate analysis was used to examine the influence of 
age, gender (male vs. female), initial antiviral therapy, salvage 
regimen, serum HBV‑DNA levels, serum ALT levels, serum 

Figure 2. Association between treatment response and IL‑21 concentration. (A) Comparison of the serum IL‑21 concentration (median, 25‑75th percentile, 
range) during 104 weeks of salvage therapy in the CR and NCR groups. (B) Comparison of the HBV‑DNA levels during 104 weeks of salvage therapy in the CR 
and NCR groups. *P<0.05 vs. CR. Groups; CR, patients with HBeAg loss and HBV‑DNA undetectable at week 104; The dots indicate outliers; NCR, patients 
with HBeAg‑positive status at week 104. NCR, no complete response; HBV, hepatitis B virus; HBeAg, hepatitis B e antigen.

Figure 3. Prediction of serum HBeAg level decline. (A) Comparison of the serum HBeAg levels (median, 25‑75th percentile, range) during 104 weeks of 
salvage therapy in the ED and NED groups. (B) Comparison of the serum IL‑21 concentrations (median, 25‑75th percentile, range) during 104 weeks of salvage 
therapy in the ED and NED groups. (C) Comparison of the serum HBV‑DNA and ALT levels during 104 weeks of salvage therapy in the ED and NED groups. 
(D) ROC curve indicating the influence of the elevated levels of IL‑21 over the initial 12 weeks of treatment on the probability of HBeAg decline during 
104 weeks of salvage therapy. An AUC of 1.0 is indicative of a maximum diagnostic value, whereas an AUC<0.5 is insufficient. Groups: ED, patients with a 
decline in the serum level of HBeAg (log10S/CO) from baseline to week 104 by ≥50%; NED, patients with a decline in the serum level of HBeAg (log10S/CO) 
from baseline to week 104 by <50%. NED, no HBeAg level decline. The dots indicate outlier; ROC, receiver operating characteristic; AUC, area under the 
curve; HBV, hepatitis B virus; ALT, alanine aminotransferase; ULN, upper limit of normal; HBeAg, hepatitis B e antigen.
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HBeAg levels and serum IL‑21 concentration on the prob‑
ability of HBeAg‑decline (Table  III). The different initial 
antiviral therapies and salvage regimens had no influence on 
treatment outcomes. The variable that was significant in the 
univariate analysis was elevated levels of serum IL‑21 from 
baseline to week 12 (P=0.03). All variables with a P<0.10 
were included in the multivariate analysis. The variables with 
the strongest predictive value on HBeAg decline included the 
elevated levels of IL‑21 over the initial 12 weeks of treatment 
(R2=0.20) and the ALT levels at week 24 (R2=0.21). Following 
adjustment for confounding factors, logistic regression 
analysis demonstrated that the elevation of IL‑21 has an inde‑
pendent predictive value for the decline of HBeAg levels (odds 
ratio=1.137; R2=0.23; P=0.047; Table SII). A receiver oper‑
ating characteristic curve was generated to assess the use of 
IL‑21 elevation over the initial 12 weeks to predict the HBeAg 
decline at week 104 (Fig. 3D). The area under ROC curve was 
0.798 (CI, 0.596‑1.000; P=0.024). The optimal cut‑off value 
for IL‑21 elevation over 12 weeks was 12.6 pg/ml, at which 
the sensitivity and specificity for predicting an HBeAg decline 
were 85.7 and 76.5%, respectively. Elevated levels of IL‑21 at 
12 weeks by <12.6 pg/ml had a negative predictive value for 
HBeAg decline of 92.9%.

Discussion

The present study was the first prospective longitudinal 
observation on serum IL‑21 levels and virological markers 

in patients with SOR receiving ETV with or without ADV 
as the salvage therapy. The results indicated that the eleva‑
tion of the levels of IL‑21 from baseline to week 12 was 
significantly higher in those patients who achieved a decline 
of HBeAg at treatment week 104 and that the elevation of 
IL‑21 levels over the initial 12 weeks of treatment had an 
independent effect on/was able to predict HBeAg decline at 
week 104. In the present study, the patients with SOR who 
presented with an apparent HBeAg decline over 104 weeks 
of salvage therapy were more likely to achieve HBeAg loss 
(the proportion of HBeAg loss in the ED group and NED 
group was 57.1% vs. 0; P=0.003) and HBeAg seroconver‑
sion. Therefore, the elevation of IL‑21 levels at week 12 may 
be associated with immune response and favorable treat‑
ment outcomes of salvage therapy in patients with SOR. 
These results are consistent with those reported in previous 
studies. Ma et al  (12) observed that high serum levels of 
IL‑21 following 12 weeks of antiviral therapy predicted 
HBeAg seroconversion in patients with CHB. Li et al (14) 
demonstrated that the HBV‑specific circulating chemokine 
C‑X‑C motif receptor 5 (CXCR5)+ CD4+ T cells (Tfh cells) 
were able to promote anti‑HBe production by autologous B 
cells via IL‑21 in order to benefit HBeAg seroconversion. All 
of these results implied that the upregulation of serum IL‑21 
levels during the early stage of antiviral treatment prob‑
ably had a positive correlation with the immune response 
required for HBeAg seroconversion and favorable clinical 
outcomes. The study by Wu et al (20) further highlighted 

Table II. Univariate analysis of factors possibly associated with HBeAg loss.

