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ABSTRACT

Background: To investigate the association between interleukin-21 (IL-21) expression level and virological relapse (VR) of HBeAg posi-
tive chronic hepatitis B (CHB) after discontinuance of entecavir (ETV).

Methods: The serum IL-21 level of 112 CHB patients was measured at 0, 12, 24, 52, and 104 weeks after ETV discontinuance. ELISA was
used for the measurement of serum IL-21 level. VR was defined as two continuous examinations with an interval of 1 month with both
showing HBV DNA >10 000 copies/mL after drug discontinuance.

Results: The serum IL-21 levels at 0, 12, 24, 52, and 104 weeks after discontinuance of ETV were significantly higher in the durable viro-
logical remission (DVR) group than in the VR group (all P <.01). The area under the ROC curve (AUC) was 0.728 (95% Cl: 0.630-0.827,
P <.001), while the best cut-off value was 49.8 pg/mL. Multivariate Cox model showed that the factors affecting the relapse included
age, followed by HBsAg level at the serological conversion of HBeAg and serum IL-21 level (all P <.05).

Conclusion: Serum IL-21 level at ETV discontinuance is an independent risk factor for CHB relapse. IL-21 acts as an immunomodulatory

factor in maintaining DVR in HBeAg positive CHB patients after ETV discontinuance.
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INTRODUCTION

Hepatitis B, a major global health problem, is a life-
threatening liver infection caused by the hepatitis B
virus (HBV). It has been estimated that globally 2 billion
people are infected with HBV, among which 257 million
carry a chronic HBV infection. According to the statis-
tics, an approximate 0.65 million people die because of
HBV infection-induced liver failure, liver cirrhosis, and
hepatocellular carcinoma every year."? Currently, an anti-
viral therapy has shown to be effective for patients with
chronic hepatitis B (CHB); the therapy suppresses the
replication of HBV, inhibits the progression of liver dis-
ease, and reduces the incidence of decompensated liver
cirrhosis, liver failure, hepatocellular carcinoma, and other
complications.® Entecavir (ETV) is a novel deoxyguanosine
analog that has been recommended for the treatment of
CHB.*The advantages of ETV compared to other drugs are
the following: high virological response rate, high genetic
barrier effects, and low side-effects. Nevertheless, the
treatment of ETV is expensive. Currently, only some
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Chinese patients with CHB can afford this kind of ther-
apy, and the relatively long treatment duration often
leads to heavy mental stress and economic pressure to
the patients. Consequently, compliance to drug therapy
is relatively poor and voluntary or non-standard drug dis-
continuance occasionally occurs.® Achieving safe ETV dis-
continuance has become one of the hotspots, as well as a
challenge, to numerous researchers.

In 2012, the Asia-Pacific Consensus for the Diagnosis and
Treatment of Hepatitis B recommended that when using
nucleoside analogs for patients with CHB, drug discontin-
uance should be implemented after 12 months of consol-
idation therapy following HBeAg serological conversion
and attainment of HBV DNA values below the lower
limit of detection.® However, relapse could still occur in
some patients even if drug discontinuance is conducted
according to the recommendations.® The virological
relapse (VR) or hepatitis relapse could abrogate treatment
efficacy and lead to acute aggravation of the disease, and,
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in some severe cases, even death.” Unfortunately, the
understanding of the factors affecting the relapse after
ETV discontinuance is limited. The immune state could be
closely associated with the VR after ETV discontinuance;
yet, so far, only few studies have investigated the associa-
tion between immune response and VR.2°

Interleukin 21 (IL-21) is a multifunctional cytokine pro-
duced by the activated CD4* T cells, Thl7 cells, and fol-
licular helper T cells (TFH)."°'® Previous studies have
suggested that the relatively high serum IL-21 lev-
els might predict the serological conversion of HBeAg
approximately 12 weeks after treatment with telbivudine.
Compared with CHB patients, the patientsin the immuno-
control phase have significantly higher serum IL-21 level.
The count of CD4*IL-21*T cells is higher in patients with
serological conversion of HBeAg than in the ones without
serological conversion of HBeAg at 24 weeks of telbivu-
dine treatment, suggesting that IL-21 has an important
role in controlling HBV replication.'* Therefore, we spec-
ulated that serum IL-21 levels could be associated with
DVR after ETV discontinuance. Thus, the aim of this study
was to investigate the dynamic changes of IL-21 expres-
sion after ETV discontinuance in HBeAg positive CHB
patients, as well as the value of serum IL-21 in predicting
the relapse of CHB.

