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ABSTRACT
Aim. We sought to clarify the associations between serum cytokines and chemokines,
hepatitis B surface antigen (HBsAg), HB core-related antigen (HBcrAg), and hepatitis B
virus (HBV) DNA and response to entecavir therapy in chronic hepatitis B.
Methods. We analyzed 6 cytokines (IL-2, IL-6, IL-10, IL-12p70, IL-21, and IL-22) and 5
chemokines (CCL2, CCL3, CXCL9, CXCL10, and CXCL11) before and at 6, 12, and 24
months during entecavir therapy in 48 chronic hepatitis B patients. Quantitative
measurement of HBsAg, HBcrAg, and HBV DNA was performed. A virological response
(VR) was defined as serum HBV DNA < 2.1 log copies/mL by treatment month 24.
Results. Thirty-nine patients (81%) achieved a VR. Serum IL-6 (P =0.031), CXCL-9 (P =
0.002), and CXCL-10 (P = 0.001) were high in chronic HBV and correlated positively with
transaminases and bilirubin. Before treatment, elevated IL-22 (P = 0.031) and lower
HBsAg (P = 0.001) and HBcrAg (P < 0.001), but not HBV DNA, were associated with a
favorable treatment outcome. In multivariate analysis, high IL-22 (hazard ratio = 13.67, P
= 0.046) and low HBcrAg (hazard ratio = 10.88, P = 0.048) were independently
associated with a VR. The levels of IL-22 (P < 0.001), HBsAg (P < 0.001), and HBcrAg
(P < 0.001) all decreased from baseline to 24 months of treatment in virological
responders.
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Conclusions. Serum IL-22 and HBcrAg are predictive markers of a VR to entecavir
therapy in patients with chronic hepatitis B.
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Introduction
Hepatitis B virus (HBV) infection is the primary cause of cirrhosis and
hepatocellular carcinoma (HCC) and is one of the major causes of death globally

1, 2.

Since high plasma HBV DNA concentrations and quantitative hepatitis B surface antigen
(HBsAg) levels are associated with progression to cirrhosis and development of HCC 3, 4,
viral suppression by means of nucleos(t)ide analogue therapy has shown clinical
benefits via a reduction in hepatic decompensation and lower HCC rates 5-7.
Cytokines and chemokines are involved in cell-mediated and humoral immune
responses as well as in antiviral activity, viral clearance, apoptosis, and fibrogenesis. As
the control of cytokine production is highly complex and their effects widespread
throughout multiple regulatory networks, it would seem that screening for multiple
biomarkers may best clarify the immunopathogenesis of this disease and predict
responses to antiviral therapy. Our previous studies have shown that several cytokines
and chemokines are associated with treatment outcome in patients with chronic hepatitis
C using bead-based multiplex immunoassays

8-10.

Although other reports have

demonstrated an association between individual cytokines and clinical outcome in
subjects with HBV,11-18 the relationship between multiple cytokines and chemokines and
response to nucleos(t)ide analogue therapy in chronic hepatitis B patients has not yet
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been examined in the Japanese population.
The objective of this study is to determine which cytokines and chemokines in
chronic hepatitis B are related to the clinical and virologic characteristics of hepatitis and
how they affect the HBV response to entecavir (ETV) treatment.

Methods
Subjects.
We enrolled 48 consecutive patients with chronic hepatitis B in this study. All
patients were treatment naïve at the time of commencing ETV at a daily dose of 0.5 mg
for a duration of at least 24 months. Clinical and laboratory data of the patients were
analyzed at baseline and at months 6, 12, and 24 of therapy. Chronic hepatitis B was
based on HBsAg positivity for at least 6 months. No patients had a history of organ
transplantation,

decompensated

cirrhosis,

HCC,

or

the

concurrent

use

of

immunomodulatory drugs or corticosteroids. Patients who were coinfected with the
hepatitis C virus or who exhibited evidence of other liver diseases, such as primary
biliary cirrhosis, autoimmune hepatitis, alcoholic liver disease, and non-alcoholic liver
disease, were excluded from this study. A group of 10 healthy individuals with hepatitis
B- and C-negative serology and normal transaminase levels was used as the control. All
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patients and subjects were negative for antibodies to the human immunodeficiency virus
type 1. The protocol of this study was approved by the ethics committee of Shinshu
University School of Medicine. All patients provided written informed consent.