Variable/treatment week	 CR (n=4)	 NCR (n=20)	 P‑value

Age (years)a	 34.0 (30.0‑40.5)	 29.0 (23.1‑55.8)	 0.347
Male sex (n, %)b	 2 (50)	 13 (65)	 0.615
Initial antiviral therapy (ADV/LdT/ETV)b	 3/1/0	 18/1/1	 0.437
Salvage regimen (A/B/C)b,c	 0/2/2	 4/7/9	 1.000
HBV‑DNA (log10 IU/ml)d	 		
  0	 3.8 (3.6‑4.4)	 5.3 (3.5‑7.6)	 0.032
  12	 2.1 (1.5‑2.5)	 2.9 (1.3‑4.1)	 0.276
  24	 1.4 (1.3‑1.5)	 2.0 (1.3‑3.4)	 0.137
ALT (ULN)a	 		
  0	 1.5 (0.6‑2.4)	 0.8 (0.4‑3.1)	 0.477
  12	 1.3 (0.5‑2.8)	 0.8 (0.4‑1.9)	 0.157
  24	 0.8 (0.5‑1.4)	 0.6 (0.4‑1.1)	 0.273
Baseline HBeAg (log10 S/CO)a	   0.5 (0.04‑2.4)	 2.7 (1.1‑3.1)	 0.135
IL‑21 (pg/ml)d	 		
  0	 49.6±15.9	 50.5±11.9	 0.900
  12	 63.0±14.4	 55.9±10.5	 0.262
  24	 74.3±23.9	 63.6±14.7	 0.243
  12‑0e	 13.3±9.8	 5.4±13.5	 0.282

Values are expressed as the median and 10‑90% percentile or the mean ± standard deviation unless otherwise indicated. aMann‑Whitney U‑test. 
bChi square test. cSalvage regimens: A, ETV 1.0 mg daily; B, ETV 1.0 mg plus ADV 10 mg daily; C, ETV 0.5 mg plus ADV 10 mg daily. 
dIndependent‑samples t‑test. eThe difference value of the variable between week 12 and baseline. NCR, patients with HBeAg‑positive status 
at week 104; CR, patients with HBeAg loss and HBV‑DNA undetectable at week 104. ALT, alanine aminotransferase; ULN, upper limit of 
normal; HBeAg, hepatitis B e antigen.
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that IL‑10 and IL‑12 were predictors of early spontaneous 
HBeAg seroconversion. These studies suggested the utility 
of serum IL levels for predicting disease outcomes in the 
clinic.

However, the results of the present study indicated no 
association between IL‑21 levels at treatment week 12 and 
the clinical outcomes of HBeAg loss at treatment week 104, 
which differed from the study of Ma et al (12). Although 
this discrepancy may be attributed to the small sample 
size of the present study, it is more likely due to the unique 
clinical features of the patients with SOR to antiviral treat‑
ment. That these patients may have exhibited differences in 
their immune status, since they had a treatment history. For 
instance, the patients with SOR in the present study exhib‑
ited relatively lower levels of HBV‑DNA, ALT and HBeAg 
compared with those of the treatment‑naïve patients in the 
study of Ma et al (12). While the conclusions of the present 
studies are not in line with those of the above study, the 
data provide important clinical information for the manage‑
ment of patients with SOR. The present study suggested 
that unlike those in the treatment‑naïve population, serum 
IL‑21 levels in patients with SOR may not be used as a 
predictor of HBeAg loss. The present results expanded the 
current knowledge regarding patients with SOR receiving 
salvage antiviral therapy. Giarda et al (21) demonstrated no 
association between serum IL‑21 levels and HBeAg sero‑
conversion among patients with HBV and HIV coinfection 
following antiviral treatment for both diseases. IL‑21 levels 

were considerably low during HBV‑active antiretroviral 
therapy and it was speculated that the immune response 
associated with IL‑21 was not the driving factor for HBeAg 
seroconversion.