MATERIALS AND METHODS

Patients

A total of 112 HBeAg positive CHB patients (includ-
ing 74 males and 38 females) who were hospitalized or
admitted to the outpatient departments of the Wuxi
Fifth Affiliated Hospital of Jiangnan University, the First
Affiliated Hospital of Soochow University, and the Second
Affiliated Hospital of Nanchang University between
January 2009 and December 2011 were included in the
study. The mean age of the patients was 40.1 + 11.2 years.
The mean duration of antiviral treatment with ETV was
30.7 + 3.5 months (26-40 months). All the patients were
diagnosed based on the criteria for drug discontinuance
recommended by the Asia-Pacific Consensus for the
Diagnosis and Treatment of Hepatitis B: HBV DNA in the
HBeAg positive patients was <100 copies/mL, ALT levels
were normal, and the indicators were stable for at least
1 year after serological conversion of HBeAg.

The patients with one or more of the following character-
istics were excluded: (1) patients who had confirmed liver
cirrhosis by imaging, and/or Ishak fibrosis score of liver
biopsy >4-point before ETV treatment; (2) those with

history of resistance to any kind of nucleoside analogs;
(3) patients with history of relapse after drug discontinu-
ance; (4) if the disease was combined with hepatitis C,
autoimmune liver disease, cholestatic liver disease, malig-
nant tumor, or severe systemic disease; (5) pregnant
women; (6) those who were prescribed immunomodula-
tors over the last 6 months.

All the patients signed the informed consent from
the Ethics Committees of the corresponding hospi-
tal (WXFAH-No. 1125). The medical records of all the
patients were complete, and all the patients volunteered
to participate in the follow up.

Measurements and Data Collection

Liver functions, HBV DNA, serological markers of HBV,
and serum IL-21 levels were measured at 0, 12, 24, 52,
and 104 weeks after ETV discontinuance. Automatic
biochemical analyzer (7600, Hitachi) and the corre-
sponding reagents were used to analyze liver func-
tions. PCR-fluorescent probe method was used for the
measurement of HBV DNA. Serological markers of HBV
were analyzed with 1235 time-resolved fluorescence
immunoanalyzer. Chemiluminescence immune detec-
tion system of i2000 (Abbott, USA) and reagents from
Abbott were used for the quantification of HBsAg, with
a diagnostic range from 0.05 IU/mL to 250 IU/mL. When
the HBsAg level was >250 |U/mL, a special diluent was
used to dilute the sample 100-1000 times, and precise
quantitative tests were conducted. The Architect plat-
form (Abbott) was also used to quantify gHBeAg, with
a diagnostic range from 0.13 PEIU/mL to 100 PEIU/mL.
ELISA was used for the measurement of serum IL-21 level
(eBioscience, USA). Other cytokines of Th1 (IL-2, IFN-y,
TNF-a), Th2 (IL-4, IL-6, IL-10), and Th17 (IL-17A) were
examined using cytometric bead array (CBA) (Cat. #
560484 BD Pharmingen).

Virological response referred to serum HBV DNA
<100 copies/mL. Durable virological remission (DVR) was
defined as maintenance of HBV DNA level <10 000 cop-
ies/mL for more than 12 months after treatment discon-
tinuation. VR was defined as two continuous examinations
with an interval of 1 month, with both showing HBV DNA
>10 000 copies/mL after drug discontinuance in patients
with maintained virologic response.®

Statistical Analysis
SPSS 16.0 software (SPSS Inc., Chicago, IL, USA) was
used for the statistical analysis. Quantitative data were
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Table 1. Comparison of Baseline Characteristics Between VR and DVR