Laboratory Testing.
HBsAg, hepatitis B e antigen (HBeAg), anti-HBe, anti-HCV, and anti-HIV-1 were
determined using commercially available enzyme immunoassay kits (Abbott Japan,
Tokyo, Japan)

19.

Serum levels of HBV DNA were quantified using the COBAS TaqMan

HBV Test v2.0 (Roche Diagnostics, Tokyo, Japan) that had a dynamic range of 2.1 to 9.0
log copies/mL. Quantitative measurement of HBsAg was performed using an HISCL®
HBsAg assay based on the chemiluminescence enzyme immunoassay (CLEIA)
(Sysmex Co. Ltd., Kobe, Japan) which had a quantitative range of -1.5 to 3.3 log IU/mL.
End titer was determined by diluting samples with normal human serum when initial
results exceeded the upper limit of the assay range. Serum HB core-related antigen
(HBcrAg) levels were measured using a CLEIA-based HBcrAg assay kit with a fully
automated Lumipulse System analyzer (Fujirebio Inc., Tokyo, Japan). We expressed
HBcrAg level in terms of log U/mL with a quantitative range set at 3.0 to 6.8 log U/mL.
HBV genotypes were determined using commercially available ELISA kits (HBV
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GENOTYPE EIA; Institute of Immunology). Serum alanine aminotransferase (ALT),
aspartate aminotransferase (AST), and other relevant biochemical tests were performed
using standard methods 20.

Definitions.
A virological response (VR) was defined as an HBV DNA level that was
undetectable by real-time PCR (< 2.1 copies/mL) at 24 months. A virological
breakthrough was defined as an increase in HBV DNA level by ≥ 1 log copies/mL above
nadir while on treatment following an initial decline to ≥ 2 log copies/mL.

Detection of Cytokines and Chemokines.
Six cytokines (IL-2, IL-6, IL-10, IL-12p70, IL-21, and IL-22) and 5 chemokines
(CCL2/MCP-1, CCL3/MIP-1α, CXCL9/MIG, CXCL10/IP-10, and CXCL11/I-TAC) were
quantified using Luminex® Multiplex Cytokine Kits (Procarta Cytokine assay kit) for
serum samples obtained before the start of treatment and at weeks 24, 48, and 96 as
reported previously
earlier reports

8, 9.

11-16, 18.

These markers had been implicated in HBV pathogenesis in
All collected samples were immediately stored at -70°C and

remained in storage until testing.
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Statistical Analysis.
The Mann-Whitney U test and Kruskal-Wallis test were used to analyze
continuous variables where appropriate. The Friedman test was employed to evaluate
changes in serum cytokine levels over time. Spearman’s rank order correlations were
adopted to evaluate the relationship between pairs of markers. The chi-square test with
Yate’s correction was used for the analysis of categorical data. In cases where the
number of subjects was less than 5, we employed Fisher’s exact test. A P value of < 0.05
was considered statistically significant. To predict treatment outcome, cutoff points for
continuous variables were decided by receiver-operating characteristic (ROC) curve
analysis with Youden’s index. Factors attaining a P value of < 0.1 in univariate analysis
were evaluated by multivariate analysis using a stepwise logistic regression model.
These included age, HBe positivity, platelets, and levels of HBsAg, HBcrAg, HBV DNA,
and IL-22 before treatment. Statistical analyses were carried out using SPSS software
version 21.0J (IBM Japan Inc., Tokyo, Japan).