IL‑21 is a cytokine that is mainly secreted by activated 
CD4+ T cells and natural killer T cells. Previous studies 
have indicated that IL‑21 is able to promote the prolif‑
eration of HBcAg‑specific IFN‑γ+ CD8+ T cells, which is 
involved in the control of HBV replication (10,11,22). In 
addition, IL‑21 is able to directly or, via CXCR5+ CD4+ 
T cells (Tfh cells), indirectly contribute to the production 
of anti‑HBe by B cells, which is associated with HBeAg 
seroconversion (14,23,24). Earlier studies have suggested 
discrepancies in the correlation between serum IL‑21 levels 
and HBV DNA, HBeAg and ALT levels (11,12,15,22,25‑27). 
The present study indicated that the serum IL‑21 levels at 
baseline exhibited no correlation with serum HBV DNA 
or serum ALT levels. However, IL‑21 levels may exhibit a 
negative correlation with serum HBeAg levels (rs=‑0.386, 
P=0.062). These data support the notion that IL‑21 may 
have no direct involvement in the control of HBV replica‑
tion and liver inflammation, but they indicate the possibility 
that IL‑21 is associated with the immune response to HBV. 
Such a response may contribute to an HBeAg level decline 
and HBeAg seroconversion.

Serum IL‑21 levels were upregulated from baseline to 
week 36 of the salvage treatment, notably in the first 12 weeks 
of treatment. During this period, serum HBV‑DNA levels 

Table III. Univariate analysis of factors possibly associated with HBeAg‑decline.

Variable/treatment week	 ED (n=7)	 NED (n=17)	 P‑value

Age (years)a	 31.0 (28.4‑48.8)	 28.0 (23.6‑43.2)	 0.354
Male sex (n, %)b	 3 (42.9)	 12 (70.6)	 0.356
Initial antiviral therapy (ADV/LdT/ETV)b	 7/1/0	 15/1/1	 1.000
Salvage regimen (A/B/C)b,c	 1/2/4	 3/7/7	 0.840
HBV‑DNA (log10 IU/ml)d	 		
  0	 3.9 (3.6‑6.8)	 5.3 (4.1‑7.1)	 0.147
  12	 2.3 (1.5‑2.8)	 2.9 (1.3‑4.0)	 0.209
  24	 1.5 (1.3‑1.8)	 2.1 (1.3‑3.3)	 0.187
ALT (ULN)a	 		
  0	 1.4 (0.6‑2.7)	 0.8 (0.5‑2.6)	 0.619
  12	 1.1 (0.5‑2.2)	 0.8 (0.4‑1.5)	 0.349
  24	 0.9 (0.5‑1.4)	 0.6 (0.4‑0.8)	 0.087
Baseline HBeAg (log10 S/CO)a	 1.6 (0.04‑3.0)	 2.7 (0.9‑3.1)	 0.418
IL‑21 (pg/ml)d	 		
  0	 44.9±13.0	 52.6±11.6	 0.169
  12	 60.6±11.8	 55.7±11.0	 0.340
  24	 71.2±19.3	 63.0±15.1	 0.275
  12‑0e	 15.6±8.3	 3.1±13.2	 0.030

Values are expressed as the median and 10‑90% percentile or the mean ± standard deviation unless otherwise indicated. aMann‑Whitney U‑test. 
bChi square test. cSalvage regimens: A, ETV 1.0 mg daily; B, ETV 1.0 mg plus ADV 10 mg daily; C, ETV 0.5 mg plus ADV 10 mg daily. 
dIndependent‑samples t‑test. eThe difference value of the variable between week 12 and baseline. ED, patients with a decline in the serum level 
of HBeAg (log10S/CO) from baseline to week 104 by ≥50%; NED, patients with a decline in the serum level of HBeAg (log10S/CO) from 
baseline to week 104 by <50%. ALT, alanine aminotransferase; ULN, upper limit of normal; HBeAg, hepatitis B e antigen.
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declined significantly and serum ALT levels normalized in the 
majority of the study subjects. The upregulation of IL‑21 levels 
may suggest that the defective HBV‑specific immune response 
in patients with SOR is partially recovered. Following week 36, 
the immune response to HBV was gradually reduced, as the 
antiviral drugs further suppressed HBV replication, resulting 
in a gradual decrease of the IL‑21 concentration to the baseline 
levels.

Although the present study was the first to investigate 
the association between serum IL‑21 levels and treatment 
outcomes in a prospective cohort of patients with SOR, certain 
limitations should be highlighted. IL‑21 levels were only 
measured in serum extracted from the peripheral blood, which 
may not completely reflect IL‑21 levels and immune reactions 
in the liver. Future studies investigating IL‑21 levels in liver 
tissues are required. In addition, the sample size was small and 
additional studies with a larger number of subjects are required 
to confirm the present results. Finally, only a limited number 
of parameters were assessed and it was not possible to measure 
T‑cell specific immune responses to HBV. As the immune 
reaction to HBV involves complex interactions between vari‑
eties of immune cells and a broad range of cytokines, further 
studies should involve more cytokines associated with immune 
response. Furthermore, the studies should be conducted at the 
immune cellular level. The mechanism of the role of IL‑21 in 
the immune response to HBV requires further research.

In conclusion, serum IL‑21 levels at treatment week 12 
were associated with a decline in HBeAg levels at treatment 
week 104 in patients with SOR receiving antiviral treatment of 
ETV with or without ADV. Elevated serum levels of IL‑21 at 
treatment week 12 were an independent predictor for HBeAg 
decline at treatment week 104.
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