Variables Total (n =112) VR (n = 64) SVR (n = 48) P

Age (years), mean (SD) 401 +11.2 46.5+10.6 341+93 <.001
Sex, male/female, n 74/38 44/20 30/18 .689
ALT at ETV commencement (IU/L), mean (SD) 195.6 + 90.1 185.3+92.6 213.1+£98.6 .079
Total bilirubin (mg/dL), mean (SD) 22+05 23+0.6 21+05 74
HBV DNA at ETV commencement (log10 copies/mL), mean (SD) 6.5+10 6.9+16 6.2+0.9 .012
HBV genotype (B/C) 66/46 34/30 32/16 A77
Baseline HBsAg at ETV commencement (log10 IU/mL), mean (SD) 3.8+0.7 39+038 3.6+0.6 314
Time of virological response (weeks) 20.6+9.4 229+10.4 18.8+8.8 .059
Course of treatment (months) 30.7+35 30.1+4A1 31.8+3.9 108

VR, virologic relapse; DVR, durable virologic remission; SD, standard deviation; ALT, alanine aminotransferase; ETV, entecavir; HBV, hepatitis B virus; HBsAg,

hepatitis B surface antigen.

described with means + standard divisions, and com-
pared with t-test. x2 was used for the comparisons of
rates between the two groups. For the patients with
HBV DNA lower than the detection limit, 2.0 Ig IU/mL
was used for the analysis. For the patients with relapse,
the results measured at each follow up were used for
the analysis. Cox model was adopted to investigate the
associations between the factors and relapse. Receiver
operating characteristic (ROC) curve was used to assess
the value of IL-21 in predicting relapse after discontinu-
ance of ETV. All the statistical analyses were two-sided,
and P < .05 was considered statistically significant.

RESULTS

General Clinical Data

In this study, 112 non-cirrhotic patients were included
by imaging and/or Ishak fibrosis score <4-point before
ETV treatment or at ETV cessation. The course of ETV
treatment in these patients lasted for 26-36 months
(average, 30.7 £ 3.5 months)."® The observation period
after ETV cessation was 104 weeks. The mean age
of VR and sustained virological response (SVR) was
46.5 + 10.6 years and 34.1 + 9.3 years, respectively; the
difference in age was statistically significant (P < .001).
The HBV relapse rates at <12 weeks, 13-24 weeks,
25-36 weeks, 37-52 weeks, and 52-104 weeks were
71% (8/112), 241% (27/112), 11.7% (13/112), 5.4%
(6/112), and 9.9% (10/112), respectively. The cumu-
lative rate of VR rate was 48.2% (54/112) and 57.1%
(64/112) at 52 weeks and 104 weeks after ETV discon-
tinuance, respectively. While HBsAg disappearance was
found in one patient, for the patients with relapse, ETV
treatment was conducted again, and the follow up was
stopped. However, all patients were followed up during

regular anti-viral therapy. The baseline age and HBV
DNA were significantly different between the VR and
SVR groups (both P < .05, Table 1). In contrast, sex, ALT,
genotype, time of virological response, and treatment
duration were not significantly different between the
two groups (all P > .05, Table 1). The baseline character-
istics of the relapsers VR and SVR are shown in Table 1.

Serum IL-21 Level at ETV Discontinuance Was
Associated With Relapse

As shown in Figure 1, at ETV discontinuance, higher
serum IL-21 levels were observed in the DVR group
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Figure 1. The cytokine levels of Th1 (IL-2, IFN-y, TNF-a)/Th2 (IL-4,

IL-8, IL-10)/Th17 (IL-17A) and level of IL-21 at the end of ETV
treatment. ETV, entecavir.
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Figure 2. Area under the receiver operating characteristic curve of IL-21 level at the end of ETV treatment. IL-21, interleukin-21;
ETV, entecavir.

compared to the VR group (DVR: 61.8 + 12.8 pg/mL;
VR: 46.1.2 £ 10.8 pg/mL, P < .001). The ROC curve was
plotted using the serum IL-21 level of 112 patients
at ETV discontinuance, and the area under the ROC
curve (AUC) was 0.728 (95% CI: 0.630-0.827, P < .001,
Figure 2). The best cut-off value was 49.8 pg/mL, which
resultedin asensitivity of 77.9% and specificity of 68.2%.
Moreover, the rate of VR was 30.2% (19/63) and 91.8%
(45/49) for the patients with IL-21 >49.8 pg/mL and
<49.8 pg/mL at drug discontinuance, respectively, and
the difference was statistically significant (x2 = 11.548,
P =.001).