Results
Baseline Clinical Characteristics of Patients.
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The clinical profile of the experimental patient cohort is shown in Table 1. Among
our 48 patients with chronic hepatitis, 39 (81%) achieved a VR at 24 months. A VR was
attained in 11 of 20 HBeAg-positive patients (55%) and in all 28 HBeAg-negative patients
(100%). One patient (5%) demonstrated HBeAg seroclearance through to month 24, but
did not attain HBeAg seroconversion. No patient experienced a virological breakthrough.
The median age of patients achieving a VR was significantly higher than that of
patients who did not (55 vs. 37 years; P = 0.031) (Table 1). In contrast, viral responders
had significantly lower median HBsAg (3.3 vs. 3.9 log IU/mL; P = 0.001) and HBcrAg (5.0
vs. 6.8 log U/mL; P < 0.001) levels than non-responders. We found no significant
differences between patient groups with regard to sex, HBV genotype, or albumin, AST,
ALT, bilirubin, or platelet levels. When stratified by HBeAg positivity, HBsAg level only
was significantly associated with a VR (3.2 vs. 3.9 log IU/mL; P = 0.003). When we
compared HBeAg-positive and -negative patients, median HBV DNA and HBcrAg levels,
but not HBsAg, were significantly higher in HBeAg-positive patients (Supplementary
Table 1).

Detection and Quantification of Serum Markers in Patients with Chronic Hepatitis
B and Controls.
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Serum samples obtained prior to ETV therapy were examined for the presence
of 6 cytokines and 5 chemokines by multiplex assays. As shown in Table 2, the median
baseline serum concentrations of IL-6 (6.5 vs. 5.8 pg/mL; P = 0.031) and 3 chemokines
(CCL2 [39.3 vs. 31.5 pg/mL; P = 0.022], CXCL9 [329.2 vs. 127.8 pg/mL; P = 0.002], and
CXCL10 [217.1 vs. 58.7 pg/mL; P = 0.001]) were significantly higher in patients with
chronic hepatitis B than in healthy controls. When we sub-divided patients into
HBeAg-positive or anti-HBe-positive groups, no significant differences in the median
concentrations

of

any

cytokine

or

chemokine

were

seen,

including

IL-22

(Supplementary Table 1).

Effect of Entecavir Therapy on Serum Cytokine Levels.
The median levels of serum cytokines and chemokines in our cohort are shown
in Table 3. Among our patients, the median baseline serum IL-22 concentration was
significantly higher in virological responders than in non-responders (35.3 vs. 27.8
pg/mL; P = 0.031) (Figure 1A). No other cytokines or chemokines were associated with
a VR. When stratified by HBeAg positivity, serum IL-22 and IL-6 levels in the VR group
were significantly higher than those in the non-VR group (35.3 vs. 31.2 pg/mL; P = 0.046
and 6.9 vs. 6.1 pg/mL; P = 0.031, respectively).
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Several clinical findings (HBV DNA, HBsAg, HBcrAg, albumin, AST, ALT, bilirubin,
and platelet) at baseline were examined for their correlation with serum cytokines or
chemokines in patients with chronic hepatitis B. Serum IL-6, CXCL9, CXCL10, and
CXCL11 were all positively correlated with values for AST, ALT, and bilirubin, but were
negatively correlated with serum HBsAg (Table 4). CXCL9, CXCL10, and CXCL11 were
also significantly correlated with each other (data not shown). There was a negative
correlation between HBsAg and AST, ALT, and bilirubin (data not shown).

Prediction of Viral Response in Patients with Chronic Hepatitis B.
We performed ROC curve analysis to determine the optimal cutoff values for
serum IL-22, HBsAg, and HBcrAg in predicting a VR for chronic HBV infection with the
values obtained from the 39 patients who achieved a VR and the 9 who did not. The
selection of optimal cutoff point values was based on the IL-22, HBsAg, and HBcrAg
levels at which accuracy was maximal. Optimal cutoff value, sensitivity, specificity,
positive predictive value, negative predictive value, and calculated area under the curve
(AUC) for each parameter are listed in Table 5. The AUC values were consistently high
and ranged between 0.731 (IL-22) and 0.858 (HBcrAg).
Several factors found in association with a VR to ETV therapy were evaluated for
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their independence by multivariate analysis. We determined that IL-22 ≥ 27.8 pg/mL
(hazard ratio: 13.67 [95% confidence interval (CI) 1.05-178.11], P = 0.046) and HBcrAg ≤
5.7 log U/mL (hazard ratio: 10.88 [95% CI 1.02-115.44], P = 0.048) were independent
factors related to a VR. HBsAg did not have a significant independent association in this
study (P = 0.071).