Our previous studies have shown that age is an inde-
pendent predictive factor for relapse after drug dis-
continuance.” In this study, the patients were divided
into 3 subgroups according to age and IL-21 levels that
were measured after drug discontinuance: group A, age
<50vyearsandIL-21>49.8 pg/mL; group B, age <50 years
and IL-21 <49.8 pg/mL; and group C, age >50 years, and
IL-21 >49.8 pg/mL or <49.8 pg/mL. The rate of VR in
these three subgroups was 17.1% (6/35), 68.6% (35/51),
and 88.5% (23/26), respectively; and the difference
was statistically significant (P < .001). Further analysis

showed that the VR rate in group A was significantly
different from groups B and C (P < .001), while the VR
rates in groups C and B were not significantly different
(P=.092).

The Cytokines Level of Th1/Th2/Th17 at the End of

ETV Treatment

As shown in Figure 1, at ETV discontinuance, the serum
levels of IFN-y (Th1) in SVR patients were significantly
higher than those in VR patients (P < .05, Figure 1). The
serum levels of IL-10 (Th2) in SVR patients were signifi-
cantly lower than that in VR patients (P < .05, Figure 1). The
comparison of serum levels of IL-17A (Th17) between the
two groups was without significance (P > .005, Figure 1).

Multivariate Cox Model Analysis

First, single-variate analysis was conducted for age, sex,
baseline ALT, baseline HBV DNA, HBV genotype, time of
virologic response, HBsAg level at the serological conver-
sion of HBeAg, and HBsAg level at ETV discontinuance.
The variables with statistical significances, namely age,
baseline HBV DNA, HBsAg level at the serological conver-
sion of HBeAg, HBsAg level at ETV discontinuance, and
serum IL-21 level at ETV discontinuance, and IFN-y and
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Table 2. Factors Predictive of Post-Treatment HBV Relapse for 112 Patients

Univariate Analysis

Multivariate Analysis

Factors HR 95% Cl P HR 95% Cl P

Age (years) 1.051 1.030-1.072 <.001 1.031 1.008-1.055 .008
HBV DNA at ETV commencement (log10 copies/mL) 1.339 1.069-1.677 .01 1.133 0.909-1.414 .266
HBsAg level at e antigen seroconversion (log IU/mL) 2.801 1.892-4.148 <.001 2.034 1.315-3.174 .001
HBsAg level at ETV cessation (log 1U/mL) 2.342 1.548-3.542 <.001 1.692 1.046-2.737 .032
IFN-y level at ETV cessation (pg/mL) 0.471 0.272-0.811 .008 0.799 0.481-1.326 .384
IL-10 level at ETV cessation (pg/mL) 1.835 1.196-2.823 .006 1197 0.791-1.811 .396
IL-21 level at ETV cessation (pg/mL) 0.946 0.924-0.969 <.001 0.974 0.951-0.998 .036

HBYV, hepatitis B virus; HR, hazard ratio; Cl, confidence interval; ALT, alanine aminotransferase; ETV, entecavir; HBsAg, hepatitis B surface antigen; HBeAg,

hepatitis B e antigen; IL-21, interleukin-21.

IL-10 level at ETV discontinuance were included in the
multivariate Cox model for further analyses. The results
showed that the factors affecting the relapse after ETV
discontinuance included HBsAg level at serological con-
version of HBeAg (P = .001), followed by age (P = .008),
HBsAg level at ETV cessation (P = .032), and serum
IL-21 levels (P =.036) (Table 2).
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Changes of ALT, HBV DNA, HBsAg, and HBeAg