Serum Cytokine and Chemokine Changes during Treatment.
Longitudinal analysis of IL-22, HBsAg, and HBcrAg levels was carried out at 6,
12, and 24 months after the initiation of therapy and showed significant gradual
reductions in IL-22 (P < 0.001, Friedman test), HBsAg (P < 0.001), and HBcrAg (P <
0.001) in samples collected from patients who achieved a VR (Figure 1 A, B, and C).
We noted a higher median serum IL-22 concentration at month 6 in the VR group than in
the non-VR group (P = 0.012), and there were significant differences at each time point
for HBsAg (6 months; P = 0.002, 12 months; P = 0.006, and 24 months; P = 0.004) and
HBcrAg (6 months; P < 0.001, 12 months; P < 0.001, and 24 months; P < 0.001)
between responders and non-responders.

Discussion
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In the present study, we measured the levels of 6 cytokines and 5 chemokines in
patients with chronic hepatitis B and analyzed their association with ETV therapy
outcome using a bead-array multiplex immunoassay system. Four of our observations
are noteworthy and require further comment. First, serum IL-6, CCL2, CXCL9, and
CXCL10 concentrations were higher in patients with chronic hepatitis B than in healthy
subjects. Second, serum IL-22 concentration before treatment was significantly higher in
patients achieving a VR to ETV therapy. In contrast, responders had lower serum levels
of HBsAg and HBcrAg at baseline. Third, IL-22, HBsAg, and HBcrAg decreased during
treatment and remained low in patients with a VR. Fourth, serum IL-6, CXCL9, CXCL10,
and CXCL11 were positively correlated with serum values of AST, ALT, and bilirubin, but
were negatively correlated with HBsAg.
IL-6 is a well-recognized multifunctional cytokine that may reflect more active
hepatic necro-inflammation and be associated with chronic HBV infection severity. As in
previous studies 18, 21, serum IL-6 was significantly higher in the HBV-infected group than
in healthy controls and was positively correlated with such clinical parameters as
transaminases and bilirubin. Hence, our data support that IL-6 is strongly associated with
the severity of liver diseases.
CXCL9, CXCL10, and CXCL11 appear to be particularly important in chronic
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hepatitis C virus infection by promoting the development of intrahepatic inflammation that
leads to fibrogenesis

22, 23.

These chemokines are also significantly elevated in patients

with necro-inflammatory activity of acute and chronic hepatitis C

24, 25.

In our study,

serum CXCL9 and CXCL10 were higher in patients with chronic HBV infection than in
healthy individuals, which was in agreement with a previous report

12.

Moreover, the

serum CXCR3-associated chemokines CXCL9, CXCL10, and CXCL11 were all well
correlated with serum values of AST, ALT, and bilirubin. Since we observed a significant
correlation

between

these

chemokines and

IL-6,

our findings

suggest

that

CXCR3-associated chemokines may too contribute to necro-inflammatory activity in
chronic HBV infection. However, there were insufficient histological data in our study to
assess whether IL-6 and CXCR3-associated chemokines were correlated with degree of
fibrosis, in addition to a lack of biochemical evidence of inflammation. We furthermore
showed a striking negative association between HBsAg concentration and levels of IL-6
and CXCR3-associated chemokines. As HBsAg was also negatively correlated with
transaminases and bilirubin, this HBsAg decline might be linked to increased
immunological activity.
Interestingly, this study demonstrated a beneficial role of IL-22 in achieving a VR
during ETV therapy. IL-22 is an IL-10 family cytokine that is important for the modulation
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of tissue responses during inflammation and is expressed by many types of lymphocytes
of both the innate and adaptive immune systems, most notably T helper 17 cells, γδ T
cells, natural killer cells, and lymphoid tissue inducer-like cells. The IL-22 receptor is
highly expressed on hepatocytes

26, 27.

At present, several studies support a protective

role of IL-22 in the prevention of hepatocellular damage, although there is evidence
indicating dual protective and pathogenic roles for this cytokine in the liver

17, 28-30.

Some

groups have examined the association between IL-22 and liver fibrosis in humans and
mice

31, 32.

In one report, tumor-infiltrating lymphocytes in HCC exhibited elevated IL-22

expression, and these IL-22+ lymphocytes promoted tumor growth and metastasis in
mice 33. Although human patients with chronic hepatitis B show increased percentages of
T helper 17 cells in the peripheral blood and liver and an increased concentration of
IL-22 in the serum

14, 34,

there have been no reports on treatment outcome in patients

with chronic HBV infection during ETV therapy. In our study, IL-22 levels decreased over
time in both the VR and non-VR groups, but they were consistently higher in the VR
group. This difference in IL-22 levels between the two groups further supports the
possibility that IL-22 may be important for the activation of immune cells that contribute to
viral control. When stratified by HBe positivity, although IL-22 was still significantly
associated with a VR, the number of patients was only 20 in this study. Further research
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is needed to clarify the association between IL-22 and treatment response.
Lastly, we uncovered that lower baseline serum HBsAg and HBcrAg levels were
associated with a VR. HBcrAg assays measure serum levels of HB core, e, and 22-kDa
precore antigens simultaneously using monoclonal antibodies that recognize the
common epitopes of these three denatured antigens

35.

Since this assay measures all

antigens transcribed from the precore/core gene, it is regarded as core-related

36.

The

AUC values for baseline HBsAg and HBcrAg levels were high at 0.838 and 0.858,
respectively. Several studies have shown that HBsAg is useful for the management of
ETV therapy 37, 38, whereby an HBsAg decline is most profound in patients losing HBeAg
detectability during treatment

39.

HBeAg positivity was also significantly associated with

treatment outcome in the present study. However, since HBcrAg, but not HBsAg or
HBeAg, was an independent factor related to a VR in multivariate analysis, our results
indicated that serum HBcrAg quantitation may offer clinicians a new tool in predicting
treatment outcome in HBV infection. Further investigation of large cohorts must be done
to validate the significance of our findings.
With a VR at 12 months established as a parameter, 38 patients (79%)
achieved this event. Serum IL-22, HBsAg, and HBcrAg levels were all still significantly
associated with a VR at 12 months. AUC values were as high as between 0.737 (IL-22)
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and 0.878 (HBcrAg). Furthermore, ALT normalization was achieved in 40 (83%) and 42
(88%) patients at 12 and 24 months, respectively. Although lower median pretreatment
levels of HBsAg and HBcrAg were significantly associated with ALT normalization, there
was no such statistically significant relation for IL-22 (data not shown).
In summary, a cytokine (IL-6) and several chemokines (CCL2, CXCL9, and
CXCL10) were seen to be elevated in patients with chronic hepatitis B. Our results
indicate that serum IL-6 and CXCR3-associated chemokines are correlated with liver
injury, serum IL-22 is a useful biomarker for predicting a VR to ETV therapy, and a lower
level of serum HBcrAg is related to a favorable response to antiviral therapy.
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Figure Legend

Figure 1. Comparison of Serum (A) IL-22, (B) HBsAg, and (C) HBcrAg Levels
during Entecavir Therapy in the VR (n = 39) and non-VR (n = 9) Groups.
Boxes represent the interquartile range of the data. The lines across the boxes indicate
the median values. The harsh marks above and below the boxes indicate the 90 th and
10th percentiles for each group, respectively.
IL, interleukin; HBsAg, hepatitis B surface antigen; HBcrAg, hepatitis core-related
antigen; VR, virological response.
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Table 1. Demographic and Clinical Characteristics of 48 Patients with Chronic
Hepatitis B
Total

VR (+)

VR (-)

n = 48

n = 39

n=9

Age, years

55 (24-81)