Levels After ETV Discontinuance

The ALT, HBV DNA, and HBeAg level at 12, 24, 52, and
104 weeks after ETV discontinuance in the VR group all
increased significantly, compared with the levels before
ETV discontinuance (0 week) (all P < .001, Figure 3A-C).
The HBsAg levels after ETV discontinuance also showed
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Figure 3. ALT, HBeAg, HBV DNA, and HBsAg levels at different timepoints after ETV cessation (weeks). VR, virological relapse; DVR, durable
virologic remission; ALT, alanine aminotransferase; HBsAg, hepatitis B surface antigen; HBeAg, hepatitis B e antigen; ETV, entecavir.
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an increasing tendency, and the level at 104 weeks after
ETV discontinuance was also significantly higher than
O week (P <.001, Figure 3D). Moreover, the ALT, HBV DNA,
HBsAg, and HBeAg levels at 12, 24, 52, and 104 weeks
after ETV discontinuance in the DVR group were rela-
tively stable and were not significantly different com-
pared with the levels at 0 week (all P > .05, Figure 3A-C).
The ALT level, HBV DNA level, and HBeAg level at 12, 24,
52, and 104 weeks after ETV discontinuance were all
different between the DVR and VR groups (all P < .001,
Figure 3A-C). In addition, the HBsAg levels at 0, 12, 24,
52, and 104 weeks after ETV discontinuance were also
significantly different between the DVR group and VR
group (all P < .01, Figure 3D).

Patients with DVR After ETV Discontinuance Had
Higher Serum IL-21 Levels

At 0,12,24,52,and 104 weeks after ETV discontinuance,
significantly higher levels of serum IL-21 were found in
the DVR group compared to the VR group; nevertheless,
the serum IL-21 levels at different timepoints of follow up
were not significantly different from the baseline level (all
P> .05, Figure 4).

Association Between Serum IL-21 and HBsAg Levels
After ETV Discontinuance

The total serum IL-21 level was not significantly associ-
ated with the titer of serum HBsAg after EVT discontinu-
ance (r = —0.051, P = .356). However, for the patients in
the DVR group, serum IL-21 remained at relatively high
levels, while serum HBsAg titer remained at relatively low
levels during the follow up. The serum IL-21 level was
negatively associated with the titer of serum HBsAg in
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Figure 4. The level of serum IL-21 at timepoints after ETV
cessation (weeks). *Comparison of IL-21 level between the DVR
group and VR group at 0,12, 24, 52 and 104 week after ETV
cessation. ETV, entecavir.

the DVR group (r = —0.253, P < .001; Figure 5A). In con-
trast, positive association between these two factors was
found in the VR group (r = 0.291, P <.001; Figure 5B).

DISCUSSION

At present, cessation of nucleoside (nucleotide) analog
attracts people’s attention. When medication is discontin-
ued according to the recommendation of APASL, relapse
would occur in some patients clinically. In the studies of
Song et al,, the maintenance rate of virological response
after the discontinuation of ETV and clevudine ther-
apy in HBeAg-positive patients reaches 41.6%,', and
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Figure 5. The correlation between serum IL-21 and HBsAg after ETV cessation. (A) The correlation between serum IL-21 and HBsAg after
ETV cessation in the DVR group. (B) The correlation between serum IL-21 and HBsAg after ETV cessation in the VR group. DVR, durable
virologic remission; HBsAg, hepatitis B surface antigen; ETV, entecavir.
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Ridruejo et al. reported a 26% VR rate in HBeAg-positive
patients at a median of 48 weeks after the cessation of
ETV treatment." Our study showed that relapse rate in
HBeAg-positive patients was 48.2% (54/112) and 57.1%
(64/112) at 52 weeks and 104 weeks after ETV discontinu-
ance, respectively. Relapse rate of 62.5% (40/54) occurred
12-36 weeks after ETV cessation. Therefore, we hold that
it is necessary to monitor HBV DNA levels closely (within
36 weeks in particular) after ETV cessation to predict and
detect VR in a timely manner.'®

Previous studies have demonstrated that IL-21 is a type |
cytokine with potential immunomodulatory effects. The
specific binding of IL-21 to the receptors could mediate
various biological immune responses, and in turn, affect
the B and T cells at different phases via different effec-
tor cells in the immune network.'®2° In vitro studies have
shown that IL-21 could directly inhibit HBV replication, as
well as indirectly inhibit HBV replication via the suppres-
sion of IL-10."%2" In the peripheral blood of the patients
with acute HBV infection, the level of IL-21 increases. This
increase has shown to be closely associated with the neg-
ative conversion of HBsAg, which further suggests that
IL-21 participates in the eradication of HBV.22 In addition,
the high expression of IL-21 before anti-viral treatment
predicts virological responses at an earlier time in CHB
patients. Furthermore, in patients with acute attack of
chronic HBV infection, the IL-21 levels in peripheral blood
also increase, which further promotes the seroconversion
of HBeAg, and in turn the virological control.?® Recent
studies have shown that the IL-21 produced by CD4* T
lymphocytes has important effects on maintaining the
functions of CD8* T lymphocytes. IL-21 could enhance
the responses of CD8* T lymphocytes during the pro-
cesses of chronic viral infection and thus is essential in
the chronicity of the infection.?4? In the present study,
we found that the serum IL-21 levels at ETV discontinu-
ance were significantly higher in DVR patients than in the
VR group. In addition, the serum IL-21 levels at ETV dis-
continuance were negatively associated with HBsAg lev-
els. Moreover, both single and multivariate Cox regression
showed that IL-21 levels at ETV discontinuance were
associated with VR after ETV discontinuance, suggest-
ing that IL-21 level was an independent predictive factor
for relapse after ETV discontinuance. We found that the
AUC under ROC was 0.728. In addition, we found that the
rate of VR in patients with the IL-21 at ETV discontinu-
ance >49.8 pg/mL was 30.2% (19/63), while it was only
17.1% (6/35) in patients with the IL-21 at ETV discon-
tinuance >49.8 pg/mL and age <50 years. In contrast, the
rate of VR was 88.5% (23/26) in patients over >50 years

old, regardless of the IL-21 levels at ETV discontinuance.
The rate of VR was also very high (68.6% (35/51)) in
patients with IL-21 at ETV discontinuance <49.8 pg/mL
and age <50 years. To sum up, our data suggest that anti-
viral treatments should be continued for such patients.
However, there are many factors that affect the recur-
rence of ETV. IL-21 is only one of the effective factors
to predict recurrence. The sensitivity, specificity, and
the AUC of IL-21 as a single factor to predict recurrence
are not high. Whether combining hepatitis B core-asso-
ciated antigen (HBcAg), HBV RNA, and other factors
can improve the predictive value remains to be further
studied.

After HBV infection, IL-21 has various roles in the
different phases of disease progression.??2526 The
specific cytotoxic CD8* T lymphocytes could be effec-
tively restored after anti-viral treatment or in the
immune control phase. The stable and high expres-
sion of IL-21 could promote the secretion of effec-
tor molecules of CD8* T lymphocytes, thus enhancing
the responses and maintaining the killing functions
of CD8* T lymphocytes during HBV infection, which
are important for maintaining the immunocontrol
and eradication of the virus.?22> Our data showed that
serum IL-21 levels after ETV discontinuance tended to
increase in the DVR group, while they slightly decreased
in the VR group. In addition, the serum IL-21 levels in
the DVR group were all significantly higher than in the
VR group at all the follow ups after ETV discontinuance.
These findings showed that after ETV discontinuance,
IL-21 may promote the immune control of HBV, thus
maintaining stable and high levels of serum IL-21, which
is important for maintaining the virological response
after ETV discontinuance. In addition, the IL-21 levels
were negatively associated with HBsAg levels in the
DVR group, but positively associated with HBsAg levels
in the VR group. The associations between IL-21 levels
and HBsAg levels were different in the two groups, and
its specific mechanism was not clear ,which needs to be
confirmed by further research.?”

This study has a few limitations. First, ours is a retrospec-
tively observational study and our findings come from a
small number of 112 patients; therefore, any new find-
ing such as the association of the best cut-off value of
IL-21 with the probability of VR after discontinuance of
ETV needs to be confirmed in additional larger studies.
Second, this study did not determine whether a different
duration of prolonged consolidation therapy would influ-
ence the relapse rate. Third, the follow-up time after ETV
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discontinuance was relatively short, and thus more stud-
ies with longer follow-up time are needed to further verify
the association between IL-21 levels and disease relapse
after ETV discontinuance.

In summary, the IL-21 levels at ETV discontinuance are
associated with disease relapse in HBeAg positive CHB
patients after ETV discontinuance. In patients with DVR,
the serum IL-21 is maintained at high levels and is posi-
tively associated with the serum HBsAg levels, which
suggests that it has an important role in the immune
control of HBeAg positive CHB patients after ETV
discontinuance.
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