55 (24-81)

37 (26-67)

0.031

Male, n (%)

33 (69)

29 (74)

4 (44)

0.18

HBeAg-positive, n (%)

20 (42)

11 (28)

9 (100)

<0.001

HBV genotype C, n (%)

45 (94)

37 (95)

8 (89)

1.00

HBV DNA (log copies/mL)

6.6 (2.7->9.1)

6.4 (2.7->9.1)

8.0 (3.9->9.1)

0.06

HBsAg (log IU/mL)

3.4 (-1.2-4.5)

3.3 (-1.2-4.3)

3.9 (3.3-4.5)

0.001

HBcrAg (log U/mL)

5.2 (3.0-6.8)

5.0 (3.0-6.8)

6.8 (5.4-6.8)

<0.001

Albumin (mg/dL)

4.2 (2.3-5.3)

4.2 (3.1-5.3)

4.2 (2.3-4.5)

0.80

AST (IU/L)

48 (15-1476)

51 (15-1476)

36 (28-358)

0.82

ALT (IU/L)

49 (9-2021)

63 (9-2021)

56 (29-954)

0.74

Bilirubin (mg/dL)

0.8 (0.3-3.1)

0.8 (0.3-3.1)

0.7 (0.5-1.0)

0.33

16.3 (8.0-28.9)

15.2 (8.0-28.9)

19.5 (11.9-27.7)

0.053

Characteristics

Platelet (/μL)

P

Continuous variables are expressed as median values (range).
AST, aspartate aminotransferase; ALT, alanine aminotransferase; HBeAg, hepatitis B
e-antigen; HBV, hepatitis B virus; HBcrAg, hepatitis B core-related antigen; HBsAg,
hepatitis B surface antigen.
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Table 2. Serum Cytokines and Chemokines in Patients with Chronic Hepatitis B
and Healthy Subjects
Cytokine/Chemokine

Patients

Controls

P value

IL-2

2.3 (0-4.9)

2.1 (1.9-2.4)

0.42

IL-6

6.5 (2.7-19.1)

5.8 (5.8-6.5)

0.031

IL-10

1.1 (0.0-26.8)

1.4 (1.3-1.6)

0.49

IL-12p70

12.9 (0.1-22.0)

12.9 (12.8-12.9)

0.50

IL-21

12.5 (5.0-1916.5)

11.5 (10.5-253.5)

0.68

IL-22

34.9 (27.2-75.7)

33.6 (32.3-39.0)

0.47

CCL2

39.3 (23.8-8118.8)

31.5 (26.7-39.3)

0.022

CCL3

4.8 (0.0-651.8)

7.0 (5.0-9.9)

0.25

CXCL9

329.2 (89.8-18758.9) 127.8 (107.5-874.3)

0.002

CXCL10

217.1 (18.6-3594.3)

58.7 (24.7-859.5)

0.001

CXCL11

40.8 (0.7-553.8)

25.8 (12.9-90.3)

0.23

Continuous variables are expressed as median values (range) (pg/mL).
IL, interleukin.

24

Table 3. Serum Cytokines and Chemokines in Treatment Outcome to Antiviral
Therapy
Cytokine/Chemokine

VR

Non-VR

P value

IL-2

2.3 (0.0-4.9)

3.1 (0.0-3.3)

0.60

IL-6

6.8 (2.7-19.1)

6.1 (4.3-12.5)

0.22

IL-10

0.6 (0.0-26.8)

1.5 (0.0-5.0)

0.86

IL-12p70

12.9 (0.1-22.0)

12.9 (1.2-18.0)

0.74

IL-21

12.2 (5.0-1916.5)

19.9 (5.9-27.8)

0.70

IL-22

35.3 (27.2-75.7)

27.8 (27.3-46.7)

0.031

CCL2

40.8 (24.4-118.8)

34.8 (23.8-60.3)

0.13

CCL3

4.5 (0.0-651.8)

6.5 (2.7-22.9)

0.57

CXCL9

322.5 (115.4-18758.9) 353.6 (89.8-1545.1)

0.60

CXCL10

206.3 (29.1-3594.3)

294.2 (18.6-2240.7)

0.94

CXCL11

39.9 (0.7-553.8)

48.8 (12.6-428.2)

0.80

Continuous variables are expressed as median values (range) (pg/mL).
IL, interleukin.
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Table 4. Correlation between Cytokines, Chemokines, and Clinical Parameters
IL-2

IL-6

IL-10

IL-12

IL-21

IL-22

CCL2

CCL3

CXCL9

CXCL10 CXCL11

r

0.08

0.01

0.10

0.06

0.08

0.17

-0.13

0.01

-0.13

-0.10

0.20

P

0.61

0.97

0.51

0.69

0.61

0.25

0.39

0.95

0.39

0.50

0.18

r

-0.99

-0.35

-0.14

0.22

-0.08

-0.05

-2.5

0.02

-0.78

-0.61

-0.32

P

0.51

0.015

0.35

0.14

0.61

0.74

0.09

0.89

<0.001

<0.001

0.025

r

0.04

0.05

-0.16

0.24

0.18

0.14

-0.13

0.14

-0.14

-0.15

0.11

P

0.79

0.76

0.29

0.11

0.21

0.35

0.40

0.33

0.36

0.31

0.45

r

0.17

0.02

0.17

-0.02

0.05

-0.02

0.12

0.08

0.13

-0.09

0.02

P

0.25

0.91

0.24

0.89

0.75

0.88

0.40

0.60

0.39

0.53

0.91

r

0.05

0.40

0.11

-0.11

-0.03

0.14

0.13

-0.07

0.78

0.75

0.36

P

0.72

0.004

0.45

0.47

0.83

0.33

0.39

0.66

<0.001

<0.001

0.013

r

0.02

0.42

0.12

-0.11

-0.06

0.16

0.10

-0.08

0.69

0.71

0.46

P

0.91

0.003

0.40

0.44

0.70

0.28

0.52

0.57

<0.001

<0.001

0.001

r

-0.03

0.36

0.07

0.08

-0.03

0.13

0.27

-0.12

0.33

0.65

0.35

P

0.83

0.012

0.64

0.58

0.84

0.38

0.07

0.42

0.023

<0.001

0.015

HBV DNA

HBsAg

HBcrAg

Albumin

AST

ALT

Bilirubin
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r

0.08

0.12

0.15

-0.09

0.13

0.25

-0.05

0.19

0.31

0.04

0.13

P

0.57

0.42

0.33

0.55

0.38

0.09

0.74

0.20

0.033

0.82

0.39

Platelet

HBV, hepatitis B virus; HBcrAg, hepatitis B core-related antigen; HBsAg, hepatitis B surface antigen; AST, aspartate
aminotransferase; ALT, alanine aminotransferase; IL, interleukin; r, Spearman’s rank correlation.
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Table 5. Optimal Cutoff Value, Sensitivity, Specificity, AUC, and Predictive Value of Serum IL-22, HBsAg, and
HBcrAg at Baseline of Treatment in 48 Patients with Chronic Hepatitis B
Sensitivity (%)

Specificity (%)

AUC

Cutoff value
(95% CI)

(95% CI)

(95% CI)

PPV (%)

NPV (%)

IL-22

27.8 pg/mL

56 (21-86)

90 (76-97)

0.731 (0.533-0.929)

90

56

HBsAg

3.6 log IU/mL

78 (40-97)

77 (61-89)

0.838 (0.704-0.971)

44

94

HBcrAg

5.7 log U/mL

89 (52-100)

82 (67-93)

0.858 (0.754-0.962)

53

97

AUC, area under the curve; CI, confidence interval; PPV, positive predictive value; NPV, negative predictive value; IL,
interleukin; HBsAg, hepatitis B surface antigen; HBcrAg, hepatitis core-related antigen.
All AUC values were significantly higher than a 0.50 nonpredictive value (P < 0.01 for all comparisons). Cutoff values were
determined by constructing receiver operating characteristic curves.

